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TWO ACCEPTED STANDARDS OF RELIABILITY 

RMC 
TYPE C 
DISCAPS 

Reliability is an important reason why RMC Type C temperature 
compensating DISCAPS rank so high with users. It makes them 
the ideal cost-cutting replacement for tubular ceramic and mica 
capacitors. Rated capacities will not change under voltage. 
Smaller sizes permit compact circuit designs. Greater mechani-
cal strength means lower cost production operations. Type C 
DISCAPS are rated at 1000 working volts yet cost no more than 
ordinary 600 volts capacitors. 

TC .290 .400 .570 660 790 .890 

P-100 1- 5 MMF 6- 10 MMF 11- 20 MMF — 

NPO 1-15 16- 33 34- 69 70- 85 MMF 86-115 MMF 116-175 MMF 

N- 33 1-15 16- 33 34- 69 70- 85 86-115 116-175 

N- 75 2-15 16- 33 34- 69 70- 95 96-130 131-190 
N- 150 2-15 16- 36 37- 67 68- 95 96-130 131-230 

N- 220 2-15 16- 36 37- 75 76-100 101-160 161-230 

N- 330 2-20 21- 51 52- 75 76-115 116-190 191-270 
N- 470 2-20 21- 51 52- 80 81-120 121-200 201-275 
N- 750 2-32 33- 75 76-155 156-220 221-300 301-470 
N-1500 10-74 75-140 141-220 221-399 400-550 551-800 

N-2200 20-75 76-150 151-299 300-450 451-680 681-900 

DISCAP 
CERAMIC 

CAPACITORS emr RADIO MATERIALS COMPANY 
A DIVISION OF P. R. MALLORY IL CO., INC. 

GENERAL OFFICE: 4242 W. 11•yn Mawr Avis., Chicago 46,111. 
Two RMC Plants D  locluslyely to Cs...antic Capacitors 

FACTORIES AT CHICAGO, ILL. AND ATTICA, IND. 
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THE ENGINEER IS 

IT IS TIME THAT ENGINEERS take a long, hard look 

at the "business" side of electronics. 

Designing and building equipment is fine. But 

until it is sold, there is no money for anyone— 

neither the engineers, salesmen, management nor 

stockholders.—It's as simple as that. 

Part of the trouble has been that management feels 

sales figures are none of the engineer's business; that 

the less he knows, the better. And engineers, strange-

ly. have gone along. There is a certain weird sense 

of security in being insulated from the problems of 

sales and management.—"We build the equipment. 

It's up to them to sell it !" 

That arrangement just won't work. This is much 

too complicated a business. For his own sense of se-

curity, and for his future professional development. 

the engineer must become familiar with the facts of 

business life. 

There is certain basic information that the engi-

neer should know about his firm, things that man-

agement should tell him. 

For instance, engineers should know how products 

are marketed. Are they sold by factory salesmen ? Or 

reps? Or by both? And what percentage is sold by 

each ? 

How is the competition marketing its products? 

Does there seem to be an advantage either way? 

Engineers should know the factory price of the 
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IN BUSINESS, TOO! 

equipment on which they are working. Also, the re-

tail price, if applicable. 

Engineers should know how much total business 

is done by the firm—and the percentage profit. They 

should also know the competitive position of the firm 

—whether it is first, second—fifth—in its field. 

Engineers should know management's objective. 

For instance, what percentage of the firm's business 

is military, and how much commercial. If the picture 

is changing, they should know that, too, and the di-

rection it is taking. 

Managements must accept the fact that it is im-

portant for their engineers to be informed on these 

areas. Not just for their personal satisfaction, but 

because it enables team performance and helps in 

developing a strong, consistent, outside corporate 

image. 

Of Course, when management makes these figures 

available, it also opens itself to criticism. But a com-

pany management that can't stand criticism is prob-

ably on borrowed time, anyway. 

One very simple device for engineers—become a 

stockholder in the firm. Even one share of stock en-

titles the holder to copies of the earnings statements. 

And frequently, the most important details on com-

pany plans and accomplishments are contained in the 

Annual Report. 

Successful business calls for teamwork between 

management, marketing and engineering. 

ELECTRONIC INDUSTRIES • September 1963 1 



SPRAGUE LOGIC TRANSISTORS GIVE 
SUPERIOR LATCH-UP PROTECTION 

ll 1 
300 Q Load Line 

Mesa Latch-Up 

siutings for most prime germanium mesa types. *based on guaranteed ratings , 

For Guaranteed High Voltage Operation at High Speeds, 
Investigate Sprague ECDC and MADT° Transistors 

Type 

No. 

fi 

(typical) 

BVcES 

(minimum) 

BVCEO 

(minimum) 

2N2795 450 mc 25 volts 15 volts 

2N2796 450 mc 20 volts 12 volts 

2N984 350 mc 15 volts 10 volts 

2N979 150 mc 20 volts 15 volts 

TO- 18 
2N980 150 mc 20 volts 12 volts 

CASE 2N2048t 250 mc 20 volts 15 volts 

(ITC-9 Case) 

SPRAGUE COMPONENTS 

• For additional information 
on Sprague High Voltage Logic 
Transistors, write to the Technical 

Literature Service, Sprague Electric 
Company, 233 Marshall Street, 
North Adams, Massachusetts. 
e> Trademark, Philco Corp. 

TRANSISTCRS 

CAPACITORS 

RESISTORS 

MICROCIRCUITS 

INTERFERENCE FILTERS 

PULSE TRANSFORMERS 

PIEZOELECTRIC CERAMICS 

PULSE-FORMING NETWORKS 

TOROIDAL INDUCTORS 

ELECTRIC WAVE FILTERS 

CERAMIC- BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES 

BOBBIN and TAPE WOUND MAGNETIC CORES 

SILICON RECTIFIER GATE CONTROLS 

FUNCTIONAL DIGITAL CIRCUITS 

SPRAGUE® 
THE MARK OF RELIABILITY 

'Sp' ague ae C)' are registered trademarks of the Sprague Electric Co. 
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All from Sprague... for "cordwood" packaging!  

ULTRA-MINIATURE 
SOLID TANTALUM 

CAPACITORS 

...PLUS... 

Type 1720 in glass-to-metal hermetically-sealed 
cases. Performance characteristics identical to 
Sprague's famous Type 150D capacitors . . . 
including superior high frequency performance, 
lower leakage current values, lower dissipation 
factor limits, and higher permissible ripple 
currents as compared to customary industry 
specifications. Engineering Bulletin 3523 

Type 1540 in molded cases. Another Sprague 
innovation to cut your costs. Offers nearly all 
the high performance characteristics of metal-
clad capacitors. For selected applications in 
digital computing equipment and other com-
mercial and industrial electronic gear where 
you do not need the humidity protection of 
higher-priced, hermetically-sealed types. 

Engineering Bulletin 3530 

Type 165D in polyester-film tubes. Sealed with 
epoxy resin. Because of thin wall of tube casing, 
Type 165D gives you the highest capacitance 
of any solid tantalum capacitor anywhere! 
Recommended for use in encapsulated blocks 
or hermetically-sealed metal-encased sub-
assemblies to assure protection from moisture. 

Engineering Bulletin 3535 

de( 
/ TYPE 206P 

A ( 

/le TYPE 252C "TYPE 262C,263C /TYPE 903Z " (TYPE 416E,418E 
Epoxy-Coated Molded-Case Molded-Case Epoxy-Coated Molded-Case 

PACER' CERA-MITE MONOLYTHIC* INDISTOR* FILMISTOU 
polyester film ceramic layer-built ceramic induction-resistance metal film 
CAPACITORS CAPACITORS CAPACITORS DELAY NETWORKS RESISTORS 

Engineering Bulletin 2067 Engineering Bulletin 6151 Engineering Bulletin 6250 Engineering Bulletin 45,001 Engineering Bulletin 70258 
”rodemork 

/le TYPE 405E,411E /le TYPE 239E , TYPE 219E 1  ' TYPE 5000Z , / / TYPE 7000Z 
Molded-Case Vitreous-Enamel Silicone-Encapsulated CONNECTORS Shielded 
FILMISTOV 

deposited-carbon 
BLUE JACKET 

power wirewound 
ACRASIL* 

precision power wirewovul 
and 

ISOLATORS 
Radio Frequency 

RESISTORS RESISTORS RESISTORS ("shorts and opens") INDUCTORS 
Engineering Bulletin 70008 Engineering Bulletin 7410D Engineering Bulletin 7450 Engineering Bulletin 94,000 Engineering Bulletin 41,800 

The Sprague components shown here are available in the two basic sizes 
(.090"D. x .250"L. and . 138'D. x . 390"L.) you need for the accepted high-density 
technique known as "cordwood" packaging. If you wish, they can be furnished 
on lead tape for automatic insertion on printed wiring boards. And with 
standardized sizes, these components can be installed with the same machines, 
permitting more efficient use of insertion equipment. 

SPRAGUE COMPONENTS 

CAPACITORS 

TRANSISTORS 

RESISTORS 

MICROCIRCUITS 

INTERFERENCE FILTERS 

4SC-130-03 

PULSE TRANSFORMERS 

PIEZOELECTRIC CERAMICS 

PULSE-FORMING NETWORKS 

TOROIDAL INDUCTORS 

ELECTRIC WAVE FILTERS 

CERAMIC-BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES 

BOBBIN and TAPE WOUND MAGNETIC CORES 

SILICON RECTIFIER GATE CONTROLS 

FUNCTIONAL DIGITAL CIRCUITS 

For complete technical data, write 
for Engineering Bulletins listed 
above. Address: Technical Liter-
ature Service, Sprague Electric 
Company, 233 Marshall Street, 
North Adams, Massachusetts. 

SPRAGUE® 
THE MARK OF RELIABILITY 

'Sprague and'1C)' are registered trademarks of the Sprague Electric Co. 
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of this issue 

Improvements Increase Ceramic 
Capacitor Reliability 

Mathematical Models for Engineers 39 

Do you still know how to use the primary tool of your profession—math? 
Here is the article that will bring you up to date . . . it is concise, yet com-
prehensive, ranging from elementary algebra to the abstract formalisms of 
differential equations and theory of a complex variable. Emphasis is placed 
on design applications for this tool. 

76 

Through constant, rugged testing the failure modes and 
the mechanisms involved for ceramic capacitors are 
known and understood. Using this knowledge as a base, 
a method was developed to fluorinate the dielectric ma-
terial along with better encapsulation methods to further 
improve ceramic capacitor reliability. 

On the Propertes 
of Negative lmmittance 86 
The development of tunnel diodes 
and four-layer diodes has placed 
extra emphasis on the properties of 
negative immittance as a circuit 
property. Here is discussed the con-
troversy of two aspects of this prop-
erty—negative resistance and nega-
tive conductance. 

Improving Rate Tables for Gyro Testing 72 

Changes for gyro acceptance testing and rate requirements reduce high cost 
and loss of time from retesting and/or rejections. This article describes 
equipment which exceeds present specifications and relates the way this is 
accomplished. 

A Speedy Method of Computing Dielectric Properties 90 
The search for specific dielectric materials for microwave has 
been speeded up by using a computer in conjunction with the 
Newton-Raphson method. This supplies the dielectric constants 
and attenuation quickly and accurately with minimum effort. 
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"made-to- measure precision" 

Tests 
Transistor Beta 
in-the- circuit 

TRANSISTOR TESTER — Portable, Battery Operated 
• Reads Beta directly in-the-circuit ( 1-4, 3-12, 

10-40, 30-120); no need to unsolder leads 

• Measures Ico , ( 0-50, 0-500,,, a) & Beta out- of-
circuit 

• Packaged for portability in 3i of a cubic foot; 
weighs 124 lbs. 

• Carries its own battery power supply 

• Price: $ 335; delivery immediately from stock 

For a free demonstration, more 
information about the 21913 Tran-
sistor Tester, or the complete 
Sierra Quick Reference Catalog, 
contact your Sierra representa-
tive, or write to address below: 

SIERRA ELECTRONIC DIV. 

PH I LCO 
A SI . 8A1'). AA AAtri 

Sierra Electronic Division / 3885 Bohannon Drive / Menlo Park 2, California 
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HALF the world is half asleep! Men who could be making twice their present 
salaries are coasting along, hoping for promotions but doing nothing to 

bring themselves forcefully to the attention of management. 

They're wasting the most fruitful years of their business lives ... throwing away 
thousands of dollars they may never be able to make up. And, oddly enough, 
they don't realize—even remotely—the tragic consequences of their failure to 
forge ahead while time is still on their side. 

Engineers and other technically-trained men are particularly prone to "drift 
with the tide" because their starting salaries are reasonably high and promotions 
come at regular intervals early in their careers. It isn't until later—too much 
later in many cases—that they discover there is a definite ceiling on their incomes 
as technicians. 

Send for Your Free Copy of "Forging Ahead in Business" 
If you want to discover how to succeed while you are still young—if you want 

to avoid the heartbreak of failure in later years—send today for "Forging Ahead 
in Business" . .. one of the most practical and realistic booklets ever written on 
the problems of personal advancement. 

Here you will find—not a "pep-talk," not an academic lecture—but cold, hard 
facts on how to improve your position and increase your income. You will be 
told what the qualifications of an executive are in today's competitive market ... 
what you must know to make $15,000, $20,000 or more a year ... what you must 
do to accumulate this knowledge. 

"Forging Ahead in Business" was written for mature, ambitious men who seri-
ously want to get down to bed-rock in their thinking about their business future. 
If you feel it is meant for you, simply fill in and return this coupon. Your com-
plimentary copy will be mailed to you promptly. 

Mail 
Coupon 
Now! 

ALEXANDER HAMILTON INSTITUTE 

Dept. 495, 235 East 42nd Street, 9 w el, 17, N. Y. 

In Canada: 57 Bloor St., W., Toroloo, Ontario, Canada 

Please Mail Me, Without Cost, a Copy of Your 48-Page Book— 

"FORGING AHEAD IN BUSINESS" 

Nome  

Firm Name  

Business Address  

Position 

I tome Address 5R 
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EM LUDM. 
Analyzing current developments and trends 

throughout the electronic industries that will shape 

tomorrow's research, manufacturing and operation 

LASER SPACE WEAPONS were suggested as 

an "obvious area of speculation" and development by 

Sen. Barry Goldwater ( R.-Ariz.) at the Ohio Wing 

Conference of the Air Force Association. He sug-

gested that the Soviet Union is perhaps doing more 

than just speculate. "We are now six full years into 

the space age. . . . We have not authorized a single 

military space weapons system." He declared that 

Soviet concentration on manned satellites and maneu-

verability in near space clearly point to military goals 

and away from abstract science or preoccupation with 

the moon. The Senator, in effect, has asked the U. S. 

to de-emphasize the moon and get moving on a mili-

tary space program. 

GOVERNMENT CONTRACTS AWARDED to 

small firms under the Small Business Administration's 

set-aside program rose 6.7% in fiscal 1963, SBA deputy 

Administrator Irving Maness disclosed. During the 

year, 46,356 Government contracts valued at $1.9 bil-

lion went to small businesses as a result of SBA pro-

gram, which compares with 56,944 contracts valued at 

$1.8 billion awarded in fiscal 1962. The number of 

contracts awarded to small firms fell below the 1962 

level, but the rise in dollar value indicates a more 

specialized nature of contract being awarded by U. S. 

agencies to small firms. 

RAYTHEON-MARTIN SPACE TESTS 

Raytheon's prototype rendezvous radar installed in Martin-
Marietta's terminal rendezvous closure and docking simulator. 
Martin's full - scale space simulator is being used to test 
Raytheon's phase - modulated CW space rendezvous, all solid-
state radar, planned for use in advance spacecraft systems. 

ZERO-VOLTAGE CURRENT and other phenom-

ena in superconductivity in metals near 0°K have been 

verified, according to Dr. Sidney Shapiro of Arthur 

Little, Inc., Cambridge, Mass. In 1962, B. D. Joseph-

son, Cambridge University ( Eng.) predicted that in 

addition to single-electron tunneling, new effects in 

paired-electron tunneling should occur, one being a 

current entirely free of voltage. Josephson also pre-

dicted that on an E-I curve, r-f waves should influence 

paired tunneling, causing zero-voltage current to appear 

at regular intervals along the curve depending on fre-

quency. Another Josephson phenomenon, verified by 

Dr. Shapiro, is the ability of I to reverse itself while E 

remains unchanged. It happens and no one knows why. 

SIGHT BY INFRARED RADIATION has been 

advanced a big step by Westinghouse scientist T. P. 

Vogl with a new compact, high-speed, high-resolution 

lens system for infrared imaging. Although good elec-

tronic systems exist for making objects visible in total 

darkness through their self-radiated IR, a major tech-

nical problem has been adequate lenses for collecting 

and focusing the IR rays. They have been typified by 

low speed, bulkiness and poor image quality. Vogl's 

lens system is very fast—f/0.75, four stops faster than 

a first class lens for a 35-mm camera—f/2.8. Its radia-

tion-gathering ability is, therefore, 16 times better Past 
IR lenses were limited to f/1.5. 

PHYSICAL PHENOMENA associated with the 

re-entry of bodies into the earth's atmosphere will lie 

studied by Great Britain, Australia and the U. S. The 

findings may help in developing new electronic systems 

for identifying and tracking re-entry bodies. Known 

as DAZZLE, the project will use Britain's Black Knight 

research missile. Launchings will be at Woomera Range 

in Australia. U. S. Advanced Research Projects 

Agency will provide instruments to observe re-entry. 

Britain and Australia will check data. 

PATENT CATALOG, 1790 TO NOW, is a main-

mouth publishing project to place all U. S. patents at 

the fingertips of industry, science and engineering. The 

project is being handled by Rowan & Littlefield, Inc., 

of New York City with the cooperation of the U. S. 

Patent Office. Called "The National Catalog of Pat-

ents," the project will draw together in orderly classi-

fication the massive patent information from more than 

5,000 issues of the Patent Office Gazette. Patents will 

be grouped by classes and sub-classes. The first four 

volumes of the Catalog just published list all patents 

filed in 1961 in the electrical and chemical fields. 

V 
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THIN FILM DEPOSITING PROCESS, using a 

new solution-spraying method, has been developed by 

National Cash Register Co. A means of depositing 

inorganic thin films, the process is especially good for 

preparing photoconductors, according to an NCR 

official. The technique provides deposition over a large 

area, higher yields, greater reproduction of characteris-

tics, high dark-to-light resistance ratios having rise and 

fall times measured in milliseconds, and improved spec-

trum response. The process affords good adhesion of 

films to substrates. Its advantages, according to NCR. 

include simplicity in film forming, cheaper cost because 

no vacuum equipment is needed, and the technique can 

be used in large-area depositing as well as in con-

tinuous depositing on belt-type substrates. 

METRIC SYSTEM CONVERSION fur American 

science and industry before the end of the century has 

been predicted by economists of the Stanford Research 

Institute. They also forecast a total national bill of 

about $ 11 billion for the whole changeover. But—the 

cost for industry will be more than made up by in-

creased business and productivity. The switch will 

mean faster calculations for engineers, better under-

standing between scientists and businessmen, easier and 

better teaching of the young. and less chance for costly 

errors. Some 82% of the world's people now use the 

metric system. 

LIGHT BEAMS TO MICROWAVES 

Experimental system for converting laser beams to microwaves 
is adjusted by developer, Kenneth E. Niebuhr, IBM engineer. 
Ruby laser and quartz crystal are coupled optically to pro-
duce an S - band signal from two beam frequencies. This was 
the first use of electro - optics for microwave conversion. 

BRAIN WAVE 'DETECTIVES' 

Honeywell scientists hope to isolate electrical brain waves 
which might allow fotecast or even control of human behavior 
over great distance. Scientist Dcland Tepas does preliminary 
test using colleague Roy Jacob as subject. Brain waves are 
analyzed by a digita' Computer of Average Transits CAT 1. 

MANPOWER TRAINING INCREASE was 

given a helpful nudge by James Carey, International 

Electrical Workers Union head, before a House Labor 

Subcommittee as he cited a "rapid and continuing shift 

from production to non-production workers" in the elec-

tronics industry. Ile declared, in support of expanding 

the Manpower Training Act, that change in emphasis 

from the unskilled and the semi-skilled—hand workers 

and simple machine operators—continues with their 

replacement lw operators of semi-automatic and auto-

matic operations and the supporting skilled technicians 

and professional employees. He reported that in 1953 

some 23% of electrical workers were non-production, 

but in 1962 the total was 32%. In electronics alone the 

figure was 37%. 

HOME ELECTRONIC PRODUCT MAKERS 

and dealers "are courting chaos," reports Roland J. 

Kalb, vice president of 45-year-old Pilot Radio Corp., 

an industry pioneer, now in high-fidelity systems. " High 

pressure selling, low profit merchandising, indiscrimi-

nate distribution and over-saturated markets are quick-

ly tightening the noose on the whole industry. \Ve can 

either take the heavily traveled road to chaos, or we can 

take the one paved with fair profits, professional sales-

manship and protected trading areas," Kalb declared. 

Pilot management has begun "an intensive campaign 

to restore fair profits and sanity to the industry." 

(More RADARSCOPE on Page 11) 
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TRANSFER CHARACTERISTICS 

o 
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VGS — GATE VOLTAGE 

3 

VGs = — IGRG ± VGG 

IG IGss 'PHOTO 

'PHOTO = 5 ila/pw 

WE PUT THE EYEBALL AND THE LOW NOISE AMPLIFIER IN ONE TO- 18 

PACKAGE. RESULT: A DETECTIVITY - Pt- THAT WILL PLEASE STAR-

GAZERS. SPECTRAL RESPONSE, HIGH-Z INPUT, AND SPEED MAKE IT 

IDEAL FOR READERS, COUNTERS, AND OTHER APPLICATIONS. THE 

THIRD LEAD LETS YOU BIAS IT FOR THRESHOLD CONTROL AND LOW 

D-C DRIFT. WRITE FOR FILE P-102 AND MORE APPLICATIONS IDEAS. 
'Photosensitive Field- Effect Transistors 

S S iliconix incorporated 
1140 West Evelyn Ave. • Sunnyvale 14. California 

Telephone 245-1000 • Area Code 408 • TWX 408-737-9948 

d 

10 Circle 7 on Inquiry Cord ELECTRONIC INDUSTRIES • September 1963 



SEMICONDUCTOR DIODE BEHAVIOR at 

power switch-on was studied by Yuan Feng Chang, 

electrical engineer at Purdue, who has come up with 

an answer to the mystery. Using a pulser for input 

signals and a scope, he reports that at switch-on a 

large current or input signal shows an immediate high 

peak, then a sharp drop in voltage that levels to a 

steady flow. With a small signal the voltage rises grad-

ually and then levels. A medium current makes the 

voltage go up like a step instantaneously ( 10 millionths 

of a second) and stay there. Semiconductor diode 

response differs then according to the current. In con-

trast, vacuum tubes always respond in the same way 

regardless of signal. Professor Chang's work implies 

that the most efficient use of semiconductor diodes is 
from a medium input signal. 

LASER-IN-SPACE EXPERIMENTAL DATA are 

being gathered by scientists at the Air Force Systems 

Command's Aeronautical Systems Division, Wright-

Patterson Air Force Base. Problems of operating 

lasers in a vacuum, such as space environment, are 

under investigation in an electro-magnetic radiation 

analyzer chamber by Avionics Lab scientists. Laser 

projects at Avionics range from efforts to increase 

peak and average power of gaseous and solid-state lasers 

to communications and optical radar. Space-to-space 

communications links are envisioned with enormous 

message handling abilities, requiring only small primary 

power. A multi-channel optical communications trans-

mitter using a CW laser as the signal source has been 

developed and is being evaluated at A SD. 

AIR TRAFFIC CONTROL RADARS are sub-

standard in many of our big city airports, according to 

a survey made by Edward H. Cockerham, executive 

director of the Air Traffic Control Association. He 

found that most big city fields still rely on old ten-inch, 

ASR-2 scopes as compared to more efficient and ac-

curate 16-inch variety with modern circuits. Oddly 

enough, newer radars are being used by many smaller, 

less busy fields such as Harrisburg, Pa., and Greens-

ville, N. C. Cockerham feels that the inefficient, out-of-

date equipment could not have been commissioned by 

responsible persons. The survey disclosed that many big 
fields trying to make the ASR-2 work with modification 

kits have already run up costs equal to the cost of the 
new 16-inch units. And, the ASR-2 is still a detri-

ment to air safety as targets fade in and out. 

0J,MgCUP 

ADDITIONAL VHF STATIONS anywhere in 

the nation would be contrary to the intent of Congress 

in its all-channel TV law, effective April 30, 1964, 

according to James D. Secrest, executive vice presi-

dent of EIA. It would delay the law's effectivenss and 

discourage investment in UHF stations. The slowdown 

of UHF station construction to any degree through 

FCC approval of VHF "drop-in" stations would retard 

sales of all-channel sets substantially and with it em-

ployment and business for manufacturers, distributors, 

and dealers—or, many consumers would have to pay as 

much as $30 or more for UHF tuning they could not 

use. ETA asked FCC not to reverse its recent decision 

denying VHF "drop-in" proposals. 

COLOR MOVIES OF THE LARYNX, at 9,000 

exposures per second, is an Air Force development 

directed toward realistic electronic and mechanical voice 

reproduction for advanced speech transmission systems. 

According to scientists at Cambridge Research Lab, the 

high-speed, color film clearly shows the onset and end 

of brief transition vocal sounds that normally occur 
in speech. Area of larynx opening of cords, as a func-

tion of time, will be measured from the film with the 

aid of a digital computer. Speech synthesis tests may 

determine the degree of larynx activity needed for 

natural voice quality, speaker identification and emo-

tional cues. 

IMPENETRABLE WINDOW 
A germanium window that visible light cannot penetrate was 
used in a DC- 8 flying observatory for the National Geographic 
Society- Douglas Aircraft eclipse study in July. Reflecting 
Douglas scientist A. T. Ireland is germanium circle through 
which instruments recorded IR radiation in the sun's corona. 
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Optimizing circuit components to frequency? 
Get more from magnetics 

THE CORE. What's the best core for operating 
• at low frequencies? What powder 

core or flake core is best for a higher frequency? That 
depends on what you're looking for. Frequency alone 
does not determine where one type of core should be 
used in favor of another. There's an overlap of useful-
ness and many core possibilities within a frequency 
range. Core choice for optimum performance at a given 
frequency must be related to core cost, and operating 
temperature, to name a few. Optimizing comes from a 
careful analysis of the many variables. The man from 
Magnetics Inc. will re-acquaint you with them and will 
assist you with your selection. 

THE MORE, l'he 550 mu Permalloy ewes per-
' init greater circuit miniaturiza-

tion, bridging the design selection gap between lamina-
tions and powder cores. Or, choosing a laminated core 
where you may have thought to use a powder core 
might be just the thing to effect lower costs, size reduc-
tion, operating stability, and high efficiency. Because 
we produce and stock a wide range of sizes and types of 
high permeability components, we can assist you a little 
more than most. Just how much more? Ask the man 
from Magnetics Inc. next time he calls . . . or write us 
on your letterhead giving the details of your problem. 
Magnetics Inc., Dept. EI-6 Butler, Pa. 

TOTAL ASSISTANCE, SERVICE, SELECTION/GET THE MORE FROM MAGNETICS 

MRGIIETICS inc. 
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. Because the Depth of Motorola's Research Group Assures 

Continuous Zener Diode Breakthroughs 

Zener diode innovatimis never stop at Motorola! Deep 
in talent and proven experience, Motorola research 
engineers continually strive for new achievements you 
can use. Here are some examples: 

FIRST 50 WATT ZENER DIODE — Motorola's depth of re-
search contributed this first in the industry, and set the 
pace for high-wattage zener diodes. 

SURMETIC* ZENER DIODES — Made by a new low tem-
perature oxidation process, this was the industry's first 
glass surface passivated zener diode. So effective is this 
temperature oxidation process, that surface passivated 
dice with leads attached, and no further protection, passed 
all standard MIL high temperature-humidity storage tests! 

LOW-LEVEL OXIDE PASSIVATED ZENER DIODES — This 
new Motorola series ( 1N4099- 1N4135) is specifically de-
signed for low power applications, and features low leak-
age, low knee impedance and low noise. 

These are typical achievements you can expect from 

Motorola's research group. They place the emphasis on 
results ... for you ... at no extra cost. 

'Trademark of Motorola Inc. 

MOTOROLA 
Sermic onduc tor Products Inc. 

P.O. BOX 955 • PHOENIX 1, ARIZONA 
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0 SCILLOSCOPES aren't necessarily cheaper by the dozen. Not if six will do the work of 

a dozen. Fairchild's new solid-state line offers you the widest choice of transistorized 

scopes in the field—so that you can cover all of your requirements with fewer instruments. 

The versatility is designed in, along with unsurpassed precision. 

Consider, too, the advantages of solid-state circuitry. Compactness (the rack model is 

only 7" high). Low power requirements (no cooling fans needed). MIL reliability (through 

advanced engineering and Fairchild silicon semiconductors). 

Before you invest in another scope, compare features. Compare performance. Then invest 

wisely... in Fairchild. 

• 



NEW FAIRCHILD SOLID-STATE SCOPES GIVE YOU UNMATCHED 
VERSATILITY WITH MIL RELIABILITY The new 765 Series shown here is made in 
three basic configurations: bench, rack mounted and truly lightweight portable. The dual interchangeable 
plug-in units below work into any model in the 765 Series to provide laboratory to production line 
applications. 

Additional versatility is afforded by an option of 5 kv or 13 kv CRT. The higher accelerating potential permits 
observation or recording of fast transients or pulses with low repetition rates. A no-parallax internal CRT 
graticule is optional. 

CHECK THESE PERFORMANCE FEATURES • Transistorized for compactness, MIL reliability, low power 
requirements (185 watts—no cooling fans) • Frequency range: dc-100 mc • Sensitivity: up to 0.5 mv/cm 
• Rise time: to 0.35 nsec • Sweep rate: 10 nsec/cm-1 min. full scale • 6 x 10 cm display area • No-parallax 
internal graticule optional • Dual interchangeable plug- ins drive CRT directly for maximum accuracy— no 
intermediate circuitry 

e 

Type 766 —Bench model provides high preci— 
sion measurements in all laboratory or produc— 

tion line applications. 

Type 76-05-100 mc Type 74-13 —Dual Time 
Plug- In Base Delaying Sweep 

Write for New Literature 
A new catalog with specifications and prices on 
Fairchild scopes, scope cameras and accessories 
is waiting for you. Write for it today. Fairchild 
Scientific Instruments, Dept. 750 Bloomfield 

sre 
Ave., Clifton, N. J. 

11 
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Type 765 "Portascope"— Fiberglass case is rio larger than an over— 
night bag. Cover of case holds probes, leads, accessories. Weighs 
only 35 lbs. with case. Also available in militarized version. 

Type 767— Rack-mount configuration is standard 19" in width, only 7" high. 

NINE PLUG-INS AVAILABLE TODAY... MORE COMING SOON 
Dual interchangeable plug- ins give Fairchild Series 765 scopes the widest 
range of application. With 9 units available now, 3 being readied for pro-
duction, and still others in development, your investment in a Series 765 
scope is insured against obsolescence for years to come. 

PI CHI L.1= 

DU MONT LABORATORIES 
DIrIsIONS Of CAld(R• • 141) INSIRUMENT CORPORAT,ON 

750 BLOOMFIELD AVENUE. CLIFTON. NEW JERSEY 
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A tape 
recorder? 

Not A tape recorder. SIX tape recorders! 
Stacked inside a KRS DATA-Stact' 
Portable Instrumentation Recorder, six 
magnetic tape cartridges perform the 
functions of six tape recorders, giving 
you 12 full channels of data-logging 
capacity. The cartridge-stack is fitted 
into a single 11/2 -foot cube. 

Loads like 
a toaster? 

Slide six continuous- loop, reversible 
STACTape" Cartridges into a DATA-Stact 
Recorder. Ease them down guide rails 
with fingertip pressure. You've just 
loaded six tape recorders in less than 
20 seconds. And you never need to han-
dle factory-loaded tapes during opera-
tion or storage. 

Reproduce? 
While recording? 

S A, III/ 

Nothing to it, when your recorder is 
Stact. While recording data on one or 
more tapes, you can reproduce them 
simultaneously on the remainder with 
automatic synchronous start-stop opera-
tion of the six cartridge stack. 

Write for Instrumentation Division Bulletin 

DR-1 giving the vital statistics. 

'',....... Trademarks of KRS Electronics 

Who puts S.A.* 
into 
Data Recording? 

Only KRS offers * Stack- Able design. 
Based on units thoroughly tested in 
broadcast and professional applications. 
DATA-Stact recorders are all- solid-state. 
use only two moving parts, and require 
virtually no maintenance to keep in top 
operating trim. 

KRE 
LF. 1.1ECTRONICS 

Dept. E.I. 

4035 Transport Street 

Palo Alto, California 

cukim ienre 
SEPTEMBER 

Sept. 15-19: Electrical Insulation Conf., 
IEEE, NEMA; Conrad- Hilton Hotel, 
Chicago, Ill. 

Sept. 16-20: 13th Mgmt. Cong., 
Intl Committee for Scientific Mgmt.; 
Waldorf Astoria, New York Hilton 
Hotels, New York, N. Y. 

Sept. 18-19: 12th Annual Ind. Elec-
tronics Symp., IEEE, ISA; Kellogg 
Ctr., Mich. St. Univ., E. Lansing, 
Mich. 

Sept. 22-25: Nat'l Power Conf., IEEE, 
ASME; Netherlands- Hilton Hotel, Cin-
cinnati, Ohio. 

Sept. 23-24: Intl Conf., AllE; New York, 
N. Y. 

Sept. 25-28: Materials & Eqpt. and 
White Wares Divs. Fall Mtg., ACS; 
Bedford Springs Hotel, Bedford, Pa. 

Sept. 29-Oct. 2: 51st Nat'l Mtg., Amer. 
Inst. Chem. Engrs.; Hotel Americana, 
San Juan, Puerto Rico. 

Sept. 29-Oct. 3: Fall Mtg., Electrochem-
ical Soc.; Hotel New Yorker, New 
York, N. Y. 

Sept. 30-Oct. 3: Nat'l Fall Mtg., AWS; 
Hotel Statler-Hilton, Boston, Mass. 

'63-'64 Highlights 
NEC, National Electronics Conf., Oct. 

28-30, IEEE, McCormick Place, Chi-
cago, Ill. 

NEREM, Northeast Research and Eng. 
Mtg., Nov. 4-6, IEEE; Boston, Mass. 

IEEE Intl. Cony., Mar. 23-26; Coliseum, 
New York Hilton, New York, N. Y. 

WESCON, Western Electronic Show and 
Cony., Aug. 25-28, IEEE, WEMA, 
Sports Arena, Los Angeles, Calif. 

OCTOBER 
Oct. 1-2: Engineering Problems of 

Manned Interplanetary Exploration 
Mtg., AIAA; Cabana Motor Hotel, 
Palo Alto, Calif. 

Oct. 4-6: Amer. Radio Relay League 
Nat'l Cony.; Cleveland, Ohio. 

Oct. 15-17: 9th Tri-Service Conf. on 
Electromagnetic Compatibility, IIT 
Res. Inst., U. S. Army, Navy and Air 
Force, IEEE (PTG-RFI); Ill. Inst. of 
Tech., Chicago, Ill. 

Oct. 15-23: Anglo-American Conf., AIAA, 
Canadian Aeronautics & Space Inst., 
Royal Aeronautical Soc.; New Ocean 
House, Swampscott, Mass. 

Oct. 16-18: Nat'l Symp. on Vacuum 
Technology, Amer. Vacuum Soc.; 
Statler-Hilton Hotel, Boston, Mass. 

Oct. 18-19: Mtg., American Physical 
Soc.; Chicago, Ill. 

Oct. 21-25: ASM Metals/Materials Exp. 
& Cong.; Cleveland-Sheraton Hotel. 
Cleveland Public Hall; Cleveland, O. 

Oct. 23-25: 1963 Annual Mtg. of the 
Human Factors Soc.; Ricky's Hyatt 
House, Palo Alto, Calif. 

Oct. 31-Nov. 1: 1963 Electron Devices 
Mtg., IEEE (PTG-ED); Sheraton- Park 
Hotel, Washington, D. C. 
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This is the second in a series of reports on connector design specifications. 
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Special Report 

From AMP On 

PIN AND 

SOCKET 

CONNECTORS 

What advantages are offered by crimped, snap-in type 
pin and socket connectors? 

What specific benefits are derived from gold over nickel plating? 

What plastic insulating materials are needed and why? 

How much resistance to environment should be 
built into a connector? 

This special report contains the answers to these as well as 
other searching questions concerning compression-crimped, 
snap-in type contacts as used in pin and socket connectors. 
The facts to be presented emanate from our 20-odd years 
experience in developing endless variations of the compres-
sion-crimping technique plus other authentic data gathered 
from industry-wide sources. 
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What advantages are offered by crimped, 
snap- in-type pin and socket contacts? 
The steady rise in the volume of crimp-

ing (versus soldering) as a method of 
terminating multiple connector contacts 
can be traced to the fundamental merits 
of this technique. 

Basically, the AMP method consists in 
mating the terminal barrel with the wire 
by means of a hand or automatic crimping 
tool. In either case the crimping dies fully 
bottom on the terminal before it can be 
released. Since the dies in each instance 
are perfectly matched to the terminal all 
crimps virtually amount to a "cold weld" 
and are identical in appearance and per-
formance. With this procedure the vari-
ables so persistent in other methods are 
eliminated. 
The AMP termination technique has 

been adjudged superior to thermal and 
other bonding methods, particularly in 
low-level circuitry, for a number of rea-
sons: (1) It is generally easier to crimp 
individual contacts before they are in-
serted in the connector block than to 
solder densely spaced contacts already in 
position; (2) both insulated wire and 
stranded wire are more readily crimped 
than soldered; (3) in most instances 
crimped joints are more resistant to 
shock, vibration and other environmental 
hazards than other types; (4) no special 
skills are required for crimping; (5) very 
often with thermal methods the entire 
connector must be replaced if a single 
contact is damaged; with crimping (since 
the contacts are removable), any indi-
vidual contact can be replaced without 
removing the connector from its mount-
ing; (6) with crimping there is no danger 
of insulation burns or the wire becoming 
brittle; (7) when crimped, the contacts are 
fully enclosed in the connector housing 
which forms a natural dielectric barrier 
between circuits; (8) crimped contacts 
are placed in the block only where 
needed, thus saving the cost of extra con-
tacts; (9) simple tooling permits easy 
removal and re-insertion of snap-in con-
tacts; rearrangement of circuits is costly 
and time-consuming with solder, weld, or 
wrap-type connections; ( 10) little or no 
set-up time is required whether crimping 
is done with manual or pneumatic hand 
tools, or by automatic machines; ( 11) the 
crimp, snap-in technique is much faster 
in assembly and usually results in lowest 
installed cost; ( 12) crimping permits 
extreme flexibility in production proce-
dures. Contacts may be crimped to indi-
vidual leads or harnesses any time, 
anywhere; and actual insertion of con-
tacts can be done in any volume or 
sequence desired. This is particularly 
helpful in the building of modular elec-
tronic systems where each unit must be 
completely assembled and pre-tested be-
fore it is combined with another unit. 

In addition: While the AMP crimping 
method offers such advantages as con-
venience, ease of assembly, production 
economies, etc., as noted above, the elec-
trical quality of the crimp, snap-in ter-
mination is generally superior to that of 
thermal or wrap-type terminations. This 
conclusion has been substantiated by tests 
for tensile strength, relative immunity to 
vibration, millivolt drop, and corrosion 
resistance. 

What specific benefits are derived from 
gold over nickel plating? 
In sensitive signal circuits, "dry" circuits 

—in all critical circuitry—gold or rhodium 
is mandatory. Since gold is less costly, 
more readily available, has extremely low 
electrical resistance and high resistance to 
corrosion, oxidation and humidity, it is 
used as standard outer plating for 
contacts in connectors used in missiles, 

* Trademark of AMP Incorporated 

computers, aircraft and many other ap-
plications where extreme reliability is 
demanded. 
But gold alone was not the final answer 

to the plating problem. Research and test-
ing revealed that gold, even to a thickness 
of .000100" did not prevent copper from 
migrating through the gold to form an 
oxide on its surface. The solution, after 
lengthy research, was the use of a plating 
barrier that would offer strength and sta-
bility. The sub-plating that proved most 
successful, and is used as an AMP stand-
ard, was nickel. This gold over nickel 
plating suited both the geometry of the 
product and periodic removal and inser-
tion of the pins from and into their mating 
receptacles. 
Another factor was electroplate poros-

ity, which is defined by chemical engineers 
either in terms of the relative amount of 
"empty" volume in the deposit or in the 
relative amount of exposed base area. 
During a series of porosity experi-

ments, AMP research teams found that 
different baths produced a measurable 
difference in porosity and that in some 
cases even bigger differences occurred 
with the same gold plating in different 
locations. A direct linear relationship be-
tween porosity and current density was 
also found. Efficiency decreased above 5 
ampere/ft2. For this particular bath, the 
faster the rate of plating, the greater the 
porosity. 

20 

10 

I 

I 
t34 

0 WAIMIE Inn 

t 

vi 
001 in 

PR 

5 4 

AMPS PER SO. FOOT (CURRENT DENS TY) 

These experiments combined with other 
experimental work has resulted in a sys-
tem of controls that produce gold over 
nickel plating with negligible porosity. 
Another notable refinement of the AMP 
method: an exclusive X-ray measuring 
technique so microscopically accurate that 
it measures plating thicknesses to the 
millionth of an inch. These two factors— 
low porosity and fully controlled plating 
thickness—have been found to be ideally 
suited to highly sensitive circuits where 
voltage drop is measured in millivolts. It 
has also proved that a similarly high and 
consistent standard for gold-plating of 
contacts does not generally exist through-
out the industry—an urgent consideration 
in connection with many space-age appli-
cations. 

What plastic insulating block materials are 
needed and why? 
Most of the phenolics, alkyds, allyds, 

(diallyl phthalates) and other thermo-
setting materials used predominantly in 
connector insulating blocks vary consider-
ably in their behavior pattern. This is 
why they should never be chosen by 
"handbook values", but always with the 
reputation of the supplier as a prime 
consideration. 

Glass-reinforced diallyl phthalate ap-
proved by the military, for example, is 
used in connectors, switches and various 
other military as well as critical non-
military applications. 
With or without glass reinforcement, 

diallyl phthalates are characterized by 
high arc resistance, low dielectric loss, 
high dielectric strength, and excellent 
mechanical properties, even under high 
humidity, temperature and other stress 
conditions. Another plus value is their 
extremely low post-mold shrinkage which 
makes close-tolerance applications feas-

ible. Plastic components from which the 
parts are made are selected to give the 
best overall physical and electrical char-
acteristics for the intended use of such 
parts. 

High-grade phenolics have been found 
wholly suitable for less critical uses in 
more moderate environments. 
They are used in more electrical ap-

plications than any other insulating 
material. They possess not just good elec-
trical characteristics, but are also strong, 
rigid and dimensionally stable. Besides 
being poor electrical conductors they ab-
sorb only minuscule quantities of water, 
are unaffected by oils, greases, alcohol, 
weak acids, and most solvents. They do 
not evidence creep or cold flow, and are 
extremely resistant to electrical conduc-
tivity. 
Although the choice of connector block 

material is dictated by the environmental 
climate in which a connector operates, 
the performance of plastics must be 
backed by the connector manufacturer. 
Thus AMP has tested and established the 
proper standards for all plastics used in 
AMP* connectors. The materials must 
be capable of conforming to all applicable 
military specification for any given con-
nector and/or be wholly suited to com-
mercial needs. 

How much resistance to environment 
should be built into a connector? 

Resistance to environment must be 
built into every connector, but the amount 
of such resistance varies with the degree 
of heat, vibration, corrosion and other 
hostile environmental factors to which a 
particular connector is subjected. 
For example, the range of resistance to 

environment varies greatly between con-
nectors with mated face seals between con-
tact cavities as well as peripheral seals 
between the shells and inserts, and those 
with neither shell nor environmental seals. 
To a lesser degree the same is true of con-
nectors with diallyl phthalate inserts and 
those with the phenolic type. 
These and many other environmental 

specifics have been determined through 
actual and simulated conditions in the 
AMP laboratories, one of the largest and 
most modernly equipped in the industry. 
Each connector is designed to operate 
with maximum reliability in the particu-
lar environment for which it is designed. 
With this in mind, let us briefly examine 
two contrasting applications: 

CONNECTOR FOR TYPICAL 
AIRBORNE APPLICATION 

Here the overall environment is hostile. 
The connector recommended for this use 
must withstand ambient temperatures of 
up to 400° F. and have extremely low 
and stable electrical resistance. Maximum 
current is 5 amperes per contact for a 
total of 100 male and 100 female contacts. 
Working voltage must not exceed 200 V 
ac. Gold-over-nickel plating is mandatory 
on all contacts. As a further safeguard 
against hostile environments, cadmium-
plated aluminum shells, face and periph-
eral seals, and suitable grommets to act 
as rear seals for all terminations must be 
used. In short, the connector must per-
form its stable electrical function in its 
own isolated environment despite the 
fluctuations and varying stresses inherent 
in its application. 

0 Copyright 1963 by AMP INCORPORATED. All Internattonal RIghts Reserved A-MPS U.S.A. 
and foreign. A-MPS products covered by U.S. and toreIgn patents and or patents pending. 



CONNECTOR FOR TYPICAL BUSINESS MACHINE 

This type works satisfactorily without 
the refinements required for an airborne 
application. It operates intermittently in-
side a stationary machine, with little 
harmful vibration or other environmental 
detractions. Snap-in type terminations ap-
plied with automatic machines are less 
costly, and low-cost phenolic resin is ade-
quate for the housings. These connectors 
may or may not require shells or strain-
relief hardware. In brief, a general-pur-
pose connector is well suited to this 
environment. 
A number of modifications of these two 

opposites may be had from AMP to meet 
every connector need whether its opera-
tion is intended for a mild, moderate, or 
hostile environment. This includes con-
nectors that can withstand a temperature 
extreme of 1200° F., with corresponding 
severity of vibration, shock and corrosion-
inducing factor. 

* * * * * * * 
To sum up: AMP's present line of pin 

and socket connectors is designed to oper-
ate faultlessly within the environment for 
which any particular type is intended. 
The potential user simply evaluates the 
conditions under which the connector 
must operate. and AMP recommends the 
type or types needed to meet this set of 
requirements. 
The following information is a guide to 

the classifications and types of A-MP 
Pin and Socket Connectors: 

Types of connectors and contacts 
At present AMP manufactures eleven 

classifications of Pin and Socket Con-
nectors. Connectors range from the Series 
"M" general-purpose block connectors, 
without a shell, for relatively non-sensi-
tive applications; to the "D-DE", with 
full environmental sealing for critical 
military and commercial use. 

SERIES "M", "D", "D-D" AND "W" 
CONNECTORS 

SERIES "M" 

11111111111111 
The series "M" is available in housings 

with 14, 20, 21, 26, 34, 41, 50, 75, 104, 
(and 104 center fastener) positions. These 
housings can be obtained in molded phe-
nolic resins, or diallyl phthalate. When 
fully assembled, these connectors have no 
metallic shell. They do, however, offer a 
complete line of shields (180° or 90° 
exit) and strain relief hardware. As a 
group they are general purpose con-
nectors. 

SERIES "W" 

The Series "D" lias housings with 45 
and 78 positions, the Series "D-D" with 
90 and 156 positions, and the Series "W" 
with 26, 40 and 45 positions. 

All Series "D" and "D-D" housings 
have positive polarization and floating 
bushings for accurate alignment with the 
receptacle. Plug shell skirts help protect 
pins against plug-in damage, while float 
space of pins and sockets also helps pre-
vent misalignment. All inserts ( phenolic 
or diallyl phthalate) are alpha numeri-
cally coded—front and rear—and encased 
in cadmium-plated aluminum shells. For 
the military, an olive drab finish is 
available. 

Matched accessories include shields, 
cable-clamps, and strain relief clamps. 
Also available are polarizing block con-
figurations, and keying pins. 
AMP has designated Type II, Type III 

and Type III (+) pin and socket con-
tacts for use with Series "M", "D", 
"D-D", and "W" Connectors. Obviously, 
choice depends on nature of application, 
installed cost and other modifying fac-
tors. Here, therefore, is basic information 
on the suitability of these contacts for 
specific needs. 

TYPE II CONTACT 

This is a highly reliable crimp, snap-in, 
screw-machine processed contact that 
meets MIL-C-8384 and MIL-C-5015 
specifications. At 7.5 amperes, resistance 
is less than 25 millivolts after environ-
mental testing, and engagement forces 
vary from 1 to 12 ounces per line for a 
#20 contact. External retention spring 
provides quick assembly and firm seating 
to the connector block; however, it can 
be easily removed and re-inserted. Mini-
mum surface wear is assured with the use 
of cantilever-beam engagement spring. 
Available in contact sizes 20 and 16 in a 
wire range of #32 through #14 AWG. 
May be ordered in loose piece form, or 
tape-mounted for high-speed application 
with automachines. Standard AMP plat-
ing of gold over nickel. Other platings 
available on request. 

TYPE III CONTACT 

This is a crimp, snap-in, formed con-
tact that may be fed in a continuous strip 
into automatic crimping machines for 
high-volume application. This contact has 
bell-mouthed sockets and closed entry for 
proper pin alignment and protection from 
probe damage. Cantilever-beam engage-
ment spring provides sustained contact 
pressure which results in minimum sur-
face wear. Quick assembly and firm seat-
ing in the block are assured through 
the use of an external retention spring. 
The contact can also be easily removed 
with an A-MP extraction tool. Contact 
sizes: 20, 18, 16 for use with wire from 
#24 through #16 AWG. Also supplied in 
loose piece form. Standard AMP plating: 
Gold over nickel. Other platings available 
on request. 

TYPE III(+) CONTACT 

This contact is identical to Type III 
with the exception that, additionally, it 
features insulation support for greater 
mechanical strength and is supplied only 
in contact size 16 which encompasses a 
wire range of #26 through #16 AWG. 

Series "A" connectors 

Series "A" Connector is designed for 
either rack and panel or bulkhead use. 
It is an environmental connector with 
high performance ratings, and is avail-
able in either 50 or 100 positions. Both 
configurations are sealed or unsealed, as 
ordered. In both cases the insert material 
is diallyl phthalate. In the sealed version 
the peripheral and interfacial seals are 
made of fluid resilient silicone rubber. 
Shells are made of cadmium-plated die-
cast aluminum. This connector meets the 
following performance requirements: di-
electric withstanding voltage at sea level 
—1500 V ac, rms; insulation resistance 
—5,000 megohms; temperature cycling-
-55°C to +125°C; vibration (method 204 
and condition C of MIL-STD-202B)-10 
to 2,000 CPS; shock (method 202 of MIL-
STD-202)— at 15 G's; humidity (method 
106 of MIL-STD-202)-5,000 megohms. 

— a•-• u 

TYPE I CONTACT 

The Type I Contact is designed for 
critical circuitry and meets the electrical 
requirements of MIL-C-26636. It is a 
crimp, snap-in, precision screw-machine 
processed type, with resistance of less 
than 25 millivolts at 7.5 amperes after en-
vironmental testing, for a #20 contact. 
Minimum surface wear is assured through 
cantilever-beam engagement springs and is 
available with AMP gold over nickel plat-
ing which assures optimum corrosion re-
sistance and long life. Available in sizes 
20, 18, 14, 10, and 8 for wire range of #26 
through #8 AWG. Loose piece form, or 
tape-mounted for high-speed application. 



Series "D-DE" connectors 

This design with 144, 126 and 108 posi-
tions is intended primarily for high-alti-
tude, high-temperature applications. It is 
fully sealed against hazards encountered 
at temperatures ranging up to 275°F, 
altitudes of up to 100,000 feet, excessive 
vibration and other hostile environmental 
factors. 

Series "D-DE" connectors are similar in 
construction to the Series "D-D". It con-
tains all the environmental hardware and 
seals needed for maximum protection of 
contacts. Inserts are molded from glass-
filled diallyl phthalate; both plug and 
single-lead grommets are included. For 
specific test data, refer to Series "A" con-
nectors for bulkhead mounting. 

TYPE V CONTACT 

This contact is designed for high-
temperature, high-altitude application 
and conforms to MIL-C-26636. Minimum 
resistance is 15 millivolts, maximum 23 
millivolts after environmental testing. For 
a #20 contact, insertion forces do not 
exceed 8 ounces per line on a steel pin. 
Cantilever-beam contact spring insures 
uniform contact pressures. Plating on 
Type V is optional. Military specifica-
tions call for either rhodium on the pin 
and socket or rhodium on the pin and 
gold on the socket. Contact is available in 
sizes 20, 16, 12, 10 for a wire range of 
#26 through #10 AWG. It is applied with 
a hand crimping tool or automatic tape-
fed tools. 

Sub-miniature connector 

The 50-position A-MP sub-miniature 
connector with force-fit type contacts is 
no longer than an ordinary book match. 
Yet the contact area occupies a full 50% 
of the total area compared to 20% for 
other makes of sub-miniature connectors. 
The connector block, which is self-extin-
guishing, is made of polyurethane, the 
shell of cadmium-plated brass, and jack 
screw assemblies and strain relief clamp 
of stainless steel. The connector is polar-
ized for error-free assembly, and can be 
mounted in a panel up to 1/4" thick. 

TYPE VII CONTACT 

This is a reliable sub-miniature, screw-
machine processed, compression-crimp, 
snap-in type contact. It is made of 
bronze with a .000030" gold-over .000030" 
nickel plating. It accommodates stranded 
or solid wire in sizes #26 to #32 AWG. 

This contact makes extreme density pos-
sible — .060" center to center spacing in 
single lines and .050" in clusters. 

Series "C-PS" connectors 

This connector features three coaxial 
and 12 pin and socket contacts. It is 
available in a phenolic or diallyl phthal-
ate block, with 1-piece or 2-piece shields, 
center-guide assembly, pin hood, fixed or 
turnable jack screws, and other hardware 
accessories. It accommodates Type II, 
Type III, Type III (+), and Type IV 
miniature coaxial contacts. 

TYPE IV CONTACT 

Aside from its use in "C-PS" Connec-
tors as a "contact mix", the Type IV 
contact is suitable for many configura-
tions in the series "M" and series "W" 
connectors. It is designed to outlast more 
than 500 insertions and extractions, and 
permits simultaneous one-crimp termina-
tions of center conductor, outer braid, 
and cable support — (an exclusive with 
AMP). Dielectric material separates 
shells from male and female center con-
tacts. Construction also features closed 
entry and a cantilever-beam engagement 
spring which is built into the socket. A 
special type of retention spring is used to 
provide firm seating into the connector 
block and to act as a shield for crimping 
ports. Operating temperature is —55°C to 
+85°C, operating voltage 1,000 V ac, 
flash-over voltage 1,900 V ac, and shock 
MIL-STD-202B, method 202A. Available 
in a wide range of cable sizes and applied 
with extreme reliability with A-MP 
crimping tools. 
Breakaway connector 
This single circuit pin-and-socket con-

nector is characterized by high- reliability 
performance in military, aircraft, missile 
and commercial applications. Quick con-
nect/disconnect versatility is combined 
with the reliability features of a perma-
nent splice. It is fully insulated and 
available in a sealed or unsealed version. 
The A-MP Breakaway Connector ex-
ceeds electrical and mechanical require-
ments of MIL-T-7928, MIL-C-5015D, 
MIL-C-8384A and MIL-E-5272. 

Two types are available. Pullaway force 
for the 5/15 type is 15 pounds maximum 
and 5 pounds minimum; for the 5/20 
type, 20 ounces maximum and 5 ounces 
minimum. Both utilize the same size 
crimp, snap-in contacts and the identical 
size nylon housing sleeves. 

CONTACT FEATURES 

At 7.5 amperes, Breakaway Connector 
Contacts have a minimum resistance of 
15 millivolts and a maximum resistance 
of 20 millivolts after environmental test-
ing. Available with AMP gold over nickel 
plating. Longer insertion/extraction life 
is assured with the use of a cantilever-
beam contact retention spring while bell-
mouthed sockets allow easy pin alignment. 

Wire size for sealed units is #20 AWG, 
and for unsealed units the range is #26 
to #20 AWG. "Dry circuit" quality and a 
low-cost, time-saving assembly method is 
assured with AMP's precision crimping 
technique. 

Special application connectors 

Two such connectors in AMP's pin and 
socket line: ( 1) Connector for Printed 
Circuits, (2) Tier Block Connector. 

(1) The 19 position printed circuit con-
nector utilizes the pin and socket prin-
ciple and is used principally for aircraft, 
missiles and ground support equipment. 
It is an extremely stable connector, with 
Type V precision screw-machine proc-
essed contacts efficiently sealed against 
hostile environmental stresses. Pins and 
sockets are plated to a thickness of 
.000050" gold over .000030" nickel and 
satisfy requirements of MIL-C-26636. 
The female housing of this connector is 
rigidly staked to the edge of the printed 
circuit board to prevent warping and mis-
alignment. Connector block is made of 
diallyl phthalate with retention member 
built into it. 

(2) The Tier Block Pin and Socket Con-
nector consists of 10-position male and 
female blocks that unite firmly without 
hardware accessories. Normally, blocks 
are made of general-purpose phenolic, 
but are available on order in diallyl 
phthalate. When stacked, male members 
are locked into position with #10 screws. 
This connector utilizes Type II and 

Type III contacts rated at 7.5 amperes 
(size 20), and size 18 Type III contacts 
rated at 10 amperes. 

* * t * * * 

The questions we have asked and 
answered encompass only the major 
elements of the AMP story. Much 
additional material — including detailed 
specifications — is needed to solidify the 
interest we hope we have aroused through 
the publication of this report. Facilities 
which include research, testing, engineer-
ing and product development are avail-
able to you, without obligation, to assist 
with any circuitry problems that may 
relate, in your mind, to the techniques 
and components discussed in the report. 
Your inquiry, addressed to AMP, IN-
CORPORATED, Harrisburg, Pennsyl-
vania will be promptly evaluated and 
answered. 

I INCORPORATED 
Harrisburg, Pennsylvania 

INDUSTRIAL 

SALES 

DIVISION 

AMP prod.'s and eng.ncerin. asststance art arelable throue subs.dury companies In: Asnirolu 

Canula • England • Fur. • Holland • Italy • hpan • Mall. • Woe 

V. 

Printed in U.S.A. 



SLIMLINE...the first standard line of 
lower cost precision potentiometers 
with all the exclusive advantages of 

Markite 
conductive 
plastics!* 

(8-gang unit, actual size) 

Delivered in 3 weeks! Sizes: 1-1/16" to 3" diameter. Standard 
Linearities: =--0.2% and =0.5%. Fully Gangable...additional cups 
only 0.200" thin. Write for SLIMLINE Technical Data Sheet SL-906. 

*Infinite resolution • Long useful life ( many millions of cycles) • No catastrophic failure • 
Stability in extreme environments • Consistently low noise in system use...and many more 

Markite Corporation, 155 Waverly Place 
New York 14, New York • ORegon 5-1384 

TWX: 212-640-5534 PIN•le 

ELECTRONIC INDUSTRIES • September 1963 Circle I I on Inquiry Card 21 



IN ELECTRONICS ... AVIONICS ... ASTRIONICS 

0 

.`, () 1' 
RANK FIRST 

IN 
PRECISION TEMPERATURE CONTROL 

In today's military and commercial projects, you 
can't afford to overlook any one of these important areas: 
Reliability, Size, Availability, Economy. 

And because Stevens is in production now on the 
largest number of different types and styles of bimetal 
thermostats, all these advantages are yours automatically 
when you specify Stemco thermostats. 

1st in Reliability. Proven designs, latest production 
techniques, most stringent inspection procedures. 

1st in Size. Stemco thermostats score in compactness 
and lightness without sacrificing performance. 

1st in Availability. Tooling for most types is in existence. 
Flexibility of design cuts lead time on other types. 

1st in Economy. Mass production of many standard 
Stemco types with hundreds of terminal arrangements 
and mounting brackets cuts your costs. 
*Refer to Guide 400E0 for U.L. and C.S.A. approved ratings. 

A-891A 

o 
STEMCO 

TYPE A* semi- enclosed. Bimetal disc type snap 
action thermostats; give fast response to 
temperature changes. Can be made to open 
on rise or close on rise. Single-throw with 
double make and break contacts. Operation 
from -20 to 300°F. Lower or higher tempera-
tures on special orde,. Average non-inductive 
rating 13.3 amps, 120 VAC; 4 amps, 230 VAC 
and 28 VDC. Various mountings and termi-
nals available. Bulletin 3000. 

TYPE A hermetically sealed. Electrically similar to 
semi-enclosed Type A. Various mountings, 
including brackets, available. Bulletin 3000. 

TYPE MX hermetically sealed. Snap acting bimetal 
disc type units to open on temperature rise. 
2 to 6°F differentials as standard. 1 to 4°F 
differentials available on special order. De-
pending on duty cycle, normal rating 3 amps, 
115 VAC and 28 VDC for 250,000 cycles. 
Various terminals, mountings and brackets 
available. Bulletin 6100. 

TYPE MX semi- enclosed. Construction and rating 
similar to MX hermetically sealed type. 
Bulletin 6100. 

TYPE M hermetically sealed. Bimetal disc type, 
snap acting thermostats. Also available in 
semi-enclosed. Operation from -20 to 300°F. 
Lower and higher temperatures available on 
special order. Depending on application, 
rated non-inductive 10 amps, 120 VAC; 3 
amps, 28 VDC. Various terminals, wire leads 
and brackets available. Bulletin 6000. 

TYPE C hermetically sealed. Also semi- enclosed 
styles. Small, positive acting with electrically 
independent bimetal strip for operation from 
-10 to 300°F. Rated at approximately 3 amps, 
depending on application. Hermetically sealed 
type can be furnished as double thermostat 
"alarm" type. Various terminals and mount-
ings. Bulletin 5000. 

THERMOSTATS 

STEVENS manufacturing company, inc. 
P.O. Box 1007, Mansfield, Ohio 
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NASA MUST GET ALONG ON LESS—NASA 

is going to have fewer dollars than it would like this 

year. The agency wants $5.7 billion for fiscal 1963-64, 

but the Senate approved a budget of about $5.5 billion, 

and the House only about $5.2 billion. Senate-House 

conferees met to resolve differences. While the trim-

ming will not seriously hurt major NASA programs, 

it is important to note that the agency's honeymoon 
with the Congress is over. Congress has silently warned 

that all NASA projects will have to be justified in 

detail before money is appropriated. 

MOON SHOT WILL GO--Controversial U. S. 

moon shot will go ahead as planned; however, it's still 

being heavily criticized. Most critics suggest sending 

only an instrumentation package to the moon. They 
would divert the dollars thus saved to other space 
research. But congressional leaders are convinced that 

NASA's moon-shot program is worth the time and 

money. They are prepared to back the moon shot 
against all critics. Because of their backing, money cut-

backs are not foreseen. 

MORE GRUMBLING OVER TRADE LAW—Is 

President Kennedy's foreign trade program coming 

unstuck? There's increasing evidence it is. Industry 

after industry is asking Washington to slow volume of 

imports arriving in U. S. Politicians are now lending 

sympathetic ears to the complaints, after first having 

pooh-poohed protests as "isolated instances." 

FEWER ITEMS, FEWER CONTRACTS—Set 

up in January, 1962, as the buying agency for DOD, 

Defense Supply Agency already reports it has taken 

control of 1 million common items. It claims a general 

10% cut in inventories. Capitol Hill watchdogs note, 

however, there are still over 3 million defense items 

not yet under its management. They urge study to 

determine what can be added to DSA's list. Within a 

year DSA's Defense Electronics Supply Center took 

control of some 521,000 of 725,000 items assigned to 

the class. Goals include elimination of duplicate inven-

tories, a cut in annual supply surpluses, cuts in pro-

curement budgets—all these will mean fewer contracts 

on many electronic items. 

PATENT COSTS MAY RISE — U. S. Patent 

Office will charge inventors higher fees, if Congress 

approves. Both private inventors and companies own-

ing patents would pay more, both for filing fees and for 

maintenance fees. 

FM ON THE MOVE AGAIN—FM broadcast is 

headed for a big leap forward. FCC dissolved freeze 

it put on issue of new FM licenses last Dec., said it 
would start grants for new FM commercial stations this 

month. Freeze ended only in 48 states, however. But 

it should be removed fairly soon in Hawaii and Alaska, 
as well as Puerto Rico, the Virgin Islands and Guam. 

RCA DISPUTES MC NAMARA SAVINGS 

CLAIMS — Defense Sec. McNamara's claims 01 

procurement cost savings have been disputed by RCA. 
Pentagon boss says he saved the government more than 

$1 billion in 1963, and he offers this example: DOD 

bought 8,570 radio receivers from RCA at $2,278 each 

under a negotiated contract. Later, under competitive 

bidding, DOD bought additional receivers from RCA 

at $843 each. McNamara claims this cost saving ($10,-

494,312) is due to competition among the suppliers: 
however, RCA points out factors glossed over by 

Pentagon: Price of first order included design engi-

neering, tooling, other non-recurring production costs. 

In bidding on second order, RCA was able to omit 

these costs. In addition, subsequent contract called for 
larger quantity of receivers, thereby making possible 

lower unit prices. Also, prices of transistors and other 

components bought from RCA suppliers declined, mak-

ing possible further price cutting. 

IS IT DEDUCTIBLE? — Nervousness continues 

over the 1963 Internal Revenue Service rules regarding 

expense deductions. Nobody likes them, but there's no 

immediate sign rules will be changed. IRS, still some-

what sheepish over the uproar it caused by the clamp-

down on expense-account spending, recently issued a 

question-and-answer booklet for the businessman to 

help make clear what can be deducted and what can't. 

(Samples: If a taxpayer takes a customer to lunch for 

business goodwill and the customer's wife comes along, 

will the expense be disallowed if they don't discuss 
business? Answer: No. What about convention enter-

taining? OK, if it measures up as ordinary and neces-

sary entertaining.) Hotel and restaurant men have 

been hit hard by the new rules. All their business is 

off—up to 10% in the newer and fashionable places; as 
much as a crushing 50% in older places. Congressmen 

from convention cities and resort areas want a law to 

restore the pre- 1963 expense-account rules. 
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NEW PHILCO 

VOLTACAP* 
A new concept in voltage-variable capacitors... 

and a broad new range of applications 

Philco brings a new set of values to voltage-variable 
capacitor design. Higher reverse bias voltage, higher 
Q, lower reverse leakage current, closer tracking and 
larger change ratios. Result: A new capability for 
electronic tuning. 
The new concept—Philco VOLTACAP — is an 

Epitaxial Silicon Planar Voltage -Variable Capaci-
tance Diode. Epitaxial growth raises Q values. Planar 

construction reduces IR, and assures both inherent 
reliability and product uniformity. Voltacaps are so 
uniform that maximum tracking error is specified 
for every type. 

Discover how Philco Voltacaps can add to your 
designs. Get types V2853 and V2854 today from your 
Philco Distributor. And send for complete data— 
write Dept. E1963. 

iiinr PARAMETER 

ACTUAL 
SIZE 

TYPE V2853 TYPE V2854 PARAMETER TYPE V2853 TYPE V2854 

Max Reverse Bias 
Voltage, VR 

115 v 115 v Capacitance 
(@., 8v, 1 mc), Ci,, 47pf ± 20% 150pf ± 20% 

Max Storage 
Teme_erature, Ts 

—65 to +200°C —65 to +200°C Capacitance 
Change Ratio 
(® 4v to 100v), ACv 

4:1 4:1 

Max Reverse 
Leakage Current 
((.. VR= 100v, 
85°C ambient), IR 

2.5 1.4a 5.0 
Min Q (® 8v) 90 ® 50 mc 180 ® 25 mc 

ga 
Max Tracking Error 
(tt., 4v to 100v) 

1.0% 1.0% 

Trademark of Philco 
Corporation for Epitaxial 
Silicon Planar Voltage-Variable 
Capacitance Diode. 

PH I LCO. 
A SUBSIDIARY OF 5e7- 05/ ,_..2icrelerW,Crinfreny, 

LANSDALE DIVISION. LANSDALE. PA. 
101. 

co. 

e N 1- e 
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'U.S. ALL-NUCLEAR BY 1999, 
ENERGY NEEDS TO TRIPLE' 

Resources for the Future, Inc., a 
nonprofit organization dedicated to 
conservation and proper use of our 
resources, thinks that nuclear energy 
will become the medium for generating 
all electric power by the end of the 
century. 

The group expects that total U.S. 
demand for energy may triple by the 
year 1999. It also believes, however, 
that at least through the 1970's there 
will be vigorous and continued use of 
oil, coal, natural gas and hydro-electric 
power. 

At best, then, electronic instruments 
and controls will continue to be sold 
to new nuclear power plants in some-
what small quantities. 

Public utilities should then continue 
to be good markets for computers, 
microwave systems, radio communica-
tions systems plus consumer house-
hold goods. 

At the moment, commercial nuclear 
electric power is still in the think, talk, 
test stages. A controversy raised by 
the AEC—whether to permit nuclear 
plants in big cities—may determine 
whether Consolidated Edison of New 
York will have the OK to put up a plant 
in New York City. Its output would ex-
ceed combined power of all nuclear 
plants now operating in the U.S. 

Plans are on the board for nuclear 
plants near Los Angeles and San Fran-
cisco. These plants may give California 
a technological edge over New York, 
which already has been out- populated 
by California. 

Moreover, locating nuclear power 
paints in or near large U.S. cities may 
help decide whether plants will be 
built in big cities in other nations. 

SEVEN U.S. STATES HOLD 
55% IN DEFENSE CONTRACTS 

Seven states lead in defense work, 
accounting for more than 55% of mili-
tary prime contracts awarded in the 
first three quarters of the fiscal year, 
according to Commerce Clearing House. 

Firms in California, New York, Ohio 
and Texas have $7.5 billion in defense 
contracts out of a total $ 17.9 billion. 
California leads with 23.2% of awards, 
but this represents a 0.7% drop from 
last year. New York ranks second with 
8.9% of awards, but it dropped 1.8% 
from last year. Ohio with 5.1% and 
Texas with 5% rank third and fourth. 
Among states showing gains, Mis-

souri leads with an increase from 2.2% 
to 3.3%. Texas also showed a 1% 
gain. Three other states handling sub-
stantial contracts are New Jersey with 
4.9%, Washington with 4.6% and 
Massachusetts, 4.2%. 

YLa e 
Facts and Figures Round-Up 

INDEPENDENT REPS LOSING OUT, FIRMS SELLING DIRECT 

Electronic manufacturers' reps seem 
to be losing ground in high-cost, low-
volume equipment and instruments, 
and in low-cost, high-volume compo-
nents. 

There is a trend among manufac-
turers to side-step the middleman and 
sell directly to customers, offering 
them more sales and engineering as-
sistance. 

Early this year, Hewlett-Packard dis-
closed its own sales force recruited 
from independent local reps to sell 
H-P products exclusively. Beckman In-
struments began selling directly 
through its offices in 33 U.S. and Ca-
nadian cities to strengthen customer 
relations. 

G.E. Specialty Control reorganized 
field operations to better sell to and 
serve users of numerically controlled 
machine tools. Bendix Industrial Con-
trols reshaped its national sales to give 
more engineering aid to machine tool 
builders and customers who use nu-
merical control machines with these 
tools. 

In components, areas once served 
only by independent reps are now being 
served more often by regional and na-

tional distributors, as well as by central 
holding companies with a national net-
work of regional reps. Some reps are 
straddling these functions by becoming 
"stocking reps," maintaining inven-
tories. 

Little money is needed to pay com-
missions to a free lance rep whose 
sales orders are filled directly from 
manufacturers' stocks. However, many 
large firms feel they can afford to in-
vest more money in their own sales 
networks and make or save more 
money by marketing to, and technically 
serving customers directly. 

$1,500,000 NOW AVAILABLE 
TO BUILD NEW ETV STATIONS 

An allocation of $ 1.5 million is now 
available to assist in construction of 
educational TV stations, according to 
the office of Anthony J. Celebrezze, 
Secretary of Health, Education and 
Welfare. 

Total expenditures of $32 million 
are authorized for a five-year life of 
the Educational Television Facilities 
Act. The total five-year grant within 
any one state cannot exceed $1 million. 

U.S. SALES ARE PROMISING IN COMMON MARKET 

Prospects for sales of U.S. elec-
tronic equipment in the European Com-
mon Market look promising. The mar-
ket is good for computers and advanced 
systems for industrial and military use, 
but is somewhat poor for consumer 
goods. 

Europeans have nearly saturated the 
consumer market and now export quite 
heavily. If the Common Market nations 
are to pay more for their share of 
NATO expenses, it seems they will want 
to sell a larger percentage of electronic 
and military equipment. 

Economists and marketing men view-

ATOM-DETECTOR FIRMS LOOK 
FOR EXPANDING CD MARKET 

Makers of electronic radiation-detec-
tion instruments are still largely mark-
ing-time for a full-blown national civil 
defense program, though many Con-
gressmen still regard CD as a big 
"boondoggle." 

Accordingly, Congress may continue 
its annual practice of whittling down 
the CD budget. President Kennedy's 
request for $300 million for the FY 
1964 CD program will probably be con-
siderably slenderized. 

Yet, the Administration has a back 
door to civil defense funding—the De-
partment of Defense. 

NATIONS 

ing this world electronics pie, predict 
a need for the U.S. to export more 
electronic gear since we have the low-
est percentage of exports, although 
dollar volume is still high. 

All the European Economic Commu-
nity ( EEC) nations export twice the dol-
lar volume the U.S. exports. The ques-
tion is—will EEC exporters manage to 
export a high volume of consumer 
goods, yet also absorb higher amounts 
of Japanese- made electronic goods? 

COLOR TV SALES MAY YIELD 
1 MILLION SETS, $ 1/2 BILLION 

Color TV is making a colorful sales 
comeback along a road lined with 
golden optimism. Total industry sales 
of color TV sets in 1963 "could run 
from 750,000 to 1 million units, de-
pending on availability of color CRT's," 
asserts W. Walter Watts, RCA Group 
Executive Vice President. 

At an estimated average price of 
around $500 per set, this market 
could soar to about a half billion dol-
lars. Color- pioneer RCA still holds the 
lion's share of this market. 

Meanwhile, to break the color CRT 
bottleneck and to cash in on this re-
juvenated market, Zenith's Rauland 
Corp. and Sylvania have started pro-
ducing color tubes. 
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TORCH IT! Withstands temperatures of 1500°F without a sign of deformation. 
No other vitreous-enameled resistor will stand 1500°F without burning, softening, 
or dripping away. There's absolutely no effect on markings either . . . they are 
vitreous in nature ... a ceramic marking fired right into the coating. Markings on 
all other resistors burn off immediately, or rapidly become illegible. 

ABRADE IT! Try it yourself. Use a glass fiber 
eraser, for example, on the markings. Rub them 
hard. Nothing happens. Do it again. Still the 
markings don't come off, because they are vitre-
ous ceramic, fired into the molded vitreous coat-
ing. You can't remove them except with a grind-
ing wheel. With any other resistor, the markings 
disappear with the first couple of rubs. 

DON'T try all these tests 
OHMITE Series 99 

"molded" in vitreous enamel 

.for highest quality protection! 

Enlarged 2 1/2  times 

il 

Wire- Wound 
Resistor 

• Series 99 resistors represent a completely new approach 
—a breakthrough in the science of protective coatings. 
The result is an insulated (1000 V to ground) axial-lead 
resistor of the highest quality. 
The molded vitreous coating of Series 99 resistors in-

volves an entirely new process of vitreous enameling 
(patent applied for) which creates an entirely new prod-
uct (patent applied for). It endures the red heat of manu-
facture, yet retains its precise molded shape and dimen-
sions with a uniformity that varies only in thousandths of 
an inch. This new process locks the uniformly wound 
resistance wire in place which eliminates hotspots during 
operation. 

  r 
Uniform, Controlled Coating on Variable Coating on 
Series 99 Molded Resistors Conventional Dipped Resistors 

Series 99 resistors, constructed in accordance with the 
requirements of MIL-R-26C will pass the famous and 

• 
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SOAK IT IN SOLVENT! Here's another 
test you can run quickly. Fill a beaker with 
the most active of organic solvents used 
in degreasing and flux removal. Drop in a 
Series 99 molded resistor. Let it soak. 
Then try to rub off the markings. They're 
bright as new, because they're part of the 
ceramic coating. Try this on any other re-
sistor ... the markings dissolve and can 
be rubbed off. 

BEND THE LEAD where it emerges from 
the resistor body! You can bend the lead 
repeatedly at this point without damage. 
Conventional axial-lead, vitreous-enam-
eled resistors have a dipped coating which 
forms a meniscus around the lead where 
it joins the body of the resistor. Bending 
the lead ruptures the meniscus and dam-
ages the coating. Series 99 resistors are 
molded and there is no meniscus. 

CLIP IT! Insert a molded Series 99 resis-
tor into a metal clip. Don't baby it; ram it 
in. There's no danger of cutting, chipping, 
or scratching the hard coating which pro-
vides 1000 VAC insulation. Notice the snug 
fit, too. The clip mounting shown is resis-
tant to high shock and vibration. When 
mounted on a metal chassis, it provides a 
heat sink which may increase the wattage 
rating as much as 100%. 

on any other resistor! 
10,964,000 UNIT-HOURS OF TESTING! This new molded construction has been proven in exten-
sive load-life tests shown in the accompanying table. 

These test results have been obtained from many experimental lots of resistors representing different 
constructional materials and manufacturing processes. These resistors were produced, tested, and 
evaluated for developmental purposes which ultimately determined our present production practices. 
Hence, the %AR values given should not be specified as design or performance limits. 

More typical AR data is presently being collected as part of another test program in which samples 
are being taken from standard production lots. Data will be available after sufficient time has elapsed. 

CYCLIC LOAD- LIFE TEST SUMMARY ON TYPE 995 RESISTORS AT RATED WATTAGE 
(GROUPS STARTED AT DIFFERENT TIMES) 

TYPE 
TOTAL 
NUMBER 

OF 
UNITS 

TOTAL 
UNIT-HOURS 
"ON-TIME" 

AS OF 6/4/63 

ALL GROUPS 
2000 HRS. 
 ..0N-TIME" 

ATTAINED "ON-TIME" OF DIFFERENT SUBGROUPS 
AS OF JUNE 4. 1963 

3000 HRS. 4000 HRS. 5000 HRS. 

NO. 
OF UNITS AV.%AR 

NO. 
OF UNITS AV.%AR 

NO. 
OF UNITS AV.56AR 

NO. 
OF UNITS AV.5‘AR 

995-1A 409 1,304,000 409 0.447 284 0.536 101 1.051 
995-3A 768 3,055,000 768 0.868 155 0.999 373 1.397 206 0.876 
995-5A 346 1,131,000 346 0.633 89 0.687 175 0.662 
995-5B 281 1,124,000 281 2.109 281 2.740 
995-10A 438 1,609,000 438 0.733 146 0.780 238 0.891 37 0.974 
ALL 2242 8,223,000* 2242 0.712 674 0.715 1168 1.455 243 0.891 

"Equal to 10,964,000 total unit-hours of test ( cyclic: 1% hours on, A hour off). 

"fatal" characteristic F (salt water immersion test) of 
former MIL-R-26B. 

SPECIFICATIONS 

Series 99 molded vitreous resistors meet all require-
ments of MIL-R-26C for insulated units RW69, RW67, 
and RW68, characteristics V (350° C max hotspot) or 
G (275° C). 
They can also be supplied as RW59, RW57, and RW58 

resistors, characteristics G or V. 
Standard tolerance is + 5%. Tolerances down to 

+0.25% supplied to order. 
Low temperature-coefficient requirements of 0 + 30 

ppm/°C for resistances of 10 ohms and greater, and 0+50 
ppm/°C for resistances under 10 ohms (up to 350°C) are 
available on order. 

Standard leads are solder-dip coated for soldering; 
furnished bare for welding, or gold plated on order. 

OHMITE 
STYLE 

RATED 
WATTS 
AT 25' C 

DIMENSIONS (INCHES) 
OHMS 
RANGE 

(COMIeL) 
DIAM. LENGTH 

i--.031 -.000 .015 

995-1A 1 0.125: 0.422: 1 to 3,000 
995-2A 2 0.188 0.375 1 to 3,000 
995-3A* 3 0.203 0.547 1 to 10,000 
995-5A§ 5 0.313 0.922 1 to 30,000 
995-5B 5 0.203 0.938 1 to 25,000 
995-10At _ 10 0. 313 1.781 1 to 51,000 

NOTE: Standard lead length is 1W. 'Also in MIL style RW69V (991-3). §Also In MIL 
style RW67V (991-6.5). YAlso in MIL style RWEBV(991-11). t.Tole ance. r.015-.005 

OHMITE 

Write for Bulletin 103 

OHMITE 
'v1ANUFACTLJRING COMPANY 
.3562 Howard Street, Skokie, Illinois 

RHEOSTATS • POWER RESISTORS • PRECISION RESISTORS • VARIABLE TRANSFORMERS 

TANTALUM CAPACITORS • TAP SWITCHES • RELAYS • R. F.CHOKES • SEMICONDUCTOR DIODES 
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In space science, where electronic equip-

ment must not fail, we have adopted 

the habit of leaning on the "approximate" 

and the " less-than- perfect." Dr. Welsh 

suggests that we are neither techni-

cally nor educationally geared for the 

unfailing- perfection demands of our 

space program—though we could be. 

THE COST OF SPACE-SHOT FAILURE IS 

SO GREAT—not only in money but in national 

prestige, in manpower, in time and in our na-

tional product—that the cost of perfection, what-

ever it may be, is small by comparison. 

The fact that we are still a long way from 

scientific and engineering perfection points up 

today's challenge to our profession. 

. college fees are so high that many talented students 
are discouraged or drop out before reaching maximum 

potential, and are thus lost to our society . . 

On a matter of grave concern to everyone in 

the electronics industry today, a top presidential 

adviser, Dr. Edward C. Welsh, executive secre-

tary, National Aeronautics and Space Council. 

speaks of what the industry needs to meet this 

challenge, in a question and answer interview: 

Q.—I understand you said recently that this 

country does not have an electronic capability to 

meet our space effort. Is this true? 

A.—I would probably not state it as strongly 

as that, but it is a fact that technological needs 

brought about so rapidly by our space program 

have resulted in an inadequacy in what was at 

one time an adequate electronics capability. Be-

U.S. NEEDS 

ELECTRONIC CAPABILITY 

FOR SPACE 
. An Interview with Dr. Edward C. Welsh 

fors utir sp:tue program the industry may have 

been quite adequate but rapid developments have 

placed such strain and so many requirements on 

people and facilities that there is a great lag in 

electronics in our space effort. 

Q.—Are you speaking for the space program 

in general, or is there specific electronic equip-

ment or a system where we have this lack of 

capability? 

A.—The whole program. Every phase has 

electronic equipment which must be reliable and 

function perfectly. The space program is far 

ahead of industry in its demands for sophisticated 

electronics. 

Q.—Would you say that reliability is the prob-

lem? 

A.—Reliability is definitely a key problem; we 

can't allow for breakdowns. Yet, reliability is a 

field in itself. High volume and low cost pro-

duction in our country have been based on a 

certain margin for error—something less than 

perfection—an allowance for repair and mainte-

nance. We just aren't geared for the demands 

of the space program which requires an entirely 

different attitude—that only the best is ac-

ceptable. 

Approximate measurements and approximate 

tolerances will not do in the space age. Selections 

of linns for space work, based on reputation for 

(Continued on page 162) 

By ELMER T. EBERSOL 
Editor-at- Large 

ELECTRONIC INDUSTRIES 
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ID D8 FAO 

10-10A 

.11.110M1 LOSS OD. 

10 DI PAD 

10-10A 

6 DB PAD 20130 PAD 

IC AV 

10-10A 

Alienator 
MICPOOL 30-0 43:c 

IN 2008 20 DB 20 DB 20 D8 10 DI SDI 3 DI 2 0 8 1 DI 

10-10A 

REV ELECTRIC CO. RIME 

to. 50 OMMS 
,J2 wat I 

2008 1008 5°B 308 208 108 

0 0 0 CD 0 

REMOTE CONTROL ATTENUAtOR 

4330 

Attenator 
MODEL 42-0 

KAY ELECTRIC CO. 
1411PM  , 11.1. 

-1";15-/R ,1014 L-OSS 

Alienator 
lOODOl 20 0 

10 DI SOIT 30e 2128 

PRE/SIKH/6H MEOUENCY 

ATTENIIATORS 

•
 
•
 
•
 
•
 
•
 
•
 
•
 

• 
e 

• 

DC TO 500 MEGACYCLES 

50, 70, or 90 ohm impedance 
High- Frequency, Precision Teflon & Silver Switches 
1% Carbon Film Resistors 

Fully Shielded Units 
Up to 101 db 
Fixed 0 or 10 db insertion loss 

SWR: 1.2:1 max up to 250 mc 
1.4:1 max 250 to 500 mc 

Min. Insertion*: 0.1 db at 250 mc; 0.2 db at 500 mc 
Accuracy: At full Attenuation: 0.5 db at 250 mc, 1.2 db 

from 250 to 500 mc 
Price: ( Model 20) $79. f.o.b. factory. $ 87. f.a.s. N. Y. 

*Zero insertion loss ( Model 20-0) $ 75. f.o.b. factory 

REMOTE CONTROL 

FOR ALL UNITS 
(Electrically Operated) 

Price: $350. 

NEW 

DC TO 1000 MC 

SWITCHED ATTENUATOR PADS 
Model 10-10A 

Frequency Range: DC to 1000 MC 

VSWR: Less than 1.15:1 
Insertion Loss: Less than 0.1 db 

Accuracy: 0.25 db 

Price: $39. 
Model 42-0 ( Rotary): $250. 

Write for Catalog 

ICALV ELECTRIC COIN Pit ir 
Dept. El- 9, MAPLE AVENUE • PINE BROOK, MORRIS COUNTY, N. J. CApital 6-4000 
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RELAY STATION 

Antenna and feed horn shown at right are 
part of a relay station located on Trutch 
Island off the coast of British Columbia. 
It is part of a tropospheric scatter system 
between Annette Island, Alaska, and Van-
couver Island, B. C. The General Telephone 
tx Electronics Corp. system provides 240 chan-
nels for voice communications and data trans-
mission for commercial and defense uses. 

SNAPSHOTS... 

OF THE 

ELECTRONIC 

INDUSTRIES 

PEAR-SHAPED 

Prototype Echo II spheres 11/, are shown 
during inflation. Skin of the space balloons 
is a plastic film, sandwiched between sheets 
of ultra- thin aluminum foil, produced by Alu-
minum Co. of America, Pittsburgh, Pa. Huge 
135- ft. diameter spheres were inflated for a 
series of special tests to determine their 
value as reflectors of radio and radar signals. 

LONG-STEMMED 

Sue Huber examines multiplier phototubes as 
they are processed on a vacuum exhaust pump 
at RCA's tube plant in Lancaster, Pa. The 
tubes are used in scintillation counters to 
detect nuclear radiations. RCA plans a $ 11.6 
million new expansion program for the plant. 

STRAIN GAGES 

Technicians install MetaIfilmTM strain gages 
on 2 tunnel liners in a new Toronto subway. 
Ninety-six of the gages—a product of the 
Instruments Div., The Budd Co., Phoenixville, 
Pa.—will be used to measure bending and 
hoop stresses imposed on the tunnel. Wires 
from the gages will be connected to a termi-
nal board from which readings will be taken 



NEW... ENCAPSULATED INDUCTORS 
Delivered in 72 Hours - - from Sangamo 
Fastest assembly job ever! Unique pin configuration prevents assembly errors. Plug into 

printed circuit board ... dip solder... the job is done. No wires — no wiring time. These 

rugged, high quality units provide extra benefits for printed circuit board applications. 

Solder- coated terminals are located on 0.10" grid with 0.20" minimum spacing. 

Header pads keep the unit off the board, preventing moisture entrapment while 

permitting easy removal of flux. The encapsulated design assures excellent 

temperature and moisture characteristics — plus dimensional uniformity. 

Header layout for up to 8 terminals provides wide choice of tapped 

inductors or transformers. The price?... competitive with molded 

or dipped units when on the board. 

Inductive Components with Terminals on 0.10" 

Grid Spacing Simplify Board Mounting 

TYPI ET 

360 0 m 6 

fT 206 1420.3 

She 

Send us your specifications 

Prototype units are shipped within 72 hours. 
Select your inductance values from the ac-
companying table. For additional information, 
write for Bulletin 2721. 

ELECTRONIC COMPONENTS 

Inductance Ranges and Dimensions 
(Standard Type ET Inductors) 

TYPE ET- 2 TYPE ET-4 

Minimum Inductance' 2.4 mh 3.6 mh 

Maximum Inductance* 3.9 h 30.4 h 

Maximum Diameter 1.08" 1.33" 

Maximum Height 
(including header pads) 

.66" .86" 

*Inductance is measured at 1 kilocycle per second. 

(Ces -12 

SANGAMO ELECTRIC COMPANY• Springfield, Illinois 

e 
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I CAN SELL 
IT TO YOU 
CHEAPER 

I WILL SELL 
IT CHEAPER 
THAN THAT 

Want to talk to a salesman who says, 

"My Company Makes it Better--to Save You Money"(' 
The woods are full of hermetic terminal manu-

facturers selling price. Exactly how many no 

one knows. They come and go too fast to 

keep track of. 

We won't pretend that Fusite is invulnerable 

against their allure for some of our customers. 

But nearly always, a manufacturer learns the 

hard way that the most expensive terminal he 

can use is a cheap one that fails on the job. 

The very best Fusite Terminal you can use is 

a small fraction of the total cost of your 

assembled product. 

In the 20 years since Fusite pioneered in its 

field we've watched the "price sellers" come 

and go, while we continued to make the best 

terminals we know how. 

If you want the least expensive terminals you 

can buy we'd like to do business with you now. 

If you're looking for the cheapest price—we'll 

still be around later. We hope you will. 

THE FUSITE CORPORATION 
DEPT. G2, 6000 FERNVIEW AVE., CINCINNATI 12, OHIO 

Gentlemen: Please send me. without obligation, the items checked below. 

El An enlargement of this cartoon. with-
out advertising, suitable for framing. 

D The Fusite catalog 

D A sample terminal of   type 

D A sales representative 

Name  Title  

Company  

Address  
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WEEK?  A YEAR FROM TODAY?  1965?  1971 
Make a date with the hp 5245L Universal Electronic 

Counter.., it'll be working for you, whatever your 

measuring requirement, 

MANY PLUG-INS AVAILABLE NOW 

MORE TO COME 

Measure to 500 mc today, to 2500 mc tomorrow with 

the versatile hp 5245L and today's widest array of 

precision counter plug-ins. 

The solid state 5245L Counter and its plug-in units let 
you custom-design the instrument to your specific mea-
suring need by adding plug- ins when, but not until you 
need them. As your requirements change, you can easily 
and economically change the 5245L to meet them. 

The 5245L measures frequency, period, multiple period 
average, ratio and multiples of ratio. The basic counter, 
without plug-ins, offers a maximum counting rate of 50 
mc with 8-digit resolution. With just one plug-in you can 
measure from 50 to 512 mc. 

Other plug- ins include a video amplifier which in-
creases the 5245L sensitivity to 1 mv rms and a time 
interval unit which enables the counter to measure time 
interval from 1 ilsec to 108 sec. More plug- ins, including 
one to extend the capability to 2500 mc, are in final de-
velopment. All retain the basic accuracy of the counter. 

SPECIFICATIONS 

FREQUENCY MEASUREMENTS 
Range: 0 to 50 mc 

Gate time: 1 psec to 10 sec in decade steps 
Accuracy: ±1 count ±- time base accuracy 
Reads in: kc or mc, with positioned decimal 

SCALING 
Range: 0 to 50 mc 
Factor: by decades up to 10 , 

PERIOD AVERAGE MEASUREMENTS 
Range: single period, 0 to 1 mc; multiple period, 

0 to 300 kc 
Periods averaged: 1 period to 103 periods in decade steps 

Accuracy: +1 count -:- time base accuracy -± trigger error 
Frequency counted: single period, 10 1 to 1 cps in decade steps; 

multiple period, 10 1 to 1,jo the number of 
periods averaged, cps in decade steps 

Reads in: sec, msec, µsec with positioned decimal 

RADIO MEASUREMENTS 
Displays: (f./f„) times period multiplier 
Range: f,, 0 to 50 mc; f,, 0 to 1 mc in single period, 

0 to 300 kc in multiple period; periods averaged 
1 to 103 in decade steps 

Accuracy: ±1 count of f. ± trigger error of f, 

TIME BASE 
Frequency (internal): 

Stability: 
1 mc 
aging rate: less than ±-3 parts in 10, per day; 
as a function of temperature, less than +2 
parts in 10 1, /°C, —20-C to + 55 -C; as a func-
tion of line voltage, less than +5 parts in 10 30 
for + 10% change in line voltage 

short term: less than +5 parts in 10' , p-p 
with measurement averaging time of 1 sec 
under constant environmental and line voltage 
conditions 

With still more plug- ins on the way, the 5245L will 
never lose its usefulness . . . in fact will become more 
useful as your measuring task becomes more demanding 
and you add plug- ins to the one basic counter. 

Beyond this built-in flexibility, the 5245L offers these 
unparalleled advantages ... yours to match against any 
comparable instrument: 

11 Direct counting to 50 mc 

• Time base stability better than 3 parts in 10'/day 

• Display storage for continuous readout 

B Sample rate, independent of gate time, adjustable 
0.2 to 5 sec 

• Readout in close-spaced rectangular Nixie tubes 

• Four-line BCD output for systems, recorder use 

• Remote programming capability 

• Plug-in circuit construction for easy maintenance 

• Compact, stackable cabinet only 51/4 " high 

The specifications tell the story briefly. Check them out 
for a partial indication of the superior performance of-
fered by the 5245L. Then call your Hewlett-Packard field 
sales office for a demonstration on your bench. 

Start using the 5245L today .... and you'll be using it 
for a long time to come. 

GENERAL 
Registration: 
Sample rate: 

Operating 
temperature: 

Output: 
Remote operation: 

Size: 

8 digits in- line with Nixie tubes 
0.2 sec to 5 sec, independent of gate time 

—20`C to +65°C 
4- line BCD 
all functions programmable from front panel 
controls except "sample rate" and sensitivity, 
may be programmed remotely 
19" x 51/4 " x 183/8" deep 

Price: 83250 

PLUS THESE PLUG-INS AVAILABLE NOW: 
hp 5253B Frequency Converter: 

extends range of 5245L to 512 mc, $500 
hp 5261A Video Amplifier: 

increases sensitivity of 5245L to 1 mv rms, 
10 cps to 50 mc, $325 

hp 5262A Time Interval Unit: 
converts 5245L to time interval counter with a 
resolution of 0.1 µsec, $300 

Data subject to change without notice. Prices f.o.b. factory. 

HEWLETT 
PACKARD 
COMPANY 
1501 Page Mill Rd., Palo Alto, Calif., (415) 326-7000. Sales and 
service representatives in principal areas. Europe, Hewlett-Packard 
S.A., 54 Route des Acacias, Geneva, Switzerland; Canada, 
Hewlett-Packard (Canada) Ltd., 8270 Mayrand St., Montreal, Que. 

8623 
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POTENTIOMETERS 

INFINITE RESOLUTION CONDJCTIVE PLASTIC 
POTENTIOMETERS. Sizes 7/a" to 3", resistance 
values to 200K2, single unit or ganged. Fea-
tures include: Operating life over 10 million 
cycles; constant low electrical noise; high 
linearity; stable resistance throughout oper-
ating life; minimum torque; co- molded ele-
ment, terminals, taps and base for high reli-
ability through environmental extremes; taps 
shorted or switching sections,' output curves 
in linear and non-linear functions to meet 
every requirement. 

PRECISION WIREWOUND SINGLE-TURN POTEN-
TIOMETERS. Most complete line of linear, non-
linear, sine-cosine pots in sizes from 3/4 " to 
5", single cup or ganged. Meet all require-
ments of MIL-E-5272 and MIL-R-12934 for 
linearity, resolution, operating life, noise 
and environmental compatabillty. Taps, shorted 
or switching sections, output curves and 
resistances to meet every requirement. 

PRECISION MULTI-TURN POTENTIOMETERS. 7/8" 
and 13/4" diameter multi-turn pcts in 3, 10 and 
20 turn sizes. Linearity to -±0.05%. Resist-
ances ranges from 100 to 5002. Meet or exceed 
all applicable MIL specifications for electrical, 
mechanical and environmental conditions. 

TRIMMERS. Trim-Tite® Micro-Miniature and 
Rectilinear FilmPots® in a wide range of 
resistance values. Trim-Tite-  meets MIL-STD-
202A for shock, vibration, temperature cycling 
and load life, and MIL- E-52729. FilmPots® 
feature infinite resolution, high temperature 
range to 4-225°C. Up to 50k9 on special 
order. 

TRANSDUCERS 

SILICON SEMICONDUCTOR STRAIN-GAGE PRES-
SURE TRANSDUCERS. All solid state • 5 V out-
put with integral amplifier module, 250 my 
without amplifier • 0.25% combined linearity 
and hysteresis • infinite resolution • repeat-
ability 0.05% • operating temperature —65 to 
+250°F, with internal compensation • pres-
sure ranges to 20,000 psi • internal shunt 
calibration • responsive to both static and 
high frequency dynamic pressures • 1000 G 
shock • 100 G sinusoidal and 8 G' random 
vibration. 

Six different models—gage, absolute and dif-
ferential—can include regulator, Isolator and 
emitter follower. Adjustable gain amplifier 
module separately available to suit Installation 
needs. 

) ) 

en. ita,re , 
•M It 

POTENTIOMETER-TYPE PRESSURE TRANS-
DUCERS. Fairchild's line of precision trans-
ducers include bourdon tube, capsular dia-
phragm and new bellows types. Linear or 
non-linear precision potentiometer outputs. 
Pressure ranges from 1 to 10,000 psi absolute, 
gage or differential. Sizes from 1" to 3" 
diameter. 

LINEAR ACCELEROMETERS. Ranges ±.-1/4 to ±-50 
G. Natural frequencies to 175 cps depending 
upon G range. Excellent shock and vibration 
characteristics. Miniature size, linear or non-
linear outputs, light weight. Accuracy up to 
-±-0.5% in certain ranges. 

Complete Data on These and Other 
Fairchild Precision Products on Request. 

GYROS AND GYRO PACKAGES 

SUBMINIATURE AC RATE GYROS. Only 'Ks" In 
diameter by 13/4 " long in Its smallest slze. 
Maximum ranges from -±50/sec. to -±50000/ 
sec. Threshold rates as low as 0.01°/sec. for 
ranges up to 2000/sec. 0.05% of full scale 
for higher ranges. Withstand 150 G shock, 8 
millisec duration aong any axis standard. Self 
test is available. 

3 AXIS GYRO/ACCELEROMETE ,-PASKAGE. 
Designed to furnish control data for the auto-
pilot in an underwater weapon, this package 
incorporates 3 gyros and also 2 acceleration-
sensing pendulums to measure linear accelera-
tion along the pitch and rod axes. Miniaturiza-
tion of this package to about 1/2  the size of 
previous units—was accomplished by Fairchild 
engineers without compromis!ng the accuracy, 
reliability and ruggedness required for such 
demanding applications. 

3-AXIS RATE GYRO TELEMETRY PACKAGE. An 
outstanding feature of this package is that 
of range switching to allow full use of a 
limited number of telemetry channels. It has 
a full scale range of ±-420°/sec. for roll and 
.±..90°/sec. and -.± 7200/sec. for pitch and yaw. 
The unit was especially designed for missile 
and space probe applications where the range-
switching feature plus light weight (4 lbs. 
maximum) and outstanding environmental sta-
bility and high shock and. vibration resist-
ance provide one of the smallest, lightest, 
most rugged and most precise rate gyro pack-
ages made for this type of application. 

Fairchild E.S.P for Precision Components and Sub-Systems 
EeS•P is an integrated Engineering-Service- Production con-

cept developed by Fairchild expressly to meet today's rigor-
ous demands for technological competence, reliability and on-
schedule delivery of precision components and sub-systems. 

EAST COAST: 225 Park Avenue, Hicksville, L.I., New York 

WEST COAST: 6111 E. Washington Blvd., Los Angeles, Calif. 

FAIRCHILD 

fJ -1- 1=k 
DiviSiON OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 

Visit us in ISA Booth =482 
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HENRY RIES 

MAN-MADE MIRACLE Today's dynamic electronic industry compacts 50 standard com-

ponents into a fraction of 1 cubic inch— hundreds into the space occupied by an early 

vacuum tube. ELECTRONIC INDUSTRIES, one of Chilton's 20 business magazines, meets 

the exciting editorial and marketing responsibilities of this growth market in a way that 



SNAP! 

FAST-ACTING BASIC SWITCHES—Our unique snap-action makes the vital 

difference in performance and reliability. It gives you the most abrupt make 

or break, with maximum contact pressure. The result is increased capacity, 

lowered contact resistance, ability to withstand vibration and impact. To 

solve your switching problems, see our complete line of basic switches and 

actuators: sub-subminiature, subminiature, miniature, SPDT, SPDT double 

break, DPDT 4-circuit, TPDT 6-circuit, 1/2 to 40 amps, high inrush, and 

Mil Spec models. Write for free Basic Snap-Action Switch Catalog. #110. SWIICX“ 

r; 

CONTROLS COMPANY IS OF AMERICA 

CONTROL SWITCH DIVISION 
1420 Delmar Drive, Folcroft, Pennsylvania 

.. • 
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Do you still know how to use the pri-

mary tool of your profession — math? 

Here is the article that will bring you up 

to date   it is concise, yet compre-

hensive, ranging from elementary con-

cepts of algebra to the abstract form-

alisms of differential equations and 

theory of a complex variable. Emphasis 

is placed on applications of this tool. 

THE PURPOSE OF THIS ARTICLE IS to present a survey 

of the main mathematical techniques used by engi-

neers today. The scope will be comprehensive, rang-

ing from elementary concepts of algebra and arith-

metic manipulations to the abstract formalisms of 

differential equations and theory of functions of a 

complex variable. 

In all cases our emphasis will be on application: 

what kinds of engineering problems are solved with 

each mathematical tool. Examples will be given. 

The specific mathematical tools will be described in 

a manner consistent with mathematical rigor, but 

hopefully clearly enough to bring out the potential 

usefulness readily for the engineer and to indicate 

the limitations. Key references will be given at the 

end for extended application details and proofs. 

MATHEMATICAL 

MODELS 

FOR 

ENGINEERS 
Cover Story 

Algebra is essentially the manipulation of letters 

and symbols. For engineers such manipulations form 

a bridge between a conceptual or verbal problem 

definition and the definitive quantitative computa-

tions needed for problem solution. 

The basic concept is the equation, a statement of 

equality of two quantities. The laws of nature are 

expressible in the form of equation; manipulation of 

equations or sets of equations to solve for the desired 

unknown is the pertinent computatienal task. 

It is well to recognize the relationship of the equa-
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MATHEMATICAL MODELS 

tion concept to that of the formula. While the equa-

tion represents a definite quantitative relationship, 

the formula usually gives only relative proportions 

of ingredients. Thus, the formula H20 represents the 

composition of a water molecule. A corresponding 

equation would be: 

/no (1) 

where in w = the mass of a water molecule 

mH = the mass of a hydrogen atom 

mo = the mass of an oxygen atom 

The above illustrates the logic behind the use of 

mathematical concepts in solving engineering prob-

lems. Eq. 1, together with the following symbol 

definitions, constitute a mathematical model of a 

physical situation. In this case, of course, the prob-

lem of determining any one of the 3 quantities mw, 

mil or mo from knowledge or measurement of the 

other two would be readily solved. In general, it is 

o  
TO 115 v 
POWER LINE 
o 

e ?-

r— e l 50Hr 100We.' 150W 

Fig. 1: Elementary circuit theory and mathematics may be used 
to determine the smallest size fuse that can be used here. 

Fig. 2: Cartesian and polar coordinate systems. Such coordinate 
systems provide a link between algebraic equations and geo-
metrical relationships. Common terminology is also shown here. 

SECOND QUADRANT 
X< 0, y > o 

Tri2 < e < Tr 

THIRD QUADRANT 

X < 0, y < o 

Tr< G < 3Tr/2 

FIRST QUADRANT 
x>o, y>o 

o <0< Tr/2 

X- AXIS 

FOURTH QUADRANT 

x > 0, y < o 

3TT/2 < O < 2 7 

0. ORIGIN 

X , y CARTESIAN COORDINATES OF POINT P 

f,r9 POLAR COORDINATES OF POINT P 

up to the engineer to either find or create a mathe-

matical model applicable to his real-life problem, then 

solve for the unknowns that can be translated into 

the required real-life solution to the real-life-problem. 

Algebraic Problem Solving 

A simple illustration of the above general logic 

is the following simple problem. 

Statement of Problem: In the simple circuit shown 

in Fig. 1, we wish to find the smallest size fuse that 
can be used. 

Mathematical Model: Using elemelÉary 

theory we set up the following equations: 

Pi = Eli, P2 = E12, P3 = El3 (2) 

I = 11 + 12 + 13 (3) 

where E = applied voltage = 115 volts 

/1, /2, /3 = currents through each bulb 

Plo P2, P3 = powers dissipated in each bulb = 50, 

100, 150 watts respectively 

I = Current through fuse ( unknown). 

.1Iathematical Solution: 

Solving for I, we have: 

1 300 
IP =( i + P2 + P3) = 115 2.61 amps (4) 

Engineering Solution: The smallest size fuse rated at 

more than 2.61 amps will be satisfactory. 

Algebraic equations which arise again and again 

in engineering can be found in any of the standard 

handbooks. These equations usually represent "laws" 

of nature and can be made to fit to the solution of 

many engineering problems. 

circuit 

Terms, Factors, Units 

A word about the structure of algebraic equations. 
There is always an equal sign (=), separating the 

"left-hand" side or member from the "right-hand" 

side. Letter symbols represent numerical quantities, 

known or unknown variables. Connecting these are 

operational symbols, designating operations: -F, 

x (also • or implied), ÷ (or / or fraction represen-

tation), V— , superscripts for raising to a power. 

Any parts of an equation connected by -I- or — are 

referred to as "terms"; quantities multiplied together 

are thought of as "factors" of a term. 

Different parts of an equation ( Eq.) must be 

"dimensionally consistent." All terms connected by 

-1- or — signs must have the same dimensions or 

units. The dimension or unit of a term is the product 

of the dimensions of the component factors. The 

different sides of an Eq. must have the same dimen-

sions. Thus, looking at Eq. 2 above, for example, 

with E in volts and I in amperes, P must be in volt-

amperes or watts. 
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For more complicated equations, dimensional con-

sistency is often a non-trivial consideration. Fre-

quent checking of expressions is necessary—often 

dimensional consistency checks can indicate errors 
in manipulation rapidly. 

Equations with One Unknown 

In many problems it is possible to set up a mathe-

matical model in which there is only one variable 

quantity. In such cases the pertinent equation to 

solve can be written: 

1(x) = 0 (5) 

Here f(x) is a "function of x," where .r is the un-

known variable quantity. Typical such functions are: 

,f.(x) = V 2 + .r2 ± 314 ‘:/ 
5 4- 2.r 

fo(r) =   
:3 + x" 

Mx) = 2 + 3r + 42 

Function f. examplifies an "irrational" function, 

since it implies other than the "elementary opera-

tion": +, x and Mx) is called a rational func-

tion or fraction and f(x) is designated a poly-

nomial. 

An important part of algebra is concerned with the 

"roots" of polynomials, that is, solutions to Eq. 5 

when f(x) is a polynomial such as f0(z) above or a 

general n-th order polynomial given by: 

p.(x) = ao + a2r2 + • • • a„_ix"—' + anx. (6) 

or, in more compact form, using the standard "sum-

mation" symbol: 

p„(x) aer (6a) 

r = 0 

where the a's (i.e. the "coefficients") are known 

numbers. 

The "Fundamental Theorem of Algebra" states 

that the equation 

= 0 (7) 

has exactly n solution, i.e., p(x) has exactly n roots. 

Knowing the roots of p„ (x), say xl, x2, • • • rn, the 

polynomial can be factored as follows: 

= a. (x — xi) (x — x2) • • • (x — x.-1) (x — x.) (8) 

or, in more compact form, using the standard "prod-
uct" symbol: 

/4(r) = a,, 11 ,(x — (8a) 
f=1 

"General closed form" solutions are readily avail-

able giving the roots in terms of the coefficients for 

n = 1, 2, 3 and 4. For higher n's it is necessary to 

use numerical approximation methods for given spe-

cific values of the coefficients. In practice, the closed 

form solutions are usually only used in the cases 

Fig. 3: Equations of conic sections in cartesian coordinates. 

n = 1, 2 ; the approximate solution methods give 

ful answers faster for 3 and 4. 

Specifically, the solutions for n = 1 and 2 are as 

follows : 
= = — aofat 

te = 2 r, =  1 ( —al + N/ — 4a0a2 

2.2 = 2, — a12 — 4a0n2 

use-

(9) 

(10) 

The quantity a12-4a0a2 in Eq. 10 is known as the 

"discriminant." The roots of the quadratic with "real" 

coefficients ( i.e. the case n = 2) will be real-unequal, 
real-equal, or "complex" when the corresponding 

value of the discriminant is positive, zero, or nega-
tive. The concepts of "real" and "complex" numbers 

will be described a little later. We close this section 

with an example. 
Statement of problem: The weight in a pile driver 

is given an upward velocity of 5 ft./sec. one foot 

above the pile. How long will it take to complete its 

stroke? 

Mathematical model: The pertinent equation de-

scribing motion under gravitational attraction is: 

d = vol — 12 (11) 

where d is the resultant upward distance travelled in 

time t 

vo = initial velocity ( upward) 

g = acceleration due to gravity 

Solution: Make the following substitutions: 

d = —1 ft. 

= 5 ft./sec. 

g = 32.2 ft./sec./sec. 

The following quadratic equation results: 

16.1 /2 — 5 1 — 1 = 0 (12) 

Solution is given by ( 10), with x = t; ac = — 1, 

ai = —5 and a2 = 16.1. 
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Fig. 4: Vector addi- Fig. 5: Vector in Cartesian coordinates. 
tion and subtraction 
pa:allelogram law. 

1  
‘5  32.2 +V 89.-4—) = 0.418 see. 

12 = 1  (5 N/ 89.4) = —0.138 see. 
32.2 

Only the first solution, 0.418 sec. is significant, 

giving the duration of the driver stroke. Since the 

validity of Eq. 12 for the physical problem only holds 

for t>0, the existence of a root at —0.138 sec. is of 

no practical interest. Such "selection of roots" to fit 

the physical situation is a typical standard procedure. 

(13) 

"Number" Classifications 

The simplest kind of number is the integer, such 

as 1, 2, 3, 4, —2, —3, etc. Then we have the set of 

rational numbers defined as the ratio of two integers. 

All numbers which can be written down explicity in 

fraction or decimal form exactly are rational num-

bers. Then we can add the class of irrational numbers 

which can only be written down implicitly or can at 

most be approximated by closed form fractions or 

decimals. Thus, .V-2:- 8.%«- are typical examples, 

usual approximations being: 

V 2 1.414 3N/ 3 1.442 

Now in finding the roots of polynomials it becomes 

necessary to admit a further number classification: 

real and imaginary numbers. Take, for example the 

Eq.: 

x2 + 4 = (14) 

Applying the quadratic formula ( Eq. 10 above), 

the roots are: 

.= V — 4, x2 = —V —4 

Now we know that none of the above defined in-

tegers, rational, or irrational numbers; positive or 

negative; will result in "-4" when multiplied by it-

self; hence what meaning can be ascribed to "V —4"? 

We take care of this simply by defining the concepts 

of imaginary and complex numbers, to take care of 

square roots of negative numbers as well as roots of 

polynomials in general that are not expressible other-

wise. 

Actually, the only explicit definition required is: 

J V —1 (16) 

By convention, all the number types defined above 

in the first paragraph of this section are called real 

numbers. Any real number multiplied by j as defined 

formally in Eq. 16 is called an imaginary number. 

We are led naturally to the concept of complex num-

bers as simple combinations of real and imaginary 

numbers. In general, a complex number c is expressi-

ble as: 

c = a -f-jb (17) 

where a and b are real numbers; a is called the "real 

part" of c; jb is called the "imaginary part" of c, 
often written as: 

a = Re(c); jb = lm(c) (18) 

In complex notation as given above, the roots of 

Eq. 14 above are: 

xi = j-V 4 = j2; x2 = —jV 4 = —j2 (19) 

Similarly the roots of: 

X2 +4x + 13 = 0 (20) 
are : 

(15) xi = —2 d-j3; x2 = —2 —j3 (21) 
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The roots of any polynomial can be written as 

complex numbers ( note that "real" numbers can be 

considered as special cases of complex numbers, hav-

ing zero for imaginary parts). Further representa-

tions of complex numbers will be presented later; 

here we will close with one simple additional defini-

tion. For the complex number c defined in ( 17) 

above, we define c*, its corresponding complex con-

jugate by: c* = a —jb; i.e., just changing the sign 

of the imaginary part. 

Note from Eq. 19 and 21 that in each case x2 is 

the conjugate of z-1 and vice-versa. This points out a 

useful general property of polynomials with real co-

efficients ( i.e., a's of Eq. 6 above are real numbers) : 

their roots must either be real or they must occur in 

complex conjugate pairs. 

Multivariable Problems 

Many problems arise where the mathematical 

model consists of a number of equations with a num-

ber of unknown quantities. Here, the required solu-

tion consists of a set of values of the unknowns. 

Exact solutions are available only for certain forms 

of the set of equations. If there are "n" linear equa-

tions with "n" unknowns (n a known integer) the 

techniques of matrix algebra described later can be 

used. Otherwise, each problem must be examined 

separately—there are a number of manipulative 

tricks that a creative mathematician or engineer can 

devise to get an answer if one exists. One general 

statement we can make is that the effective number 

of equations in the model must be at least as large as 

the number of unknowns. 

In some cases the substitution method can give an 

exact solution. Suppose we have 3 equations with 

variables x, y, and z. Solve the first equation for x As seen above, we have taken the liberty of picking 

in terms of y and z. Substitute the solution for x in a problem with a simple answer; however, it does 

equations 2 and 3: these now constitute two equa- serve to show the solution procedure. 

AXIS OF 

IMAGINARIES 

1E1 

X= Re(t) 

x+jy 

Y 

iy-z1m1E1 

AXIS OF 

REALS 

Fig. 6: Argand diagram or "complex plane" representa-
tion of complex numbers. These are basic definitions. 

12 

(a) r ._ CIRCUIT 

NUMERICAL 

SOLUTION 

R r3Ç. 

- - v IIO  

Z 3+ 14 

= 17 • 22 e Je-e 

-le 
v = RI = 
-R - 

-14 o 
ez = TAN = 53. I = 0.928 RADIANS 

tions in two unknowns. Now solution of 2 for y, 

substituting in 3, gives a single equation in z. Solving 

this, we work backwards obtaining corresponding 

values for y and x. Example: solve the set: 

(1) x y z2 = 12 

(2) e y z = 6 

(3) x y2 z = 18 

12 
Solving ( 1) for x: s = 

(2') 

Substituting: 

(3') 

Solving (2') for y: 

yz2 

144 

ye 

12y 

(22a) 

(22b) 

(22e) 

(23a) 

= 6 or y z3 = 24 (23b) 

(23e) 

(23d) 

(23e) 

(24) 

(25) 

- 1 (26) 

3 
= lo or — = — 

z 2 

24 

24 3 
Substituting: (3") -- -= — or z" = 16 

z' 2 

Solving 3", z = 2 

24 
Now from (23d), y = = 3 

and finally, from (23a), x - 

GIVEN DATA 

X = 2TrfL= 

llo VOLTS 

e V= ° 

VL = iXL I= 1-2 88e c- 
-  

(3) (4) 

Fig. 7a: Circuit problem and solution. 

Fig. 7b: Phasor diagram of Figure lb. 

(b) PHASOR 
DIAGRAM 

VL 
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I.  
Alleqf-Bradley Type _.1 Variable Resistors used 
in1 constant impedance attenuators provide   
quiet, smooth control...at low cost! 

Type JJJ 

Actual Size 

Reproduction of actual machine plot of 

Allen-Bradley 600 ohm Bridged-T attenu-

ator, showing the uniform attenuation and 

constant characteristic impedance obtain-

able with such Type variable resistors. 
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QUALITY ELECTRONIC COMPONENTS 

Type JJ 

Actual Size 

Standard L Bridged T 

la In attenuators, which of these characteristics is most 

important to you or smooth control, or constant 
impedance? Not only will Allen-Bradley Type J variable 
resistors give you all of these . . . but also long life and a 
high wattage rating in a remarkably compact structure. 

The famous Type J solid resistance element— made by 
A-B's exclusive hot molding process— provides smooth con-
trol at all times— you'll never experience an abrupt change 
in impedance or attenuation during adjustment. 

Allen-Bradley's control of the resistance-rotation charac-
teristics during production assures the desired attenuation— 
approaching calibration accuracy. And, the characteristic 
impedance can be held to 10% throughout recitation— end to 
end! The discrete steps inherent in all wire-wound units 
are eliminated. Don't forget — freedom from inductance 
insures excellent high-frequency response. 

The Allen-Bradley Type J variable resistors are available 
in dual or triple units for use in attenuators rated up to 5 
watts. For more complete information on these Type J 
controls, please send for Technical Bulletin B5200B. Write: 
Allen-Bradley Co., 1342 S. Second Street, Milwaukee 4,Wis. 

In Canada: Allen-Bradley Canada Ltd., Galt, Ontario. 

ALLEN- BRADLEY 
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MATHEMATICAL MODELS 

(Continued from page 43) 

In many cases the best that can be done is to ap-

proximate the solution. This is usually done by a 

successive approximation technique: assume a set of 

values for the unknowns; substitute into the equa-
tions; determine magnitude of resultant "errors"; 

compute modifications to assumed unknown values 

and repeat, continuing until resultant "errors" are 

acceptably small. This procedure is related to the 
trial and error method: find (by exhaustion if neces-

sary) values of the "unknowns" which satisfy the 
equations. With high speed computers such a pro-

cedure is sometimes practical. 

Numerical Techniques 

Up to this point we have presented mathematical 
models based on simple algebraic equations. How-

ever, the engineering logic implied by this discussion 
carries over to situations involving the more ad-

vanced mathematical concepts as well. As seen by the 

examples given, the last step in the solution of engi-

neering problems consists in the insertion of numeri-

cal input values to obtain a numerical result. Here 

we shall discuss the different methods available for 

numerical calculations and indicate where they would 
he useful. 

Longhand calculations: We refer here to the ele-

mentary number manipulations usually learned ini-

tially in elementary school: +, —, X and also V— . 

An engineer can expect to have to call on these meth-

ods continually, certainly when no refined techniques 

are available, but also to check the computer or give 

fast order-of-magnitude results even when more 

sophisticated methods are at hand. 

Methods of checking work are useful, such as 

"doing it twice" or by "casting out nines." 

Slide-rule calculations: These are also a must for 

engineers, both for performing the elementary manip-

ulations and also for trigonometric and "exponential" 

calculations. In practice a slide rule provides answers 

usually correct to three significant figures. One im-

portant feature of slide-rule calculations is the re-

quirement for a rough order-of-magnitude longhand 

calculation for "fixing the decimal point." This is 

facilitated by expression of numbers using "powers 

of ten." Thus: 

247.5 = 2.475 x 102 

0.00342 = 3.42 x 10-3 (27) 

Desk Calculator: This is a tool for rapid per-

formance of longhand calculations. It is preferable 

to a slide rule when more than three-significant-fig-

ure accuracy is required in intermediate steps of cal-

culations or even in the answer. It is also useful when 

accuracy may or may not be required, but when a 

large number of operations must be repeated. Having 

a calculator available, it is relatively simple to teach 

a person with very little education to perform a large 

number of calculations rapidly and axurately. 

One job especially suited to the desk calculator is 

the processing of statistical data: given a set of "ob-

servations" determine the mean and standard de-

viation. A slide rule is almost completely useless 

here, since to get, say, 3 significant figures in the re-

sult, it is usually necessary to carry 5 or 6 significant 

figures in the separate steps. 

Use of Logarithms: This is essentially a manual 

technique for reducing the time needed for longhand 

calculations. Also, it enables one to raise numbers 

to any fractional power. It is a table-look-up method; 

the accuracy depends on the "size" of the table used. 

It provides a simplification of manual processes re-

quired—for multiplication or division, only addition 

or subtraction is required. 

All operations facilitated by logarithms can be done 

more rapidly on a slide rule; but, logarithms do pro-

vide more accuracy. Note that while a desk calculator 

does a better job with elementary operations than 

either a slide rule or logarithms, it is of questionable 

value for square roots and of no use at all for taking 

other fractional powers of numbers. 

Automatic, general purpose, high-speed Digital 

Computers: We do not propose to present an 

exhaustive discourse here on the capabilities of digi-

tal computers, just some of the more significant char-

acteristics. In some respects, a modern digital com-

puter is essentially an electronic version of a desk 

calculator, since the basic operations performed are 

essentially elementary operations on integers. How-

ever, the speed and compactness achievable with elec-

tronic components provide many orders of magnitude 

greater capability and open up whole new classes of 

problems for which practical solutions can be ob-

tained. 

A primary feature of the use of such machines is 

the control by a "program," a listing of instructions 

fed into the machine on punched cards, paper tape, or 

magnetic tape. This program contains information 

that effectively defines the mathematical model for 

the given problem, in terms of machine operations 

and instructs the machine as to specific information 

required as solution. Using the program, together 

with any additional input data, the machine then 

generates the solution which is emitted in the pre-

scribed form (typed or on cards or tape). 

For many problems compiler languages exist which 

any engineer can use after a few hours instruction 

to prepare problem statements. These are then turned 
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In FIXED COMPOSITION RESISTORS if it's news, expect it first from IRC 

100 
-- ...... _ 

—qb1r *. 

••1•  

— 

• 

90 
• 

Í4•%  

• 

s  

• 

dik. 1,000 o 

80 

• 

N 

N 
•,_ 

1 % 
70 
\ 

• 
• 
• 

• 
• 

1‘1%  

o,
 
o
 

P
E
R
C
E
N
T
 
O
F
 
D.

 
C.

 
R
E
S
I
S
T
A
N
C
E
 j
—
 

•sib% 

•- 
• 

• 

SiS 

• 

10,000 

• 
% 
• 

••• 
• 

N \\ 

••• •• 

SI 

i•t 4  

Lk 

20 RC M L-R-11 RESISTORS 
OUTPERFORM OTHER BRANDS 

AT HIGH FREQUENCIES 
Typical comparison showing RC20 size 

I 
10 

%% 

100 %%%%% 
i 0 MEG FREQUENCY IN MEGACYCLES 

—1 '000 0.2 1.0 1 1 1 1 1 11° I I 

IRC Fixed Composition Resistors give you 

SUPERIOR HIGH FREQUENCY CHARACTERISTICS 

HERE'S WHY ... IRC's resistance element is a film of 
carbon composition thermally bonded to a glass body. The small 
cross-sectional area of this exclusive film assures inherently low 
shunt capacitance. 

All other brands of composition resistors use a slug consisting 
of carbon granules mixed with organic binders. Due to the large 
mass of binder material the slug type resistor has a high shunt 
capacitance. 
The best high frequency characteristic is achieved when the 

ratio of cross-sectional area to the length of the resistor is mini-
mized. IRC's film construction with fewer carbon-binder contacts 
results in superior performance at high frequencies. 

Specify IRC composition resistors for applications where low 
shunt capacitance, superior pulse shaping and high frequency 
performance are needed. Write for GBT Bulletin. International 
Resistance Co., Philadelphia 8, Pa. 

PERFORMANCE ADVANTAGES 

IRC Type GBT's also provide 

• Greater moisture protection 

• Lower operating temperature 

• Better resistance- temperature characteristics 

• Outstanding load life 

• Ranges to 100,000 megohms 

• Stronger termination 

• Weldable leads 
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MATHEMATICAL MODELS 

(Continued from page 45) 

over to the computer for direct solution. For more 
complicated problems it is necessary to use the serv-

ices of a programmer or coder to translate the engi-
neer's instructions into suitable machine language. 

Frequently the services of a numerical analyst are 

needed to decide the "best ways" of using the com-

puter to get the desired results and build tip confi-

dence in the accuracy achieved. 
Some interesting consequences of the use of high-

speed computers have been: a refinement of methods 

of problem definition as well as a more widespread 

understanding of the nature of numbers. Concerning 
the latter item, it is often found useful to use binary, 
ternary, and/or octal number systems, as well as the 
usual decimal number systems. ( see Table 1 ). Here, 

equivalents for numbers from 1 thru 12 are given ; 

also for the single large number 5280. To check the 

results is easy: e.g. for the octal 12240, we have: 

1 x 8' + 2 x 83 ± 2 x 132 -I- 4 x 8 ± 0 x 8" 

= 4096 ± 1024 + 128 32 + O = 5280 (28) 

Understanding of these different number-base sys-
tems gives useful insight into the mode of operation 

of modern computer components. 

Some number system equivalents : Table 1 

Decimal Binary 

1 1 

2 10 

3 11 

4 100 

5 101 

6 110 

111 

8 1000 
9 1001 

10 1010 

11 1011 

12 1100 

5280 1010010100000 

Ternary Octal 

1 1 

2 2 

10 3 

11 4 

12 5 

20 6 

21 7 

22 10 

100 11 

101 12 

102 13 

110 14 

21020120 12240 

Geometrical Techniques 

A fundamental branch of mathematics is geometry, 

dealing with the relations, properties, and measure-

ments of lines, angles, surfaces and solids. Direct 

applications to engineering problems are unavoidable 

for civil and mechanical engineers and arise contin-

ually for all engineers. We shall concern ourselves 

here with some of the more indirect types of appli-
cations. For purposes of this discussion, we empha-

size the related topics of trigonometry and analytical 

geometry. 

Coordinate Systems: A coordinate system is a 

way of associating unambiguously a pair of num-

bers with each point in a plane (or a triplet of num-

bers with a point in three-dimensional space; this 

discussion will be confined to 2 dimensions for sim-

plicity). Cartesian and polar coordinate systems are 
illustrated in Fig. 2, showing the common termin-

ology. Simple trigonometric relations between the 

two systems are the following: 

r cos 

y = r sin 

r = e  y' 

It = aretan — tan-1—x 

(29a) 

(29b) 

(30a) 

(30b) 

Such coordinate systems in themselves provide a 
link between algebraic equations and geometrical re-

lationships. Useful analogies can proceed in either 

direction. Thus a graph can be drawn for visual dis-

play of numerical relationships. The cathode-ray-
oscilloscope does just this electronically with "wave-

form voltage" as ordinate and time as abscissa. 

Conversely, algebraic equations can be set up to 

describe geometrical forms which occur in nature. 

Examples are shown in Fig. 3. Further examples 

provide material for the following. 

Vectors: A Vector is defined as a generalized 

type of number having both magnitude and direction 
with respect to a 3 dimension! space. For clarity of 

discussion, non-vector numbers are called scalars; 

vector number symbols are usually bold faced, scalar 

number symbols are plane. The basic manipulation 

law of vectors is addition as shown in Fig. 4. 
In many cases it is useful to write vectors in terms 

of their cartesian coordinate components, Fig. 5. An 

important relation is immediately apparent: Vector 
addition is equivalent to scalar addition of corre-

sponding cartesian coordinate components. Thus: 

A -I- B i(A, 13„) j (A, -I- B,) k + 131) (31) 

Other relations such as "scalar product" and "vector 

product" are also useful. 
The most obvious use for vectors is for a precise 

general statement of the laws of mechanics. Forces 

on a body behave as vectors; motion of a body is 

readily expressed as a vector function of time. Appli-
cations to other problems involving "vector calculus" 

will be pointed out later. 
Graphic representations of complex numbers: 

Referring back to number classifications above, it is 

seen that the law for adding complex numbers is very 

similar to the law for addition of two-dimensional 

vectors ( see Eq. 31). 

Thus: if Ci = a, + j b, (32a) 
and C2 = a2 j b, (32b) 

then CI 4- = (al ± at) (bi + b2) (32e) 
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COUNTER TUBES 
Versatility with minimum circuitry— 

speeds to 100 Kc 

These are versatile components offering many 

thousands of hours of reliable service, capable 

of counting and displaying simultaneously with 

a minimum of circuitry. In addition to counting. 

the tubes can be used for subtracting, adding. 

frequency dividing, keying, timing, computing. 

scaling, coding, modulating, matrixing, index-

ing. and multiplexing. 

Here are lust a few of many possible applica-
tions: 

• Drill press control — tube stops press when 

transducer sensor signals end of stroke. 

• Process control and counting—tube shuts off 

photo developer when associated timer indi-

cates end of cycle; tube stops paper- stacking 

machine when selected number of cycles has 

been reached. 

• Radiation detection — tube activates alarm 

when preset number of pulses has been accu-

mulated from Geiger tube. 

• Particle counting — series of tubes indicates 

number of particles of various sizes, according 

to amplitude of signal each particle causes. 

The Sylvania line of reliable counter tubes con-

sists of two groups: 

1. Low- speed types, operate up to 4000 cps. 

2. High-speed types, operate up to 50 and 100 

Kc. 

Sylvania special-purpose 
counting or triggering job 

COLD CATHODE 
THYRATRON 
New design provides minimum leakage 

resistance of 10 12 ohms! 

Ideal for use with an ionization chamber to 

sense smoke, humidity or dust, the Sylvania 

cold cathode thyratron features a new design 

with the starter anode at the top. The result is 

very good insulation, further enhanced by a 

silicone coating on the bulb to prevent leakage 

caused by condensation. Compact and 

equipped with long, flexible leads for ease in 

mounting. the tube is adaptable to high im-

pedance bridge circuits as a coupling device 

to lower impedance devices. 

Here are some of the many application possi-

bilities: 

• Detection of light changes, when used with a 

photocell. 

• Detection of smoke, moisture, dust, etc., 

when used with an ionization chamber. 

• Radiation detection. 

• Heat, pressure and gas detection. 

Typical Circuit for Ionization Chamber Application 



In addition, there are several bulb sizes and 

sockets. 

SEND FOR NEW BROCHURE, for complete infor-

mation and assistance in the use of Sylvania 

counter tubes. Data sheets and circuits are 

included. 
da  Ailed Pulpis!cuit 

+45Y 

INPUT 

(7V ph 2 jel 

-225 V 

=7- 'mi._ ,v  '73' 220 K 
1 

• 

2Ai7 1/2.12A17 

2 7 K 

RA 

SYLVANIA 

ACK C. 

470n 

Economical direct numerical readout 
driven by transistors 

Here is inexpensive, direct numeric indication 

for applications up to 1 Kc — solid-state com-

puters, scalers and counting devices, for exam-

ple. Designed for long life, these tubes feature 

the Sylvania developed integral- glass base. As 

little as 5 volts differential causes a glow be-

hind one of the number cutouts. ma•cing this 

readout tube ideal for use with transistorized 

circuits. Used as combined counter and indi-

cator, little associated circuitry is required. 

Circle 14 on Inquiry Cord 

tubes may do your 
better, more economically 

TRIGGER TUBE 
Deliver 10 amps or greater surge within 

1-watt capability 

These ruggedized cold cathode trigger tubes 

(Types 6483 subminiature and 0A5 miniature) 

can handle a minimum of 10 amps surge, 

within a 1- watt capability. Possible applications 

include triggering of electronic photoflash 

units, sonar rescue beacons, flashing airport 

runway lights, jet ignition systems. spot weld-

ers and electric fences. 
Circle 15 on Inqui-y Card 

In addition to these special-purpose tubes, Sylvania also offers ionization gauges for -neasuring 

pressures down to 10 -7 mm of mercury, and Pirani tubes for measuring pressures dowi to 1 

micron. For information on any of the tubes described here, see your Sylvania sales eigireer or 

write to Electronic Tube Division, S tric Prod , Buffalo. Niderk. 

4111 
SYLVA1 ;IA 
dfiriii/OFTELEPHONE &ELECTRON/CS 745.) 

NEW CAPABILITIES IN: ELECTRONIC TUBES • 
MICROWAVE DEVICES • SPECIAL COMPONENTS • DISPLAY DEVICE 

Type 6483 
subminiature 



Every one of these 

hermetic connectors has 

the Deutsch Seal... a 

glass-to-metal bond that 

guarantees you leakproof 

performance. The unique 

compression glass insert 

is molded as one solid 

piece, with steel contacts 

fused in and numbers 

imbedded in the glass for 

quick identification. 

Every year is a vintage 

year at Deutsch because 

each hermetic receptacle 

is manufactured under 

quality control procedures 

that have set new 

standards in the industry. 

For more information on 

the connector with bonded 

performance, contact 

your local Deutschman or 

write for Data File A-9. 



MATHEMATICAL MODELS ¡ere V and I are complex numbers given by: 

(Continued from page 47) 

As a result it is convenient to represent complex 

numbers as points on a plane: see Fig. 6 for the 

basic definitions. Thus, to find the point correspond-

ing to the "sum" of the complex number for two 

given points, draw "vectors" from the origin to the 

given points; the point of the vector sum position 

will thus represent the sum of the two complex num-

bers. 

At this point it is convenient to introduce the polar 

reprcsentation of a complex number. Referring to 

Fig. 6 and using obvious geometrical relationships we 

obtain : 

or 

z=x+jy 

= lz (cos O. + j sin 02) 

Z = Z e JO' 

(33) 

(33a) 

(the use of eie., as equivalent to cos Oz + j sin 

0, will be discussed below). 

Here 14 is known as the "absolute value" or "modu-

lus" of z; the angle Oz is its "argument." Important 

relationships include: 

a. Product : 1Z2Z2 I = I Z11 • Z2 I 

0,1 = 0,1 + 0.2 

b. Quotient : ZI/Z, = I / z21 

Ozt/z2 = Ozt= COZY 

c. Raise to a power(e) 

Or, = n. Oz 

(34a) 

!(34b) 

(35a) 

(35b) 

(36a) 

(36b) 

Thus, the Polar form of a complex number ( Eq. 

33a) is most convenient for multiplying, dividing, or 

raising to a power. On the other hand, for adding or 

subtracting, the Real-Imaginary form ( see Eq. 32, 

for example) is most convenient. 

Phasors: In describing the "steady state" be-

havior of alternating current electrical networks we 

must deal with voltages and currents of the form: 

(1) = V cos (22rft + 0„); 

i (1) = i" I cos (2711/ + 01) 

V = V 2 Veje, I = V 2 I eje, (39) 

V and I are called the "phasors" corresponding to 

the voltage and current y(t) and i(t). Solutions can 

be worked out either algebraically or by using the 
"argand diagram" which in this case is called the 

"Phasor diagram." 
A sample problem is shown in Fig. 7: 110 v. RMS 

applied to a series circuit of 3 ohms resistance and 4 

ohms reactance. Shown are solutions for current, 

resistive voltage drop, and reactive voltage drop: 

e.g. the current has an RMS value of 22 amps and lags 

the voltage by 0.928 radians or 53.1°. 

Sums, Products, Series 

In this section we shall start out by giving some 

standard mathematical notations that are used con-

stantly in mathematical, or engineering contexts where 

"economy of space" or "writer fatigue" are impor-

tant: e.g. conciseness. 

a. Summation notation: 

Es. = s. + • . • • +.b_, (40) 

n=a 

read: "The sum of the x1, from n = a to n = b." 

(a,b integers; n takes consecutive values). 

Example: 

1  
x„ — , = 1, b = 4. 

n+1 

4 E n1 I 1 1 1 1 — — = 
+ 2 3 4 5 

n=1 

b. Product notation: 

77 17 

= 1 60  j) 
(41) 

r x. x,.+1 • • • (42) 
n =a 

read: "The product of the .r, from n = a to n = b." 

Example: 

4 
(37)   = 1/2 • 1/3 • 

n=1 n+1 

Here, y and i are "instantaneous values" varying 

with time t ( in seconds) ; f is the "frequency": in 

cycles per second; V and I are the ams values that 

would be read on an "ac" voltmeter or ammeter. 

Ov and 01 are the "phase angles" with respect to a 

reference ("leads" if > ; "lags" if < 0). From our 

complex number definitions, it is apparent that y(t) 

and i(t) are given by: 

t. It) = Re IV (38a) 

=  ; a = 1, b 4. 
n+1 

1 1 
1/4 • 1/5 = (43) 

120 

Another example is the definition of the "factorial" 

function. Thus, for any positive integer mn we define 

"ni factorial" written: in! as follows: 

In 
nil = = L • 2 • • • • (ni — 1) in 

for example : 

(44) 

1! = 1, 2! = 2, 3! = 6, 4! = 24, 5! = 120, etc. (45) 

It is convenient to define 0! as: 

i(t) Rel I elti (38b) 
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New Attenuator CAPABILITY 
...from MIRED 

1éARIABLE ATTENUATOR 

g ' fettle, Dgo 

VARIABLE ATTENUATOR 
M OOlt 1101 4 4 6( 

UR» 6.111044C 5 

MOO ALIO, CO, U SA 

CS 

De 

e 
VARIABLE ATTENUATOR 
gigODIL • 110, gl 8 01-

4.1.01.11Cre,g, 

.4,0 •I, . g 

Coaxial, Variable 
-1 to 2 Gc, 2 to 4 Gc, 4 to 8 Gc 

First to Combine ALL FOUR Attenuator Features! 

* LOW INSERTION LOSS 
An insertion loss of only 5 db at the zero db setting permits the ALFRED 
attenuator to be used where limited power is available. 

* WIDE RANGE ATTENUATOR 
Greater than 60 db continuously variable attenuation in L, S, and C bands. 

* FLAT RESPONSE 
Frequency sensitivity is less than -±.-3/4 db at minimum attenuation with 
external terminations having VSWR less than 1.1:1. 

* EXPANDED DIAL SCALE 
The 8" calibrated scale length, four times longer than is provided on other 
coaxial attenuators, gives fine resolution. Accuracy of calibration at mid-
band is ±-0.2 db or --20/0, whichever is greater. 

In addition, good directivity allows the instrument to be used as a direc-
tional coupler with high decoupling action or as a variable coupler for 
mixer applications. Maximum power rating is 100 watts. 

SPECIFICATIONS 

Model E101 E103 E105 
Frequency Range Gc 1 to 2 2 to 4 4 to 8 
Insertion Loss (at 0 db setting) 5 db 5 db 5 do 
Frequency Response (at 0 db setting) -2-- 3/4 db -±-3/4 db ±3/4 db 
Frequency Response (at 60 db setting) -± 11/2 db -±1 1/2 db ±- 2 db 
Calibration accuracy at center frequency ±0.2 db or ± 2,/o, whichever is greater 
Impedance 50 f.≥. 50 e 50e 

Connectors Type N female 
Price $400 $450 $480 

afRfD fLECTROMCS 
3176 Porter Drive • Stanford Industrial Park • Palo Alto, California • Phone: (415) 326-6496 

10 
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MATHEMATICAL MODELS 

(Continued from page 51) 

so that a direct analogy to the "Gamma function" of 
higher mathematics can be stated as: 

P (m + 1) = m! (47) 

The gamma function r(x) is defined for all real 
values of x; it satisfies the recurrence relation: 

P (x ± 1) = x r (x); (48) 

it is expressible as a factorial when x is a positive 
integer. 

Summation notation is more commonly used in 

mathematical models of engineering problems than 

product notation. Certain standard "finite" sums are 

frequently used in simplifying computations. "Infinite 

series" often arise ( e.g. Eq. 40 with A = 1 or 0 and 
= O = infinity) in definitions of useful functions 

and for approximate calculations. The remainder of 
this section will cover some examples of both. 

Permutations and combinations: The number of 

arrangements of a set of n objects in a line is given 

by n! These arrangements are sometimes called 

"permutations." 

Example: Given 4 letters, A, B, C, and D; how 

many possible "words" can be constructed using each 

letter once and only once? 

Solution: number of letters =4; 4! = 24, which is 

thus the answer required. 

Check: we enumerate the possible words as fol-

lows: 

ABCD 

ABDC 

ACBD 

ACDB 

ADBC 

ADCB 

BACD 

BADC 

BCAD 

BCDA 

BDAC 

BDCA 

CABD 

CADB 

CBAD 

CBDA 

CDAB 

CDBA 

DABC 

DACB 

DBAC 

DBCA 

DCAB 

DCBA 

Evidently there are just 24 possibilities. 

The number of ways of selecting n objects from a 

set of nt objects is given by: 
/et! f m 

‘n I n! (m — n) ! 
(49) 

The notation (nm) is read: "The number of com-

binations of ni things taken n at a time." 

Example: How many ways can two resistors be 

selected from a group of five? 

Solution: 

(5) =  5! 120  
2/ 2! 3! 2 X 6 

— 10 

Answer: 10 selections possible. 

Check: numbering them 1, 2, 3, 4, and 5, the pos-

sible selections-of-two are: 

(1, 2), ( 1, 3), ( 1, 4), ( 1, 5) ; ( 2, 3), ( 2, 4), 

(2, 5) ; ( 3, 4), ( 3, 5) ; ( 4, 5). 

Another useful application of the notation of Eq. 

49 is the binomial theorem, giving the following 

series expression for raising the sum of two numbers 

to a power: 

(a + b)." = E (in) a"'" (50) 
lt j 

n =0 

Common Finite Sums: 

a. Arithmetic progression: 

E n = —m ± 1) 
2 

n=1 

E:amples: 1 -I- 2 = % X 2 X 3 = 3 

1 + 2 3 + 4 = % X 4 X 5 = 10 

1 + 2 + 3 + • • • + 50 = % X 50 X 51 

= % X 2550 = 1275 

b. Geometric progression: 

in 

n = 0 

1 — r"'+' 

1 — r 

where r is any finite number, real or complex. 

Example: r = 0.1, nt = 5: 

1 -I- . 1 + .01 + .001 .0001 ± .00001 
1 — .000001 .999999  

— 1.11111 
1 — .1 .9 

c. Sum of squares 

E n2 = — in (in 
6 

n = 1 

Examples: 

(51) 

(52) 

-I- 1) (2 in ± 1) (53) 

1 
12 22 = — X 2 X 3 X 5 = 5 

6 

1 
12 + 22 +32 +42 + 52 =— X 5 X 6 X 11 = 55 

6 

Expressions such as ( 53) and ( 51) are especially 

useful in calculations of statistical parameters of 

numerical data. 

Infinite series: Infinite series usually arise as 
functions-of-a-variable and are usually defined over a 

"region of convergence" of the variable. Thus we 
have Power Series of the form: 

f (z) = E a. z" (54) 

n=0 

In general, a power series is convergent ( i.e. the 

sum is finite and single-valued) for z anywhere with-

in a "circle of convergence" centered at the origin in 

the complex plane or Argand diagram. 

Example: a. = 1 

CO 

f (z) E z. = z z2 + • • • (55) 

n=0 
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package it into smaller space with 
New"G"Series Precision Power Resistors 

Dale ""G" G" Resistors drastically 
reduce space requirements 

Acclaimed as a major breakthrough in the relation of precision 
power to size, Dale "G" Series provide a much wider heat dissi-
pation pattern than conventional size wirewound precision 
resistors — assuring you of inherent stability you expect from 
Dale. Now available in seven sizes, the "G" Series Resistors are 
an outstanding example of the new levels of achievement in 
resistor design and manufacture which have resulted from 
Dale's participation in the MINUTEMAN High Reliability Com-
ponent Development Program. 

DALE 
TAMES 
THE H. 

HOT 
SPOT ! 

EAT DISSIPATION PATTERN 
OF PRESENT 5 WATT RESISTOR 

;4-

GREATLY IMPROVED NEAT DISSIPATION 
PATTERN OF NEW f...5 RESISTOR 

• i 1— , 

 ./7.5 
:205 

-70 
— 125 

The above patterns are typical in a comparison between any G Type resistor and 
any old style resistor. NOTE: 11G Type- resistors are operated at full power, soldering 
with low temperature solder is not recorunencted. 

G-1 1 Watt 

G-2 1.5 Watts 

G-3 21/4  Watts 

G-5 4 Watts  11•11.  

G-6 6 Watts 

G-10 7 Watts 

G- I5 15 Watts 

SPECIFICATIONS 

• Seven sizes, ., 1.5, 2.25, 4, 6, 7, 15 watts. Rat-
ing based on .001 minimum wire diameter 

• Exceed functional requirements of MIL-R-26C 

• Resistance Range from 10 to 175K ohms, de-
pending on size and tolerance 

• Tolerances: .05%. 0.1%, 0.25%, 0.5%, 1%, 3% 

• Temperature Coefficient: 0.00002/degree C. 

• Operating Temperature Range: -55 to 275' C. 

DALE ELECTRONICS, INC. 
1304 28th Avenue, Columbus, Nebraska 

A subsidiary of THE LIONEL CORPORATION 
Also Made and Sold by Dale Electronics Canada, Ltd., loronto, Ontario, Canada 
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MATHEMATICAL MODELS 

(Continued from page 53) 

This series has a radius-of-convergence of unity; 

so for any value of z for which /z/ < 1 the series 

converges, in this case, to the value of 1/(1-z). For 

/z/ > 1 the series is divergent, i.e., it blows up to 

infinity. 

Common power series with infinite radius-of-con-

vergence are the following trigonometric and ex-

ponential functions: 

CO 

cosine: cos x = V  (- 1)" ^ 

it = 0 

sine: sin r = 
•  (- 1)' 

x 
L (2n + 1)! 
n=0 co z 1 

exponential: exp x e' = —n, r. 

n = 0 • 

Note that the exponential function series 

the following relationship: 

exp (xl + x2) = (exp xl) • (exp x2) 

for any numbers xl and x2 

This accounts for its usually being written "e", 
i.e., the number "e" raised to the power "x" where 

"e" is given by: 

1 
e =- exp 1 = — 2.718 • • • 

n! 

(58) 

satisfies 

(59) 

(60) 

The exponential function is of great utility in 
mathematical analysis because of the property of Eq. 

59. The series ( 58) is reasonably rapidly convergent 
and thus is useful for numerical calculations. As 

shown in Complex Numbers and Phasors sections 

above, it provides a convenient "shorthand" for de-

scribing complex numbers through a relation with the 

trigonometric functions easily proved from Eqs. 56, 

57 and 58 above as used in Eq. 33. The number e 

is the base of the natural logarithm system": 

natural log y = lu y = that number x such that e. = y. (61) 

Other uses will be pointed out in later sections. 

There are many other types of infinite series that 

are useful in engineering. One particularly useful 

type is the Fourier Series: 

(t) = a„ + E cos (2„„fi) 6„ sin ( 22roft) I (62) 

In this series t is a real number variable, often 

designating time: the individual terms are sinusoids 

of frequencies integer multiples of f cycles per second. 

Properly choosing the coefficients a„, the series can 

represent any periodic "waveform functions." "f" is 

the "fundamental frequency"; multiples of f are 

called "harmonics"; the period of the waveform is 

1/f sec. An example is shown in Fig. 8, giving a 

square wave of period 4 units, fundamental frequency 

unit. From its Fourier series expansion, it is seen 

that only odd-numbered harmonics are present. Let-
ting t = 0, we get the following series for numerical 

evaluation of "z"; ( since v(o) =- 2; cos o = 1) 

I 1 I 

3v ( t) 

I I 
—6-5-4 — 3 — 2-1 0 I 2 3 4 5 6 

Fig. 8: An example of a Fourier Series is diagrammed. 

07 

7r = 4 
V  (- 1)"  

L4 2n +1 
to =0 

= 4 ( 1 - 1/3 + 1/5 - 1/7 + 1/0 - • • •) 

v (t) = ± V (2-vi+)'  cos [(2n + 1) 
2 ir 

n = 0 

Partial Fraction Expansion: This is a method for 

simplifying certain proper algebraic fractions of the 

form: 

4k (x)  
(r) =  (64) 

P. (x) 

where qk (x) and pu, (x) are polynomials in x as 

defined in section, Equations of one unknown, above 

and the "orders" k and m satisfy: 

(65) 

The method requires knowledge of the roots of p„, 

(x). Let these be designated r1, r2,  , r„, (assume 

for convenience that no two of these roots are equal). 

The partial fraction expansion is now 

given by: 

(r) = 
- it A" 

n=1 

where the A. are constants, given by: 

I:xaiipli  

where 

(r) 
- q,, (r.) 

- r. 

x + 1 

-6x2 + 11x -6 

x + 1 

n = r„ 

(x -1) (x -2) (z -3) 

III A, A, 

- ▪ .r - 2 • x -3 

.4, = ( 1 + 1) ( 1 .- 2) (1 - 3) = 1 

A2 = (2 + 1) ÷ (2 - 1) (2 - 3) -3 

.4 3 = (3 + 1) 4. (3 - 1) (3 - 2) = 2 

(66) 

(67) 

(68) 

(69) 
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\`, 12 

1. 3 V, 0.02 mf ULTRA-KA PI micro- miniature 
capacitor for transistor circuits. Other sizes auailable 
in voltages to 20 VDC, capacities to 2.2 mf. 
2. 0.3 meg fesistor, 470 pf capacitor TUBE-R-KAP, 
combination (in parallel). Ranges 1000 to 4 meg 
and 100 to 12,400 pf. 

3. 500 pf, 500 V FLAT PLATE capacitor for minia-
turization applications. Broad range of shapes in 
capacities to 0.1 mf. 

4. . 22 mf, 150 VDC, THJN FILM CAPACITOR, for 
high capacity, intermediate voltage applications. 
Range: .022-.47 mf. 

5. 100 pf 1%, 500 V PRECISION capacitor, NPO. 
Also available 5% and N750. Range: 100-2500 pf. 
6. 250 pf, 20 KV TRANSMITTING capacitor for high 
frequency, high RF current circuits. Ranges: 3-1000 
pf. 5-20 KV. 

7. 5 pf, 500 V DISCOIDAL capacitor with extremely 
low inauctance. Range: 5-1000 pf. 
8. 500 pf, 100 V micro- miniature FEED-THRU. 0.16" 
diameter 0.165" high. Range: 500-800 pf, 100 and 
250V. Available with leads. 
9. 1.5-5.0 pf, 130 V MICROMINIATURE TRIMMER, 
for micromodule application. Other styles available, 
ranges up to 20 pf. 

10. 1.5-7.0 pf, 500 V dual ROTARY TRIMMER. 
6 styles of rotary trimmers with ranges up to 400 pf 
are available. 

11. 5 pf, 500 V FEED-THRU meets MIL- C-11015. 
Withstands severe mechanical requirements. Range: 
5-1000 pf. 

12. 1000 pf, 5%, 125 V POLYSTYRENE FOIL 
capacitor with higher Q, longer life and greater free-
dom from drift at half the cost of micas. Ranges: 
20-600,000 pf, .625 to 20%, 63 to 750 V. 

No matter how unusual your design requirements, there is an excellent 
chance a standard Centralab type—or 
an engineered modification— will meet 
your needs. Centralab offers the indus-
try's most extensive line of ceramic 
capacitors—a:most twice as many types 
as any other manufacturer. The units 
shown here are just a few examples of 
the special—yet standard— Centralab 
capacitors. For detailed information 
write for Centralab Capacitor Cata:ogs. 

D-6332 

THE HECTRONICS DIVISION OF GLOBE UNION INC. 

9381 E. Keefe Avenue • Milwaukee 1, Wisconsin 
In Canada: Centralab Canada Ltd. Box 400, Ajax, Ontario 

56 Circle 103 on Inquiry Card ELECTRONIC INDUSTRIES • September 1963 



MATHEMATICAL MODELS 

(Continued front page 55) 

These methods are of primary importance in La-

place transform manipulations. 

Determinants, Matrices 

An important class of problems requires the solu-

tion of sets of linear equations with several "un-
knowns." A simple example from circuit theory is 

shown in Fig. 9. Here the idea is to learn how many 

amperes are drawn by the circuit from each battery. 

VOLT 

2 IL I 

3 .n_ 
Ff.; 

VOLTS 

5i I — 3i 2 = I MATHEMATICAL 

— 3i + 4 6 J MODEL 

I '2 

Fig. 9: Simple circuit problem with t!-.e mathematical model. 

The mathematical model consists of the two (mesh) 

equations to solve for i and The solution is read-

ily obtained by the determinant method. Thus: 

il = 

22 = 

1 —3 

6 4 

5 —3 

—3 4 

5 1 

—3 6 

5 —3 

—3 4 

4+18 22 
— — 2 amps 

- 20-9 11 
(70) 

30+3 33 
= — = :3 amps (71) 

• 20-9 11 

Mathematical Model 
—3 i1 +4 i2 = 6 

While the above demonstrated technique is 

straightforward, it would take many words and dia-

grams to explain the general procedures in the gen-

eral case of n linear equations in n unknowns. We 
adopt the procedure here of deferring such an ex-

planation till after we have presented some of the 

concepts of Matrix Algebra. Solution of a set of linear 

equations is equivalent to "inverting a matrix." 

In addition to providing a vehicle for concise un-
equivocal description of methods of solving linear 

systems of equations. matrices provide a convenient 

conceptual shorthand for describing mathematical 

models involving many variables. Besides being use-

ful in circuit analysis, matrix algebra has important 

applications in physics ( e.g. coordinate transforma-

tions) and statistics ( as in description of the general 

multivariate Gaussian distribution). 

Matrix definitions: We start out with some defi-

nitions and notations. These notations differ con-

siderably, depending on which book you look in; 

the ones used here are due to the late Dr. Harold 

Pender, at one time Dean of the Moore School of 

Electrical Engineering of the University of Penn-

sylvania. 
a. A matrix is a rectangular array of scalar 

quantities, usually numbers or letters represent-

ing numbers. Thus a matrix A would be given 

by: 

A -= 

All Al2 A ,3 

A22 A23 A24 

A31 A32 A 33 A34 

(72) 

Note the use of the bold A for the complete array. 

the regular A„,,,. for the "element" in the m-th 
row and n-th column ( Note—when writing longhand 

use A, underlined, to represent A bold). While 
the above is a 3x4 matrix the size can be specified 

arbitrarily rxc as required. 

b. Equality of matrices : 
A = B if and only if rA = r; ej = Cr ; and 

all A„,„ = B„„, 

i.e. all corresponding elements equal. 

c. The transpose of a matrix A is that matrix A, 

formed by interchanging the rows and columns of A. 

Symbolically: 

B = At if and only if B„,„ = A„,„ for all in and n. 

d. Addition of matrices: add all corresponding 

elements. Symbolically, if 7.4 = rr, c A = CB, then: 

D = A ± B if and only if D„,„ = A„,„ + B„,„ 

for all nt and n. 

e. Multiplication by scalar: multiply all elements 

by the scalar. Symbolically: 
B = kA if and only if B„„, = kA„„, for all in 

and n. 

f. Multiplication of matrices: The product of any 

two matrices A and B for which 

is written 
CA = TB 

D = AB 
where, by definition 

(73) 

(74) 

(75) 

i.e. multiply in-th row elements of A by correspond-

ing n-th column elements of B and add resulting 

products to get Dn.. Note that in ( 74) it is impor-
tant to distinguish the prefactor A from the post. 

factor B since the multiplication process defined by 

(75) is not commutative; i.e., in general AB BA. 

g. "row matrix": only one row: r = 1. 

h. "column matrix": only one column. 

i. null matrix: 0: all elements zero. 
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CLAMP AROUND THE LEAD: 
and measure dc current 0.1 ma to 10 amps, without breakingcircuit leads, without loading the circuit. 

Pull back the probe flange, the probe opens. 
Aim it at a lead and let loose. The probe 
closes. Now you can measure dc current, on 
a bare or insulated wire ... and you can read 
it directly, even in the presence of equally 
strong ac on the same wire, without breaking 
a lead and without loading the circuit. 

The hp 4286 Clip-on DC Ammeter reads dc 
current directly in 9 ranges by sensing the 
magnetic flux induced by the dc current. To 
measure the sum or difference of 
currents flowing through two sepa-
rate wires, you simply clamp the 
probe around them both . . . and 
read. The standard 4286 has a range 
of 0.1 ma to 10 amps and lets you 
read dc currents on wires up to 
in diameter. A recorder, oscilloscope 
output is provided on the 4286. 

The hp 3528A Current Probe ($450 with degausser) lets you measure 
dc current in conductors up to 21/2" in their maximum dimensions 
... even pipes, multiconductor cables, lead-sheathed cables, micro-
wave waveguide. 

The hp 3529A Magnetometer Probe ($75) is useful in applications 
ranging from acoustical transducer design to study of the Zeeman 
effect; it measures the direction or magnitude of any magnetic field 
with 1 milligauss sensitivity. 

Look at the 428B specs, then call your hp field engineer or write di-
rect for a single data sheet which describes all its capabilities. 

428B SPECIFICATIONS 
Current Range: 1 ma to 10 a full scale in 9 ranges 

Accuracy: + 3%, +0.1 ma 
Probe Inductance: < 0.5 ph introduced into measured circuit 

Probe Induced-Voltage: < 15 mv peak into measured circuit 
AC Rejection: ac with peak value less than full scale affects meter accu-

racy less than 2% at frequencies above 5 cps and different 
from carrier (40 kc) and its harmonics; (on 10 range, ac is 
limited to 4 a peak) 

Recorder/Oscillo-
scope Output: app. 1.4 V across 1400 ohms full scale; frequency response 

dc to 400 cps 
Probe Insulation: 300 y maximum 

Price: hp 428B, $600 (cabinet); hp 428BR, $605 (rack mount) 
(428A also available; same as 428B except range: 3 ma to 
1 ampere full scale; no recorder output. $500) 

Data subject to change without notice. Prices f.o.b. factory. 

1395 

HEWLETT 
PACKARD 
COMPANY 
1501 Page Mill Rd., Palo Alto, Calif., (415) 326-7000. Sales and 
service representatives in principal areas. Europe, Hewlett-Packard 
S.A., 54 Route des Acacias, Geneva, Switzerland; Canada, 
Hewlett-Packard (Canada) Ltd., 8270 Mayrand St., Montreal, Que. 
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MATHEMATICAL MODELS 

(Continued from page 57) 

j. square matrix: same number rows and columns: 

r = c = "order" of square matrix. 

k. unit matrix: square matrix with all l's in the 

principal diagonal; zeroes elsewhere, e.g. 

r = r = 2: r = r = 3: 

1 = 

1 o o 
0F I 
o I o 1 

o 

For any suitable A, B (not necessarily square) 

IA = A; BI = B (77) 

1. Determinant of Square matrix: A# = de-

terminant of matrix A. A# is a scalar number. 

Rules for calculating A# from the square matrix 

A are well known for order = 1, 2, or 3: 

order = 1: A = -411 

order = 2: A -• = A,, .422 — .412 A21 

order = 3: A • = sum of six terms ( + and — 

order Q:.4 = sum of Q! terms (+ and — ) 

!:78) 

(79) 

(80) 

(8I) 

An important relationship that can be proved 

consistent with the definition of the matrix prod-

uct is that if A and B are of the same order and 

square, the determinant of the product is the 

product of the determinants. Thus: 

(A B)# = (B A)# = .4# B. (82) 

Adjoint matrix: A* is defined as the ad-

joint of square matrix A by: 

As„„ is the cofactor of A.,„, i.e. (- 1) ^'+ ' times the (83) 

determinant of the square array formed by de-

leting the m-th row and n-th column of A. 

A convenient way of computing a determinant 

as a linear combination of lower order deter-

minants is one of the cofactor expansions: 

= E A.„, any value of rt (84a) 

ni = 1 

= E A ".,„ any value of m (84b) 

re = I 

n. The inverse of a square matrix A, is that 

matrix A- which when multiplied by A gives the 

unit matrix. i.e.: 

A-, A = 1; A = 1 (85) 

The value of the inverse is given by: 

A-, = —1 A* , or = 1 (86) 
Ai Ai 

Note that if the matrix determinant is zero (86) 

blows up and we must conclude that there is no 

inverse to the matrix, in which case it is said to 

be a singular matrix. 

ELECTRONIC INDUSTRIES • September 1963 

Matrix Equations: A set of n linear ( scalar) equa-

tions in n unknowns can be written as a single matrix 

equation and the solution can be obtained by using 

the inverse matrix. 

First, referring to item b above we recognize that 

a single matrix equality is equivalent to rc scalar 

equalities, one for each set of corresponding matrix 

elements. With this in mind consider the matrix 

equation: 

Ay =x 

Where A is a square matrix, order r: and y and x 

are column matrices—one column and r rows. For 

the case r = 3 this can be written: 

A21 

Al3 

A22 

A 31 .132 

A23 

-433 

112 

113 

X3 

X2 

.ra 

(88) 

Multiplying ( see Eq. 75 above) and equating like 

elements we get the following set of equations: 

An y + A 12 Y2 ± .413 Y a 

.4 21 yl + An 112 4- A23 y3 

A 31 YI + A 32 Y2 + An Y3 

= .r, 

= .r2 

= .r2 

891,1 

!89b) 

. (89e) 

The extension to higher orders is evident; also 

the converse process of converting an arbitrary set 

of linear equations to a matrix equation is apparent. 

Once we have the matrix Eq. 88 or 87 we can solve 

by "matrix algebra"; thus pre-multiplying both sides 

of (87) by the inverse A- ', using (85) and ( 77). 

we get: 

A-, A y = A-, x 

1 y = A -1 x 

y = x 

(90a) 

(90b) 

(90e) 

Computationally. to obtain the "solution- repre-

sented by (90c), we need only compute the inverse 

matrix as defined in (86). Needless to say, this solu-

tion must be equivalent to the solution-by-determi-

nants mentioned at the beginning of Determinants. 

Matrices. 

Applying this procedure to the problem given by 

Fig. 9, we have the matrix equation: 

where y 
V2 

z = v (91) 

6 

—3 I 4 

Proceeding a.s indicated: 

zd = 20 — 9 = 11 

4 3 

3 5 

I= 
il 

(92) 

(93) 

(94) 
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Assembly 
(less than 30 seconds) 

Performance 
(up to 10Gc.) 

Cost 
(save up to $ 1.20) 

These are FXR's revolutionary new Amphenol/ipc "quick-crimp" 

BNC coaxial connectors. 
Assembly: Simplicity itself. No hypercritical tolerances, no tiny 

washers or inserts. Just three pieces that even a butterfingers can 
assemble in 15 to 30 seconds. And of course no braid comb-out or 

anything like that. 
Cost: Less, much less. ($0.60 each in quantities of 250.) That's 60 

cents to $1.20 less than other crimp-type connectors. And it's seven 

cents less than its UG 260 B/U counterpart. Plus the much-reduced 
assembly labor costs of quick-crimps over UGs. 

Performance: Positive electrical and mechanical uniformity. In-

creased cable retention. 500 volts rating. VSWR is uniformly 
excellent to 10 Ge. Connectors are impedance matched to all 50 
ohm RG cables normally associated with the BNC Series, but 
may also be used with 75 and 95 ohm RG cables when VSWR is 
not critical. 
Test them yourself. Order a few (or a lot—we're in mass-produc-

tion now) from FXR or your local Amphenol-Borg distributor. FXR, 
33 East Franklin St., Danbury, Conn. 

TM THE RF PRODUCTS AND MICROWAVE DIVISION 

OF AMPHENOL-SORG ELECTRONICS CORPORATION 
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MATHEMATICAL MODELS 
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4/11 3/11 

3/11 5/11 

= = 

4 

3 5  
± V2 

11 

4 ± 18 

11 

3 -I- 30 

11 
-1 23 

(95) 

(96) 

Which of course agrees with Eqs. 70 and 71. 

The beauty of the matrix method becomes appar-

ent when several sets of transformations are involved. 

An important relation here is the fact that the in-

verse of a product of square matrices is the reverse-

order product of the inverses of the individual fac-

tors: 

(A B)_' = B-, A-, (97) 

This makes for straightforward solution of problems 
such as repeated coordinate transformations in mis-

sile trajectory calculations, and circuit solutions for 

"element currents" in terms of "mesh currents" or 

"node voltages." 

Differential Calculus 

The derivative of a function y = f(x) is defined as 

the rate of change of the function v with respect to 

changes in x. This is illustrated in Fig. 10. \Ve write: 

dy lini A II 
= .1" (x) —* 

dx à x 

= lim f (x x) — f (x) 

Ax—>o x 

[Note: the notation "lim ( )" is read "the limit of ( ) as 
àx—>o 

delta — x approaches zero."] 

"Differentiation" is the process of obtaining the 

derivative of a function; "there are well established 

rules for differentiating a variety of algebraic, trig-

onometric, and other expressions; these are well-

tabulated in elementary calculus texts and handbooks. 

For example; if f (x) = g(x)/h(x), we have: 

h (x) g' (x) — g (x) h' (x)  
(r) = 

[h (x)] 

Repeated differentiation is often used, such as: 

d2y cl 
dx2 = f" (x) dx f' (z) 

(98) 

(99) 

(100) 

Fig. 10: Derivative of a function is shown graphically. 

(13y 
Similarly —(ixa , etc., give "higher" order derivatives. 

A direct application of differentiation is the calcu-

lation of the instantaneous voltage drop across an 

inductor, given by: 

di (1) 
v (1) L 

dt 
(101) 

where L is the inductance, or the displacement cur-

rent in a capacitor: 

i (t) 
d v (t) 

dl 
(102) 

where C is the capacitance. 

Another use of differentiation is the determination 

of maxima and minima. Thus, in Fig. 10, f(x) has a 

maximum at x = xi and a minimum at .r = x2. The 

following general rule can be stated: 

f (x) is maximum if f' (x) = 0 and f" (x) < 0 (103) 

f (x) is minimum if f' (x) = 0 and f" (x) > 0 (104) 

G 

— EG 

GEN ER ATOR 

IL 
 0  

o  

2  RL  
P - E 
L G (R6 + RL)2 

RL 

LOAD 

Fig. 11: Matching for maximum power transfer is illustrated. 

An example of this application is shown in Fig. 11. 

For the power in the load to be maximum, we must 

have (using Eq. 99 as well as elementary differenti-

ating rules) : 

= — E 2  d PL (Ro RL)2 — RL • 2 (Ro RL)  (105) 0 g,  
d L (R0 + RL) 4 

Taking out common factors, we get: 

R0 RL — 2 RL = 0 tit RL = RG (106) 
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Going On Here? 

This is a cam and follower — moving 

at 3000 rpm. They're noisy and you 

suspect that the follower is floating off 

the cam at this rather high speed. 

The Strobotac and its two new accessories make 
-...xamine this operation in detail   even while the mechanism runs at 
"stopped- at any point of interest in its cycle, as above — or made to 
apparent slow motion. 

A Photoelectric Pickoff permits perfect syn-
chronization of the Strobotac to any given point in the 
cycle — even though the speed is not constant. By 
"holding", the synchronizing pulse produced by the 
Pickoff in a Time- Delay Unit, you can make the 
Strobotac flash later and so stop the motion at a 

different point in the cycle. 
With the Strobotac, 

the Photoelectric Pickoff, and 
the continuously adjustable 

4;e!› 

e 

it possible to see and 
full speed. It can be 
reveal its troubles in 

Time-Delay, you can easily observe or photograph any 
point in the cycle. 
To photograph the moving part, you simply flick a 

switch on the Time-Delay to single-flash operation. In 
this mode, opening the camera shutter (any camera 
with X contacts) causes the Strobotac to produce a 
3 psec-duration flash at the precise point of the cycle 
you have selected. The camera shutter, open for a 
much longer time, records the detail revealed by the 
flash — and the photo you need is yours. 

Type 1531-A Strobotac $275 

- New Type 1536-A Photoelectric Pickoff $65 

New Type 1531-P2 Flash Delay Unit $160 

..rrhaeprPal"1?2FoonitoPwortirrecr e reVineh3U1/71) 

igzub 
Write for New 

Strobotac Bulletin 

Electronic Tachometer and Motion Analyzer 

GENERAL RADIO COMPANY— West Concord, Mass. 

Circle 29 or. Inquiry Cord 
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Continued from page 61) 

It is readily shown that this "matched" value of RL 

makes PL maximum, not minimum. The resultant 

maximum available power from the generator is then 
given by: 

P L 2 RG 
(107) 

Integral Calculus 

"Indefinite integration" is the inverse of differenti-

ation. Thus, if f(x) is the derivative of g(x), then 

g(x) plus an arbitrary constant is the " indefinite in-

tegral" of f(x). Thus, symbolically; 

d 
f(x) —dx g (x) 9 (x) c = f (x) dx 

Rules and tables are available in any elementary 

calculus book for calculating the indefinite integral 

of a wide variety of algebraic, trigonometric and 

other functions of a variable such as 

Practical applications are concerned in most cases 

with "definite integrals." Fig. 12 shows the definition 

of a definite integral as the "net area" under the given 

function between the two limits. Here the stated ex-

pression is read: "integral of function f(x) from 

x = x1 to x = x2". In cases where f (x) has an in-

definite integral g(x) + c, the definite integral has 

the value: 

f 1.2 

f (x) dx = g (x2) — g (xi) (109) 

= Xi 

As an example, for f(x) = 1 — 6x + 3x2, the 

indefinite integral is x — 3x2 + x3; the definite in-

tegral from to 1 to 2 can be written: 

12(1 — 6x + 3x2) dx = x — 3x2 + x3 /2 
1 

1 

-= (2 — 12 8) — (1 — 3 + 1) 

= 2+1 = — 11 (110) 

In many cases the indefinite integral is not avail-

able—here approximate solutions may be used ( such 

as replacing the integral by an approximate sum) or 

in certain special cases techniques of higher mathe-

matics, such as complex variable theory, may lead to 

an approximate or even exact solution in closed or 

series form. 

A ready extension of the simple "integral" concept 

presented here is the multiple integral, such as: 

frt f yx 

= xi y = Yi 

f (x, y) cke dy (111) 

(x) 

X 2 

X 

x 2 

[f(x)dx = (AREA A) — (AREA B) 

L) 
X = X 

Fig. 12: Plot illustrates definite integral— fi xl. 

representing the volume under the surface z = 

f(x, y) in 3-dimensional space, bounded by vertical 

planes at x = xi, x2; y = Yi, 312. Extensions to ir-
regularly bounded volumes and' to spaces of more 

than three dimensions are straightforward and some-

times extremely useful. 

An important concept in dealing with definite in-

tegrals is the recognition that the argument of the 

function being integrated has the status of a "dummy 

variable." A definite integral is strictly a function of 

its limits, not of its dummy variable. Thus, the 

charge on a capacitor is related to the displacement 

current as follows: 

g (1) = g (0) + fi (r) dr 

0 

(112) 

Thus while i(t) is the current at time t; the charge 

at time t requires integration to be performed with 

respect to the "dummy variable" varying from 

0 to t. Of course, differentiating ( 112) with respect 

to t gives the usual: 
d 

i(t) = q(t) 
di 

f'2 f(x) dx -= (Area A) — (Area 13) 
x = xl 

(113) 

Differential Equations 

A differential equation represents a generalization 

of the algebraic equation in which the "unknowns" 

are not simply numbers but functions of one or more 

independent variables. Further, not only the un-

known function or functions appear explicitly in the 

differential equation, but also the first and possibly 

higher order derivatives with respect to the inde-

pendent variable or variables, as the case may be. 

The present discussion will present the major classi-

fications of types of differential equations showing 

where they are useful in setting up mathematical 

models for engineering problems. 
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ROTOR and STATOR LAMINATIONS 

FROM THESE SIZES DOWN TO A DIME 

Arnold's Pacific Division produces motor lami-
nations to meet a wide range of requirements. 

Materials include a broad selection of silicon steel 
and nickel-iron alloys to achieve the characteris-

tics desired. Sizes range from the tiniest thin-
gauge laminations to diameters of 20" and more. 

Special note: Many rotary shapes for motors 
and generators must be produced in somewhat 

limited quantities often so low that the cost of 
a multi-station die would be prohibitive. Arnold 

has available notching presses for producing rotor 

PACIFIC 

and stator laminations to meet these limited or-
der requirements at low-cost tooling. 

To help you further minimize tooling costs and 
improve delivery time on such parts, a number of 

ring dies owned by Arnold are available for use 

where applicable. Our engineers will help you 
work out special designs by this method. 
• Other Arnold Pacific Division products include 

a complete line of transformer laminations, cans 
and mounting hardware, and magnetic shields. 
Let us work with you. 

DIVISION 

ARNOLD 
SPECIALISTS in MAGNETIC MATERIALS 

THE ARNOLD ENGINEERING COMPANY, Main Office: MARENGO, ILL 

PACIFIC DIVISION. 1551 E. Crangethorpe Ave., Fullerton, Cold. • fRojon 1-1560 

4666 
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MATHEMATICAL MODELS 

(Continued mom page 63 

Ordinary vs. partial differential equations: Ordi-

nary differential equati(),). are those where there is 

only one independent variable. The unknowns are 

functions of this variable, all derivatives in the equa-

tions are with respect to this variable. 

In most applications, the independent variable is 

time; the unknowns are the variations of physical 

quantities with time. Outstanding examples are cir-

cuit theory: unknowns are currents and/or voltage 

drops; also mechanics of rigid bodies: unknowns are 

positions, angles, speeds, etc. 

Partial differential equations are those with more 

than one independent variables. Here the inde-

pendent variables are usually position coordinates 

(x, y and z) and also time in some cases. Practically 

all problems in Electromagnetic Field Theory are 

solved by starting with a set of partial differential 

equations known as Maxwell's Equations. Additional 

examples of disciplines having basic mathematical 

models consisting of sets of partial differential equa-

tions are thermodynamics, fluid and gas dynamics, and 

the modern magnetohydrodynamics. 

To facilitate setting up and solving partial-differ-

ential-equation mathematical models, formalisms of 

vector calculus have been developed as well as the 

techniques of tensor analysis for some of the more 

difficult problems in modern physics. To understand 

these techniques much careful study must be devoted 

to understanding the details of the symbology. For 

this reason we shall be satisfied with having men-

tioned the field of partial differential equations and 

concentrate on the ordinary variety. In many cases 

the techniques for solving the partial differential 

equations are simply techniques for reduction to an 

equivalent set of ordinary differential equations. 

Linear differential equations: The general for-

mat of this type of equation is a follows: 

4%2(0 f"(0 + ai(t) P(1) -f au(t) = gU) (114) 

This is a second order linear differential equation. 

ao(t), ai(t), a2(t) and g(t) are known functions of 

the independent variable t; f(t) is the unknown func-

tion. "Solution" consists in obtaining f(t) to satisfy 

(114) over a specified range of t values. Extension 

to higher order simply consists in adding terms with 

corresponding higher order derivatives of f(t). Dis-

tinction from non-linear differential equations lies in 

the fact that the coefficients ao, al, and a2 are known 

functions of t rather than functions of the unknown 

f(t) or its derivatives. 

An important consequence of the form of ( 114) is 

the fact that "superposition" with respect to the 

"driving force" g(t) is satisfied. Thus, if fi(t) is a 

solution when g(t) = g1(t) and f2(t) is a solution 

when g(t) = g2(t), then WO + f2(t) will be a 

solution when g(t) = g1(t) + g2(t). 

Another consequence is the fact that the general 

solution to a linear differential equation will be of 

the form : 

1(1) fp (1) + (115)E 
Here f(t) is called a "particular solution" being 

any function which satisfies the equation with the 

given g(t); the sum is designated as the "comple-

mentary function" being the most general form of 

the solution to the "homogeneous equation," i.e., that 

in which g(t) = 0. Here r is equal to the order of 

the differential equation ( r = 2 for Eq. 114) ; the 

functions fc,i(t) are the set of r linearly independent 

(i.e., no one of the set can be expressed for all perti-

nent t as a linear combination of the rest) solutions 

to the homogeneous equation; the c„ are arbitrary 

numerical constants. 

Thus, the use of linear differential equations as 

mathematical models of engineering situations re-

quires not only the equation but a set of boundary 

conditions from which the r arbitrary constant values 

can be found. These can be introduced as specifica-

tion of f(t) and/or one or more of its derivatives at 

fixed value or values of time. As an example, con-

sider: 

r(i) -I- 3.P(0 + 2./.(1) = 4 (116) 

The general solution is given by: 

f(t) = 2 + e2 (117) 

A possible set of boundary conditions is: f(o) = 

f'( «,) = O. These give rise to: 

e, + o = —2 (118a) 

e, 2c, = 2 (1186) 

Solving ( 118) for ci and e, gives: 

e, -= —6; c2 = 4 (119) 

so that the final solution is: 

f(l) = 2 — e-i + 4 e-2t (120) 

The reader can prove by substitution that ( 120) 

satisfies ( 116 ) with the stated boundary conditions 

at t = 0. 

General applications: Much of circuit and system 

theory developed over the last few decades has been 

concerned with solution methods for sets of linear 

differential equations with constant coefficients. "Con-

stant coefficients" refers to the case exemplified by 

Eq. 116 or more generally (114) with ao, al and ao 

not varying with time. "Sets of" equations refers to 

situations in which there are several rather than only 
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WHERE ENVIRONMENTAL CONDI-
TIONS ARE AT THEIR WORST, 
PYLE-STAR-LINE CONNECTORS 
ARE AT THEIR BEST. Rugged, Nep-
tune Series (ZZM) heavy-duty connectors 
are designed to withstand the most severe 
operating conditions . . . to resist shock, 
vibration, and pressure. These compact, 
lightweight connectors perform with out-
standing reliability under environmental 
extremes of temperature, humidity, mois-
ture, dust, oil, and corrosive atmospheres. 

An extensive variety of contact configura-
tions is offered in MOD I, captive contact, 
inserts; and MOD II, push- in crimp-type 
removable contact, inserts. 

Now also being offered is MOD Ill inserts 
with collet retained, rear entry and release 
contacts, in sizes No. 18 to No. 4/0. 

A wide choice of cable and installation 
accessories enable these versatile con-
nectors to be easily adaptable for ground 
support equipment, electronic packaging 
and cabling, electrical control, power, and 
communications. Hardware having RFI • 
shielding capabilities is also available. 

Design features include: reversible inserts 
for plug or receptacle shells, positive self-
sealing insert construction, closed-entry 
rigid socket insulators, and closed-entry 
socket contacts. Power inserts have circuit-
breaking capabilities, and are U.L. listed. 

Years of field- performance have proven 
Pyle-Star- Line reliability to provide elec-
trical and mechanical capabilities for the 
roughest and toughest assignments. Write 
today for complete technical data, and 
information on our engineering service. 

CONNECTOR DIVISION, THE PYLE-NATIONAL COMPANY. 1334 NORTH KOSTNER AVENUE, CHICAGO 51, ILLINOIS 
A150 USO. IN CANADAS?, flit- NATIONAL (CANADA) LTD.. CLARKSON. ONIAR•0 

Pe:National 
TSICAt sAINTLNO SOININUNI gums., I.TT•••• 
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MATHEMATICAL MODELS 

(Continued from page 65) 

one unknown functions of time: e.g., the voltages 

and currents at different parts of a network. Matrix 

methods are frequently used as "bookkeeping" aids— 

to keep straight the different variables and coefficients. 

We close this section by a discussion of non-linear 

differential equations. Most physical systems require 

sets of non-linear differential equations for a com-
plete description of their behavior. However, the 

analysis tools for handling such complete mathemati-

cal models are rather meager. As a result much 

analytical effort has been directed toward solving 

problems where the unknowns are known to vary 

over restricted ranges over which linearity is a valid 
assumption. Thus the theory of "small-signal" be-

havior of vacuum tube and transistor amplifiers. In 

many cases such restricted analyses prove sufficient 

for practical needs. In cases where it is necessary 

to go beyond the linear regions it is usual to proceed 
experimentally, either by building a physical model 

of the device or by simulating it on an analog or 
digital computer. 

Linear, Time Invariant Systems 

We deal here with communication, control, and 

power systems having mathematical models equiv-

alent to sets of linear differential equations with con-

stant coefficients. The main problems which arise 

are the pre-determination or "analysis" of "outputs" 

resulting from given "inputs," knowing what is in 

the system. (Of course, such techniques must also 

be understood to solve the design problem of syn-

thesizing a system to have a desired response.) The 

main solution techniques in use these days are of the 

following three categories: 

a. Steady-state sinusoidal solutions. 

b. Solutions via superposition. 

c. Operational, Laplace-Transform methods. 

Our attempt here will be to point out the main fea-

tures of each solution method and indicate what kind 

of problems it is suited for. Of course, in many actual 

problems, a number of methods may be useful or 

even a combination of methods. 

Steady-state sinusoidal eqs.: These, of course, 

arise continually in electric power and communica-

tion problems. Consider a typical differential equa-

tion: 

a, y"(t) + a1 y' (t) + a, v(t) e (1). (121) 

Desired is the response to a sinusoidal applied volt-

age: e(t) = applied voltage, v(t) = desired re-

sponse, constants 0”, ali ao depend on network ele-

ment values. We have applied: 

e(t) = E. cos (2wft + (122) 

The technique is to solve by phasors. In equation 

replace e(t). v(t), by Eek" and Veit" where co = 

21* f and E. 1 are complex phasors, simplifying these 

results 

[(12 (i(0)2 + a.j 1= E (123) 

Solving ( 123) for V, letting E = Eoe», the desired 

solution for v(t) is then: 

v(t) = Re iVeiwel (124) 

Note that ( 123) differs from ( 121) in two respects; 

first, the independent variable is ca rather than t; 

then, it is an algebraic rather than a differential equa-

Fig. 13: Generalized 
time- invariant linear 
system. 

x ( t) et 
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OR 

OUTPUT 

tion. This latter property enables steady-state ac 

circuits to be solved by the same basic operations as 

dc circuits. Thus the "impedance concept": 

for a resistor: Z = R (125a) 

for an inductor: Z = jcal, (125b) 

for a capacitor: Z 1/jee (125e) 

From here on Kirchhoff's laws give a set of linear 

algebraic equations which result in the desired steady-

state solutions. 

Superposition methods: If a driving force to a 

linear system can be expressed as a suitable sum of 

"simple" driving forces, then the response to the 

given driving force will be representable as the sum 

of the responses to the simple driving forces. The 

trick is to choose the "simple" driving forces so that 

the mechanics of solution need be gone through only 

once. Two such simple types of driving forces are: 

a. exponential sinusoid ehe 

b. unit impulse 

First let us examine the exponential sinusoid meth-

od. ( Refer to general system block diagram of Fig. 

13.) A wide class of input functions x(t) can be 

represented by: 

1 
x(t) =__ f  X(jcu)e dco 

2r 
CD 

(126) 

This integral can be thought of as the infinite sum of 
a number of sinusoids eiwt. Applying superposition, 

the general response will be: 
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In our photocell, too—the Blue Dot says it works 
Sylvania photocells and flashbulbs 
have one obvious thing in common: 
Blue Dot insurance against a common 
enemy, moisture. 

Reliable protection for the cadmium 
sulfide in Sylvania photocells comes 
from hermetic sealing in a one-piece, 
glass enclosure. For extra safety, the 
moisture-sensitive Blue Dot is put 
there. If the hermetic seal is ever 

Circle 32 on Inquiry Cord 

broken and moisture enters from any 
cause whatsoever, the Blue Dot turns 
pink. As little as .02% water vapor 
triggers this warning, enabling you to 
spot the defective cell, in most cases, 

days or weeks before it actually be-
comes noperative. 

If you're in the market for photo-
conductors, consider the Sylvania T-4 
line. Rated at 400 volts and featuring 

300 mW dissipation, the selection 
ranges from 750 ohms to 16,000— 

widest in the industry. One of them is 
probably right for your streetlighting, 
furnace alarm, remote control or other 
application. 

See your Sylvania sales engineer or 
write to Electronic Tube Division, 
Sylvania Electric Products Inc., Box 
87, Buffalo, New York. 

SYLVAN IA 
sa;12e TELEPHONE &ELECTRON/CS 

NEW CAPABILITIES IN: ELECTRONIC TUBES • SEMICONDUCTORS • MICROWAVE DEVICES • SPECIAL COMPONENTS • DISPLAY DEVICES 



MATHEMATICAL MODELS 

(Continued from page 67) 

CO 

= f ..3((jco) Hijcd)ei‘.1 dco 127) 
2r 

Where H(jw) is the steady state response function 

of steady-state sinusoidal eq. above based on a system 

input ej°". The integral of (127) gives the desired 

solution; however we need a method of calculating 

x(j) to satisfy (126) for the given .r(t). It is read-

ily shown that X(jco) is the Fourier Integral of x(t). 
given by: 

X (jcni) = f  x(t)e—i.tdi 

Obviously (127) represents an Inverse Fourier Trans-

formation. In many practical cases direct and in-
verse Fourier transformations can be looked up in 
a transform table. 

Use of Fourier series representations of periodic 

waveforms can be considered a special case of this 
overall technique. 

The Fourier Integral technique is usually best 

suited to problems where the input s(t) is of effec-

tively finite duration, so that the integral (128) has 

a finite value for all real co. Such problems arise 

continually in radar system studies and frequently in 
radio communications. 

The second method is based on the unit impulse 

function. Rather than give its rigorous mathematical 
definition we give a simple graphical representation 

in Fig. 14. In words, a(t —T) is "a unit impulse oc-

curring at t = T", or "a function having unit area all 

confined at the point t = t". 

For a time invariant network we can define a 

function h(t) as the response of the system to a unit 

impulse applied at t = 0; then the response to 

a (t —.$) will simply be the time-displaced replica of 

h(t), namely h(t 

The final tool required in this method is the de-

composition of an arbitrary driving force into an 

infinite sum of time-displaced impulse functions as 

shown in Fig. 15. Thus, applying the superposition 

principle, the response to the arbitrary x(t) is given 
by: 

y (t) = f x (r) h (1 — r) dr 

co 

(129) 

This is the well-known "convolution integral" in 

which t is the "dummy variable." It can also be 

Fig. 14: Graphic rep-
resentation of unit 
impulse. 

A 

written in the equivalent form: 

y (i) = I h Ir) x (1 — r) dr (130) 

This integral can be used directly in obtaining re-

sponses or in approximating responses. It is the basis 

of time-domain synthesis of electric networks. It is 
particularly, useful for systems which are not simple 

lumped-parameter electric networks but contain de-

lay elements or possibly unknown elements; in the 

latter case a single impulse response measurement 

can serve for predicting response to arbitrary inputs. 

It is well to mention that the two superposition 

methods given above are related in that the system 

Fig. 15: Unit impulse 
decomposition of ar-
bitrary driving force. 

x(t) =fx(r)/ (t -7-)cPr-

descriptive functions H(jw) and h(t) are "Fourier 

mates"; that is: 

H (jco) = f h (t) e—icol di; h(l) = 

co co 

1 
f H (jw) e 1 do; 

21r 
(131) 

Laplace Transform methods: The usual starting 

point in the application of this technique is a set of 

linear, constant parameter integro-differential equa-

tions, with independent variable t, driving forces 

x2(t), etc., and unknowns WO, y2(t), etc. 

These equations are then transformed into a set of 

linear algebraic equations with independent variables 

parameter s as follows: 

The Laplace transform of a function z(t) is given 

by: 
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MATHEMATICAL MODELS 

, 

Other useful rules: 

= (I) r—»1 ill 

Conclusions 

Up to this point we have covered i considerable 

segment of the mathematical techniques in use today 

in engineering analysis and system design. We close 

by mentioning some concepts not mentioned above 

and also by giving some key references that we have 
,132) found useful. 

L 3z' (1) = s Z (s) — z (0) ( 133) 

/ 
1 

L 3 f z (1) dl = —  Z (s) (134) 
s 

o 

L 3 s .1+ a ( -= e—°' (t>o). (135) 

The solution to the algebraic set of equations gives 

expressions for the unknown Y1 (s), Y2 (S) .... in 
terms of s. For lumped parameter networks driven 

by constant, ramp, exponentially or sinusoidally vary-

ing inputs, the Y(s) will be be ratios of polynomials in 

s. Decomposition by partial fraction expansion (see 

Partial Fraction Expansion) leads to the usual form 

of solution (a sum of exponentials) after inversion 

correspondences are taken account of (see ( 135) 

above). The solution so obtained represents the solu-

tion to the original set of integro-differential equa-

tions with boundary conditions x(0), x'(0), etc., 

resulting from repeated application of rule 133 above. 

For the system "initially at rest" a popular case, 

these quantities may all be zero; however they may 

also be readily calculated in problems concerned with 

evaluation of transients caused by open or short cir-

cuits in operating systems. 

Aside from providing a good basis for transient 

calculations of power system faults, Laplace trans-

forms are almost universally used in design of con-

trol systems with feedback. Behavior of response 

functions in the s-plane can be closely related to 

rapidity of time response and is of great importance 

to system stability. 

It should be pointed out that major objectives in 

engineering mathematics have been the utilization, 

formalization, and extension of the system analysis 

techniques presented in this section. An important 

tool of mathematical analysis in evaluating special 

inverse Fourier and Laplace transforms is the 

Theory-of-Functions-of-a-Complex-Variable, especi-

ally its concepts of "analytic function" and the 

"theory of residues." Another type of transform 

technique that has recently become popular is the 

method of "z-transforms"—having the same relation 

to "difference equations" as Laplace transforms have 

to differential equations ( note: in difference equa-

tions, the unknowns can change only at discrete 

values of the independent variable, time). 

First we have a group of functions usually defined 

as solutions to certain linear differential equations 

with variable coefficients, such as Bessel Functions, 

Modified Bessel Functions, Legendre Functions, 

Hypergeometric Functions. Such equations frequent-

ly arise in Field problems, in situations with specified 

symmetry, after some preliminary manipulations of 

Maxwell's equations ( e.g. via "Laplace's equation" 

or the "wave equation"). These functions have been 

thoroughly studied, solutions in terms of infinite 

series as functions of complex arguments have found 

diverse useful applications. Thus Bessel Functions 

are widely used in signal theory ( Spectral decompo-

sition of Frequency-Modulated carriers), iterated 

filter analysis, as well as study of electromagnetic 

fields with cylindrical symmetry. Modified Bessel 

Functions arise in the solution of voltages and cur-

rents on a transmission line. 

Next we should mention the important fields of 

probability and statistics which are recognized in-

creasingly as having importance in general system 

analysis and design. To some extent techniques use-

ful in circuit analysis and design have parallel appli-
cations here. Important keystones are the higher 

mathematical functions such as the probability or 

error function as well as others such as the modified 

Bessel Function. These disciplines are of importance 

in engineering problems in evaluation of measurement 

accuracies and also when effects of "random noise" 

must he considered. 

Concerning references, the earlier portions of this 

paper are well-covered by standard texts on College 

Algebra, Differential and Integral Calculus, Analytic 

Geometry. Other texts found useful to the author 

covering the later items are: 

References 
a. H. Margenau and G. M. Murphy—The Mathematics of Physics 

and Chemistry—D. van Nostrand (Good broad coverage of many 
items). 

b. E. Jahnke and F. Emde—Tables of Functions with Formulae 
and Curves—Dover (Good numerical tables-higher functions). 

c. Mathematical Tables from Handbook of Physics and Chemistry--
Chemical Rubber Publishing Co. (Good numerical tables-basic). 

d. G. A. Campbell and R. M. Foster—Fourier Integrals for Prac-
tical Applications—D. van Nostrand. (Good tables of Fourier mates). 

e. A. Papoulis--Thc Fourier Integral and its Applications—McGraw 
Hill (Good theory). 

f. M. F. Gardner and J. L. Barnes—Transients in Linear Systems 
—J. Wiley and Sons (Good study of Laplace transforms—applica-
tions to circuit analysis and comprehensive table of mates). 

g. J. G. Truxal—Automatic Feedback Control System Synthesis— 
McGraw Hill (Good introduction to modern design concepts). 
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BELDFOIL BREAKS THE NOISE BARRIER! 

QUIET PERFORMANCE! 

Yes, Beldfoil* shielding defir.tely breaks the noise barrier. It breaks the noise 
barrier by being a noise barrier. Beldfoil gives total shielding .. 100% isolation 
between adjacent pairs. For audio and radio frequency, it completely elimi-
nates cross talk, spurious signal impdlses . . and it's ideal for stationary or 
limited flexirg. Beldfoil is Het& in weight, requires less space, and is usually 
lower in cost. 

MINIATURIZES! 

Beldfoil shielding reduces the diameter of multi-conductor cables . . by as 
much as 663/3%. It gives design engineers extra space .. extra conduit space, 
extra raceway space, extra console and rack space. Beldfoil shielding means 
that you can "think small." 

ASK FOR DATA SHEET. Get your copy of newly published bulletin 
8-63-A and lechr,cal data sheet. They give complete information on Beldfoil 
shielding. Write Belden Manufacturing Company, 415 South Kilpatrick Avenue, 
Chicago 44, Illinois. 

81-3 

APPLICATIONS, 3eldfoil is effec-
tive over the entire aJclio freçuency 
range. Typical applications include in-
strumentation, data processing, and 
telemetering equipment, and any infor-
mation and measurement circuits. 

WHAT IS BELDFOIL? It's a lamination 
of aluminum foil w th Mylar•• that pro-
vides a high dielectric insulation. A pa-
tented Belden method of foldng••• 
gives definite benefits. An inner fold 
creates a continuous metallic path 
around the surface of the cable. This 
eliminates any possiole inductive ef-
fects. An outer fold tucris the cut edge 
of the aluminum under the Mylar. This 
gives complete isolation from other 
ad,acent shielded cables. 

Typical cross section looks like this. 

'Belden Trademark Re7. U.S. Patent Office 
...tu Pont Trademark •••tl.S. Patent 3,032,604 

Belden 
AAAAA Eft INIOUSTRy 

SINC2 . 902 C9.C•GO 
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Changes for gyro acceptance testing 

and rate requirements reduce high 

cost and loss of time from retest-

ing and rejections. This article 

describes equipment which exceeds 

present specifications and relat-

es the way this is accomplished. 

IMPROVING 

RATE TABLES 

FOR GYRO TESTING 



GYROS MUST BE TESTED AFTER THEY ARE BUILT to 

learn how much they will drift. This drift must not 

exceed a specified rate or rejection occurs. 

New or repaired gyros are tested on a rate table. 

This rate table cancels the effect of the earth's motion 

so that actual gyro drift can be found and plotted. 

The addition of a device to the rate table will im-

prove its testing ability and will shorten the testing 

time. 

With the advent of rate table control during pe-

riods as small as 20 msec. of time, it is now possible 

to hold the band-width to better than 0.001 degrees 
per hr. during intervals as small as 0.36 sec. of arc . . . 

In preparing to enter this market, we were in-

terested in learning: 
1. The effect of smooth rates on gyros under test. 

2. The short-term drift and rate characteristics of 

sidereal rate tables. 
3. Whether advanced instrumentation could over-

come the perturbations which are generated by pres-

ent-day test equipment, with the result that these 

uncertainties are attributed to poor performance on 

the part of the gyro. 
4. A method to control the speed of the rate tables 

used in the acceptance testing of gyros to extend 

their usefulness. 
With the above in mind, we applied more than two 

years experience with MIDARM. (Micro-Dynamic 

Angle and Rate Monitor) for monitoring table ro-
tation ( see Fig. 1) and extended the system to in-

clude rate control through a feed-back, closed-loop 

(rate-control) network. 
The MIDARM system is comprised of an optical 

unit and an electronic unit. ( See Fig. 1.) Light from 

a monochromatic light point source ( 1) passes 

through a grid (2), a beamsplitter (3), a collimating 

The trademark MIDARM is registered 
by Razdow Laboratories, Inc., Newark, N. J. 

Fig. 1 ( right/ The MIDARM system 
is comprised of an notical unit and 
an electronic unit. The simplified di-
agram shows how MIDARM operates. 

IMF 

By A. SCOTT HAMILTON 
Supervisior, 
Application Engineering 
Razdow Laboratories, Inc. 
377 5th St. 
Newark, N.J. 

lens (4), and strikes a mirror ( 5) mounted on the 

rotating specimen to be tested (6). The image is 

reflected back into the system where it is directed by 

a beamsplitter (7) to the reference photosensor (8). 

The image is also reflected by beamsplitter through a 

second grid (9) to the control photosensor ( 10). 

Rate Table Performance 

Today, the gyro to be tested is mounted on a side-

real rate table and its drift characteristics are meas-

ured by recording the output of its gimbal position 

sensors. Its long-term drift, excluding the apparent 

drift caused by the earth's rotation, usually falls with-

in the specifications. This is true since much of the 

drift error caused by bearings and pickup drag tend 

to be random in nature. That is, the drift occurs in 

either direction about the inertial axis and eventually 

tends to cancel itself. 

During short-term periods, however, drift errors 
are often found to be excessive and the perturbations 

—in many cases—exceed the limits. These drift 

errors, therefore, could cause gross errors in the 

instantaneous performance of the gyro, even though 

they tend to cancel themselves over the long-term 

because of averaging. The gyro manufacturer as-

sumes that the gyro is at fault and rejects it . . . the 

only safe assumption when a million-dollar missile's 

success is dependent upon the accuracy of the gyros 

in the guidance system. 

The sidereal rate table, then, is a test device used 

to develop earth rates, vectorial additions to earth's 

rate, or to buck-out earth's rate so that only true 

drift errors remain. 

Rate table performance for the testing of advanced 

gyros requires a long-term drift rate of 0.0017hr. 

(or 0.001 arc-sec. per sec. of time, since they are the 

same rate) so that drift errors can be resolved into 
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GYRO RATE TESTING (Continued) 

their separate components and analyzed to find their 

cause. 

The usual pickoff or readout devices ( either optical 

or magnetic) are, at best, accurate to within 2 sec. 

of arc. With this positional accuracy it requires 2000 

sec. of time to achieve 0.001 arc-sec. per sec., since: 

T=d/R, where R is the desired rate accuracy, d is 

the accuracy of the pickoff, and T is the time of meas-

urement. 

A second factor must also be introduced to insure 

proper test conditions, i.e., a smooth, or constant, 

rate should be held during the period of evaluation. 

Since the best of the conventional optical and mag-

netic pickoffs determine table position every 0.1°, 

they measure table position every 24 sec. of time when 
the table is turning at one ( 1) earth rate, which is 

equal to 15°/hr. or 15 arc-sec. per sec. of time. It, 

therefore, follows that short-term rate control can-

not be done to a drift rate of 0.001 arc-sec. per sec. if 

a rate control or correctional signal is being devel-

oped every 24 sec. of time, when 2000 sec. of time 

are needed for a system with 2-arc-sec. accuracy. 

The above may appear to be a misstatement. But, 

it is this misunderstanding which can lead to gross 

errors in drift measurement. The table could wander 
as much as 0.024 arc-sec. during the 0.1° interval if 

the rate error was constant and did not exceed 0.001 

arc-sec. per sec. When this condition occurs, the gyro 
under evaluation reacts to an error which has been 

Fig. 2 : Schematic drawing of the various sections of the 
M I DARM - DI REC, rate readout and control system Mk. I I. 

caused by the control interval of the rate control sys-

tern being used with the sidereal rate table. 

Advanced Table Position Monitor 

The first ( and perhaps most obvious) conclusion 

from the above is that a pickoff, or monitor, with a 

shorter period and higher accuracy should be better 

able to correct both of the stated causes of error. 

Here, then, is where Midarm enters the story. With 

an accuracy of 0.1 arc-sec., the electro-optical sensor 

reduces the time to achieve 0.001 to 100 sec. of time 

(since d equals RxT). The Midarm Mark II ( see 

photograph) also satisfies the second condition since 

its period of 10.4 arc-sec. means that a control or 

correctional signal is being developed each 0.67 sec. 

of time at a rate of 15 arc-sec. per sec. of time. This 

means that the gyro can be held within the specifica-

tion and that the measurement can be made in 1/20th 
the time needed by a pickoff with 2 arc-sec. accuracy. 

It also means that short-term drift measurements can 

be made to the same accuracy as those required dur-

ing long-term testing. 

An interest was shown in a sensor with a two-

phase output and so Midarm Mark IV ( see photo-

graph) was developed. Sensor has a 0.1 arc-sec. ac-

curacy so that the time to achieve 0.0017hr. at one 

(1) earth rate is still 100 sec. of time. The period is 

divided by an electronic follower so that it can be 

used effectively as an interval of 0.36 sec. of arc. 
Therefore, it lends itself for use with ultra-precise 

rate control needs since the time period for the gen-
eration of the interval is 20 nisec. 

Rate Control with DIREC and CLEAR 

In the conventional rate control systems the aver-

age rate can be found but they require longer periods 

of time than do the Midarm systems. Here, though, 

we must remind the reader that smooth rates are 

also necessary and that the system should be able to 

operate within the band-width or tolerance of the 

gyro spec. These two are important since widely vary-

ing "instantaneous" table rates caused by gearing 

and bearing inaccuracies, motor lamination slotting 

effects, and out-of-roundness conditions cause cor-

responding variations in the drift rate of the gyro 

under test; and are possible causes for the rejection 

of advanced gyros. These conditions are most likely 

to influence the conventional systems with their 0.1° 

periods and the greater the chance that small, fast 

perturbations will go uncontrolled. 

With the Midarm systems, the rate table moving 

at 1 earth rate turns less than 0.5° in 100 sec. of time 

as compared to a rotation of better than 8° in 2000 

sec. The smaller test interval is advantageous since 

the errors from slot effects and inequities in the drive 
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system have less chance to exert their influence as 

major causes of gyro error. This is important since 

the rate errors caused by table perturbations show up 

as drift errors in the output of the gyro. At the same 
time, genuine drift errors in gyro performance are 

caused by gyro bearing inequities, pickup drag, air 

bearing turbine effects, dynamic unbalance, etc. Since 

both the gyro drift error and, the table perturbations 

occur at the same time they appear as gyro drift 

errors. 
Because the two causes of error cannot be sepa-

rated and the level of • gyro drift errors should not 

exceed 0.001 arc-sec. per sec. of time, it is clear that 

the element of high-order control is one of the major 

needs in an advanced sidereal rate control system. 
This need can be satisfied by controlling the speed of 

the table through its servo loop, but only when the 
error signal being developed is an instantaneous and 

nearly continuous representation of what is taking 

place between the actual rate and the desired rate of 

rotation. 
1 n the Midarm-Direc ( Digital Rate Error Com-

puter) system ( see Fig. 2), the rate measurement is 
made each 10.4 sec. of arc. The time base for the de-

sired rate of rotation is "set" into the 5-decade con-
troller which will operate over a range from 0.5 to 

100 times earth's rate. The time period between 

Midarm cycles is compared to a reference period and 

the difference, if any, is fed to the table torquer. The 
system is nearly continuous, since it is responding to 

the slightest change in rate .at 1.5 CPS when the rate 

of rotation is 15 arc-sec. per sec. The signal of the 

Midarm-Direc is a deviation from the desired rate, 

which is used to smooth the motion of the table to 

improve the positional accuracy of the gyro under 
test. Since the control signal represents a change 

from the desired rate, it can also be fed into a com-

mercial printer to record the deviations during the 

'period of observation. 

Since the response characteristics of the torquer 

Here is the 360° continuous MIDARM-CLEAR. Mark IV system. 

and the table are the limiting tactors, the system re-

sponse is more on the order of 50 msec. The cor-

rection signal, however, builds up a bias in the torquer 

which is, for all practical purposes, continuous, so 

that the response characteristics of the system are 

very smooth. 

In the Midarm-Clear ( Closed-Loop Error of 
Angular Rate) system, the 2-phase output of the 

Mark IV sensor is fed into an electronic divide-down 
circuit so that positional information is produced 

every 0.36 sec. of arc. The time between these very 

small periods is compared to the output of an oscilla-

tor with the difference, again, representing the rate 

error of the sidereal rate table. The error signal is 

amplified and fed to the table torquer during time 

periods which are as small as 20 msec. 

A REPRINT OF THiS ARTICLE CAN BE OBTAINED 
by writing on company letterhead to 

The Editor 
ELECTRONIC INDUSTRIES 

Chestnut Cr 56th Sts., Phila. 39, Pa. 

DELAY LINES 
THESE SUPERCONDUCTIVE DELAY LINES were devel-

oped as ready access memory units for logic functions 

operating at clock rates above 125mc. 

As computer clock speeds increase, it becomes in-

creasingly difficult to provide memory capability. But 

with each increase in speed, the capacity of a trans-

mission line for data storage increases accordingly. 

For example, at a 125mc clock rate, a line providing 

a delay of 80Onsec. has a 100-bit storage capacity. 

The delay-line memory is a space saver also. A 1p.sec. 

delay line that stores 125 bits at 125m c occupies a 
volume of 2Y in. diameter by 1-7/16 in. high. 

The superconductive delay line is based on prop-

agation delay resulting when a signal travels through 

a long length of small-diameter coaxial cable. This 

technique uses low temperatures (4.2°K) to elim-

inate conductor losses and reduce dielectric losses. 

The units give precise delay times from 100 to 

200Onsec., with an insertion loss of less than ldb 

per 1.s.sec. with 8nsec. pulses. Rise time is under 

0.5nsec. Martin Co., a div. of Martin Marietta Corp., 

Baltimore 3, Md. 

ELECTRONIC INDUSTRIES • September 1963 75 



As a result of extended test programs, 

common ceramic capacitor failure modes 

and the mechanisms involved are known 

and understood. A method developed 

to fluorinate the dielectric material 

and advanced encapsulation tech-

niques now establish a high degree of 

reliability in the ceramic capaci-

tor. Their details are presented. 

UNDERSTANDING THE RELIABILITY OF CERAMIC CA-

PACITORS needs a thorough knowledge of all factors 

which contribute toward the performance of these 

components. Most significant of these are the nature 

and characteristic of the dielectric, method of con-
struction, encapsulating materials, failure modes and 

performance under varying conditions of use. The 

relationship of each to component reliability is shown 

and the results of a new approach to high reliability 
construction are examined here ( see Fig. 1). 

The significant feature of any ceramic capacitor is 

its dielectric. It is possible to manufacture ceramic 

dielectrics with a dielectric constant (K) as low as 8 

to more than 10,000. This wide range can be best ap-
preciated when one considers that air has a K of 1, 

mica 7 and paper only 4 or 5. 

The history of this remarkable dielectric is old 

and new—old because the art of ceramics is ancient, 

and new because recent synthetic materials are the 
main elements of modern compositions. Early syn-

thetic materials, normally steatite, had properties 

which approached those of mica. Though not superior 

to mica in all respects, some of the new ceramic di-
electrics had features that no other material had. 

The use of barium titanate soon followed, and a 

whole new type of capacitor industry took root. Most 

of the raw materials presently used are manufactured 

solely for electronic ceramic devices and are constant-
ly being improved. 

Construction of Capacitors 

The ceramic dielectric is formed from a carefully 

blended mixture of raw materials consisting mainly 

of oxides of the alkaline earths plus additives of other 

elements, including rare earths. By using set ceramic 

forming methods, this mixture, or body, can be 

pressed, extruded, sprayed or cast into almost any 
convenient shape. See Fig. 2. The green ceramic 

piece is fired to high temperatures where a solid state 

IMPROVEMENTS 

INCREASE 

CERAMIC CAPACITOR 

RELIABILITY 

reaction or sintering can take place. The chemistry 

and physics of this reaction are highly complex, but 

the net result is a nonporous, hard ceramic, suitable 

for capacitor dielectrics. The most familiar form of 

the ceramic dielectric has been the disc, or coin shape. 

However, tubulars, slugs, and rectangular plates are 

also used. 

To form a capacitor, electrodes are fixed to oppo-

site surfaces of the dielectric. The most common 

electrode material is a glass-filled, silver paste or 

fluid which is either screened, sprayed or dipped on 

the ceramic surface. The "electroded" ceramic is then 

fired at about 1400°F. At this temperature the glass 

in the silver paste melts and permanently bonds the 

silver to the ceramic surface. Now, lead wires are 

attached to the disc, normally by dip-soldering. The 

capacitor is de-greased, cleaned of soldering flux and 

encapsulated with a phenolic resin. The phenolic dip 

contains volatile solvents which evaporate and leave 

a porous network of capillary voids. This porous 

matrix is vacuum impregnated with a special wax 

which protects the capacitor from the rigors of normal 
humidity environment. 

Military and EIA Grouping 

Ceramic capacitors have been divided into two 

basic groups based on dielectric characteristic and 

application: Temperature compensating and general 

purpose fixed ceramic capacitors. 
Definition of each group per military and EIA 

specs is as follows. 

By LARRY NORDQUIST 
Ceramic Engineering Mgt% 

CDE Div. 
Federal Pacific Dec. Co. 

50 Paris St, 
Newark 1, N.J. 
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Fluorinated disc ceramic capacitors developed by Cornell-Dubilier 
when thrust into 1000°F still maintain original characteristics. 
The hot flame only chars the capacitor's jacket made of rubber. 

Of 1000 capacitors life tested at 200 C and 500 vdc, one failed 
after 763 hours. No other failures after 1.7 x 10" component-hrs. 

This is a capacitor that failed. The tiny black spot seen on the side of the 
unit shows where the dielectric broke down during the extended life test. 

A. MIL-C-20D and EIA RS- 198, Class 2—Tem-

perature Compensating and Precision: Capaci-

tors in this group normally are made from rather low 

dielectric constant materials' but show high stability 

and precision. The dielectric is compounded to pro-
vide a controlled change in capacitance with tem-

perature. The temperature coefficient of capacitance 

normally found in this group ranges from + 100 parts 

per million per degree centigrade, (ppm/°C), to 

—4700 ppm/°C. Also, the low power factor ( or high 

Q) makes this type of capacitor ideal for tuned 

""-1 t • 

t 

• ti.t...,‘,(••''.;`:-
, t 

4.111111111111111111111.1.1111111118, 

For a trip through the fluorination kiln, 
the once fired ceramic discs are placed 
in trays called "saggers" made of special 
ceramic to withstand chemical reaction. 

circuits where a controlled temperature coefficient is 

needed to offset the change of other components with 

temperature. 

B. MIL-C-11015 and EIA RS-198, Class 1—Gen-

eral Purpose: This group more truly represents 

the versatility of ceramic capacitors. The dielectric 

constant normally ranges from 250 to 10,000. Dielec-

trics in this class can be compounded to be very stable 

or unstable with respect to temperature change. For 

example, available temperature coefficients of these 

dielectrics can be -±-5% in an operating temperature 
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CERAMIC CAPACITOR (Continued) 

range of - 55° to + 150°C; or, +22, —80 % in an 

operating range of + 10° to +85°C. 

Both military and EIA specs have codes to identify 

temperature characteristic with respect to tempera-

ture range. Capacitors in this class can be used for 
by-pass and coupling. 

Failure Modes 
Failure modes of ceramic capacitors due to human 

error and poor workmanship can be greatly mini-

mized through training of personnel, controlled man-

ufacturing procedures and strict supervision. They 
are readily detected through inspection and testing. 

Failure modes from dielectric degradation, poor 

encapsulation and material deficiencies are more dif-
ficult to control, and require a combination of sound 

design practice and proper selection of compositions 
and materials. 

Degradation: Failure of a ceramic dielectric re-

sulting from degradation is a serious shortcoming of 

titanate bodies, and leads to electrical breakdown. 

This is the result of an electro-reduction process 
under voltage and temperature which changes the 

crystal from an insulator into a n-type semiconduc-

tor. The chemistry of this process can be described 
as a hydrogen or proton migraton in the lattice, re-

sulting in a valence change of the crystal materials. 

Electrical degradation can be improved by adding 

tri- and pentavalent exides such as Iron ( Fe2O3), 
Tantalum (Ta205) and even rare earths. These addi-

Lives alone do not completely arrest this degradation. 

Studies show that fluorides are more effective, since 

they not only enter into the lattice structure but also 

react with the crystal matrices of the dielectric. 

Fig. 1: From product concept to retirement, a component flows 
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RESPONSIBILITY 
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DESIGN 
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Courtesy of Roth and Strong, Management Consultants, Boston 

Encapsulation: The materials and technique of 

capacitor encapsulation have a pronounced effect on 

both moisture resistance and degradation. Wax im-

pregnants are used because they seal the capacitor 

element from moisture. Water on the silver electrodes 

will cause a migration of silver ions from the anode 

to the cathode with applied voltage. This migration 
results in a conducting path forming on the surface 

of the ceramic. It will cause capacitor failure. Also, 

the presence of water at the anode provides a source 

for hydrogen protons which accelerate dielectric 
degradation. 

Fluorinated, Glass Encapsulated Capacitors 

Under contract to the Signal Corps, a new ap-

proach was established for ceramic capacitor manu-

facture. The contract was to develop and manufacture 

a fluorinated ceramic capacitor able to operate at 

200°C for 2000 lors. The form factor specified was. 

CK6.3 disc capacitor having a capacitance of 10,000 

pf. An intensive investigation of fluoride additions to 

the dielectric barium titanate was started and im-
provements were noted. 

The fluorination of the dielectric was performed in 

a specially built tunnel kiln capable of close tempera-
ture control. A controlled level of volatile fluorides 

was held in the kiln atmosphere and the dielectrics 

were cycled through the kiln. This treatment, at ele-

vated temperatures, fully exposed the dielectrics to 

the permeating fluoride atmosphere, causing a solid 
state reaction. 

The fluoride materials react with both the crystal-

line structure and matrixes of the barium titanate 
complexes, altering their chemical composition. This 

additive acts in a manner similar to the trivalent and 

pentavalent additions, except that the single valence 
fluoride ion ( F-) replaces oxygen in the crystal cono-

through design and production stages to assure reliability. 
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plex and reduces anion vacancy to a point where ion 

and proton migration is greatly restricted. As a re-

sult, the dielectric has a high resistance to electro-

chemical reduction and degradation. 
This resistance to degradation can be seen in Fig. 

3. Note the high resistive value for the fluorinated 

high K dielectric while the value of the standard com-

mercial dielectric falls off rapidly at even moderate 
temperatures. This comparison was further demon-

strated during life tests when unfluorinated dielectrics 

failed from a few minutes up to 500 hrs.. while 
fluorinated dielectrics had no failures up to 3000 hrs. 

Both types were tested at 500 v. and 200°C. 
Glass Encapsulation: Since the Signal Corps needs 

a capacitor to operate at 200°C, it became nec-

essary to use encapsulating materials able to with-

stand this high temperature. Standard organic 

encapsulating materials and methods which were in-

vestigated could not meet the temperature needs of 

the capacitor. After further study, it was found that 

glass encapsulation would be the correct approach. 

The high-temperature glass-encapsulation method 

used precluded the use of standard lead materials. We 

had to employ pure silver wire leads which were 

fired-on during the electrode firing process. 

The glass coated capacitors were given a second 

coating of silicone rubber for additional protection 

to the capacitor and glass coating. Finished capacitors 

(Fig. 4) were then tested per Signal Corps. specs. 

Qualifications: Both lots, totaling 100 capacitors, 

had no failures during the 2000-hr. life test at 500 v. 
and 200°C. Additional capacitors were continued on 

to 3000 hrs. with no evidence of degradation. In ad-
dition, environmental tests of humidity, shock, tem-

perature immersion and vibration did not produce 

any failures. Thus, the fluorinated, glass encapsulated 

capacitor was qualified. 

Data Accumulation 
An expanded program of evaluation was started 

to test larger quantities for reliability data. A total of 

1000 capacitors, having a fluorinated dielectric, silver 

leads and glass encapsulation, were made up for life 

test evaluation. It was necessary to select this large 

quantity for study because the capacitor embraced 

new design concepts. Therefore, an accurate under-

standing of its reliability must be established. 

Established Reliability 

One failure was noted at 763 hrs.; no additional 

failures were recorded up to a final check at 1.7 mil-

lion component hrs. This performance of a high K 

dielectric, normally considered inferior, proved the 

merits of this new concept. Test conditions for this 

program were maintained at 200°C and 500 v. to ac-

celerate failure mechanisms. Failure rate calculations 

based on test conditions resulted in failure rates of 

0.229%/M hrs. at 90% confidence level and 
0.1189%/M hrs. at 60% confidence level. When con-

sidering this capacitor for operation at normal condi-

tions of 250 v. and 85°C by using standard voltage 

and temperature accelerating factors, failure rates of 

0.00000312%/M hrs. at a 90% confidence level and 

0.00000161%/M hrs, at a 60% confidence level are 

established. 

Calculation of failure rates at rated voltage and 

temperature were made as follows: 

x2 = Chi-Squared Value 
N = Number of Units on Test 

T = Time in Hours on Test 

R = Number of Observed Failures 

X = Failure Rate 

106 = Constant to reduce X to %/M hrs. 

N X T = 1.7 X 106 

R = 1 

Where )(2 is entered with 2 (R 1) degrees of freedom. 

Chi-Squared values for confidence levels are: 

R x2 (60% conf, lev.) x2 (90% conf. lev.) 

1.832 4.610 

1 4.044 7.780 

2 6.240 10.640 

3 8.320 13.360 

4 10.500 15.990 

x2 X 106 
— 

2 NT 

At 90% confidence level, 

7.78 X 105  
X — 2 X 1.7 X 106 — 0.229%/M hrs. 

At 60% confidence level, 

4.044 X 106  
X = — 0.1189%/M hrs. 

2 X 1.7 X 106 

Voltage Acceleration is based on life expectancy 

varying inversely with the third power of the ratio 

of the test voltage to actual voltage. That is, operating 

a capacitor at one-half rated voltage should increase 

life expectancy by a factor of 8. 

V i Kr = I V 

V2 / 
Where: 

K„ = Voltage Acceleration Constant. 

V, = A Given Voltage (500 v.) 

V2 = Another Voltage (250 v.) 

Kr f  500  y 8 
-= 

250 

Temperature Acceleration is not based on a linear 

or power law relationship. Graduated temperature 

ranges are more accurate for ceramic capacitors. 

Therefore, CDE engineers separated the over-all 

temperature range into 3 steps, with individual rules' 

of 20°, 10°, and 8°C. Below 85°C, life is doubled 

for every 20°C decrease in temperature. From 85° to 
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GREEN FIRED SiLvERED 

¿vo 210 g,7 5.(0 .013 .440 eV° 

e 

ASSEMBLED COATED 

CERAMIC CAPACITOR (Concluded) 

FINIESH ED 

WEDGE• LOCK 

CRimPED 

e CUT . 

Fig. 2: Typical ceramic capacitor con-
struction. The raw green ceramic piece is 
made. Then it is fired, silvered, soldered 
and coated. Available are various leasd. 

Fig. 4: These fluorinated disc ceramic capacitors operate 
at 200 C temperature while requiring no voltage derating. 

125°C, life time is halved for every 10°C rise. Above 

125°C, life time is halved for every 8°C rise in tem-

perature. 

Where: 

KT =- Temperature Acceleration Constant. 

T1 --- A given temperature. 

T2 = Another temperature. 

T3 = Temperature increase or decrease 

(8°C, 10°C or 20°C). 

KT = 2(7.1-7.2)1T3 

Fig. 3: In these graphs of typical resistivity vs temperature 
high K dielectric with and without fluorination is compared. 

o 
o 

107 

10 5 

FLUORINATED 

HIGH K 

h  

ORDINARY HIGH K 

NOT FLUORINATED 

DEGREES CENTIGRADE 

I I 

KT = 2(200- 129) 8 X 2(125 -89)/10 

Kr = 29 X 24 = 2" ' 

The product of two temperature acceleration factors 

is necessary since the temperature varied from 85° 

to 125°C and from 125° to 200°C. For accuracy. 

then, the 8°C and 10°C temperature rules are applied. 

Kyr, or test acceleration factor, is the result of 

operating conditions of voltage and temperature, and 

is the product of voltage acceleration and temperature 

acceleration factors. 

These acceleration factors are used to extrapolate 
actual test data into failure rates expected under 

normal operating conditions. 

Where: 

XE = Extrapolated Failure Rate. 

X2o = Failure Rate at 90% confidence level 

(0.229%/M hrs.) 

Kyr -= Kv X KT = 8 X 21" 9192. 

0.229 
XE 8 X 9192 - 0.00000312%/M hrs. 

At 60'; mifidence level where X60 = 0.1189%/M hrs. 

0.1189 

X90  

Kyr 

8 X 9192 

The Results Applied 

The technique and value of fluorination has been 

established and will be of significant value in these 
new products. 

Advantages of ceramic sealing of the electrodes 

has also been proven and both features are in a new 

series of miniaturized ceramic capacitors having very 

high reliability. These products have very high capaci-

tance to volume ratios. They are available in tubular 

and rectangular form factors, as well as with weld-

able and solderable leads. 

— 0.00000161 1,,¿/M 
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TECHNIQUES WHICH SMOOTH SAMPLED DATA and 

predict the behavior of the phenomenon based on a 

sampled history of its past performance are being put 

to more use. Such methods are widely used in mili-

tary Track-while-scan systems which develop a tar-

get's track from search radar data; also in control 

systems which act on the expected behavior of the 

processes. 

The smoothing-predicting ability is often instru-
mented on a computer because of the complexity. 

This article discusses the simplest class of smoothing-

predicting techniques ( first-order) and presents de-

sign data and hardware considerations for exponen-

tially weighted first-order filters with sampled inputs. 

The order of a filter is the order of the differential 

or difference equation which describes the response of 

the network. Here, first-order filters are discussed; 

therefore, the first difference is the highest-order term 

considered. The output of the filter is assumed con-

stant (clamped) between inputs. 

The method used for selecting a final filter con-

figuration is based on a least-mean-squared-error 

criterion. The input samples are given time-de-

pendent weights, so that any computation of the 

filter's output yields a value which minimizes the sum 

of the weighted squared deviations of these input 

samples from the output value being computed. 

To stress the importance of the more recent sam-

ples, the output will be fitted to the last k inputs only, 

and the deviations of these k inputs from the output 

will be weighted exponentially in time. (The special 

cases of the equally weighted and the infinite memory 

filters require only making the weighting function 

unity and k infinite.) 

S. 

SMOOTHING—PREDICTING 
SAMPLED DATA 
In military and control systems, 

techniques which smooth sampled data 

and predict behavior are widely used. 

Complexity requires these to be 

instrumented on a computer. 

Discussed here is the simplest class 

of smoothing- predicting including design data 

and hardware considerations. 

Derivation of Basic Network Equations 

Definitions . 

= sampling period (assumed constant). 

= time of the most recent input sample. 

= number of samples being smoothed. 

= input at the ith sample. 

= most recent output, the one being computed. 

= deviation of the ith input from the latest output. 

= weighting function. It represents the weight that 

the information present at the ith sample has at 

the time of the latest sample. 

= smoothing constant. 

= sum of the weighted squared deviations from the 

latest output. 

In equation form: 

= (1) 

(2) 

s„  (3) 

To minimize the sum of the weighted squared de-

viations, set: 

a saX 

This results in the equation: 

By DAVID B. BORKUM 
Group Leader 

Computer Eng'g. Section 

Grumman Aircraft Eng'g. Corp. 
Bethpage, L.I., N.Y. 

(4) 
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SAMPLED DATA (Continued) 

Table 1 
Weighting: Exponential Weighting: Exponential 

Nlemory: Finite Memory: Infinite 

Weighting: Equa 

Memory: Fi ni t. 

Network X = 
1 — b X =-- Xc.„_, 

Equation 1X,„ „ — + (1 — b) (X „,.„ _ xc,„_1 
1 — bk ' 1 — [X„, — x 

Response to 
0 < n < k — 1 

a unit step 

applied 

when 
n > k — 1 

— 1 < n < 0 

Response to 

a unit ramp 

applied 

when 

n = 0 

0 < n < k — 1 

1 — b^+1 

I — bk 

1 

— bk[ n 

1 le+, 
n + 1 

1 — b"1 

1 — b J 

Nid Applicable 1 

b 
1 — b" 

1 — b 

n (n I) 

2 k 

n > k — 1 
k 

1 — b ▪ 1 — bk 
Not applicable 

k — I 

2 

Ratio of the variance of 

output noise to the variance 

of input white noise 

Required computer stores 

r  1 _ b  i r  1 + bk  
L i+bJ L 1— J 

1 — h 

1 -I- b 

1 k + I 

Figs. 1 and 2: These design curves aid in synthesis and analysis of ability to smooth data ( i.e., to suppress spurious random inputs) 
first-order networks discussed. Fig. 1 ( on left) allows the filter's 
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1 - 

1 - b z 
bu-1 X„,.i 

i n —k+I 

(5) 

By writing this one look ahead and changing limits: 

X —   
1 bk 

1 - b 
b [ E b.-1 X„,. i 

I-I- b-1 X.,,,,, - bk-' X roa.n—k+1 (6) 

Eq. 5 and 6 yield the network equation for an 

exponentially weighted finite memory filter: 

1 - b 
= b X  - [X„,,„ - bk X,,,.„_k] (7) 

1 bk 

For stability, Eq. 5 must be finite for all values of 

n. However, when considering a finite memory filter, 

b may be any finite number and the system will be 

absolutely stable. It is possible, of course, to define a 

relative stability by placing an upper limit on Eq. 5. 

When considering an infinite memory filter, Eq. 5 

becomes an infinite series. For this series to be con-

vergent, and the system hence stable, we must have: 

- 1 < b < 1 (8 

Under the above condition: 

lim bh = 0 (8) 

k co 

Therefore, from (7) and (9), the network equa-

tion for an exponentially weighted infinite memory 

filter is: 

Xc,„ = + (1 - b) (X... - X...-1) (10) 

When b = 1, all of the last k inputs have equal 

weight, and the output of the filter is the average of 

the last k inputs. To determine the network equation 

of this filter, use is made of L'Hospital's rule which 

shows that: 

1 - b 1  
hm 1 - bk k bk-i 
  - him   - 1/k (11) 

b- 1  b 1 

From ( 7) and ( 11), the network equation for an 

equally weighted finite memory filter is: 

(—k (X”,„, - X„,.„_4) (12) 

Note that an equally weighted infinite memory fil-

ter is impractical. Eq. 12 shows that as k becomes 

large, the output does not respond to changes at the 

input. 

Response to White Noise 

Equation 5 squared is: 

X2c -   
1 [bk 1 --  ]2 E bu-1 E X..1 (13) 

If the inputs, X„,,i are white noise and expectations 

are taken of both sides of this equation, the expecta-

tions reduce to the following: 

E (X2c..) = 02X o 
102x. 

E • X,,,.,)= 
0 

when j = j 

when i j 

Here: 

E denotes expectation. 

rr2.7ec.,, denotes the variance of the output. 

ohX,,, denotes the variance of the input. 

Therefore for an exponentially weighted finite 

memory filter: 

  _ ri _ b  ,2,0_ [,_bi r„ bk] (14) 
ex„, Li - b.J bJ - ble 

This equation is a measure of the network's 

smoothing ability. 

From (9) and ( 14), the response to white noise 

of an exponentially weighted infinite memory filter is: 

gkX„ - b  
(15) 

cr2X. 1 + b 

By utilizing L'Hospital's rule, the response of an 

equally weighted finite memory filter to white noise 

is found to be: 

.72X. 
- 1/k (10) 

Response to Step and Ramp Inputs 

A. Response to a unit step input: Assume that a 

unit step is applied after n = - 1 but before n = 

so that: 

JO when n < 0 

11 when n > 0 

The network response to this step will be different 

when it "remembers" both the old (X„,,„ = 0) and 

the new (X,,,„ = 1) inputs (that is, with fewer than 

k samples of the new input) than When it "remem-

bers" only the new inputs. 

Consider first when the network remembers both 

inputs —1). Assume that the particular solu-

tion of the difference Eq. 7, hereafter called Xe,„ 

(P.S.), is y. 

From (7): 

Therefore: 

1 - b 
-y = b-y 1 bk (1 - 0 bk) 

-  
(17) 

Xc.„ (P.S.) - -y (18) 
- bk 

Assume that the complementary solution, hereafter 

called X0,„ (C.S.), of equation 7 is Cbn: 

1  
X.,. = (P.S.) -1- Xc.„ (C.S.) - 1 5k Cbu (19) 

-  

From ( 7) and ( 19), at n = 0: 
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SAMPLED DATA (Concluded) 

C —  1 — (20) 

From ( 19) and (20), for an exponentially 

weighed finite memory filter when Kn<k-1: 

1 — to.+1  
1 — bk (21) 

For an exponentially weighted infinite memory 

filter the network always "remembers" the old inputs 

as well as the new. Therefore, for all non-negative 
values of n, from (9) and (21) : 

X,,. = 1 — 10+, (22) 

L'Hospital's rule and (21) show that the response 

to a unit step of a finite memory equally weighted fil-
ter when Onk-1 is: 

(23) 

2) The network remembers only the new input 
(n>k-1). Proceeding as before, we find: 

X... (P.S.) = = 
and 

X,.,. = Cbn + 1 (25) 

From ( 7) and (25) at n = k, and from (21) at 
n = ( k-1), we find that: 

C = (26) 

Therefore, from (25), the output of a finite mem-

ory exponentially weighted filter is, as we would 
expect: 

= 1 (27) 

Since X,,„ is independent of b when n> k-1, the 

above equation is also applicable to a finite memory 
equally weighted filter. 

Fig. 3: Response to a unit step for a filter meeting set conditions. 

1.0 

0.8 

0.6 
X 

0.4 

02 

INPUT STEP 

2 3 4 5 

B. Response to a unit ramp input: Assume that a 

unit ramp is applied at n=0 so that: 

10 when n < 0 
In n > 0 

Similarly to the case where a step input was ap-

plied, the network response will be different when it 

"remembers" both types of inputs, from when it 
"remembers" only the ramp input. 

Assume: 

(P.S.) = n + -y (28) 

X‘.,, (C.S.) = C19' (29) 

These equations can be solved in a manner similar 

to that used in determining the response to a step 

input. The network responses to a unit ramp input 
are given in Table 1. Table 1 summarizes the mathe-

matical results which have been derived in this paper. 

A REPRINT OF THIS ARTICLE CAN BE OBTAINED 
by writing on company letterhead to 

The Editor 
ELECTRONIC INDUSTRIES 

Chestnut & 56th Sts., Phila. 39, Pa. 

21 Filter Design 

Design curves are presented in Figs. 1 and 2, to 
facilitate the synthesis and analysis of the first-order 
networks discussed in this paper. Fig. 1 shows the 

ratio of the standard deviation of output noise to the 
standard deviation of input white noise; this is a 

measure of the filter's smoothing capability, or its 

ability to suppress spurious random inputs. It is clear 

that, for negative values of the smoothing constant, 
b, the system is no longer a filter because it amplifies 

incoming noise. Fig. 2 shows the steady-state output 

error due to a unit ramp input, long after enough 

samples have been received to fill the memory store, 

or after a great many samples have been stored for 
the infinite memory filter. Here, the important char-

acteristic is not the absolute magnitude of the error, 

but rather the variation in relative error as b and k 

are varied. Note that Fig. 2 shows that b and k 

should be minimized for a filter to accurately follow 

a first-order input. The equations show that the 

transient error is small when b is small. However, 
reductions in b and k are only made at the expense 

of reducing the importance of the earlier inputs, 

which, as shown by Fig. 1, is detrimental to the noise 

suppression capability of the filter. Thus the smooth-

ing constant, b, and the memory capacity, k, should 

be largely selected by a judicious compromise between 

transient and tracking error, on the one hand, and 

noise considerations, on the other, within the limits 
imposed by the filter specifications. 

For example, suppose we must design a digital 
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filter which will reduce the standard deviation of the 

input noise to less than 50%, and which must have a 
steady-state error no greater than 1.4% after 100 

input samplings. Thus, the initial limits are found by 

investigating the area below the 0.5 ordinate on Fig. 

1; this gives kmi„=4, and bmin -=0.6. Referring to Fig. 

2, and dividing the ordinate scale by 100 (the speci-

fied value for n), the k„,„„ is found to be above k=7, 

using the previous b„,i„ value. 

Similarly, using the previous kmin value and read-

ing along the — 1.4/n ordinate, we find b.„.=0.96 

for k=4, 0.78 for k=5, 0.68 for k=6, and 0.62 for 

k=7. The acceptable b-k pairs must be chosen from 

within these limits. Trying first k=4, we see from 

Fig. 1 that there is no point on this curve for b<0.96 
below the 0.5 ordinate; hence, k=4 is not acceptable. 

Using k=5, we find that this curve is below the 0.5 

ordinate on Fig. 1 for b >0.72 ; hence, we may choose 

any pair of k=5, and 0.72<b<0.78. Similarly, for 

k=6 we find that this curve is below the 0.5 ordinate 

for b >0.68 ; hence, we may choose k=6 and b=0.68. 

No k>6 is acceptable, because bmin would exceed 

b„,„„. The final choice would be based on such con-

siderations as storage cost and computational ease. 

The response to a unit step is shown in Fig. 3 for 

one of the filters meeting the above conditions. This 

figure shows the rapid transient response realized by 

using a finite memory filter. 

It can be seen from the basic network equations 

that a finite memory filter which remembers k re-

quires k+1 stores when instrumented on a compu-

ter. Since storage space is costly in terms of time, 

power, weight and volume, it is desirable to keep k 

as small as possible. It is of considerable significance, 

however, that when k is made infinite, the basic net-

work equation reduces to the extent that only one 

store is now required. Therefore, an infinite memory 

filter is considerably less demanding on computer 

storage than is a finite memory filter, since it is only 

necessary to update the single stored output at each 

sampling time. 

A word of caution is in order regarding the evalu-

ation of the filter's response to an input of noise. The 

assumption was made that the cross-correlation of 

X„. [E(X„,,I,X.,i) wizen i* j] was zero. This is 

often valid in practice when a large number of 

these cross-terms are averaged, but if only a small 

number of these terms are used, this assumption be-

comes questionable. 

The author gratefully acknowledges the technical 

assistance provided by Mr. A. DiStefano of the New-

ark College of Engineering, Newark, N. J., and the 

editorial contribution of Mr. K. Aldershof, of the 
Cornell Design Co., E. Rutherford, N. J. 

POCKET-SIZE LASER 
Tills L1LL1PUTIAN-SIZED LASER can be used by dis-

tressed boatsmen and downed pilots to signal their 

position. About the size and shape of a small frozen 

juice can, the laser emits energy pulses that can be 

detected by rescuers 30 air-miles away. The device 

can be fired repeatedly—up to 50 times—before bat-

tery recharging is required. The battery charger 

plugs into any electrical outlet. 

In addition to its survival-kit capability, the small 

size lends itself to other possibilities. Coupled to a 

microscope, it can punch tiny holes into the specimen 

being studied. Size of the combined laser head and 

battery is 2 x 4 x 4 in.; total weight is 14 oz. The 

laser rod, which replaces the ruby crystal in a con-

ventional solid-state laser, is made of neodymium-

doped calcium tungstate. The rechargeable battery 

consists of nickel-cadmium cells. Raytheon Laser Ad-

vanced Development Center, Waltham, I 

The rechargeable, battery- powered unit oper-
ates without the usual ruby- crystal laser rod. 
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The development of tunnel diodes and 

four-layer diodes has placed extra em-

phasis on the properties of negative 

immittance as a circuit property. Here 

is discussed the controversy of two as-

pects of this property — negative re-

sistance and negative conductance. 

THE EFFECT OF NEGATIVE RESISTANCE Caine into im-

portance with the point-contact transistor. When 

a.> 1, a negative resistance appeared between any 

pair of its terminals as, for example, between emitter 
and base in the common-base connection. This meant 

possible self-oscillation, which proved to be a dis-
advantage in designing stable amplifiers. 

The advent of the junction tetrode enabled junc-

tion devices to take over the high-frequency field. In 

this component, as well as in the Esaki tunnel diode, 

the property of negative-immittance took on in-

creased importance. 
There are growing misconceptions regarding the 

differences between negative resistance and negative 

conductance. These are clarified here, in their theo-

retical aspects and practical uses to which these com-

ponents, e.g., the tunnel diode, can be put. 

The current-voltage relations for a negative-con-

ductance device are shown in Fig. 1. This is a curve 
commonly associated with a tunnel diode. If the 

voltage axis is,taken horizontal, an "N-shaped" curve 

results ( the Russians call this an "n-type" negative 

immittance) and the function is a single-valued func-

tion of applied voltage. Similarly, the current-volt-

age relations for a negative resistance are shown in 

Fig. 2. Here, an " S-shaped" curve is formed which 

is single-valued in applied current. 

Discussion 

The slope of the negative-immittance section of 

Fig. 1 varies from zero at the ends A-A to a finite 

maximum value in the middle, whereas the slope of 

the corresponding section of Fig. 2 ranges from a 

minimum value to an infinite slope. In other words, 

whereas the negative-slope section of Fig. 1 has a 

maximum magnitude of slope in the mid-range, the 

corresponding section of Fig. 2 has a minimum mag-

nitude of slope in the mid-range. 

Since the slopes of both contours correspond to 

dl/dV, or conductances, the properties of these two 

types of devices of necessity must be widely diver-

ON THE 

PROPERTIES OF 

NEGATIVE IMMITTANCE 

gent. The range of negative conductance for Fig. 1 

is from zero to a fixed magnitude, but the correspond-

ing range of negative resistance is from a fixed 

magnitude to infinity. The range of negative resist-

ance for Fig. 2 is from zero to a fixed magnitude. 

If a negative immittance device is used to subtract 

out part of the positive immittance of an associated 

circuit element or combination, it is essential that it 

be used in the manner in which the negative immit-

tance has an upper bound, as otherwise controlled 

cancellation is not possible. For this reason, ampli-

fiers using devices like tunnel diodes are limited to 

shunt configuration with respect to the associated 

circuitry. The arrangement must provide completely 
stable operation at all frequencies but the desired 

operating frequency, and must possess the needed 

gain stability margin even at that frequency. 

The negative-immittance phenomenon can be un-

derstood more fully from an examination of the 
behavior of a fictional device with typical loads. For 

example, in Fig. 3, an expanded view of the nega-
tive-conductance area for a tunnel diode is shown 

along with 3 typical load lines. The line A corre-

sponds to a resistance for which stable operation 
occurs, line B corresponds to the critical impedance 

at the inflection point of the curve, and line C to an 

unstable condition. The triple intersections at 3 inde-

pendent points with line C have reduced to a triple-

point with line B and to a single point for the com-
pletely-stable case. 

If resistances are combined with a tunnel diode in 
a series configuration and then in a parallel configura-

tion, the significance of the difference between the two 

types of negative immittance can be clarified. When 

resistances are paralleled, the currents in them are 

summed. Consequently, as the value of parallel re-

sistance is decreased (conductance increased) and its 

current increases more and more rapidly, the slope 

of the combination in the area of interest changes 
from negative to zero and then to positive through 

the full length of the curve. If, on the other hand, 

the resistances are connected in series with the diode, 
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Fig. 1: Curve of a current-
voltage relationship of a 
negative- conductance device 

Fig. 3: Curves of 
the operation of a 
fictional device 
with typical loads. 

a curious situation develops. The slope of the nega-

tive-conductance region gets greater and greater 

until finally it becomes positive by passing through 

infinite slope. In the process, however, two corners 

are left which have negative slopes covering the full 

range from zero to negative infinity, Fig. 4 

This positive resistance region bracketed by two 

negative-immittance corners is important practically, 

since the negative immittances on the corners make 

it impossible to obtain stable operation in the posi-

tive region between. Or, the stabilization of a nega-

tive conductance can only be achieved by the use of 

a shunt positive resistance, but not by the use of a 

series positive resistance. 

Fig. 2: Curve of a 
current-voltage rela-
tionship of negative-i 
resistance 

By Dr. KEATS A. PULLEN, JR. 
Ballistic Research Labs 
Aberdeen Proving Ground, Md. 

Practical Circuit 

That this is physically a fact is readily observeable 

by testing a tunnel diode in the circuit shown in 

Fig. 5. The negative portion of the trace can be 

observed only if the series-metering resistance, R., 
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NEGATIVE IMMITANCE (Concluded) 
Fig. 4: Curves show the difference 
between uses of a tunnel diode with 
resistance combined with it in paral-
lel ( solid line) and in series ( broken. 

is appreciably less than a specified 

value, typically 1/2g , and the 

source admittance G is greater 

than 21g1. When the sum G + 

(1/R.) < Igl, the net con-

ductance of the complete circuit, the value of (G + 

g + 1/R.), will be positive throughout the operating 

range of the device, and the full trace can be seen 

on a cathode-ray oscilloscope connected as indicated. 

Otherwise, switching always occurs, and the negative 

region cannot be observed. 

The behavior along load-line C in Fig. 3 has con-
siderable similarity to the build-up curve of a dc 

generator in that a small change in voltage introduced 
from the center intersection causes a larger change 

in device current than is needed to maintain the volt-

age change. As a result, run-away action, carrying 
the operation to one of the outer intersections, occurs. 

The kind of slope rotation needed to shift the triple-

point for line B to 3 separate points on line C meas-

ures the immittance properties of the device that 

cause it to behave as either a negative conductance 
or a negative resistance. 

6 V 
AC 

Fig. 5: A circuit to prove stabili-
zation of a negative conductance. 

TRANSISTOR "AND" CIRCUITS 

Two "AND" CIRCUITS using transistors are shown 

in figure. Notice that the grounded-base configura-
tion is used. In either case, the basic principle is the 

sanie as with diode circuits. The transistor conducts 

heavily in the absence of coinciding input signals, 
and the output is clamped at ground level. However, 

when a proper input signal is applied to all inputs, 

the emitter-base junction is reverse biased; the tran-

sistor is driven into cutoff; and the output rises to 
the full collector supply value. Isolation resistors Ri, 

R2, and R3 are required to prevent interaction among 

the 3 signal sources. Their values are chosen in re-

lation to R8, so that reverse bias is obtained only 

when pulses are applied to all inputs simultaneously. 

Rased on material from a new book, General Electronics Circuits, 
by Joseph J. DeFrance, published by Holt, Rinehart & Winston, Inc. 

bl 

Since these circuits use a combination of resistors 

(for isolation), and a transistor for the AND action, 

they are known as transistor-resistor logic or TRL 

circuits. 

In the above logic circuits, the output pulse polar-

ity was the same as the input pulse polarity. For 

computer service, the pulse polarity is quite im-

portant. However, there are other applications of 

these circuits wherein the polarity of the output has 

no special significance. In such cases, the transistor 

of the TRL circuit can be connected in the common-

emitter connection, and the output will be inverted 
with respect to the input signals. 

When better isolation between signal sources is 

needed, each signal is fed through a separate transis-

tor to a common load. The transistors can be inter-

connected in parallel or in series, and depending on 

whether phase inversion between input and output 

can or cannot be allowed, the 

transistors can be connected in a 

common-emitter or a common-

base configuration. Also depend-

ing on the input pulse polarity, 

the transistors used could be 

NPN or PNP type. 

The basic principle of the two AND 
circuits is the same as in diode types. 
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#68 USEFUL MATHEMATICAL 
APPROXIMATIONS 

MANY OF THESE EQUATIONS WERE USED IN the VLF 

transmission. They play an important role in calcula-

tions involving refraction and absorption of such 

waves in the ionosphere. Of course the trigonometric 

identities are useful in ac circuit analysis, sampling 

and modulation techniques, etc. Many of the relation-

ships are useful in statistical studies. 

1. n ! e-^ V 2 r n 
This relation is known as Stirling's formula. The error 

for n greater than 10 is less than 1%. 

In the following relations delta à is a very small quantity 

and gamma r a very large quantity. Both à and 1' being 

small or large in comparison. 

2. sin (x ± à) 2 sin x ± à cos x 

3. cos (x ± a) cos x ± à sin x 

A 
4. tan (x ± à) 2 tan x ± 

5. sin A 54> A 
6. cos à 1 

7. tan à à 

8. sin-, à 2 A 

9. tan-, à à 

10. shill à 2 

11. cosh à 2 1 

12. tanh à à 

13. sinh -1 A 14' A 
14. tanh-1 A à 

15. sinh ± A) 
16. cosh (x ± A) 2' 

17. Dinh ± A) 141 

18. siiuh r cosh r 

cos2 x 

sinh x ± à cosh x 

cosh z ± à sinh 

tanh x 

1 + à tanh 

1 r 
- e 
2 

19. twill r 2 1 

20. sin (A ± j A) A cosh A + j sinh A 

21. nos (A ± j A) cosh A ± j A sinh A 
2 à ± j sinh 2 A 

22. tan (A j A)   
1 + cosh 2 .4 

23. I ± à)' '2 1 ± x à, if > 1 

1 
24.   1 + x A, if z > 1 

(1 ± 

25. e 1 + à 

27. V A (A + A) -2 A + 

28. VA±a ‘,V A+   
2V A 

29. In (x + à) 2 In x + - 1 ,à A 
z 

1 
30. 

2 

31. sinh (A ± j tà) sinh A ± j à cosh A 

32. cosh (A ± j A) 2? cosh A ± j à sinh A 

tanh A ± j à 
33. tanh (A ± j A) 2 

I + j A tanh A 
34. tanh (r ± j A) 1 

35. sin (A ± j 1') 

2 cosh 1' ± tan-I (cot A) 2 

36. cos (A ± j r) 

(05h 1' ± tan-i (tan A) 2 -2- er ± A 

37. tan (. 1 ± 11') (> tanh 2 I' ± 90° 

$$$ for Circuit Designs 

Have you come up with any simple or unique circuit 
designs lately? Do you think that they would be useful 
to fellow engineers? If so, why not send them to us for 
possible publication? We pay our usual space rates for 
those accepted. Please keep them as concise as possible 
and send to: Circuit Design Editor, ELECTRONIC INDUS-
TRIES, 56th & Chestnut Sts., Philadelphia 39, Pa. 

By ARTHUR L. PLEVY 
Member Technical Staff 

Surface Communication Division 
Radio Corp. of America. 

New York, N.Y. 
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AN INCREASING NUMBER OF NEW DIELECTRIC MATE-

RIALS are available for microwave use. This has 

created a need for a fast, accurate method of deter-

mining the dielectric constant and attenuation. A 

method which can perform the data reduction has 

been adapted in a FORTRAN program. It is a varia-
tion of the shorted waveguide method of Bowie and 

Kelleher. The expression tan ( x)/x=c is solved 

rapidly and accurately by applying the Newton-Raph-

son iterative procedure to a related expression. 

Dielectric constant and loss tangent are obtained 

algebraically without use of graphs and without re-

gard to preset dimensions. 

The standing-wave ratio and the dielectric and 

attenuation constants are related by an expression 

derived by S. Roberts and A. von Hipplea: 
2 TX, 

tan  
Ema. ),„ = tan hyd 

Em i. 2 TX. i 2 rd -yd 
1 — i tan 

ern«. 

(1) 

In this equation Emit,/ ED. is the standing-wave 

ratio, X. is the distance from the sample face to an 
electric field strength minimum, is„ is the guide wave-

length, d is the thickness of the sample, and y=2-Fi P 

is the complex propagation constant of the sample. 

By restricting attention to materials with dissipa-

tion factor less than 0.1, T. \V. Dakin and C. N. 

Works4 reduce Eq. 1 to 

tan pd X, 2 TX, 
tan --- • (2) 

Od — 2 rd 

The expression for dielectric con-

stant, E, becomes 

—  y  

2-rd ) E — + ( 
(3) 

P. H. Gum 

A SPEEDY METHOD 

OF COMPUTING 

DIELECTRIC PROPERTIES 
The search for specific dielectric materials 

has been speeded up by using a computer 

in conjunction with the Newton-Raphson method. 

This supplies the dielectric constants 

and losses quickly and accurately. 

the dissipation factor is obtained from 

AX 
loss tan s = d F1 • F2 e 

where 

— 

= 

1 1 1 1 
— — — • — 

x2, x2, X2, E 

1 1 

X2, X2, 

(I -I- tan2 2 7X° ) 
X, 

and 

ed (I + tan2 ad) — tan i3d 

In these expressions ise is the cut-off wavelength, LXX 

is the width of the standing wave, and E is the "un-

corrected" dielectric constant'. 

Introducing substitutions 

= IX \ 2 

X, ) 

X = , (6) 

(4) 

(5) 

where is is the free-space wavelength, permits a com-

pact presentation of Eq. 2 through 5: 

oss tan 

tan CO X, 2 rX. 
tan 

2 rd X, 

E = P — P) )1/4° \ 2 
2 rd 

x x tan2 
3X 

(1 tan2 x 

X, 

— tan x 

(7) 

2 TX,   ) 

Thé parameters are easily determined. The diffi-
culty is to obtain the quantity x. Table look-up, 

B. A. Schoomer, Jr. 

By PETER H. GUM 



graphical 2' 6, and linear iterative5 procedures, and 

combinations of thesel, have been used to cope with 

this problem. By applying the Newton-Raphson 

method to an expression to be derived, a more effi-

cient procedure is obtained whose convergence prop-

erties can be well established. 

Mathematical Analysis 

Denote by R. the open interval, or regi ii, defined 

by 

( 2n — 1 r 2 Pl 

2 2 

R. = , —7 2r ). 

Within any region R., n?...1, the function 

tan (2.)  
, xeRn , 

is continuous, has an inflection point at nz, and di-

verges to —on and I- co at the respective end-points 

of the region. G0(x) is almost periodic with period 7;; 

its graph resembles that of the tangent function. 

For Ro 

g. (s) — 

(8) 

(9) 

Jim g, (x) = 1 . (10) 
x 

Since in 

Ii . (z) — CI = 0 (11) 

the variable x appears both explicitly and as the argu-

ment of a transcendental function, there is no tract-

able analytical inverse in terms of which x can be 

found directly. An iterative solution is a natural al-

ternative. However, periodicity and the presence of 

inflection points can introduce serious difficulties, 

although with an accurate first estimate of the root 

by a search method it is possible to use, for example, 

the Newton-Raphson method for later refinement. 

This approach wastes time and is unreliable. This is 

due largely to a lack of knowledge as to the accuracy 

required of the first estimate. This estimate must be 

accurate to assure convergence of the iterative pro-

cedure. 

Another approach circumvents many of these diffi-

culties. Set 
= — 117r) 

whence 

(12) 

= y + air. (13) 

Define f. ( y) by substitution for s according to Eq. 

(13) in the reciprocal of q, ( s) : 

Equipment used for dielectric determinations at test frequencies from 8.5 to 11 GC and temperatures to 1650 degrees Centigrade. 



DIELECTRIC PROPERTIES (Continued) 
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(y) = tan —i (y) lur 

The expression whose root is sought is 

(y) — e = 13 e = 

From Eq. ( 14) it is clear that 

(Y) = (— y) 
urn L (y) = 1 
Y 

lim 

Y —) 

whence, for n>0, 

hm f,, (y) = 
Y ± 

him f (y) = ± O . (17) 
—› ± co 

A simple FORTRAN code of Eq. 14 run on an IBM 

7090 reveals that the graph of fo(y) resembles a 

witch, whereas for n>0, the graph of My) resembles 
the hyperbola .1-y—constant. The latter suggests a 

number of characteristics of the derivatives of fn(y) : 

f.(y)LO,y00 
(y) • f". (y) 0, y0 0. (18) 

Furthermore, for y "near" 0, 

(Y) • .f",. (y) > , Y—' 0 • ( 19) 

The Newton-Raphson method is especially well 

suited to solving Eq. 15. Most importantly, it can be 

proven analytically that where conditions such as Eq. 

18 and 19 prevail, the method converges. Further-

more, this occurs quadratically, i.e., the number of 

significant figures obtained with each iteration in-

creases geometrically. The initial point is easily ob-
tained with reference to Eq. 19. 

The case n = 0 must be handled as a special one, 

due to the presence of an inflection point for fo(y). 

However, the rapidity of table look-up can be used 

to advantage, with later refinement by the Newton-

Raph son method. 

I 1, 

(16) 

+ 

The Code 

ln practice, an estimated dielectric constant is pro-

vided as input from which an approximate x is cal-

culated. This z is used to find n, thus establishing the 

region Ro within which the correct x probably lies. 

However, in order to accommodate large errors in 
these estimates, the first solution is actually found in 

Ro_2. The solution in R,,_1 is then found starting 

with the point obtained by adding e to the solution 

found in R„_2. Solutions are similarly found in R., 

R. +1 and Ro +2. Dielectric and attenuation constants 
appropriate to the x values obtained in each of the 5 

regions are listed as found. For each batch of data a 

final report is also produced listing only that dielec-

tric constant actually computed that agrees best with 

the input estimate. (Continued on page 94) 
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Cin (41 Ty ko n 
versatile ® 
miniature 
.050" centers 

PRINTED CIRCUIT BOARD CONNECTORS 
Here is the industry's most adaptable, high density (.050" 
centers) connector for 116' double-sided board. TYKON 
leads can be wire-wrapped, welded, hand soldered or dip 
soldered. TYKON can be mounted above the chassis or 
semi-flush with the surface. 

TYKON's ribbon-type, flexing action contacts provide 
a large contact surface for positive, reliable connections. 
You can use the Cinch TYKON in standard and thin film 
memory planes, diodes on insulating substrates, all types of 
modular plug-in devices, and a multitude of other high 
density applications. 

Specifications: 
6, 10, 15, 20 and 25 double contact positions are standard 
and intermediate sizes are available on special order. Contacts 
are phosphor bronze, 30 micro inches gold over copper flash; 
insulators are glass filled diallyl phthalate per MIL-M-14F, 
type SDG-F. Insertion and withdrawal force is from 5 to 
23 pounds, depending upon connector size. The mounting 
clip is carbon steel with cadmium plate plus yellow chromate 
finish. 

For detailed information and technical data write for 
Product Bulletin PBM-13. 

*Patent Pending 

TYKON WITH TERMINALS FOR WIRE-WRAPPING 

TYKON AS STANDARD 
EDGE CONNECTOL, 

TYKON WITH CLIPS FOR SNAP-IN, REMOVABLE, 
SEMI-FLUSH PC BOARD MOUNTING 

TYKON WITH TERMINALS FOR PC BOARD 
INSERTION AND DIP SOLDERING 

TYKON WITH STANDARD SOLDER TERMINALS 
AND BOLTED PC BOARD MOUNTING 

CM-63I2 

CINCH MANUFACTURING COMPANY 
1026 South Homan Avenue, Chicago 24, Illinois 

Plants located in Chicago, Illinois, Shelbyville, Indiana; 
City of Industry, California, and St. Louis, Missouri. 

A DIVISION OF UNITED- CARP FASTENER 

CORPORATION, BOSTON, MASSACHUSETTS 
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WHY PAY 
THE PRICE 

OF A SAGE 
PREMIUM 
PERFORMANCE 

POWER RESISTOR? 
IMPERVOHM 
350°C RESIN 

WELDED CONSTRUCTION 
THROUGHOUT 

BLACK ANODIZED 
ALUMINUM HOUSING 

Here are 5 convincing reasons: 
O MINIATURIZATION Ounce for ounce, square inch 
for square inch, no other type resistor comes close in 
matching these power ratings-14, 25, 50 watts. 

O PRECISION & STABILITY 1% tolerance, paced by 
MIL-R-18546C usage, and 20 ppm/ °C T.C. are stand-
ard everyday features. Specials are available to .5%, 
.25%, .1% and .05% accuracy; and fractional values 
can be made well below .1 ohm. 

O ENVIRONMENTAL SUPERIORITY Type M chassis 
mount resistors are strides ahead of other components 
in surviving today's space oriented requirements such 
as temperature extremes, shock, vibration, salt water 
immersion and humidity. For example, tens of cycles 
of moisture resistance testing (voltage polarized) typi-
cally cause no more than slight fractional percent 
resistance change. 

O ESTABLISHED RELIABILITY Inquire about special 
screening test methods developed for Titan and Polaris 
programs. 

O PRICE Yes, all said and done, you'll find price is the 
one exception to all this talk about premium features. 

STYLE 
RATED WATTAGE 

Heat Sinked Free Air 

3010M 14 6 

3225M 25 12 

3550M 50 16 

Send for catalog R-62 or contact the Sage 
Representative in your area for more details. 

lb, SAGE 
SAGE ELECTRONICS CORP. 
Country Club Road • East Rochester, N. Y. 

DIELECTRIC PROPERTIES (Concluded) 

Five significant figures are preserved throughout 

the computations, with double-precision used in places 

as a precaution. Fifteen input parameters are needed; 

they are listed along with the results. Seven sets of 

data, with dielectric constant estimates ranging from 

5 to 3000, and with the additional output of the results 

of each iteration, were processed by an IBM 7090 in 

less than 0.01 hours. The iterative procedure usually 

provides 5 significant figures in 4 iterations. 

Summary 

Use of the Newton-Raphson iterative method to 

solve Eq. 15 provides a rapid, accurate, and assured 

method of finding x to satisfy Eq. 11. This permits 

an accurate algebraic determination of the dielectric 

constant and loss tangent according to Eq. 7. 

The work described here was performed under 

contracts with Melpar, Inc., Falls Church, Va. 
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THREE- MODE SWEEP OSCILLATORS 
M ODEL 691:\ ( 1-2Gc) and Model 692A (2-4Gc) 

llave three sweep-operation modes. In the normal 

sweep mode, the output frequency is swept in either 

direction between two continuously adjustable limits. 

In the LI F mode, frequency is swept about an ad-

justable center frequency. Two independently adjust-

able frequency markers amplitude modulate the out-

put in both the normal or à F modes, an especially 

useful feature when making an X-Y recording or 

observing an oscilloscope sweep.. The frequency-

marker controls can also be used to establish sweep 

limits for a third operating mode which is similar to 

the normal mode. Pushbutton mode selection makes 

it easy to first sweep the entire pass band of a filter 

(for example), and then make an expanded sweep 

of the filter's rejection region—without having to 

re-adjust sweep limits. (Continued on page 98) 
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PROGRESS 
REP OR1 

) 

COMPLETE NEW PRODUCTION FACILITIES FOR 

jpd BERYLLIA CERAMICS 
AlSiMag beryllia ceramics are now produced in a new 
separate facility. This plant was engineered specifically 
and exclusively for beryllia ceramics. It has its own ma-
terial preparation, fabrication, firing, metallizing, grind-
ing and inspection facilities. In the range of 100C. 
high purity dense AlSiMag beryllia has a thermal con-
ductivity 10 times greater than dense alumina. It is an 
excellent electrical insulator. At 10,000 MC electrical 
losses are about one-fourth that of alumina. A Property 
Chart, sent on request, will give you details. 

These outstanding characteristics of AlSiMag beryllia 
suggest electronic applications such as resistor cores, 
substrates, heat sinks, semi-conductor packages, micro-
wave windows, envelopes and other places where heat 
dissipation and low electrical losses are important. 

AlSiMag beryllia ceramics are suggested only when 
other ceramic compositions are determined to be in-

adequate, because the raw material is costly and fabri-
cation is expensive. However, there are many applica-
tions where AlSiMag beryllia ceramics have a well es-
tablished position. Illustrated here are examples of some 
of these applications where beryllia ceramics are find-
ing increasing acceptance. 

With the metallization techniques worked out by our 
technical staff, strong hermetic seals with high thermal 
conductivity are being p-oduced. Flat, thin AlSiMag 
beryllia substrates can be had with a smooth glaze 
resulting in one micro- inch or better surface finishes. 

All AlSiMag beryllia parts are carefully cleaned, pack-
aged and labeled to permit appropriate handling on 
arrival. No- charge samples are generally not available 
in AlSiMag beryllia ceramics. Prototype orders are sup-
plied to your specifications at a definite quoted price. 
Technical data will be sent on request. 

American Lava Corporation • 12 rin 
PHONE 265-3411, CHATTANOOGA 5, TENN. A SUBSIDIARY OF Mel COWAN? 

For service, contact American lava representatives in Offices of Minnesota Mining and Manufacturing Co. in these cities (see 

your local telephone directory): Boston: Needham Heights, Mass. • Chicago: Bedford Park, Illino.3 • Cleveland, Ohio 

Birmingham, Mich. • Laurens, S. C. • Los Angeles, Cal. • Minneapolis, Minn. • Metropolitan New York: Ridgefield, N. J. 

Up-State New York: Newark, N. Y. • Philadelphia, Pennsylvania • Richardson, Texas • South San Francisco, California 

All export except Canada: Minnesota Mining and Manufacturing Co., International Division, 99 Park Ave., New York, N. Y. 
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The 3 most stubborn men in the switch field 
Just try lower,ng a switch standard on Daven's 
Quality Control Supervisors. 

That's when :hey lower the boom. On the subject 
of quality control this trio is doggedly stubborn, 
often downright unreasonable ... but oh, so righ:. 

They know darn well that no instrument is more 
reliable than the switch that controls it. And if that 
switch bears the name Daven, they are determined 
to make sure it never lets the instrument down. 

They have precedent, too. For over 30 years, 
Daven switches have proven their reliability. No 

breakdowns. No spec shifts ir operation. The rea-
sons: solid silver alloy contacts and wiper arms; 
patented enclosed " knee-action" silver alloy multi-
leaf rotor blades; high-grade, accurately machined 
dielectric; accurate contact positioning; and switch 
stops that are independent of switch blades. 

There is a Daven precision rotary step-type circuit 
switch for every instrument, every application .... 
many available off-the-shelf from your local distrib-
utor, others on direct order from the factory. 

Write today for your Daven Switch catalog! 

DAVE N le) 
D:vision of General Mills, Inc. 

LIVINGSTON, NEW JERSEY 
(Area code 201) WYman 2-4300 

TWX 201 992-7356 
Cable: Doyen Livingston, N.J. 
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Investigate 

Men of vision thrive here. And it takes men of vision to 
cope with today's electronics and space problems. Space 
in more ways than just up. Space problems of a different 
nature plague the manufacturer who must expand, but 
hasn't the land to expand on. 

Here in Florida we have the space, the climate, the 
work force. Florida has more to offer electronics firms 
than any other area on earth. Men think better where 
life is pleasant, where off hours can be devoted to just 
plain living—and to .P.1st plain thinking. 

Yes, Florida is a Solid State in Electronics. Already 
the sun, Mother of Life, shines on over sixty thriving 
electronics firms in our busy state. 

Cape Canaveral is here, too, with its massive, awesome 
missiles blasting off to make space history. Electronics 
makes possible every thrust into the universe. Every hope 
of getting to the moon depends upon electronics—and 
the first American to the moon will definitely soar to 
history from Florida. 

Engineers and their families dream of living here 
in Florida. Give them this dream by moving your plant 
here. Nurture the brains that will give your business a 
greater and greater stature in this, the Electronics Age. 

For complete details of the many advantages Florida 
offers the Electronics Industry, write us. Let us tell 
you why some of the greatest names in electronics have 
impressive plants here in Florida. 

FLORIDA'S ASSURANCE POLICY 
"You have my personal assurance of a sunny business climate here in Florida. You 
have positive assurance of every aid and assistance possible from our Florida 
Development Commission and from the overwhelming majority of our businessmen, 
industrialists, and financiers. Vie have everything to make your large or small 
enterprise healthy and successful. Write, wire, or phone us TODAY. The only 
thing better than a FLORIDA vacation is having your plant here." 

•••A,N 11 BILLION DOLLAR MARKET 
Ask about free 
film "Profile 
of Progress" 
FLORIDA FOR 

CONVENTIONS— 

Write for free 
information on 
Florida's wonderful 
facilities for your 
group meeting. 

FARRIS BRYANT 
Go 'mor 

Mr. Wendell Jarrard, Chairman 
FLORIDA DEVELOPMENT COMMISSION 
Box 432 lA • Tallahassee, Florida 

Please send me brochure, "Why Your New Plant 
Should Be Located In Florida," comaming the 
facts about FLORIDA's opportunities for New 
Industry, the II BILLION DOLLAR CON-
SUMER MARKET, Labor, Climate, Schools, 
Natural Resources, Favorable Tax Structure. 

Name  

Firm Name  

Address  

City . ....... ........ ..Zone State... 
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strips 
in a 
breeze 

with 
one 
quick 
squeeze 

even tough Teflon* covered wire... 

for precise electronic production 

required to pass high- confidence 

level inspections 
•TEFLON, REG. TRADE MARK OF DUPONT 

@EA- c u s TOM5— 

eg, 

Strip solid or stranded wire easily—with 
no wire nic•cs, insulation scratches—no 
waste or rejects. Unique matched 

blades, drilled to exact wire size on 
watchmaker's equipment, plus colleting 
action, help you meet high-confidence 

standards even on toughest insulation. 
Three models—for Type E Teflon, Type 

EE Teflon arid general purpose plastic 
and fibre-glass insulation. Sizes for 10 

to 14, 16 to 26, or 26 to 30 wire. Op-

tional transparent wire stop adjusts to 
strip exact insulation length. Send cou-
pon for full information. 

IDEAL INDUSTRIES, Inc., 5127-1 Becker Pl., Sycamore, In. 

Please send me my free copy of Production Wire Strippers Catalog 

Name 

Company_ 

Address__ 

City   Zone State 

SOLD THRU AMERiCA'S LEADING DISTRIBUTORS 

In Canada: IDi Electric (Canada) Ltd., Ajax, Ontar:a 

THREE-MODE SWEEP OSCILLATORS (Continued) 

Both oscillators use electrically-controlled PIN 

diodes for modulation and attenuation, making it 

possible to remotely-control output amplitude ( for 

leveling, as an example), as well as output frequency. 

Hewlett-Packard Co., 1501 Page Mill Rd., Palo 

Alto. Calif. 

The output freq. can sweep in either direction between an ad-
justable center freq. The AM output is useful in X-Y recording. 

NUMERICAL CONTROL 
AUTOMATIC TAPE PUN cit allows machinists to gen-

erate a control tape while making the original part. 

Working from a blueprint, the operator dials in 

the information needed to produce the part. Since 

the part and tape are made simultaneously, the possi-

bility of dialing incorrect information is reduced. 

After the tape is cut, it can be used to make addi-

tional tapes. 

The tape unit and associated mill should find use 

in model shops where its flexibility will reduce time 

in making and modifying precision parts. Hydra-

Point Div., Moog Servocontrols, Inc., Proner Air-

port, East Aurora, N. Y. 

Using the tape unit right) the operator dials in part informa-
tion. The tape produced is used to make subsequent parts. 
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is 101/2  INCHES. VOLUME IS 2.71 CUBIC INCHES. 

Guess how many Honeywell Meters in this fishbowl. 
Win a baby shark. 

Imagine the fun of having your very own shark! Im-
agine the delighted laughter of neighbors when they 
discover it in your swimming pool! All you do is guess 
how many Honeywell miniature meters are in that fish-
bowl. Come closest, and the shark is yours for life! (Why 
the contest? To dramatize how many different miniature 
meters we make—most in the business—and just how 
miniature our miniatures are. Like the 
HS-1 Ruggedized that shrugs off vibra- Honeywell 

tion, is immune to dust and moisture; the MCE-1 Edge-
wise; the stylish MM-1 Medalist meter; and the new, 
square-shaped MS-1.) Entries must be postmarked be-
fore midnight, Nov. 15, 1963. In case of tie, earliest post-
mark wins. People who work for Honeywell may compete 
but we warn them: they won't win. Send your guess to 
Honeywell, Precision Meter Division, Manchester, N.H. 

While you're at it, ask for our latest 
catalog. Fascinating poolside reading. 
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BUSS 
quick- acting 

fuses 

‘mstituments or deli-
• noimaI acting fuses for 

t -bon 'Whéfè- circuit is not subject to 
starting currents or surges. 

Write for BUSS 
Bulletin SFB. 

it "K ANN MFG DIVI 

ow owttig fusés for circuits where 
harmless surges occur. These fuses prevent 
needless outages by safely holding starting 
currents or surges, — yet they provide safe, 
positive protection against short-circuits or 
continued overloads. 

Write for BUSS 
Bulletin SFB. 

7, Mo. 

BUSS : -the complete line of fuses 

NEW TRICKS WITH STROBES 
BY SYNCHRONIZING THE LIGHT 

FLASH of a stroboscope with a cyclic 

motion, engineers can examine 

every detail of a machine's behavior 

at tens of thousands rpm. 

Three new accessories extend the 

use and versatility of the strobe. 

They are a photoelectric pickoff, 

flash delay and linear speed wheel. 

Photoelectric Pickoff 

Developed by General Radio Co., 

the photoelectric pickoff consists of 

a small lamp, a photocell, an optical 

system—all in a cylindrical housing 

—plus an output cable and a flexible, 

multiple-joint linkage system. Usu-

ally, this accessory is clamped near 

the observed object, and the lamp 

is pointed. A strip of reflecting tape 

placed on the object reflects light 

Photoelectric pickoff ( right) senses light reflecting from moving object, and sends trigger pulse 
to strobe ( left) via flash delay. Flash delay powers pickoff, amplifies pulse, and introduces ad-
iustable time delay for phase control of flash. User can observe moving object at any point. 

to the photocell during each revolu-

tion, then sends a trigger pulse to 

the strobe. 

The photocell must be placed 

within an inch or so of the rotating 

object—depending on ambient light, 

speed, and tape or object reflectivity. 

High speeds around 100,000 rpm 

are no problem for the pickoff-strohe 

combination. 

The human eye is unable to hold 

an image for more than a fraction of 

a second at very low speeds. Then we 

get flicker. To get around this, three 

tapes spaced around the observed 

object will make the strobe flash 

three times faster. The multiple 

image may be preferable to flicker. 

f the photoelectric pickoff is used 

with an electronic counter for speed 

measure, six tapes and a 10-second 

counting time produce an rpm read-

out (as would 60 tapes and a one-

second count). 

Flash Delay 

A flash should be producible at 



STROBE TRICKS (Concluded) 
any point in the cycle. For this, an-

other accessory—the flash delay— i,, 

connected to the pickoff output, to 

delay the trigger pulse. Delay is 

widely adjustable, and the user can 

easily phase the flash to show the 

moving object at any point in its 

inotion. 

The flash delay, in addition to de-

laying the trigger pulse, also ampli-

fies the pulse, which otherwise would 

not be strong enough to fire the 

strobe. It also furnishes power to 

the pickoff. 

Linear Speed Wheel 

Another gadget—the linear speed 

wheel—extends the strobe's use as 

a tachometer. Flash rate is adjusted 

manually until flash and motion are 

in synch; rpm is read from the 

strobe dial. Linear speed in feet-per-

minute is sometimes required. The 

AIR DIELECTRIC CABLE 
.\ NEW AIR DIELECTRIC CABLE Type 

119 Heliax) which can be used for 
high power communication systems 
up to 950 mc has been announced by 
the Andrew Corp., Chicago, Ill. It 

wheel, a black nylon disk with a 

white radial stripe, converts rpm to 

fpm. When in contact with a moving 

surface, the disk turns at a rate re-

lated to the linear speed of the sur-

face. Wheel circumference allows 

quick conversion. 

Heliax cable has a 5 in. dia and 
a power handling capability of 826 kw. 

is the largest known flexible, air di-
electric cable available for high 
power installations. It has a 5 in. 
diameter and a power handling ca-

pability of 826 kw. 

The convoluted conductors permit 
easy bending around obstructions, 
simplifying installation and eliminat-
ing discontinuities found in broken 

length installations. Produced in 
continuous lengths, Type H9 is 
available in lengths up to 1,000 ft. 

(shipping reel capacity). It may be 
readily formed to a radius of 50 in. 

Pressure tight flanged end fittings 
for Type H9 are designed and pro-
duced to assure maximum peak 
power service and low attenuation. 

Type H9 Heliax may be ordered 
with a polyethylene outer jacket for 
extreme environmental protection or 

direct burial. End fittings may be 
factory attached or readily assem-
bled to the Heliax in the field. 

....... or unquestioned high quality 

BUSS FUSEHOLDERS 
• LAMP INDICATING SERIES HR 

AND HJ FOR 
1/4 x 1 and 1/4  x 11/4  

INCH FUSES 

so available 

Provides quick, positive visual identification of 
faulted circuit. Transparent knob permits indicating 
light to be readily seen. 

Bayonet type knob-molded body-strong, coil 
spring provides positive contact on ends of fuse. 

Fuseholder designed to withstand vibration such 
as occurs in aircraft applications. Terminals held 
mechanically as well as by solder. 

Holder can be used in panels up to 3/16 inches 
thick. 

I um e Write for BUSS Bulletin SFB. 

BUSSMANN MEG. DIVISION, MCGra - t. Louis 7, Mo. 

Circle 41 on Inquiry Cord 

If you should have a 

special problem 

in electrical 

. . . we welcome your request eit ote 
or to help in designing or selecting the special 
type of fuse or fuse mounting best suited to 
your particular conditions. . 

Submit description or sketch, showing type 
of fuse to be used, number of circuits, type of 
terminal, etc. If your protection problem is 
still in the engineering state, tell us current, 
voltage, load characteristics, etc. Be sure to 
get the latest information BEFORE final de-
sign is crystallized. 

At any time our staff of fuse engineers is 
at your service to help solve your problems in 
electrical protection. 

Circle 41 on Inquiry Card 
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OVER 6500 
Grayhiliii 

Conceritric 

Shaft Switch 

Greatest flexibility avail-
able in any rotary tap switch. 
Actually two switches in one. 

• 2 shafts ( 2 switches') 

• 2 to 6 decks---up to 3 decks 
controlled by each shaft 

• 2 to 10 positions per deck 

• Shorting or Non-Shorting 
contacts 

• Break 1 amp. rts VAC re-
sistive, carries 5 amps 

• SPECIALS -Non-standard 
shafts, contact arrange-
ments, insulated studs, 
etc., available Cr. 
special order. 

Combinations 
of Decks 

and Positions 

Current Grayhill 
Catalog on request „ N. Gineer" 

Phone: 

FLeetwood 

V gaw zrzair 4-1040 

Hillarove Ave., LaGrange, Illinois 

"PIONEERS IN MINIATURIZATION" 

Circle 42 on Inquiry Cord 

Long Life—to 

MINIATURE 

PUSH BUTTON 

SWITCHES 

For Many Applications 

Switches Actual Size 

Miniature 

Sub-Miniature 

Ultra-Miniature 

1 million operations 

depending on Series 

Low Contact Resistance—.004 ohms typical 

Insulation Resistance—over 50,000 megohms typical 

Write for complete specifications 

dew 543 Hillgrove Avenue 
/ Peallek# La Grange, Illinois 

ffilluizemir Phone: Area 312 354-1040 

"PIONEERS IN MINIATURIZATION" 
Circle 42 on Inquiry Card 

AUTOMATIC RELAY TEST SET 
A CONSOLE TYPE RELAY TEST SET for automatically 

checking up to 6 relays with one program setting has 

been developed by Associated Research, Inc., 
Chicago, Ill. 

The new unit ( Model 8555) handles relays with 
contact arrangements from SPDT through 6-pole 

double throw. Relays may be single coil non-polar-

ized, single coil polarized, double coil polarized, 

latching or non-latching. 

The Model 8555 will measure pull-in voltage or 
current, release voltage or current, operate time, re-
lease time, coil resistance, insulation resistance, di-

electric strength, contact resistance, contact bounce 

on operate and contact bounce on release. 
It will operate completely unattended and supply 

a printed or punch record giving the serial number 

of the relay, the test identification, measured value 
and pass or fail information. 

To speed the testing of a large number of relays, 
the tester provides for the connection of 6 relays 

at a time through a scanner to the input of the tester. 
Tester and scanner operate so that one relay is com-

pletely tested before the scanner moves to the next 
position. 

The set is of modular design. Each module is a 

self-contained integrated package, a complete func-

tional unit, which is mounted on pull-out slides and 
plugged into the appropriate input and output 
channels. 

Data regarding type of relay to 
parameters are programmed with 
Independent pass- fail limits for 
digital dials on the right panel. 
place holding 3 relays and the 

be tested and the operating 
digital dials on left panel. 
each test are set on the 
Photo shows one fixture in 
other only partially loaded. 
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1,000,000,000 Why's 
In data processing machines, in radar installa-
tions, in missile guidance systems— in well over 
1 billion electrical-electronic circuits, A-MP Taper 
prodLcts rate first choice. And with good reason. 

Maximum Density-An A-MP termination, just 
slightly thicker than the wire insulation diameter, 
permits maximum circJit concentration. Provides 
greater space freedom for design requirements 
of other vital components. 

Front-end Fitness-AM P's precision taper creates 
peak mechanical and electrical characteristics. It 
makes the pins seif-cleaning and self-locking. 
Makes sure they stay put under the most gruelling 
operating conditions. 

Compression-crimp Consistency-Quick, precise 
attachment by matching crimping tools eliminates 
oxide creep, burnt and brittle insulation, cold 
solder joints. Assures uniformity throughout the 
connections, and at a lower total installed cost 
than any other method. 

Broadest Selection-With AMP you choose from 
the most complete line of taper products in the 
industry. All types of pins—stamped and formed, 
uninsulated and insulation piercing types, screw 
machine with insulation support and pre-insulated 
Diamond Grip. One and two piece stackable taper 
blocks in standard configurations cf 10, 20 and 
30 cavities. Plus a long list of companion items, 
such as vertical entrance blocks, taper bus bar 
and taper tab blocks. 
For all maximum density, high reliability circuits, 
choose A- MP Taper products. Complete informa-
tion available on request. .T•ademark e AMP INCORPORATED. 

àithni F e  
I, INCORPORATED 
I Harrisburg, Pennsylvania 

AMP products and engineerng assistance are available through subsidiary °monies in: 
Australia • Canada • England • Frame • Holland • Italy • Japan • Mexico • We Germany 
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Film Resistor 

'Ile DC series of precision film resis-
tors have tolerances to 0.01% and temp. 
coefficients standardized at 20 ppm. They 
are also available at 15, 10, and 5 ppm, 
meeting applicable specs. of Mil-R-
10509D. Nominal TC can be selected, and 
values of 0 ppm or a wide variety of 
values from — 100 to + 1000 ppm/°C are 
available. Resistance range is 1009 to 
100K9. Angstrolnn Precision Inc., 7341 
Greenbush Ave., X. Hollywood, Calif. 

Circle 130 on Inquiry Card 

Piezo Accelerometer 

The capabilities of Type 4-280 piezo-
electric accelerometer, which combines in-
tegral impedance-matching electronics and 
the sensing element into a single minia-
ture package, are described in bulletin 
4-280 from Consolidated Electrodynamics 
Corp., a subs. of Bell & Howell, 360 Si-
erra Madre Villa, Pasadena, Calif. The 
instrument permits direct readout and 
recording of the output signal without 
intervening electronic equipment. 

Circle 131 on Inquiry Card 

Tape Reader 

Specs. and operating information on 
model 52 perforated-tape reader with con-
tinuous tape-loop cartridge are given in 
this brochure. Continuous tape-loop car-
tridge allows tape to be drawn from the 
inside surface of a reel and rewound on 
the outside. Reader is suited to computer 
programming and control and checkout 
uses. Logic circuits detect malfunctions. 
Cook Electric Co., Data-stor Div., 8100 
N. Monticello Ave., Skokie, Ill. 

Circle 132 on Inquiry Card 

SSB Transmitter 

Tech, data is available on a new 50kw. 
h-f, SSB transmitter. Featuring reduced 
size and weight, the type MST trans-
mitter is based on the design of proven 
transmitters and linear power amplifiers. 
Completely housed in 3 standard cabinets, 
the unit is air cooled, provides automatic 
tuning over 10 pre-set channels, and has 
low distortion. Silicon-controlled rectifiers 
and transistors are used in all power 
supplies. Marketing Dept., Westinghouse 
Electronics Div., Box 1897, Baltimore 3, 
Md. 

Circle 133 on Inquiry Card 

Thermoelectric Modules 

Thermoelectric modules consisting of 
several couples arranged electrically in 
series and thermally in parallel are de-
scribed in this 2-page publication. Tech. 
Data 54-768 gives data on uses, dimen-
sions, plus typical characteristics. Special 
Products Dept., Semiconductor Div., 
Westinghouse Electric Corp., Youngwood, 
Pa. 

Circle 134 on Inquiry Card 

for Engineers. 

Photoelectric Components 

The 32-page Catalog A describes photo-
electric and automation components, 
including miniature tubular scanners, prox-
imity sensors, miniature scanners, explo-
sion-proof scanners, long-range systems, 
scanner relay systems, electronic timers, 
rototimers, and electronic relays. Com-
plete data includes detailed description of 
each item, dimension drawings, photo-
graph, electrical specs., installation meth-
ods, adjustments, weight and prices. 
Fanner Electric Products Co., Tech. 
Circle, Natick. Mass. 

Circle 135 on Inquiry Card 

Connector Slide Rule 

The connector selector circular slide 
rule enables the circuit designer to choose 
from 40 parts when designing crimp-type 
connectors. Over 120 combinations of wire 
size, mating, and mounting styles are 
available. Also offered are data sheets 
giving specs., dimensional outline draw-
ings, and other features of Microcrimp 
coaxial connectors. Microdot Inc., 220 
Pasadena Ave., So. Pasadena, Calif. 

Circle 136 on Inquiry Card 

Magnet Charger 

Tech, information and application data 
on a low-voltage magnet charger are 
given in this bulletin. The RFL Model 
2470 is capable of saturating all the 
Alnico as well as the newer barium-ferrite 
compounds. Output emf is adjustable in 
7 steps from 35 to 150v. Test & Service 
Products Div., Radio Frequency Labora-
tories. Inc., Boonton, N. J. 

Circle 137 on Inquiry Card 

Solid-State Counter 

Information is available on a solid-
state freq. counter, Model 4EX15A. 
produced by General Electric Co. and 
Computer Measurements Co. It is fully 
transistorized, covers all freqs. from 10cPs 
to 500mc continuously without extra 
heads, plug-ins or modules. Highly ac-
curate. Communication Products Dept., 
General Electric Co., Lynchburg, Va. 

Circle 138 on Inquiry Card 

Commutator and Motor Upkeep 

Commutator and motor maintenance 
products, designed for in-place use, is the 
subject of this 8-page color brochure. It 
describes artificial abrasives, commutator 
resurfacers, brush seaters and flexible 
abrasives designed for copper removal, 
seating of brushes, cleaning and burnish-
ing. Information on selecting grade and 
size is given. Also included are data and 
specs. on precision grinders, mica under-
cutting equipment, and other small tools. 
Tfleal Industries, Inc., 5180 Becker Pl., 
Sycamore, Ill. 

Circle 139 on Inquiry Cord 

Microwave Diode 

Data Sheet 4000 on ceramic cartridge 
diodes lists many new mixer and video 
detector diodes in high burnout, hermeti-
cally sealed and high temp. ratings. Data 
Sheet No. 4100 lists many newer and 
higher burnout types in addition to the 
established 1N830 and 1N831 series. 
Microwave procurement and engineering 
personnel should find this literature val-
uable. Alpha Microwave, Inc., 381 Elliot 
St., Newton Upper Falls 64, Mass. 

Circle 140 on Inquiry Card 

Gaussmeter Adapter 

()del MM A-1 is a gaussmeter adapter 
for a dc VTVM. It consists of a magnetic 
sensor, power supply, and control system. 
The device is calibrated to have an output 
of lmv/100 gauss. Provision is made for 
increasing this sensitivity to 3mv/100 
gauss. Readout is accomplished by con-
necting the unit to any high-impedance dc 
VTVM. The accuracy of the unit is -1.-3% 
and it is useful to 30 kilogauss. Data 
available from Scientific Columbus, Inc., 
840 Kinnear Rd., Columbus 12, Ohio. 

Circle 141 on Inquiry Card 

Research Laser 

Model 3166 is composed of: an optical 
pumping head complete with ruby laser 
crystal and matching xenon flash lamp; a 
basic 10,000 Joule capacitor module, vari-
able in 100 Joule increments, or a 12,000 
Joule module with 1000 Joule increments; 
a 5kv, 0.5a. charge and control unit; and 
a trigger generator. Additional 10,000 J 
and 12,000 J capacitor modules can be 
added. With minor adjustments, the pump-
ing cavity will accept ruby, glass, fluoride 
and oxide rods from 1/t to 3/4  in. dia. and 
in 1-8 in. lengths. Additional information 
from Radiation Inc., Melbourne, Fla. 

Circle 142 on Inquiry Card 

VHF Accelerometers 

Specs. and detailed performance char-
acteristics of the latest models in a series 
of high sensitivity, VHF micro-miniature 
accelerometers are included in data sheet 
T-133. Diagrams and photos and a 1 to 
50 unit price list are given. Columbia 
Research Laboratories, Inc., MacDade 
Blvd. & Bullens Lane, Woodlyn, Pa. 

Circle 143 on Inquiry Card 

Driving Motors 

Data sheet describes standard Slo-Syn 
driving motors with a 72 RPM ±-10% 
shaft speed from either dc or high-freq. 
power sources. The new 50 and 150 oz.-in. 
dc Slo-Syn Motors are operated from a 
28vdc ±-5% input or from a 120v., 200-
1000 CPS source. Superior Electric Co., 
Bristol, Conn. 

Circle 144 on Inquiry Card 
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resistance = ()*()-1? 

Not quite. But it's no trick at all to get values as high as 10" 
ohms with famous Victoreen Hi-foleg Resistors, and input resistances 
to 10 15 ohms with Victoreen Electrometer Tubes. They belong in your 
circuit if you demand exotic performance at a realistic price. 

VICTORL. VICTOREEN 

l e  THE VICTOREEN INSTRUMENT COMPANY 

5806 HOUGH AVENUE • CLEVELAND 3, OHIO, U.S.A. 

Victoreen European Office P. O. Box 654, The Hague 

INSTABILITY OF THE DC LEVEL of 

electrometer tubes, particularly in 
a direct-coupled amplifier, has long 
been a disconcerting problem for 
design engineers. One factor con-
tributing to this instability is the 
result of simultaneous application 
of plate voltage and filament volt-
age. Even the 10 mA filaments 
commonly used in these tubes re-
quire up to 1 second to come to full 
emission temperature. During this 
time the tube is operating in an 
emission-limited mode. Resulting 
instability may require from a few 
seconds to several hours for cor-
rection. 

Victoreen has produced two 
Thermal Time Delay Relays to 
prevent this destabilization: The 
VX-10 and VX-69, each of which 
automatically provides approxi-
mately 1 second delay in the ap-
plication of plate voltages. 

Due to the high leakage resistance 
(10'5 ohms) of the open contacts, 
these Thermal Time Delay Relays 
provide excellent means for remote 
switching of Hi-Meg Resistors and 
other high resistance circuits. This 
is particularly useful when a multi-
range radiation detector must be 
located in a high radiation field 
precluding the possibility of manu-
ally adjusting zero or changing 
ranges. VX-69 provides isolation 
between thermal element and relay 
contacts, permits the switching of 
circuits which have no common 
electrical connection. VX-10 has 
control circuit and contact circuits 
electrically connected, making 
them particularly suitable for series 
operation with electrometer tubes. 
Filament reading for these tubes 
is nominally 1:25 volts at 10 mA. 

Full details on request to 
Applications Engineering Department 

THE VICTOREEN INSTRUMENT COMPANY 

5806 Hough Ave., Cleveland 3, Ohio, U.S.A. 
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EASY ADAPTABILITY TO PARTICULAR NEEDS 

AMPLIFIER 

UNITS 

TIME-BASE 

UNITS 

WIDE OPERATING VERSATILITY, AVAILABLE THROUGH 2-SERIES AND 3-SERIES PLUG INS 

Type 
Passband 

(3-db down) Calibrated Deflection Factor t 
Input 

(ac or dc coupled) Price 

2A60 Single Trace dc — 1 Mc. 50 mv/cm-50 v/cm in 4 steps. 1 megohm, 47 pf, 
600 volts max. 

$105 

2A61 Low-Level 
Differential 

.06 cps-300 kc. 10 µv/cm-20 my/cm, 1-2-5 sequence. 10 megohms, 50 pf, 
_-_1-:5 volts, ac-coupled 

t385 
' 

2A63 Differential 
50:1 rejection ratio 

dc —  300 kc. 1 mv/cm-20 v/cm, 1-2-5 sequence. 

1 megohm, 47 pf, 

600 volts max. 

$130 

*3A1 Dual-Trqce 
(Identical Channels) 

dc— 10 Mc. 
(each channel). 

10 mv/cm-10 v/cm, 1-2-5 sequence. $410 

3A72 Dual-Trace 
(Identical Channels) 

dc — 650 kc 
(each channel). 10 mv/cm-20 v/cm, 1-2-5 sequence. $250 

3A74 Four-Trace 
(Identical Channels) 

dc — 2 Mc. 
(each channel). 20 mv/cm-10 v/cm, 1-2-5 sequence. $550 

3A75 Single Trace dc — 4 Mc. 50 mv/cm-20 v/cm, 1-2-5 sequence. $175 

3C66 Carrier 
Amplifier 

dc-5 kc 
(70-µsec risetime) 

10 itstrain/div-10,000 itstrain/div, 
1-2-5 sequence 

input via 4-arm bridge 
with 25-kc excitation 

$400 

353 Dual-Trace 
Sampling 
(use with 3177) 

equivalent 
dc-1 Gc. 

(0.35-nsec risetime) 

5 mv/div-200 mv/div, 
1-2-5 sequence 

100 K-2 pf 
±3 volts max. 

$1500 
(with 
probes) 

3576 Dual-Trace 
Sampling 
(use with 3177) 

equivalent 
dc-875 Mc 

(OA-nsec risetime) 
2 mv/cm-200 mv/cm, 1-2-5 sequence. 

50 ohms, 2 volts 

pk-to-pk max. 

dc-coupled 

$1100 

Type Sweep Rate t Magnifier Triggering Price 

2B67 
Single Sweep 

1 psec/cm to 5 sec/cm, 1-2-5 
sequence. 

5X 

Internal, External, Line; amplitude- level 
selection; ac or dc-coupled; automatic 
or free run; ± slope. 

$175 

3B1 
Sweep Delay 

0.5 , sec/cm to 1 sec/cm, 1-2- 
5 sequence (for both normal 
and delayed sweeps). 

Internal, External; amplitude- level selec-
tion; ac or dc-coupled; automatic (normal 
sweep only) or free-run; ± slope. 

$475 

383 
Calibrated 

Delay 
Single Sweep 

0.5 sec/cm to 1 sec/cm, 1-2- 5 
sequence (for both normal and 
d ti C d l eaye sweeps). Continuous- 
l l d d t lib bl i va y rae calibrated 
from 0.5 ,usec to 10 sec. 

Internal, External; amplitude-level selec-
tion, ac or dc coupled, ±. slope. Nor- 
mal sweep has in addition: automatic 
and line plus single sweep. 

$525 

3T77 
Sampling Sweep 

use with 3S3 or 3576) 

Equivalent sweep rates 0.2 
nsec/cm to 10 itsec/cm, 1-2-5 
sequence. 

10X Internal or External, -- slope. $650 

I- Deflection factor and Sweep Rate are variable be ween steps, uncalibrated. * Provides 6-cm linear scan. 

FOR MORE INFORMATION ON EITHER MODEL OF THIS NEW OSCILLOSCOPE AND ANY 

COMBINATION OF PLUG-IN UNITS, PLEASE CALL YOUR TEKTRONIX FIELD ENGINEER. 

P. 0. BOX 500 • BEAVERTON, OREGON 97005 i Phone (Area Code 503) Mitchell 4-0161 • Telex: 036-691 • 

Tektronix, Inc,/ TWX: 503-291-6805 • Cable: TEKTRONIX • OVERSEAS DISTRIBUTORS IN 27 COUNTRIES 
Tektronix Field Offices: in principal cities in the United States. Consult Telephone Directory • Tektronix Limited, Guernsey, Channel Islands 

Tektronix Canada Ltd.: Montreal, Quebec • Toronto (Willowdale), Ontario • Tektronix Australia Pty. Limited, Sydney, New South Wales 



resistance = 00() -1? 

Not quite. But it's no trick at all to get values as high as 10 14 
ohms with famous Victoreen Hi- Meg Resistors, and input resistances 
to 10 15 ohms with Victoreen Electrometer Tubes. They belong in your 
circuit if you demand exotic performance at a realistic price. 

VICTOREEk VICTOREEN 

l e  THE VICTOREEN INSTRUMENT COMPANY 

5806 HOUGH AVENUE • CLEVELAND 3, OHIO, U.S.A. 

Victoreen European Office. P.O. Box 654, The Hague 

INSTABILITY OF THE DC LEVEL of 

electrometer tubes, particularly in 
a direct-coupled amplifier, has long 
been a disconcerting problem for 
design engineers. One factor con-
tributing to this instability is the 
result of simultaneous application 
of plate voltage and filament volt-
age. Even the 10 mA filaments 
commonly used in these tubes re-
quire up to 1 second to come to full 
emission temperature. During this 
time the tube is operating in an 
emission-limited mode. Resulting 
instability may require from a few 
seconds to several hours for cor-
rection. 

Victoreen has produced two 
Thermal Time Delay Relays to 
prevent this destabilization: The 
VX-10 and VX-69, each of which 
automatically provides approxi-
mately 1 second delay in the ap-
plication of plate voltages. 

Due to the high leakage resistance 
(10 15 ohms) of the open contacts, 
these Thermal Time Delay Relays 
provide excellent means for remote 
switching of Hi-Meg Resistors and 
other high resistance circuits. This 
is particularly useful when a multi-
range radiation detector must be 
located in a high radiation field 
precluding the possibility of manu-
ally adjusting zero or changing 
ranges. VX-69 provides isolation 
between thermal element and relay 
contacts, permits the switching of 
circuits which have no common 
electrical connection. VX-10 has 
control circuit and contact circuits 
electrically connected, making 
them particularly suitable for series 
operation with electrometer tubes. 
Filament reading for these tubes 
is nominally 1:25 volts at 10 mA. 

Full details on request to 
Applications Engineering Department 

THE VICTOREEN INSTRUMENT COMPANY 

5806 Hough Ave, Cleveland 3, Ohio, U S.A. 

ELECTRONIC INDUSTRIES • September 1963 Circle 44 on Inquiry Card 105 



11111111.11111111111111111 

witurrinninr 
tor 7777-merwria 

milind161111111111a116. TYPE 
MUM/Ma --
11110111111111,111 

Clear, clean control signals are now readily available when you specify Dekoron 

Computer Twist- Ex thermocouple extension wire. 

Twisted pair construction enables toe EDP des,gner to increase wire density and 

cut installed costs substantially. Twisted pairs with total coverage shield of Mylar ° 

tape with aluminum backing in contact with bare copper drain wire provides maxi-

mum electrostatic and electromagnetic noise rejection. 

Dekoron Computer Twist- Ex is also available in 

cables(lower left) of from 4t3 36 pairs per cable in up 

to 1000 ft. lengths. Wire insulation and cable jackets 

are color coded to ISA standards. Engineered to highest 

standards, Dekoron computer wire products assure 

cleaner signals and lower installed costs. Samuel 
TYPE CM Moore & Co, Mantua, Ohio 

SAMUELAMOORE 
Circle 45 on Inquiry Card 

FREQUENCY MEASUREMENT 
0 to 120 KC over . 1. 1 and 10 second intervals 

SOLID STATE! VERSATILE! 
High quality at a low price! 

Here is the smallest rack mount 
counter-timer available! The 
unique transistorized circuitry op-
erates with lower power, contains 
fewer components and provides 
high reliability. Other features-
10 mv sensitivity and long- life 

Nixie display. You , best 
buy in either rack mount or 
cabinet configuration. 

•••••••••• 

.1•11•15 

PERIOD MEASUREMENT 
1. 10 and 100 period averaging 

TIMING 
Intervals from 10 -, seconds to 11.6 days 

TOTALIZING 
Manual or rerrote-electronic gating 

Model CF•20OR 

$895 
INSTRUMENTS, INC. 

7617 HAYVENHURST AVENUE, VAN NUYS, CALIFORNIA 
Phone: 213-873-6620 TWX: 213-781-6811 

ECK 

Switch Catalog 

A 2-color switch catalog is available 
from Tech Laboratories, Inc., 52 E. Ed-
sali St., Palisades Park, N. J. This 24-
page catalog provides complete engineer-
ing specs. on the full standard line 
switches. It defines industrial terminology 
and proper switch maintenance. 

Circle 157 on Inquiry Card 

Nuvistor Triode 

Noise figure and gain characteristics 
for the RCA-8056 nuvistor triode operat-
ing at 200m under noise-matched condi-
tions are presented in note AN- 195. It 
includes practical curves for constant noise 
figure and constant gain. Design exam-
ples and measuring-circuit used are given. 
Commercial Engineering, Electron Tube 
Div., Radio Corp. of America, Harrison, 
N. J. 

Circle 158 on Inquiry Card 

Multiplier Phototu be 

Type No. C7012911 is in. dia, multi-
plier phototube. It is expected to have 
wide usage in missiles, satellite applica-
tions, spectrophotometric measurements, 
and instrumentation. It is a 9-stage side-
on type having S-4 spectral response, and 
is a scaled-down version of the RCA-
1P21. It has survived 30g for 1 lmsec. 
Additional data from RCA Industrial 
Tube and Semiconductor Div., Lancaster, 
Pa. 

Circle 159 on Inquiry Card 

Detector Module 

This tech, data sheet highlights features 
and operation of a freq. detector module 
used in FM detection for telemetry dc 
readout of input freq. and automatic freq. 
or speed control. The W I  x 4 in. transis-
torized cylinderical module produces a dc 
output voltage proportional to freq. of the 
input sq.-wave signal. A preamp. of 0.25v. 
RMS sensitivity is also available for use 
with inputs having other than sq.-wave 
form. Daystrom, Inc., Manchester Rd., 
Poughkeepsie, N. Y. 

Circle 160 on Inquiry Card 

Rubberized Abrasives 

This catalog describes 17 new rubber-
ized abrasives for deburring, smoothing 
and polishing. It also suggests many cost-
cutting uses for these abrasives, which are 
available in wheels, points, sticks, blocks 
and cones in 4 grit textures and in a wide 
range of sizes. Included are operation in-
structions, application data, speed tables, 
graphs, photos, and other tech. informa-
tion. Cratex Mfg. Co., Inc., 1600 Rollins 
Rd., Burlingame, Calif. 

Circle 161 on Inquiry Card 

Timer Terminology 

This glossary of timer terminology is 
offered to reduce the use of several dif-
ferent terms to describe the same function. 
Copies available from Automatic Timing 
& Controls, Inc., King of Prussia, Pa. 

Circle 162 on Inquiry Card 
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Outstanding plug-in relay capabilities 

at cost 
well below 
comparable 
assemblies! 

emifflange 

ICOMPLETE ASSEMBLY 

The CLARE Type J DP Relay assembly provides for direct 
plug-in mounting of the CLARE Type J Relay with the 
contact springs and coil terminals serving as plug pins. 
This complete assembly of relay, mounting socket and 
clear plastic dust cover is available at much lower cost 
than comparable relay assemblies. Part numbers and prices 
include complete assembly at one low price. 
And that's not all. The Clare JDP Relay assembly pro-

vides a simple, economical plug-in relay with all the advan-
tages of the stable operation and adjustment, the con-
sistent performance and the optimum reliability which 
have made the CLARE Type J Relay so widely accepted 
as the ideal component for critical control applications. 

Direct plug-in mounting eliminates costly internal wir-

ELECTRICAL AND MECHANICAL CHARACTERISTICS 
OF CLARE TYPE J RELAYS 

Contact 
Arrange-
ments 

Forms 
A, B, C, D, E, 

up to 24 
contact 

springs max 

Contact 
Ratings 

Low level 
to 5 amps, 
500 watts 

Coil 
Resist-
ance 

Up to 
21,000 
ohms 

Nominal 
Operating 
Voltages 

Up to 300 vdc 
Up to 220 vac. 

50-60 cps 

Operate 
Time 

Fast 
operate: 
5 ms min 
Delayed 
operate: 
6C ms max 

Release 
Time 

Fast 
release: 
5 ms min 
Delayed 
release: 

125 ms max 

AT ONE LOW PRICE 
Part Numbers and Prices INCLUDE: 

Clare Type 1 Relay • Special Mounting Socket 
Clear Plastic Corer • Two Mounting Screws 

ing, and makes possible cost savings with no sacrifice of 
Type J Relay quality. There is space-saving, too. Overall 
height of the JDP assembly when mounted is 20% less 
than the height of relays with the conventional octal plug. 
Type JDP assemblies are available in two sizes. A 28-pin 

assembly for 24 contact springs and four coil terminals, 
and a 16-pin assembly for 12 contact springs and four coil 
terminals. Relay terminals are slotted so relays intended 
for JDP assembly can also be wired directly into chassis. 

All standard Type J Relay features are available in the 
Type JDP assembly. These include: contact forms A, B, 
C, D, and E; contacts for low level to 5 ampere switching; 
double-wound coils; slow operate; slow release; and a-c 
coil operation. 

GET COMPLETE 
INFORMATION 

including prices, de-
tailed specifications, and 
standard part numbers. 
Circle Reader Service 
Number below, Cr write 
C. P. Clare & Co., Group 
9D5, 3101 Pratt Blvd., 
Chicago 45, Illinois. 

CLARE 
Relays and 

related control 

components 
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EASY ADAPTABILITY TO PARTICULAR NEEDS 

AMPLIFIER 

UNITS 

TIME-BASE 

UNITS 

WIDE OPERATING VERSATILITY, AVAILABLE THROUGH 2-SERIES AND 3-SERIES PLUG -INS 

Type 
Passband 

(3-db down) Calibrated Deflection Factor ± 
Input 

lac or dc coupled) Price 

2A60 Single Trace dc — 1 Mc. 50 mv/cm-50 v/cm in 4 steps. 1 megohm, 47 pf, 
600 volts max. 

$105 

2A61 Low- Level 
Differential 

.06 cps- -300 kc. 10 ,uv cm-20 mv/cm, 1-2-5 sequence. 10 megohms, 50 pf, 
-± 5 volts, ac-coupled 

t385 
' 

2A63 Differential 
50:1 rejection ratio 

dc — 300 kc. 1 mv/cm-20 v / cm, 1-2-5 sequence. 

1 megohm, 47 pf, 

600 volts max. 

$130 

*3A1 Dual-Trace 
(Identical Channels) 

dc -- 10 Mc. 
(each channel. 

10 mv/cm-10 v/cm, 1-2-5 sequence. $410 

3A72 Dual-Trace 
(Identical Channels) 

dc — 650 kc 
(each channel). 10 mv/cm-20 v/cm, 1-2-5 sequence. $250 

3A74 Four-Trace 
(Identical Channels) 

dc — 2 Mc. 
(each channel). 20 mv/cm-10 v/cm, 1-2-5 sequence. $550 

3A75 Single Trace dc — 4 Mc. 50 mv/cm-20 v/cm, 1-2-5 sequence. $175 

3C66 Carrier 
Amplifier 

dc-5 kc 
(70-usec risetime) 

10 ustrain/div-10,000 ustrain/div, 
1-2-5 sequence 

input via 4-arm bridge 
with 25-kc excitation 

$400 

353 Dual- Trace 
Sampling 
(use with 3177) 

equivalent 
dc-1 Gc. 

(0.35-nsec risetime) 
5 mv/div-200 mv/div, 

1-2-5 sequence 
100 K- 2 pf 

-±3 volts max. 

$1500 
(with 
probes) 

3576 Dual-Trace 
Sampling 
(use with 3777) 

equivalent 
dc-875 Mc 

(0.4-nsec risetime) 
2 mv/cm-200 mv/cm, 1-2-5 sequence. 

50 ohms, 2 volts 

pk-to-pk max. 

dc-coupled 

$1100 

Type Sweep Rate "I's Magnifier Triggering Price 

2B67 
Single Sweep 

1 ,usec/cm to 5 sec/cm, 1-2-5 
sequence. 

5X 

Internal, External, Line; amplitude-level 
selection; ac or dc-coupled; automatic 
or free run; -±-: slope. 

$175 

3B1 
Sweep Delay 

0.5 ,usec/cm to 1 sec/cm, 1-2- 
5 sequence (for both normal 
and delayed sweeps). 

Internal, External; amplitude- level selec-
tion; ac or dc-coupled; automa tic (normal 
sweep only) or free-run; ±- slope. 

$475 

3B3 
Calibrated 
Sweep Delay 
Single Sweep 

0.5 usec/cm to 1 sec/cm, 1--5 2 
sequence (for both normal and 
delayed sweeps). Continuous- 
l l d d t lib bl i y variable ca librated 
from 0.5 ,usec to 10 sec. 

Internal, External; amplitude-level selec-
tion, ac or dc coupled, ± slope. Nor-
mal sweep has in addition: automatic 
and line plus single sweep. 

$525 

3777 
Sampling Sweep 

(use with 3S3 or 3S76) 

Equivalent sweep rates 0.2 
nsec/cm to 1 0 usec/cm, 1-2-5 
sequence. 

10X Internal or External, -±-. slope. $650 

+ Deflection factor and Sweep Rate are variable between steps, uncalibrated. * Provides 6-cm linear scan. 

FOR MORE INFORMATION ON EITHER MODEL OF THIS NEW OSCILLOSCOPE AND ANY 

COMBINATION OF PLUG-IN UNITS, PLEASE CALL YOUR TEKTRONIX FIELD ENGINEER. 

P. 0. BOX 500 • BEAVERTON, OREGON 97005 Phone (Area Code 503) Mitchell 4-0161 • Telex. 036-691 • 

Tektronix, Inc./ TVVX: 503-291-6805 • Cable: TEKTRONIX • OVERSEAS DISTRIBUTORS IN 27 COUNTRIES 
Tektronix Field Offices: in principal cities in the United States. Consult Telephone Directory • Tektronix Limited, Guernsey, Channel Islands 
Tektronix Canada Ltd.: Montreal, Quebec • Toronto (Willowdale), Ontario • Tektronix Australia Pty. Limited, Sydney, New South Wales 



IN COMPACT NEW TEKTRONIX OSCILLOSCOPE 

Here's a high-performance oscil-
loscope featuring operational sim-

# plicity and versatility through a new 
series of plug-in units. Presently, 
you can select from 10 amplifier 
units and 4 time- base units. 

Knowing your application area, you select those 
units that fit your needs. Some of the general-
purpose plug-in unit combinations available in-
clude those for low-level applications, differen-
tial applications, multi-trace applications, wide-
band applications, sweep-delay applications, 
among other presentations. A special-purpose 
plug-in combination equips the oscilloscope for 
sampling applications, in which the instrument 
becomes a low- drift sampling system as easy to 
operate as a conventional oscilloscope, but with 
sensitivity and bandwidth possible only through 
sampiing. 

With any combination of plug-in units in the os-
cilloscope— including the same type amplifier 
units in both channels for X-Y displays—this new 
value package provides you with " no- parallax" 
displays and sharp trace photography. 

Circle 48 on Inquiry Card 

TYPE RN 56IA OSCILLOSCOPE 

The 2A63/21367 Plug-In Unit combination—illustrated with Type 

561A—equips the oscilloscope for low-level differential applications. 

TYPE 2E057 

PE TIME BASE 

111 

OSCILLOSCOPE 

FEATURES 

NEW RECTANGULAR CRT . . 
with an internal graticule and con-
trollable edge lighting...regulated 
power supplies . . regulated dc 
heater supply ... Z-axis inut 
3.5-kv accelerating potential . . . 
amplitude calibrator . . . and op-
eration from 105 v to 125 v o 210 y 
to 250 v. (The Type 561A operates 
from 50-4CC cps and the Type 
RM561A operates from 50-60 cps.) 

Type 561A (shown in low level 
application)   $473 

Type RM561A-(shown in 
sweep de ay applica;ion) . • 525 

Oscilloscope prices without plug-in 
units. 

The 3A1/363 Plug-In Unit combination—illustrated with the rack-mount model, Type RA#1561A—equips 

the oscilloscope for high-sensitivity, wide-band, dual-trace operation and sweep-delay applications. 

The rack-mount model occupies only 7 inches of standard rack height. 

U. S. Sees Prices, f.o.b. Beaverton, Oregon 
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Circle 49 on Inquiry Cord 

• SCAN CONVERSION 
• FLICKERLESS 

DISPLAY STORE 
• VIDEO STORAGE 
RECORDING STORAGE TUBE SYSTEMS 

Single-gun, dual-gun, multi-tube 
systems to convert scan for radar, 
sonar, television, and to perform 
analog processing, data analysis, 
contract or expand time scale, 
auto correlation. 

• SLOWED TELEVISION 
TRANSMISSION 
by telephone line or other narrow-
band systems. 

• IMAGE ENGINEERING 
OPTICAL CHART READERS, FLY-
ING SPOT SCANNERS, LOW-LIGHT-
LEVEL CAMERAS, and IMAGE 
RECTIFICATION. Automatic inspec-
tion and recognition of size, shape, 
color, and texture. 

• 
Write or call for 

' complete information: 

INSTRUMENTS, Inc. 

2300 Washington Street 
0 Newton 62, Massachusetts 

617 WOodward 9-8440 _...à 

Circle 50 on Inquiry Card 

C-7 

IC Ji-ir III 

Industrial Parts Catalog 

The 1963-1964 edition of the Cramer 
industrial electronics catalog lists over 
45,000 separate items in 458 pages. This 
buyers' guide is profusely illustrated and 
provides complete descriptions, latest 
product data, and factory OEM pricing. 
Featured are the newest microtniniature 
devices, semiconductors, electronic com-
ponents and equipment for use in indus-
trial, research, and aerospace. Cramer 
Electronics, Inc. Newton, Mass. 

Circle 163 on Inquiry Card 

Laminated Plastic 

Tech, data bulletin No. 3.1.22.3 de-
scribes grade XXXP-733, a paper-base, 
phenolic-resin laminated plastic which can 
be punched at room temp. It has high-
insulation resistance under high-humidity 
conditions, excellent electrical properties 
and good dimensional stability. Insulation 
resistance under condition C-96/35/90 
is 500,000 megohms for sheets 1/32, 1/16. 
and ,/t in. thick. Taylor Corp, Valley 
Forge, Pa. 

Circle 164 on Inquiry Card 

Soldering Stands 
;tilletin # 633 describes the model SS 

series soldering stands that permit max. 
freedom of movement and eliminate the 
handling of soldering irons. Viewing 
window makes it easy for the operator 
to focus attention on soldered joint. Lost 
motion is eliminated and the pace of 
soldering is accelerated. Photomation. 
Inc., Box 460, Mountain View, Calif. 

Circle 165 on Inquiry Card 

VHF Pentode 
lit this hulk- tin the Type 8149 VIII' 

pentode, a single-ended T-12 compactrmi 
design, is described in depth, with com-
plete sets of mechanical and electrical 
specs., as well as detailed outline and 
basing diagrams. Includes a chart showing 
Intermittent Commercial and Amateur 
Service ( ICAS) ratings, and 3 character-
istic curve performance charts. Freq. lim-
it is 175mc, with a max. plate dissipa-
tion of 35w. ( ICAS). Tung-Sol Electric 
Inc., One Summer Ave., Newark 4, N. J. 

Circle 166 on Inquiry Card 

Transistor Application 

This booklet contains graph, tables, 
schematics, and equations applicable to 
the design of circuits using field-effect 
transistors. Temp. effects, dc biasing, 
freq. and switching, limitations, and cir-
cuits are discussed. Amelco Semiconduc-
tor, Div. of Teledyne, Inc., 1300 Terra 
Bella Ave., Mountain View, Calif. 

Circle 167 on Inquiry Card 

Nickel Plating Solution 
Technical information is available on a 

new nickel plating formula which im-
proves the stress and ductility of nickel 
sulfamate plating. Called SULFAM EX, 
the solution is available in ready-to-plate 
form. The Meaker Co., subs. of Sel-Rex 
Corp., Nutley, N. J. 

Circle 168 on Inquiry Card 
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diodes and capacitors 

5 watt miniature Zener Diodes, high 
voltage temperature compensated 
Reference Elements, non-polar solid 
and hermetically sealed wet Tanta-
lum Capacitors, 400MW Glass 
Zeners Mil Types USN IN 962BM 

—USN IN 984BM 
ammo» • me ma am mu me 

call your local Avnet Headquarters 

is A yNEI: 
The Avtzet System, coast to coast a 

Circle 51 on Inquiry Card 

fil 

Specifically 
Engineered 
for RF 
Components! 

A-27 
RADIO flit/1.1E11(Y 

LACQUER 

corworrano“ 

A-27 Superfine 

q .  ax 
EXTREMELY LOW-LOSS 

RF LACQUER 

Q- MAX impregnating 
and coating composi-
tion penetrates deeply, 
seals out moisture, pro-
vides a surface finish. 
Q-MAX imparts rigidity 
and promotes stability 
of the electrical con-
stants of high frequen-
cy circuits. Effect on 
the "Q" of RF windings 
is negligible. 

Write for catalog today. 

Q- max Corporation 
MARLBORO, NEW JERSEY 

Telephone: 462-3636 (Area Code 201) 

Circle 52 on Inquiry Card 
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Freq. Control Handbook 
A 44-page, letterhead-size handbook 

and catalog lists standardized crystals, 
filters and freq. sources. The handbook, 
with illustrated design parameters, is di-
vided into 3 major sections : crystals rang-
ing from 400 cycles to 100mc; filters 
ranging in center freq. from below 1Kc 
to over 20Ntc, and freq. sources ranging 
from 1cPs to over 250mc. Hill Electronics, 
Inc., Mechanicsburg, Pa. 

Circle 169 on Inquiry Cord 

Semiconductor Catalog 
This catalog, in full color, presents 

complete information on a line of tran-
sistors, diodes, micrologic, custom micro-
circuits, test equipment, and special prod-
ucts. The parameters of each transistor 
and diode are presented in tabular form, 
along with a brief description of the de-
sign and manufacturing processes. Photos 
and schematics illustrate the 6 units 
needed to fabricate an entire logic system. 
Custom microcircuit design are pictorially 
shown from schematic to finished prod-
uct. Fairchild Semiconductor, 545 Whis-
man Rd., Mountain View, Calif. 

Circle 170 on Inquiry Card 

Nsec Interval Counter 
Information is available on the Model 

783G lOnsec. time interval counter that 
counts 100mc pulses obtained from either 
an internal or external lmc standard. 
Readings are in »sec. with fixed decimal 
point; unit is available with 3 to 9 digits. 
Levels to -±-40v. will not damage inputs. 
Eldorado Electronics, 1832 Second St., 
Berkeley 10, Calif. 

Circle 171 on Inquiry Card 

Impact Melamine 
Design engineers and plastic molders 

will be interested in this tech. data report 
on medium impact melamine molding com-
pound published by the Plastics Div., 
Allied Chemical Corp., Box 355, Morris-
town, N. J. Melamine molding compound 
—MFG-33—provides 25% to 100% more 
impact strength than standard cellulose-
filled melamine. Tech, data report M1-3 
presents electrical, physical, mechanical 
and chemical properties, as well as mold-
ing properties. 

Circle 172 on Inquiry Curd 

Laminated-Edge Connectors 
Product Bulletin No. PRM-21 on low-

cost laminated edge connectors gives di-
mensional data and electrical specs. on 
6 styles with up to 56 contacts/connector. 
The 8 types of contact tails available are 
described. Cinch Mfg. Co., 1026 S. Ho-
man Ave., Chicago 24, III. 

Circle 173 on Inquiry Curd 

ECDC Transistors 
The use of Type 2N2095 and 2N2098 

ECDC transistors as VHF amplifiers and 
oscillators at freqs. up to 160mc are de-
scribed in Semiconductor Application 
Note No. 38016 available upon letter-
head request to the Technical Literature 
Service, Sprague Electric Co., Marshall 
St., N. Adams, Mass. 

Me Three BALLANTINE 
Sensitive VIDEO VTVM'S 

... give you choice of log or linear scales 

MODEL 310B LOG VTVM 
(without probe) 

MODEL 311 LINEAR VTVM 
(without probe) 

MODEL 314A LOG VTVM 
(with probe) 

Ballantine now offers you a 
choice of precision, labora-
tory-type VTVM'S with 
either logarithmic or linear 
voltage scales. Each new 
model gives you these advan-
tages: wide frequency and 
voltage measurements — up 
to 10,000 V with accessories; 
large indicating meter; ex-
treme sensitivity and accur-
acy; use as a 60 db amplifier; 
high feedback over the entire 
band; and more than 3,000 
hours between calibration 
checks due to conservative 
operation of both tubes and 
components. All three models 
are now available in both 
portable and rack versions. Model 310B 

AC VOLTS 

„ 

° 
14.1111111 lA1701110IIIS, IIC. 

VOLTAGE 
MODEL SCALE(S) 

FREQUENCY 
RANGE 

VOLTAGE 
RANGE 

ACCURACY PRICE 

310B LOG 10 cps-6 Mc 
100 AV-100 V 

(down to 30 ilV as 
null detector) 

(% of reading) 
2%, 20 cps-2 Mc 
3%, 10 cps-4 Mc 
5%, 10 cps-6 Mc 

$25° 

311 LINEAR 10 cps-6 Mc 
1 mV-320 V (full scale) 
(down to ::,0 a as 

null detector) 

(% f.s.d.) 
2%, 20 cps-2 Mc 
3%, 10 cps-4 Mc 
5%, 10 cps-6 Mc 

$250 

(includes 
probe) 

LOG 10 cps-6 Mc 

1 mV-1000 V 
with probe; 
100 etV-100 V 
without probe 

(down to 30 »V as 
null detector) 

(% of reading) 
2%, 20 cps-2 Mc 
3%, 10 cps-4 Mc 
5%, 10 cps-6 Mc 

$300 
(including 

probe) 

Write for brochures giving many more details 

— Since 1932 — 

II) BALLAND1.21,59,RATORIES 
CHECK WITH BALLANTINE FIRST FOR LABORATORY VACUFM TUBE VOLTMETERS, REGARDLESS OF YOUR REQUIREMENTS FOR AMPLITUDE, 

FREQUENCY, OR WAVEFORM. WE HAVE A LARGE LINE WITH ADDITION; EACH YEAR. ALSO AC/0C LINEAR CONVERTERS, CAUBRATORS, 

WIDE BAND AMPLIFIERS, DIRECT.READING CAPACITANCE METERS, AND A LINE OF LABORATORY VOLTAGE STANDARDS 0 TO 1.000 MC. 
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(Illustrated: Flush recorder with 8' x 8 front. Portable " Labgraph" also available.) 

New Speedservo... swift, 

sure, simple, small! 

High Speed: Hi second full scale response. Records 4 cycle 

signals without significant attentuation. • Versatile: Ac-

commodates DC circuits with output impedance 100,000 ohms 

or less. • Sensitive: 0-1 MV DC without jitter. Many higher 

ranges. Accuracy M %. • Efficient: Raymond Loewy styled 

8" x 8" case front conserves valuable panel space. Full 6" 

wide 100' long chart. • Convenient: Dial 14 chart speeds 

from %" per hour to 6" per second. "Drop in" chart loading. 

Disconnect and pull chassis from case in seconds. Chart supply 

indicator. • Less Maintenance: Simple linear motion pen 

motor, no strings, no pulleys. Zener reference voltage. Infinite 

resolution glass hard potentiometer prevents hunting. 

In addition to "Speedservo" and the new "Labgraph" with sloped writing sur-
face, the radically new EA "Graph" Line of rectilinear recorders includes both 
single and two-channel DC Microammeters, DC Milliammeters, AC or DC 
Ammeters or Voltmeters, plus inkless and ink type event recorders. Your inquiry 
is invited. If desired, Esterline Angus will gladly adapt standard instruments to 
your needs, or develop new ones for you. Write for new "Graph" Line Brochure. 

ESTERLINE ANGUS INSTRUMENT COMPANY, INC., Box 596EI, Indianapolis 6, indiana 

ESTERLINE ANGUS 
Excellence in instrumentation for over 60 years 

Meg ITICX MU 

Racks and Consoles 

Catalog 63 contains 44 pages of illus-
trations, detailed engineering drawings, 
tech. specs., descriptions and prices of 
modular cabinet racks and consoles, to-
gether with appropriate standard acces-
sories. Illustrations give examples of how 
these cabinets and consoles can be used 
singly as well as in multiple assemblies. 
Par-Metal Products Corp., 32-62 49th St.. 
Long Island City 3, N. Y. 

Circle 174 on Inquiry Card 

Insulating Materials 

Information on 19 insulating materials 
— varnishes, impregnating resins and 
enamels— are on individual loose-leaf tech. 
data sheets. Materials include new Dory! 
Class H varnishes, modified polyester base 
Class F varnishes, varnishes for high-
speed rotating equipment, epoxy varnish 
for chemical uses, and a variety of other 
Micarta liquid insulating materials. West-
inghouse Electric Corp., Micarta Div., 
Trafford, Pa. 

Circle 175 on Inquiry Cord 

Directional Couplers 
This bulletin covers 8 coax, directional 

couplers which provide overlapping of 
freqs. from 1 to 1200mc at power levels up 
to 1000w. Wideband characteristics of the 
couplers allow transmission-line measure-
ments over a freq. range of more than an 
octave. Sierra Electronic Operations, 
Philco Corp., 3885 Bohannon Dr., Menlo 
Park, Calif. 

Circle 176 on Inquiry Card 

Irradiated Polyolefin Dielectric 
Tech, data is available on a low- loss 

dielectric called Rexolene P. An irradi-
ated polyolefin, Rexolene P is photo-
etchable with standard methods and can 
be precision-machined. Its uses include 
phased arrays, strip lines, directional cou-
plers, duplexers, and electronic drive com-
ponents. Brand Rex Div.. American Enka 
Corp., 31 Sudbury Rd., Concord, Mass. 

Circle 177 on Inquiry Card 

Plain Foil Capacitor 

This tech. bulletin describes high-volt-
age tantalum plain- foil capacitors that 
conform to Mil-C-3965. They are describ-
ed as polar and nonpolar units with 200, 
250 and 300v. ratings. The higher dc 
working voltages eliminate the need for 
series circuit connections to obtain com-
parable voltage ratings. Operating temp. 
is — 55° to +85°C without voltage derat-
Mg. Capacitance ratings are said to range 
from 0.015 to 15af (± 15r4 ). Standard 
Pressed Steel Co., Box 899, Jenkintown, 
l'a. 

Circle 178 on Inquiry Card 

Paints & Washers 
Data sheet details series of pressure-

sensitive paints and washers for trans-
ducers. Washers are described as "a 
molecular engineering development in 
force or pressure resistivity." Clark Elec-
tronic Laboratories, P..0. Box 165, Palm 
Springs, Calif. 

Circle 179 on Inqui7y Card 
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ARMCO STEELS / for electrical and electronic equipment 

Profit from Armco's 60 Years' experience 
with magnetic materials 

This year marks Armco's 60th year of contnuous research and commercial 
production of special steels for the electrical industry. 

Armco's long experience in the production and application of electrical 

steels and other magnetic alloys is directed to supplying you with ma-

terials that best meet your specific needs. Supplemented by continuing 

research, this valuable experience has enabled Armco to pioneer in 

significant achievements such as the development of grain-oriented sili-

con gracies, thin gage electrical steels and nickel-iron magnetic alloys. 

In addition to these progressive accomplishments, Armco is aggres-

sively working in both plant and Research Center to achieve even more. 

Widespread use of Armco Electrical Steels and Magnetic Alloys through-

out the industry also has broadened our knowledge of your design and 

fabrication problems. 

We would like to make this 60 years' of varied experience available 

to you for use in creating better products at lower cost. Just write us 

for more information. Armco Division, Armco Steel Corporation, Department 

A-3603, P. 0. Box 600, Middletown, Ohio. 

ARMCO Armco Division 

V 
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RC2IF 

VACUUM COAXIAL RELAYS 
OFFER HIGHEST RELIABILITY 

Type RC21F-SPDT Impedance- 50 ohms. Frequency range-0 to 600 mc. 

VSWR-1.03 at 200 mc and 1.09 at 600 mc. 
Power rating-3 megawatt peak, 20 kw average at 500 mc. 
Insertion loss- 0.01 db max. 

• 

RC10 

FOR HIGHER PULSE POWER 
AT HIGH FREQUENCIES 
Type RCIO-SPST Impedance- 50 ohms. 
Frequency range —Oto 100 mc. 
Power rating- 50 kw average to 60 mc. 
VSWR-1.02 max. at 30 mc, 1.05 max. at 60 mc. 

,...... -.it_. 

tan,-

'er 

e. 

RC6 

LOW CONTACT RESISTANCE 
STAYS PERMANENTLY LOW 
Type RCE,SPDT Impedance — 50 ohms. 
Frequency range- 0 to 150 mc. 

Power rating — 25 kw cw average, 30 mc. ® I:1 VSWR. 
Insertion loss- 0.01 db max. 

- 

RC5 
.. 

LOW INHERENT NOISE LEVEL 
AND LOW LOSS OPERATION 
Type RC5-SPST Impedance- 50 ohms. 
Frequency range- 0 to 100 mc. 
Power rating- 25 kw cw average at 30 mc. 

VSWR — 1.02 max. at 30 mc. 

• . 

RC41 

AVAILABLE IN A WIDE VARIETY 
OF SIZES AND CONNECTIONS 
Type RC41-SPDT Impedance- 50 ohms. 
Frequency range- 0 to 600 mc. 
Power rating- 2 kw average at 30 mc. for type C 

connectors, 7.5 kw for type MC. 
VSWR-1.05:1 max. 

.. 
-. - - 
... .. _ 

,.. 
- 

s 

SIMPLE FITTINGS PERMIT EASY 
ASSEMBLY OF VACUUM 
RELAYS IN CROSSBAR NETWORKS 

Vacuum coaxial crossbar switching systems, due to the 
inherent advantages of vacuum, offer the ultimate in 
reliability and speed. The components have been de-
signed for modular expansion. This also allows switch 
replacement in seconds if necessary. 

Jennings vacuum coaxial relays were specially designed to solve the 
problems of remote switching of coaxial lines of all standard sizes for 
television, communications, and radar transmitters at high frequencies 
and high power levels. We will be pleased to send more detailed litera-
ture on Jennings complete line of vacuum coaxial relays at your request. • 

RELIABILITY MEANS VACUUM/ VACUUM MEANS y Enningel 
JENNINGS RADIO MEG. CORP , 970 McLAUGHLIN AVE SAN JOSE 8,CALIF.,PHONE CYpress 2-4025 

LE 
L_ 
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Coaxial Cables 

Complete data on line of coax. cables, 
including physical dimensions, engineering 
evaluations and closest equivalents, where 
applicable, is available in a 2-color, stand-
ard-size form. Design engineers and pur-
chasing agents using this data sheet will 
save time and effort when searching for 
standard, high-temp. insulated coax. ca-
bles. Boston Insulated Wire & Cable Co., 
25 Bay St., Boston 25, Mass. 

Circle 180 on Inquiry Card 

Modular Packaging 

This 16-page illustrated catalog, No. 
E-63, describes modular packaging sys-
tem of reusable aluminum shipping and 
storage containers for systems and in-
strument packaging. Includes a summary 
of benefits and advantages of the system; 
typical applications; pallet and shroud 
packaging system; modular container fa-
cilities; shock/vibration isolation; design 
and specs.; accessories; and information 
on how to order. Zero Mfg. Co., 1121 
Chestnut St., Burbank, Calif. 

Circle  181 on Inquiry Cord 

Temperature Converter 

This 4-scale table, in color, for Fahren-
heit, Centigrade, Kelvin and Rankine 
gives over 400 conversions for each temp. 
scale. It includes quick reference conver-
sions every 10°. Table was prepared with 
basic temp. conversion formulas. It is 
laid out in columns with each scale dis-
tinguished by color shadings. The table 
can be hung as an 11 x 251/2 in. wall 
zhart. Dept. SK, Air Products and Chem-
icals, Inc., Allentown, Pa. 

Circle 182 on Inquiry Card 

Sensitive Thermistors 

This 2-page data sheet, " Veen Micro-
Bead (TM) Thermistor ,,• describes 
thermistors which are 0.005 in. in (lia., 
with lead wires 0.0007 in. in dia. These 
thermistors, highly sensitive to power, are 
very useful in gas chromatography, high 
altitude temp. measurement, microwave 
power measurement, medical and bio-
logical uses and many others. They are 
hermetically sealed in glass, protected 
from contamination, safe for use with 
explosive gases, and feature high stability 
and fast time response. Victory Engineer-
ing Corp., 124-28 Springfield Ave., 
Springfield, N. J. 

Circle 183 on Inquiry Cord 

Heat Dissipators 

This short-form catalog lists compo-
nents for cooling and retention of elec-
tron tubes and semiconductor devices. It 
contains part numbers, description, and 
photos for over 200 standard heat-dissi-
pating electron tube shields. Accessories 
and a complete line of heat dissipators for 
transistor and diode thermal control are 
included. Heat dissipators listed are de-
signed for all types of semiconductors and 
meet milliwatt-to-high-power dissipation 
needs. IERC Div., International Elec-
tronic Research Corp., 135 W. Magnolia 
Blvd., Burbank, Calif. 

Circle 184 on Inquiry Card 
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Output Transformer Chart 

An output transformer chart listing the 
proper transformer to use for audio am-
plifier construction or for replacement 
purposes with 260 different audio tubes is 
available. The chart is arranged by tube 
number and lists applicable operating 
characteristics. Stancor Electronics, Inc., 
3501 W. Addison St., Chicago 18, III. 

Circle 202 on Inquiry Cord 

Precision Tools 

This 16-page catalog includes a com-
plete line of precision special micromini-
ature and miniature tools. It includes a 
special line for servicing and adjusting 
relays of every type. Jonard Int'l Corp., 
Precision Tools Div., 3733 Riverdale 
Ave., Bronx 63, N. Y. 

Circle 203 on Inquiry Card 

Min. Magnetic Shields 

Data Sheet 162 shows and describes 
space-saving, sectional miniature preci-
sion magnetic shields for small-space gyro 
and other retrofit uses where available 
space does not permit a completely con-
formal shield. Magnetic Shield Div., Per-
fection Mica Co., 1322 No. Elston Ave., 
Chicago 22, Ill. 

Circle 204 on Inquiry Card 

TUC 
for Engineers. 

Il 

Components Catalog 

Catalog '63 offers information on inte-
grated mixer - preamplifiers, strip - type 
components, including filters, dividers, 
mixers and modulators; laboratory re-
ceivers, i-f and r-f amplifiers; and other 
special-purpose receiving equipment. This 
72-page catalog gives tech. information, 
photos, dimension drawings, curves, tables, 
electrical and mechanical characteristics. 
Lei, Inc., 75 Akron St., Copiague, N. Y. 

Circle 205 on Inquiry Card 

Bench Top 

The Sturdilite copper top is a 2 in. 
thick, 6-ply laminated and self edged on 
all sides. It is used where shielding or 
r-f interference problems are present. A 
copper screen is laminated between the 
surface material and a balanced wood 
core. Cooper discs are used in 2 contact 
holes that expose the screen. Measure-
ments conducted on a 30 x 72 in. top 
showed a capacity of 1710pf/sq. ft., and 
insulation resistance greater than 50,000 
megohms/sq. ft. Sturdilite Products, Inc., 
3001 Palmolive Bldg., Chicago 11, Ill. 

Circle 206 on Inquiry Card 

COMPONENTS PER CUBIC FOOT DENSITY 

Test Instrument Catalog 

This well illustrated, lb- page catalog, 
AA E 14, presents a comprehensive prod-
uct line of volt-ohm-ammeters, recorders 
and high-intensity lamps. Also included 
are prices, specs., other descriptions and 
a complete explanation of Amprobe's 
trade-in programs. Amprobe Instrument 
Corp., 630 Merrick Rd., Lynbrook, N. Y. 

Circle 207 on Inquiry Cord 

Card Tester 
Data sheet 37 describes the Model 110 

plug-in tester that tests the circuits of 
plug-in card modules. These include stand-
ard 17-pin cards, 20-pin cards, and 64-
transistor matrix cards. Complete specs. 
are provided. Telemetrics, Inc., 12927 So. 
BuclIong Ave., Gardena, Calif. 

Circle 208 on Inquiry Card 

Shockproof Resistors 

Bulletin 104 describes wire-wound, vit-
reous enameled resistors designed to meet 
Mil-R-15109B. Listed are mounting and 
insulating hardware that satisfy all re-
quirements. Ohmite Mfg. Co., 3671 How-
ard St., Skokie, Ill. 

Circle 209 on Inquiry Card 

Density - Electra Com-Pak Integrated Circuit Modules offer the design engineer 

outstanding opportunities for achieving miniaturization and component density. 
A component density of 600,000 per cubic foot is by no means impractical, and 

the most sophisticated applications are filled by Electra Com-Pak units. 

Reliability - Electra reliability and fidelity to specifications are unmatched in the 
industry—a claim backed by continuing power-temperature testing. Electra 

products consistently meet or exceed the various MIL-specifications for which 

they are indicated. 

Capability -Electra capabilities, both in personnel and equipment, are especially 

well suited to custom design and production of units to meet a specific appli-
cation. We invite your inquiry, and Electra engineers will be happy to work 

with you to produce a Com-Pak unit to meet your exact specifications. 

ELECTRA MANUFACTURING1COM-PANY3400 > INDEPENDENCE,  KANSASTWX: 316-331-0210 

Actual Size 
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New G-E glow lamp circuit EUM 
reduces cost of 

SCR power control 

120V 

60c 

500-600W 
LOAD 

RI 

CI 

NE-83 

R3 

SCR 
SWITCH 
FOR 

j' FULL 
POWER 

Here's a tiny General Electric glow lamp, 

the NE-83, that can save you up to 30e over conven-

tional means—with no sacrifice in performance. The 

glow lamp half-wave control circuit shown above will 

fire and control between 5° and 165° of the full 180° 

half cycle. It can handle the job of controlling power 

into resistive loads for many applications. A few possi-

ble applications are: variable speed control on mixers, 

low-torque sewing machines, hand tools and blenders— 

and as a simple, lamp-dimming device. If you'd like to 

know more about the NE-83 c  -. and this 

new power control application, write today for Bulletin 

3-3474. General Electric Company, Miniature Lamp 

Department M-313, Nela Park, Cleveland 12, Ohio. 

Progress /s Our Most important Product 

Assent / 
\ 

VALUE 

o 

GENERAL ELECTRIC 

'MN IL -n 

Gearless Torque Motor 

Information is available on a dc oper-
ated torque motor featuring a 4 in. bore. 
The motor, designed both for torque and 
for servo uses, is direct driven and uses 
no gears, thus providing increased resolu-
tion without backlash and a high ratio of 
torque to inertia. Parameters: low flux 
leakage; min. motor inductance for use 
of pulsed power input: and max. torque/ 
lb. of motor weight. Permanent magnets 
produce a high level of magnetic-circuit 
saturation and eliminate any fixed-phase 
or field winding excitation. Magnetic 
Technology, Inc., 13735 Saticoy St., Van 
Nuys, Calif. 

Circle 185 on Inquiry Card 

Compact AC Motor 

Brochure 107 describes the type MC 
motor which operates on 60 or 400 cycles 
in 2, 4 and 6 pole types. Hysteresis or in-
duction rotors are standard in this military 
qualified motor, with options of spur-gear 
reducers and odd ratio planetary gear 
reducers in 129 total reductions. Motor is 
PA in. dia. x 2,4 in. long and gear re-
ducers add up to 2 in. max. for largest 
gear reduction. Globe Industries, Inc., 
1784 Stanley Ave., Dayton 4, Ohio. 

Circle 186 on Inquiry Card 

Pin Catalog 

This 2-color, 12-page catalog gives com-
plete product listings for all standard 
spring pins, their dia. and lengths in 
zinc-plated, cadmium-plated, plain carbon 
steel and 420 corrosion resistant steel. In 
addition, it carries list prices as well as 
minimum order quantities and quantity 
discounts. Atlantic Spring Pin Corp., 45 
Haddon Ave., Shrewsbury, N. J. 

Circle 187 on Inquiry Card 

Plastics Bulletin 

A 20-page bulletin, NVF Laminated 
Plastics, describes a complete line of phe-
nolic, melamine, polyester, epoxy and sil-
icone units. Grades, modification ranges, 
electrical qualities, insulation resistance, 
flame retardant characteristics, and punch-
ing grades are discussed in detail. Na-
tional Vulcanized Fibre Co., 1063 Beech 
St., Wilmington 99, Del. 

Circle 188 on Inquiry Card 

Test Console Catalogs 

Described in this 28-page, 2-color cata-
log, "Components for Test Consoles," are 
panel-mounted dial assemblies, ac volt-
meters, phase-sensitive voltmeters, and 
phase shifters. Uses, specs., and other 
data are given. Theta Instrument Corp., 
Saddle Brook, N. J. 

Circle 189 on Inquiry Card 

Heating Tubes 

KT silicon carbide radiant heating tubes 
are described and shown in this 3-color 
folder. Impermeability, high thermal con-
ductivity . and good thermal shock resist-
ance are featured. The Carborundum Co., 
P. 0. Box 337, Niagara Falls. N. Y. 

Circle 190 on Inquiry Card 
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FLUKE 

offers the most 
complete line of 
differential voltmeters 
on the market 

Features common to all models are infinite input 
resistance at null; in-line readout with automatic 
lighted decimal; front panel DC polarity switch; 
standard cell reference (zener diode optional); taut 
band suspension meter and flow-soldered glass 
epoxy printed circuit boards. 

Choose the degree of accuracy that meets 

oti`. eeee 
>10,-010 

00#6 

‘0,40:0 
0:01: 01: geetittledi .... 

tee teII #41.» 0,:tefe 

4 

DC ACCURACY 
+% of input voltage 

AC ACCURACY 
+% of input voltage 

0.05% 

DC 

0.02% 

DC DC DC AC DC 

0.1% 0.01% 0.1% 

AC DC AC 

Models 801B 825A 821A 803B 803D 823A 

INPUT RANGE 

J 

0-500V 0-500V 0-500V 0-500V 0-500V 0-500V 

FREQUENCY RANGE 20 cps-10 kc 5 cps-100 kc 5 cps-100 kc 

MAXIMUM FULL SCALE 
SENSITIVITY 

10 my 1 my 1 my 10 my DC 
1 MV AC 

1 my 1 my 

5 uy 50 uy DC 
5 uy AC 

5 uy 5 uy 5 UV MAXIMUM METER 
RESOLUTION 

50 uy 1 

REFERENCE Std. cell (zener 
diode optional) 

Std. cell (zener 
diode optional) 

Standard cell Std. cell (zener 
diode optional) 

Std. cell (zener 
diode optional) 

Standard cell 

PRICE Cabinet model 

Rack model 

$485.00 

$505.00 

$590.00 

$610.00 

$795.00 

$815.00 

$875.00 

$895.00 

$1,100.00 

$1,120.00 

$1,300.00 

$1,320.00 

Prices and data subject to change without notice. Prices f.o.b. factory. 

MILITARIZED — DC DIFF. VOLTMETER 

Meets all environmental require-
ments of Mil-T-945A. Provides 
accurate voltage measurements 
(0 to 500V) under adverse en-
vironmental condit ions. 

PARTIAL 8011A SPECIFICATIONS 
ACCURACY: 710.05% of input from O. to 500V 

=0.1% of input or 0.5 mv, whichever is greater, below 0.1V 

NULL RANGES: -±10, -±0.01V 
INPUT IMPEDANCE: Infinite at null from 0 to 500V 

MAXIMUM METER RESOLUTION: 50 uy 

REFERENCE: Temperature controlled Zener diode 

MODEL 8011A 
PRICE: $1745.00 

Complete technical data on all 
FLUKE voltmeters available 
upon request. 

John Fluke Mfg. 
Co., Inc., Box 742S 
Seattle 33, Wash. 
PR 6-1171 TWX 206-879-1864 TLX 852 Cable: FLUKE 

FLUKE I NSTRU ENT* 



VACUUM ELECTRON 
,A1VI WELDING 

The new NRC Model 2406 Vacuum Electron Beam Welder is a compact 
production facility for precision welds in reactive and super alloy metals. 
It makes possible fusion welding of "hard-to-weld" metals ranging from 
aluminum through tungsten. Additional applications include button 
melting, annealing, outgassing, sintering and brazing of small parts as 
well as evaporating any known material. 

Advantages . . . 11 Externally adjustable gun electrodes speed produc-
tion by providing proper spacing at any desired beam current without 
shutting down equipment_ • Straight line, undisturbed beam path 
makes pinpoint precision possible. Electron path is unaffected by shape 
or position of workpiece. • Insulated micrometer adjustments enable 
the filament to be centered and positioned vertically while watching for 
smallest spot and highest energy density. Ill Spot can be varied from 
M" to more than 10" below coil to provide clearance for vertical pro-
jections and internal welds. III Maximum production capability is 
provided by NRC's high speed pumping system — welder can re-cycle to 
operating pressure in less than 5 minutes. II Low voltage electron gun 
features economy and simplicity with low X-ray emission, eliminating 
operator hazards. 

The Model 2406 is available now for your research or production require-
ments. Write or call for data sheet SW-1. 

NRC EQUIPMENT CORPORATION 
A Subsidiary of National Research Corporation 

160 Charlemont Street 
Newton 61, Massachusetts 

Area Code 617 DEcatur 2-5800 

MANUFACTURING PLANTS IN NEWT3N, MASSACHUSETTS AND PALO ALTO, CALIFORNIA 

7Mrt iL 
SUBMINIATURE TRIMMERS 

. ,croicd (Mc. at h.-
;Hin of adjustment is I», , 1,y I , 

These Y8 and V, in. sq. wirewound trim-
ming potentiometers are humidity-proof, 
dust proof, and shock-proof to 100g. They 
operate from — 65"C to -1-175°C. The Y2 
in. model meets all requirements of Mil-
R-27208A, Style RT -22. Resistance 

ranges for Y2 in. is 10 to 100K9 ( -±-51/( ) 
and 10 to 501{0 (±5%) for the Y8 in. 
trimmer. Power rating is lw. at 70°C for 
V, in., and the h in. is lw. at 50°C. 
Borg Equipment Div., Amphenol-Borg 
Electronics Corp., Janesville, Wisc. 

Circle 191 on Inquiry Cord 

RELAY COVERS 

The t-, iii.ersion does not re-
quire unsoldering or rewiring. 

Relays wiet taper-tabs or solder ter-
minals may be readily enclosed by assem-
bling a metal bracket and clear-plastic 
dust cover to the relay mounting. The 
corrosion-resistant nickel-silver bracket 
is simply sandwiched between the chassis 
and the relay and held down by the relay 
mounting screws. Dimples on the bracket 
hold down the removable plastic cover. 
The dust covers are available in 2 sizes 
to enclose relays with up to 12 and 24 
springs. Industrial Products Div., Auto-
metic Electric, Northlake, 

Circle 192 on Inquiry Card 
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MIL-T-55164 TERMINAL BOARDS 

1111.1111111.111111.111 

u' 
arge ill :et! 

1111111 MI MI 

11F1 JfI1 4\I 
14 N-

ei e 

Mete. 

""11111.11  
IL 

liii 

Immediate delivery 

from industry's 

largest stocks 

The first coordinated military specification on terminal 

boards for use in all electrical and electronic equipment 

manufactured for the Department of Defense, Gen-Pro 

boards are produced in full accordance with MIL-T-

55164 and are available for immediate delivery. 

The Gen-Pro military blocks feature solid, insulated 

backs with completely smooth surface; molded-in con-

ductors to assure positive, contamination-proof termi-

nals; molded-in saddle plates around mounting holes 

for greater strength and easier handling. They are 

molded of Compound GDI-30F per MIL-M-19833. 

Gen-Pro maintains full inventories at all times. 

TBLS and TBLD hardware is also available for 

immediate delivery. Gen-Pro, the originator of 

solid-back blocks, can meet your production 

schedules with complete service . . . no need to 

worry about slow shipments or back orders. 

For descriptive literature, write to 

Military Products Manager 

G E N 

GENERAL PRODUCTS CORPORATION 

UNION SPRINGS, N.Y. 

Phone: (area code 315) TT9-7367 • TWX: 315-999-1455 

The Nation's Leading Producer of Military Terminal Boards 

ELECTRONIC INDUSTRIES • September 1963 Circle 104 on Inquiry Cord 1 19 



1.1 UFO 

TUNNEL-DIODE AMPLIFIER 

Min. gain is 25d1: with an r-f 
bandwidth of Icc centered at 9Gc. 

This wide-band, high-gain, X-band tun-
nel-diode amplifier is for microwave uses 

in the 8.5 - 9.5Gc freq. range. The gain 
is flat within -±lrib over the 1Gc pass 
band. The max. gain variation is -±ldb 
over a temp, range of —30° to +60°C. 
The noise is 5.5db max. The total weight 
is 1.3 lbs. with overall dimensions of 
2 h x 4 x 6 in. The max. power drain 
is 10ma. with 10-15vdc applied. Interna-
tional Microwave Corp., 105 River Rd., 
Cos Cob, Conn. 

Circle 151 on Inquiry Card 

UHF TV TUNERS 

Tube type tuners with direct 
and planetary drive features. 

Series U are UHF TV tuners for use 
as original equipment in receivers. Aver-

age noise is 9db; low drift, low micro-
phonics, ease of mounting, compactness, 
and long life are featured. They will fit 
all receivers using standard 43Ntc i-f. It 
uses a 6DZ4 oscillator tube and silicon 

diode mixer. For UHF converter manu-
facturers a model UC is available. Stand-
ard Ko'Ismail Industries, Inc., Melrose 
Park, Ill. 

Circle 152 on Inquiry Card 

MICRODIODE ASSEMBLIES 

Pulse current of 1.5a. and re-
covery times of 0.002 ,usec. 

These silicon microdiode assemblies are 
for core driver and other high-current 
computer uses. Inverse operating voltages 
are exceptionally high. Junction capacity 
is as low as 2pf. The assemblies are avail-
able in encapsulated models. They meet 
or exceed Mil- S- 19500C and Mil-STD-
750. Versatility in packaging dimensions 
and circuit variations permit ready inser-

tion into memory planes and stacks. 
MicroSemiconductor Corp., 11250 Playa 
Court, Culver City, Calif. 

Circle 153 on Inquiry Card 

H-F IMPEDANCE BRIDGE 

Inserted direct/3 into an h-f antenna 
systems with little insertion effect. 

The 01B-2 measures the operating 

impedance of individual radiators, net-
work inputs, transmission line terminals, 
etc., under power. The transmitter, or a 

high-power signal generator may be used 
as a signal source. The power rating of 
the bridge is lkw. The insertion effect of 

the bridge is equal to 5 in. of 15011 trans-
mission line. It operates between 2 and 
30 NI C. Delta Electronics, Inc., 4206 
Wheeler Ave., Alexandria, Va. 

Circle 154 on Inquiry Card 

WIREWOUND RESISTORS 

Temp. coefficient is 3Oppm/°C; 
units available to 1.5meg. 

This full-line of silicone-coated HL re-
sistors meet the electrical, environmental 
and dimensional needs of Mil-R-26C and 
are interchangeable with the major types 
of vitreous enamel resistors. Offered are 

13 tubular models, ranging in size from 
5 to 210w. and 5 flat models ranging in 
size from 21 to 91w. Resistance capabili-
ties range from 0.19 to 1.5 megohms 
(±5%). Tolerances from 0.05% to 10% 
are available. Dale Electronics, Inc., P. O. 
Box 488, Columbus, Nebr. 

Circle 155 on Inquiry Card 

DIGITAL READOUT 

Self-cois tamed transistorized digital 
readout mounts on 1 in. centers. 

The Tec-Lite TNR-30 series is avail-
able in 8 models to handle 8-wire or 4-
wire B.C.D. input in 1, 2, 4, 8 code. 
Supply voltage of 4-180vdc ( -±10vdc) @ 
2 to 6ma. is confined to the panel area. 
Elements of the rectangular neon readout 
tube are controlled by internal all-tran-
sistor decoder components. Numerals are 
0.610 high. Life expectancy is 100,000 to 
200,000 hrs. Transistor Electronics Corp., 
P. O. Box 6191, Minneapolis 24, Minn. 

Circle 156 on Inquiry Card 
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only 
pi 

one-plane 
readouts 

give 
you 
such 

versatile 
displays 

NUMERALS AND LETTERS 
Up to 12 individual numbers and 

letters can be displayed, each using one of 
the 12 available lamps. 

DIGITS WITH POLARITY 
Up to 10 individual numerals can be combined 
with a plus or a minus sign, using one lamp for 

each numeral and one lamp each for 
the plus and minus signs. 

WORDS AND MULTI-DIGITS 
Up to 12 individual words or multi-digit numbers 

can be displayed, each using one lamp. 

MODES AND WORDS 
Up to 12 mode/word indications can be displayed, 
each using one lamp; separate mode and word 
indications can be obtained by using one of the 

12 available lamps for each mode and 
one for each word. 

MULTIPLE WORDS 
Up to 12 individual words used in combination 

(each word using one lamp), or up to 
12 combination messages using one lamp for 

each group of words can be displayed. 

COLOR EMPHASIS 
Color can be added by using one lamp for each 
color and one lamp for each message, or up to 

12 messages combined with color can be 
displayed, each using one lamp. 

SYMBOLS Any symbol that can be put on 
film can be displayed, using one of the 12 avail-

able lamps for each symbol. 

IEE produces the industry's widest line of readout 
displays with models having maximum character 
heights from 5/8" to 35/8"... front plug-in read-
outs ... Cue Indicator Switches with pushbutton 
viewing screens ... Bina-View self decoding read-
outs with 38 character capabilities for full alpha-

numeric display. 

IEE rear- projection operation provides bright, dis-
tinct displays all on the same plane with unused 

characters completely invisible. 

INDUSTRIAL 
ELECTRONIC 
ENGINEERS, INC. 
5528 Vineland Avenue • North Hollywood, Calif. 

Write for your copy of the 

HOLD 

2 
PRINT 

VALVE 
5 

OPEN 

Actual Size 
Series 120000 

Displays 

IEE Readout Message Designer's Kit 
and new full line catalog. 

Circle 61 on Inquiry Card 
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Over 1000 delivered 
CEC's High Output Pressure Transducer 

TRANSDUCER PRESSURE 
• 

5f /•• NO 
RANGL 

rk;' ,Elvegiv MAX 

• TN Mil 
IlkÉPECTEILT11311 

• CEC 

The CEC 4-390 is a high- output, unbond-

ed strain gage pressure transducer with 

integral, solid state power supply and 

amplifier, providing a 5 volt DC output 

signal. This is a chamber- type instrument 

designed for absolute and gage measure-

ments of fluids and gasses in pressure 
ranges of 0-100 psi and 0-5000 psi. Its 

excitation circuit isolation is 100 megohms 

minimum between output and primary 

power ground at 50 volts DC. 

Major aerospace contractors have 

proven this instrument capable of maintain-

ing superior performance characteristics 
in extreme acceleration, vibration, and 

shock environments. 

The 4-390 is a standard item, being 

produced in quantity. There are variations 

for specialized environments or unusual 

structural application requirements. 

If you're in the market for high- output 

pressure transducers, study the specifica-

tions of CEC's 4-390. Those specifications 

and this instrument are the result of CEC's 

27 years of design, engineering, and 

manufacturing experience; experience that 

ensures that the 4-390's you order will 

perform to your specifications— when the 
pressure's on. 

Call or write for Bulletin CEC 4390-X2. 

CEC 
Trorsduc, E. 

CONSOLIDATED ELECTRODYNAMICS 
A Subsidiary of Bell & Howell • Pasadena, Calif. 9110? 



VERSATILITY 
in 

PRESSURE 
MEASUREMENT 
begins with CEC 

From CEC, the only single source for 

all your pressure instrumentation needs, 

four strain gage pressure transducers 

designed to solve problems in meas-

urement and control application: 

Type 4-326, " universal": Pressure 

range: 0-10 to 0-10,000 psia, psig. 

Temperature range: —65° to +250°F. 

Type 4-317, " high temperature": Pres-

sure range: 0-100 to 0-5000 psig, psi ud. 

Temperature range: +75° to +600°F. 

Type 4-354, "cryogenic": Pressure 
range: 0-100 psi to 0-5000 psia, psig. 

Temperature range: — 323°to +250°F. 

Type 4-325, "small size": Pressure 

range: 0-10 to 0-100 psia, 0-2 to 0-100 

psig, ± 2 to ± 50 psi bd. Temperature 

range: —65° to +250°F. 
Further data? Call or write your 

CEC office for bulletins in Kit #3463-X2. 

CEC 
Transducer Division 

CONSOLIDATED ELECTRODYNAMICS 
A Subsidiary of Bell & Howell • Pasadena, Calif. 91109 

Circle 62 on Inquiry Card 

c'Je 
PORTABLE RECORDERS 

Units offer pushbutton selection of 4 
chart speeds: 1,41, 20 and 100ntm/sec. 

The 290 series consist of single two-

and three-channel units. Plug-in ampli-
fiers ( Models 292 and 293 multiple-chan-
nel units) have a sensitivity range from 
5mv-5v./chart div. Input impedance: 2.5 
megohms, either side to ground. Power: 

115v. --1-10%, 60cps, 125w. Weight: 20 
lbs. ( single-channel) and 40 lbs. ( mul-
tiple-channels). Americal Optical Co., In-

strument Div., Buffalo 15, N. Y. 

Circle 193 on Inquiry Card 

FIXED POWER SUPPLIES 

Load regulation less than 1% to 4% ; out-
put -±-1% for -±15r/e of input variation. 
Powerguard solid-state fixed dc voltage 

power supplies offer good load regulation 
for open-loop devices. Power ratings from 

50 to 300w. Output voltages range from 
6vdc to 250vdc, with nominal 117vac 
inputs. Stancor Electronics, Inc., 3501 

Addison St., Chicago 18, III. 

Circle 194 on Inquiry Card 

RECTANGULAR CONNECTOR 

Expendable tool enables contacts to 
be inserted and extracted front rear. 

This rack and panel connector features 
collect-retained, rear-entry and rear-re-
lease contacts The design permits 
crimped contacts to be snapped-in or re-
moved from terminating side of the mini-
ature connector. The Pyle-National Co., 
1334 N. Kostner Ave., Chicago 51, III. 

Circle 195 on Inquiry Card 

NEW 
MODEL "V" 

twasi-wme,;' 
AM- -dab_ 4 

WITH VARIABLE 

VOLTAGE DIAL AND 

GAS PRESSURE GAGE 

WEIGHT 

36 LBS. 

DIAL THE FLAME 
SIZE YOU WANT 

The new model "V" Water 
Welder is our second oxy-hy-
drogen gas generator with self-
contained power supply and 
electrolytic reactor. It operates 
with distilled water as its primary 
fuel, but with 100% increased 
capacity it handles a wider range 
of metal working operations. 
And it meets more miniature and 
sub-miniature electronic require-
ments of space age technology. 
It will even butt-weld exotic 
metal wires as fine as three ten-
thousandths diameter up to 1/10 
inch diameter. For welding, an-
nealing, brazing, glass polishing, 
and silver soldering its perform-
ance is unequaled when cor-
rectly operated. Also welds 
stainless steel in the 300-400 
series and other nickel base al-
loys. Produces temperatures over 
6000°F where needed. Plugs into 
any 110-120 V.A.C. outlet. Uses 
only one oz. distilled water per 
hour. Operating cost only a few 
cents a day. Write for bulletin 
V-1 giving complete specifica-
tions and technical information. 

Write for Bulletin V-I 

+HENES 

MANUFACTURING 

COMPANY 
Electronics Division 

4315 East Madison St. 
Phoenix 34, Arizona 

Canadian Dist: 
Canadian Curtiss-Wright Ltd., Toronto 

'Trade Mark Registered U. S. Patent Office 

Circle 63 on Inquiry Card 
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but transistor heat dissipators like these, from volume 

production, cost as little as ordinary "fuse-clip" retainers. 

Our Therma-link retainers give you a choice of screw, 

rivet or solder mounting. Fan-top radiators provide easy 

slip-on installation. They effectively retain and cool 

TO- 18, TO-5 and TO-8 cases on printed circuit boards, 

heat sinks or chassis. You can save assembly time 

because the beryllium copper fingers adapt to varying 

case diameters. Gold, nickel, black cadmium and our 

insulating finish, lnsulube, are available for space and 

all other environments. 

Research makes the difference in our complete line of 

advanced design heat dissipators. Request technical 

data and ask our field engineers about the most eco-

nomical devices for semiconductor thermal control. 

Patented and Patent Pendlne 

IERC [ZD 0 0 CD G•0 

INTERNATIONAL ELECTRONIC RESEARCH CORPORATION 

135 WEST MAGNOLIA BOULEVARD • BURBANK, CALIFORNIA 

SCREENED CAPACITOR 

' For micro or Min-film circuits 
on flat alumina sidàtrates. 

The Cerafer" capacitor lias a capaci-
tance range up to 804)Opf/single layer. 
It has constant capacitance and high Q 
into the 1(• range. Voltage breal:(1,/wn 

exceeds 25th-dc and temp. coefficient is 
less than 300ppinrC. Rating is 75vdcw; 
insulation resistance exceeds 100K meg-
ohms at 50vdc. Max. capacitance change 

, in 10110 hrs. life test 6/, 85 °C and 
75 continuous. Temp. — 65° to 

12:, C. CTS Corp., Elkhart, liai. 
Circle 196 on Inquity Card 

DRY REED RELAY 

is 11111110h111S 1111(1 
insulation resistance is 1000 menohms. 

Series FRP is a plug-in type, 8 or 11 
pin header dry- reed relay. Life is 100 

million operations at a rated load or 200 
million operati(Ms under dry-circuit con-
ditions. It operates in tile msec. range. 
Max. current is 1/.5a.: max. voltage is 
110v. Line Electric Co.. 249 River St., 

Orange, X. J. 
Circle 197 on Inquiry Card 

THYRATRON PLATE RELAYS 

s. rut,'d : a. at 115vac. 
or 32.i.,de, or siker/eadmiam-,-aled al 10(7. 

UNENCLOSED ENCLOSED PLUG-
(GPR) 3POT BASE (GPRTP) 

Type HP1: relays \\ srk wnli,sut parallel 
capacitors or tine adjustments. They hold 

without chatter during half- wave (1111-
duction oi the thyratron. They tvgirk with 
2(150 and 21)21 thyratrons wi lu 115eae 

supply. Coil resistance is 160in/. Offinite 
Mfg. Co., 3672 Howard Si., Sits skie, 

Circle 198 on Inquiry Cord 
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Here, at Lockheed Missiles & Space 

Company's Space Communications Lab-

oratory, scientists are re-investigating the 

possibility of using the moon to facilitate 

earth communications. Possibilities for 

the use of the moon as a relay station for 

earth-to-earth communications have been 

largely neglected because the moon's 

shape and rugged surface greatly dis-

torted a return signal. But Lockheed 

research into the extension of communi-

cations on difficult communication 

channels, using techniques applicable to 

dispersive time variant channels, is mak-

ing significant inroads into this problem. 

Another area receiving intense study at 

Lockheed is satellite tracking of deep 

space probes. Since tracking accuracy 

depends greatly on stations being as far 

from each other as possible, while retain-

ing line-of-sight communications, Lock-

heed is studying the use of two earth-

orbiting satellite tracking stations, 8000 

miles apart. Not only would great accuracy 

be gained bythe separation, but it would be 

further enhanced by the positioning of the 

stations above the earth's atmosphere, 

thus eliminating atmospheric distortion. 

Examples of other research projects 

being pursued by Lockheed in the com-

munications area include: Random mul-

tiplexing, satellite readout techniques, 

scatter communications, radar mapping, 

submarine tracking, modulation of optical 

energy, communications over multipath 

channels, and learning systems. 

LOOK AT LOCKHEED erf 

LOOK AT LOCKHEED...AS A CAREER 

Consider Lockheed's leadership in space 

technology. Evaluate its accomplishments 

—such as the Polaris missile and the 

Agena vehicle's superb record of space 

missions. Examine its outstanding advan-

tages—location, advancement policies, 

creative climate, opportunity for individual 

recognition. 

Then write for a brochure that gives 

you a more complete Look at Lockheed. 

Address: Research & Development Staff, 

Dept. M-43B, P.O. Box 504, Sunnyvale, 

California. Lockheed is an equal oppor-

tunity employer. 

SCIENTISTS & ENGINEERS: In addition 

to positions in the research and develop-

ment of communications and optics, 

other important openings include: Inertial 

guidance • Orbit thermodynamics • 

Electromagnetics • Mission & trajectory 

analysis • Gas dynamics • Chemical and 

nuclear propulsion • Systems engineering 

LOCKFIEEIC 
MISSILES .% SPACE COMPANY 

A GROUP 0/VISION OF LOCKMEE0 AIRCRAFT CORPORATION 

Sunnyvale, Palo Alto, Van Nuys, Santa Cruz, 
Santa Maria, California • Cape Canaveral, 
Florida • Huntsville, Alabama • Hawaii 

,emwmuNirATIONS: 
Where outstanding successes have created aerospace leadership 



ultra high temperature 

applications 

henium 

MANUFACTURING COMPANY 

Looking for tubing that will withstand temperatures 
in the 5000°F range? We have it— in two materiais! 
(1) Tungsten-26% Rhenium for applications requiring 

good room temperature ductility. (2) Pure unalloyed 
Tungsten for use where ductility is not essential. 

Both types are produced in seamless form. Both will 
pass helium leak tests. Both are stable in vacuum, 
hydrogen, and inert gas atmospheres. And both have 
proved their reliability in use as fuel element cladding 
for advanced nuclear reactors—and as superior 
materials for various types of thermionic generators. 

D What's your application? Which type of tubing do 
you want—what size and how much? Write today! 

mcsc-DDemomQ 
4445 LAWTON AVE. • DETROIT 8, MICHIGAN 

Uell Url 

POTENTIOMETER SYSTEM 

The system consists of 3 litodules: 
each module may be used independently. 

Commander Type M, dc potentiometer 
system is modularized for bench or stand-
ard 19 in. rack mounting. One module is 
a 5-figure, 3-dial, shielded potentiometer 
with measuring ranges of — 10ktv to 2v. 
Another moduk is a current/ voltage 

range extension containing seven 0.01e4 
standard resistors enabling measurements 
from 0-10a. The last module is a ± lOppm 
voltage reference. Singer Metrics Div., 
The Singer Co., 915 Pembroke St., 
Bridgeport, Comm. 

Circle 199 on Inquiry Card 

PLASTIC POTENTIOMETER 
Combines long life units of different 
dia, and linearities on CO111111011 shaft. 

In Type 3P56 each section is single-
turn and exhibits infinite resolution; 
multi-million cycle life in continuous sys-
tem use; low noise; stable operation in 
extreme environments, etc. It combines a 
1 5/16 in. dia, potentiometer having 
-±0.05% linearity with a 5 in. dia, unit 
of -.±0.01% linearity. Markite Corp., 155 
Waverly Place, New York 14, N. Y. 

Circle 200 on Inquiry Card 

PREAMPLIFIER 

F req. response is 7 to 3000crs: 
input impedance is 5 megohms. 
With the input loaded by a 1/4  megohm 

resistance, input noise over a 1 CPS band-
pass centered at 13 crs is 0.112v. Model 
GBA-1 has self-contained mercury cells 
that power the unit for over 400 hrs. con-
tinuous use. Output impedance is 2009 
nominal. Max. gain is X1000 and is ad-
justable. Texas Instruments Incorporated, 
P. 0. Box 66027, Houston 6, Tex. 

Circle 201 on Inquiry Card 

Exclusive Producers of Chromel/Alumel Thermocouple Alloys in Wire and Seamless Tubing Form Circle 65 on Inquiry Card 
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SOLAR PANELS 

Parallel connection assures cur-
rent flow if one cell is damaged. 

These silicon solar cell panels are capa-
ble of optimum operation in environments 
encountered in space satellites. They in-
corporate gridded N-on-P or P-on-N 
cells and use printed circuits to assure 
optimum conduction from all cells. Flat-
mounting replaces shingling of solar cells, 
making for more rugged panels. Interna-

tional Rectifier Corp., 233 Kansas St.. 
El Segundo, Calif. 

Circle 210 on Inquiry Card 

PULSE MODULATOR 

Negative or positive pulses have 
rise and fall times of 3Onsec. max. 

Model 751 pulse modulator has outputs 
from 0.2kv to 31(v peak and is continuous-
ly variable. It is used in the development 

and test of low-power beacon type mag-
netrons with pulse widths as short as 
0.05msec. Peak pulse current may be as 
great as 3a. Pulse characteristics are ob-
tained with a 1K12 resistive load across 

the pulse output terminals shunted with a 
20pf capacitor. Manson Laboratories, Inc., 
a sub. of Hallicrafters Co., Stamford. 
Conn. 

Circle 211 on Inquiry Card 

DIFFERENTIAL AMPLIFIER 

The fixed bandwidth can be changed 
by the addition of the capacitor. 
The Model 361400 is a self-contained 

solid-state dc differential amplifier that 
does not require a module for rack mount-
ing or a bench case for portable use. It 

is available with an output of ± 10v., 
-±-10ma. A -1.-10v., ± 10Orna unit is also 
available. Specs: gain is 10 to 1000 in 
4 steps; accuracy is ±-0.02% et dc; lin-
earity is -1.--0.01% th dc; common mode 
rejection is 1000 x gain. Redcor Corp., 
7760 Deering Ave.. Canoga Park, Calif. 

Circle 212 on Inquiry Cord 

NEW 
NEW GOLD-PLATED G-E DUMET WIRES 

GIVE "24K" RELIABILITY 
TO INTERCONNECTIONS AND LEADS 

GENERAL ELECTRIC now offers gold-plated Dumet wires— 

solid gold-plated, gold flashed, or gold-plated over silver or 

nickel. Gold's high resistance to corrosion and excellent weld-

ability gives your key components 24 karat reliability. These 

plated Dumet wires are ideal for semiconductor leads, module 

interconnections, and other hermetically sealed units. 

Tests prove new Dumet plated wire will: 

• Increase corrosion resistance signi4icantly—lengthen shelf life. 

• Eliminate critical welding schedules and setups— reduce 

number of schedules necessary. 

• Permit stronger cross-wire welds to give maximum reliability. 

To get similar advantages when soldering, use General 

Electric Dumet wire with varying gages of electro-tin plate. 

Write for highly informaCve chart showing which specific 

combinations of gold, silver, nickel or tin-plated Dumet wires 

are best for you. General Electric Co., Lamp Metals and Components 

Dept., 21800 Tungsten Road, Cleveland, Ohio 44117 

73-OgreSS is Our Most important Product 

GENERAL ELECTRIC . 
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FENWAL ELECTRONICS 
CAPSULE THERMISTOR COURSE 

#3 

THERMISTORS 
how they measure and control temperature 
Although they perform a broad variety 
of functions, thermistors are probably 
best known for their unique advantages 
in the measurement and control of tem-
perature. No other available transducer 
can match their high sensitivity, fast re-
sponse, exceptional reliability, miniature 
size, and ability to monitor and control 
many remote points simultaneously. 

Temperature Measurement 
In temperature measurement applica-
tions the thermistor's relatively large re-
sistance change per degree change in 
temperature provides good accuracy and 
resolution. A typical FE! 2,000-ohm 
thermistor with a temperature coefficient 
of 3.9%/°C @ 25°C will exhibit a resist-
ance change of 78 ohms per degree C 
change in temperature, compared to 
only 7.2 ohms for a platinum resistance 
bulb with the same basic resistance. Con-
nected in a simple bridge circuit with an 
indicating galvanometer, a thermistor 
will readily indicate a temperature 
change of as little as 0.0005°C. It is a 

10K 10K 

AMBIENT 
COMPENSATION 

IF DESIRED 
1 1 

Fig. 1. Typical thermistor temperature indication circuit 

simple matter, with such a circuit, to ob-
tain a 1C° full-scale output. This high 
sensitivity, together with the relatively 
high thermistor resistance which may be 
selected, makes the thermistor ideal for 
remote measurements or control, since 
changes in contact or transmission line 
resistance due to ambient temperature 
effects are negligible. For example, 400' 
of # 18 AWG copper wire transmission 
line, subjected to a 25°C temperature 
change, will affect the accuracy of meas-
urement or control approximately 0.05°C. 

enwal 
electronic 

Temperature Control 
Thermistor control systems are inher-
ently sensitive, stable, and fast acting, 
and require relatively simple circuitry. 
Neither polarity nor lead length is sig-
nificant, and no reference temperature 
or cold junction compensation is re-
quired, as with thermocouples. 

5.0 VDC 

Fig. 2. Typical thermistor telemetry circuit 

4K 

TO 
SCANNER 

OR 
TRANSMITTER 

Due to the large voltage outputs pro-
vided by a typical thermistor bridge 
(figure 1) or by a standard thermistor 
telemetering circuit (figure 2), no ampli-
fication is required. The voltage output 
of the standard thermistor bridge or tel-
emetering circuit at 25°C will be 18 milli-
volts/°C using a 4,000 ohms GB34P92 
thermistor; 450 times greater than that 
of a Chromel/Alumel thermocouple 
whose output is only 0.040 millivolts/°C. 

Fig. 3. Typical thermistor temperature control circuit 

In our plant at Fenwal Electronics. 
where thermistors are used to control 
precision temperature calibration baths, 
controller differentials of ±.0005C° or 
less are normal. 

The only manufacturer of /so-curve• 
thermistors — interchangeable units with 
identical resistance/temperature curves. 

* PAT. APPLIED FOR 

63 Fountain Street Framingham, Massachusetts 

LEII IJIJLEr pÏî 

TRACER SYSTEM 

The system zo» les Off layout (Irmo-
intis with ratios from 1 to 20. 

By optically scanning a pencil-line tool 
path layout drawing, practically any shape 

that can be drawn with standard drafting 

instruments can be produced in metal in 
2 dimensions ( X & Y) with this Master-
line Tracer system and method. It is pro-
vided with a large vertical special mill 
equipped with 2 zero-backlash ball-bearing 
table movement lead screws. Any 2 di-
mensional contour can be machined to a 
high degree of accuracy. Andrew Engi• 
neering Co., Minneapolis 26, Minn. 

Circle 213 on Inquiry Cord 

AC/DC AMPLIFIER 

After 50(1', ,, i'ylot1(1, the unit 
recovers to in 200Asec. 
Model 144 is a general-purpose, wide-

band amplifier which has a common mode 
rejection of 120db at 60 cycles with 1Kit 
unbalance, and 150db at dc. Gain accuracy, 
linearity, and stability are ±0.01%. It 
has 7 fixed gain settings continuous gain 

control variable from 1.0 to 1200. Non-
Linear Systems, Inc., Del Mar, Calif. 

Circle 214 on Inquiry Card 

REFERENCE AMPLIFIER 

tuncti,,ns IlS vo!tal.,e (nu' er-
ror-voltage amplifier in 1,0z.or supplies 

The integrated reference amplifiers 

which comprise the RA 1 series have a 
temp, range from 0°C to + 70°C; ref. volt-
age is 7v. (± 10% ). Temp. coefficient is 

0.02%/°C, 0.005% / °C, and 0.002%/°C. 
The RA 1 series has an additional device 

with the temp. coefficient of 0.001%/°C. 
Series RA 1 and RA 2 operate with no 
zener bias current. RA 1 and RA 2 have 
a max. collector-to-emitter voltage of 
45v. Max. collector-to-emitter voltage for 
RA 3 is 60v. Max. power is 300mw. Used 
in regulated power supplies. General Elec-
tric Semiconductor Products Dept., Bldg. 
7, Electronics Park, Syracuse, N. Y. 

Circle 215 on Inquiry Card 
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We've never had 
purple plague! 

Why? 
We use aluminum alloy leads; not gold. Without the gold, 
you just don't get the purple plague AuAl2 compound 
that forms on conventional silicon planar transistors. 

Purple plague will usually begin to show up around 
50 hours—and almost always by 500 hours—at elevated 

temperatures. After 5000 hours at 300°C, Bendix® silicon 
planars are unchanged electrically and mechanically. 
Why doesn't everybody use aluminum leads? Eventu-

ally, they probably will, but bonding the Al lead to the 

Al metalized contact area is tricky and takes some rather 
advanced techniques. As proof of our bonding superiority, 
Bendix planar transistors have been tested in excess of 

37,000 g's centrifuge and 5,000 g's shock without a 
failure. Our Al-Al bonding technique gives us a pull 

factor at least three times greater than any reported yet. 
Order from your nearest Bendix franchised stocking 

distributor or contact the Bendix sales office nearest you 
for further information. 

Bendix Semiconductor Division 
HOLMDEL, NEW JERSEY 

:Mime 
CORPORATIO , 

Burbank, Calif.—(213) Victoria 9-3961; Charlotte, N. C.—(704) EXpress 9-3673; Chicago—(312) 637-6929; Dallas—(214) 357-1972; Decatur, Ga.— 
(404) MO rose 6-2752; Detroit—(313) JOrdan 6-1420; Holmdel, N. J.—(201) 747-5400; Huntsville, Ala.—(205) 534-8900; Minneapolls—(612) 
824-7270; San Carlos, Callf.—(415) LYtell 3-7845; Syracuse, N. Y.—(315) 474-7531; Waltham, Mass.—(617) 899-0770; Winter Park, Fla.—(305) 
Midway 7-4697; Export—Cable: Bendixint, New York, N.Y. (212) 973-2121; Ottawa, Ontario—(613) TAlbot 8-2711 
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Circle 70 on Inquiry Card 

mire% 

GROMMETS 
... by the Millions 

Grommets for any conceivable 
industrial purpose from natural, 
all purpose (GR-S), Neoprene and 
Buna-N rubbers. 

Western grommets come in 
hundreds of standard sizes, and 
can be ordered in any formulation 
from molds already prepared. 
G Western Rubber is fully equipped 
for production of either standard 
or custom designed grommets in 
any size, shape or volume. All are 
quality controlled and economical-
ly produced to your specifications, 

Write or phone for in-
formation or a visit by our   
sales engineer in your area. 

SINCE . 902 

WESTERN RUBBER CO. 
GOSHEN 3, INDIANA 

MOLDED AND LATHE- CUT RUBBER 
PARTS FOR ALL INDUSTRIES 

PERMA COP® Eplrytdrecirnei: IRON CORES 
•  for Every Application 

Write for literature today! 

PERMACOR® 
A Division of Radio Cores, Inc. 

9540 Tolley Ave., Oak Lawn, III. • Phone: GArden 2-3353 

+,11. 

HIM YE 

T-Y SERVO RECORDER 
Plots variable s. hum n, standard graph 
toper; scale range from 10 sec. to 13 min. 

Models HR-80 and HR-87 T-Y re-
corders replace conventional strip-chart 

and circular-chart recorders for chart 
lengths of 10 in. or 15 in. Both have a 
null-seeking servo which moves an ink 
pen on the vertical axis in proportion to a 
low level dc input signal. Houston In-
strument Corp., 4950 Terminal Ave., Bel-
laire 101, Tex. 

Circle 216 on Inquiry Card 

TIME-DELAY RELAY 

Delay adjustable from 0.2 to 45 see; 
10a., 15a., and .i0a, contact ratings. 

In this timing relay the switching 
mechanism remains undisturbed during 
the timing cycle ; thus it is free from any 
tendency to vibrate or chatter. Timing 
repeat accuracy is ±-10%. Approx. over-
all dimensions, open type: 3 13/16 x 
1 7/16 x 1 15/16 in. Magnecraft Electric 

Co., 5577 N. Lynch Ave., Chicago 30, III. 

Circle 217 on Inquiry Card 

THREE CHANNEL AMPLIFIER 

Spans 13crs- 180mc; gains to 100. Re-
sponse flat -±-0.5db between 25cPs-/.50 mc. 

Model 104 consists of 3 separate am-
plifiers which can be used individually or 
in cascade for an overall gain of 100 
(40db). Two amplifiers are identical, with 
gains of 10 ( 20db), 50S) input impedances, 
and max. outputs of 1.4v ( P to P) into a 
509 load. The third amplifier is a unity-

gain ( Odb) impedance-matching unit with 
a 1 megolun, lOpf input impedance. It 
reduces loading and matches other im-

pedance systems to a 509 coaxial system 
with no loss. Rise time less than 311sec.; 

delay time less than 5nsec. Keithley In-
struments, Inc., 12415 Euclid Ave., Cleve-
land 6. Ohio, 

Circle 218 on Inquiry Cord 
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NEW TA 500 MC 
MODULAR ELECTRONIC 

COUNTERS 

Model 500 Basic Counter ($ 2,870) with 511 plug in $ 3,180 
Direct count capability to 100 MC 

Model 500L Basic Counter ($ 2,520) with 515 plug-in $2,800 
Direct count capability to 20 MC 

Model 520 Heterodyne Frequency Extender ($680) 

Turret-tunes in 6 fixed steps to 500 MC 

5 other plug- ins available 

Match a TS! Counter To Your Needs Select From 6 Standard Plug- Ins 
TSI's TRANSISTORIZED MODULAR COUNTERS FACILITATE: 
• Precise Frequency measurement from DC to 500 MC • Fre-
quency Ratio measurements from 0-20 MC, measured over 1 
to 105 periods for greater resolution • Time Interval measure-
ments from 0.1 micro sec. to 10 sec. 

The eight digit, direct reading Nixie® display provides stor-

age or count-display operation. Decimal point is automatically 
positioned and units as KC or MC are Nixie indicated. 

Sensitivity is 100 MV for AC or DC signals, with stability 
better than -±2 parts in 108 per week. Packaged in an engi-
neered enclosure, the TSI 500 or 500L counter with plug-in 

weighs less than 45 pounds. 

*Factory conversion to 100 MC capability available for $480 

Plug-in input 
DC-20MC 

input 
11C-20MC 

input 
Dn. 

100 MC 

input 
lo hic- 
580 MC 

Function t 

used 
with 
Model 
500 

used 
with 
Model 
5001 

• 
el" 

510 x o x F, FR, P, 11, E o 420 

511 o o F, P, E o 310 

512 o F o 200 
515 o x F, FR, P, 11, E o o 280 

516 o F, P, E o o 110 
520 x F o 680 

tF=Frequency • FR=- Frequency Ratio • P=Period and 

Multiple period average • TI=Time Interval • E=Total Events 

WRITE FOR COMPLETE SPECIFICATIONS 

TRANSISTOR SPECIALTIES, INCORPORATED 
TERMINAL DRIVE, PLA 1NVIEW, L. I., N. Y. PHONE 516 WELLS 5-8700 



kearfott 
technical 
information 
report 

Our publication "Technical 

Information for the Engineer" 

Number 1 was written and 

published for two major 

reasons. First, as the 

nation's leading innovator and 

producer of precision 

components, we wanted to 

sell more of them and 

secondly, some time ago we 

recognized that although 

textbooks on servomech-

anisms were very complete, 

the field suffered through 

a lack of uniform terminology 

and tests methods. 

We attempted to cover the 

theory lightly in our book 

with major emphasis on terms, 
applications and component 

behavior from the user's 

point of view. You may obtain 

a copy of this 60 page 

booklet simply by writing to us. 

ComPac 8 SERVO ASSEM-
BLIES. Kearfott's advanced Size 
8 component designs have 
made possible the most com-
plete variety of in- line servo as-
semblies available. The ComPac 
8 units, 3/4 " in diameter, provide 
high performance "closed end" 
devices incorporating a wide 
range of driving and driven ele-
ments coupled through preci-
sion single or dual speed gear 
reducers. 
System designs based on the 
ComPac configurations benefit 
from high packaging density, 
and elimination of provisions 
for the multiple mounting of 
independent elements and gear-
trains. A typical ComPac con-
sisting of a servomotor— gear 
reducer resolver and potenti-
ometer combination measures 
only 3 inches long and weighs 
3 ounces. 
Size 8 components available 
for ComPac assemblies: 
D Motors — Servo, Stepper, 

Braked, Inertial and Viscous 
Damped. 

D Motor Generators and Tach-
ometers. 
Synchros and Resolvers — 
Transmitters, Transformers, 
Differential Transmitters, 
Resolvers, Linear Synchros, 
4 wire Synchros. 

SIZE 8 COMPENSATED RE-
SOLVERS. Winding compen-
sated Size 8 and 11 resolvers 
and matching Size 11 buffer 
amplifier are also available from 
Kearfott for high precision com-
puting resolver chains.Trimmed 
for unity transformation ratio, 
the resolver-amplifier combina-
tions provide TR of 1.0000 
±- 0.0017 over the temperature 
range of — 55 to + 125°C, fre-
quency variation of 400 ± 20 
cps and voltage variations from 
0.5 to 20 volts or simultaneous 
combinations of these varia-
tions. When used with size 8 
resolvers, the servo mounted 
size 11 buffer can be installed 
adjacent to the resolver. A 
"Piggy-Back" tandem assembly 
of the Size 11 resolver and buf-
fer amplifier is available as well 
as separate Size 11 resolver and 
servomounted Size 11 buffer. 
Additional characteristics of 
the combined buffer-amplifier 
assemblies are as follows: 

Size 8 Resolver 
Phase Shift* 

(Rotor/Amp in.) 
0.00°± 30' 

Function 
Error 

zt- 0.1% 

Size 11 Resolver 
0.00° -± 12' ±0.1% 

Rotor Amp in. 

0.5 — 9.0v 

0.5 — 20.0v 

*This value constant over wide temperature, 
frequency and voltage range. 
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COMPONENTS 

4 WIRE SYNCHROS. High sys-
tem accuracy using Size 8 com-
ponents is made possible 
through Kearfott's 4 wire syn-
chros. Wound as resolvers, but 
with appropriate electrical 
characteristics to permit their 
use as transmitters, differen-
tials or control transformers, 
these components can be di-
rectly applied in feedback loops 
without the use of special buf-
fer amplifiers. Features indi-
vidual component accuracy of 
3 minutes of arc from electrical 
zero, when these components 
are used in a typical 3 compo-
nent string, overall accuracy will 
be approximately 5.2 minutes 
of arc from EZ. Designated RX, 
RDX and RC corresponding to 
transmitter, differential and con-
trol transformer respectively, 
the application of these compo-
nents to your analog computa-
tion devices will contribute to 
increased accuracy, while re-
ducing volume and weight. 
Units for high vibration (2000 
cps 20 g's) and high tempera-
ture (200°C) environments can 
be provided on special order. 

STEPPER MOTORS. Size 8 
stepper motors provide non-
ambiguous shaft position cor-
responding to a sequentially 
pulsed digital input. Positive 
positioning of shaft through a 
magnetic detent rather than 
mechanical devices contributes 
to the reliability and perform-
ance of these motors by elimi-
nating shock loading and me-
chanical wear. Accurate and 
positive shaft position makes 
this unit ideal for application 
in counting, positioning and 
switching mechanisms and in 
applications involving the use 
of two motors in a self-syn-
chronizing manner. The latter 
application permits a form of 
closed loop servo operational 
from a digital input. 
Typical characteristics include: 
400 pulses/sec response rate; 
0.80 in. oz. holding torque; 0.30 
gm cm' rotor moment of inertia; 
28V excitation, other values 
available. Overall dimensions; 
3/4 " diam x 0.875" long; weight 
1.5 oz. 
Compatible welded electronic 
switching assemblies can be 
provided for driving these step-
per motors. Other motors in 
various frame sizes are also 
available. 

AND ELECTRONICS. Compli-
menting Kearfott's wide range 
of wound components, a com-
plete family of high density, 
transistorized servo and buffer 
amplifiers, pre-amplifiers and 
power supplies can be provided 
featuring welded or soldered 
construction. Servo amplifier 
voltage gain is variable through 
the use of external resistors. 
Phase shift networks matched 
to some of our servo motors 
have been included in the am-
plifier assembly. One represen-
tative amplifier, C70 3146 001 
is an all-welded unit occupying 
one cubic inch, provides a 5 
watt output.. This amplifier is 
suitable for driving any size 5, 
10 or 11 motor manufactured by 
Kearfott. Also available: Single 
and dual channel buffer ampli-
fiers matched to larger diameter 
compensated resolvers; pre-
amplifiers and quadrature re-
jection circuits for use in high 
performance tachometer inte-
grating loops. 

KEARFOTT DIVISION 
LITTLE FALLS. NEW JERSEY 

.niERoePLyDs GENERAL PRECISION. iNC 
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Chemical Division Sin 

"WHEN SHOULD I WORRY ABOUT 

REPLACING FC-75 COOLANT?" 

don't 

3M Brand Inert Liquid FC-75 is one of the most 

"permanent" coolants ever developed! Used in an effi-

cient closed system, it can last as long as the equip-

ment it cools so well. 

The key to this longevity is stability . . . thermal, 

electrical, chemical. When FC-75 vaporizes (boiling 

point range of 210-225° F.) it functions as an extremely 

effective cooling medium, without degradation. And 

both FC -75 and its companion liquid, FC-43, retain 

their high electric strength of 35 KV when they change 

from liquid to vapor. 

Another reason you shouldn't worry about "losing" 

FC-75 is its compatibility. It's not affected by metals, 
plastics or elastomers. Neither does it affect those 

materials. Won't sludge or gum. FC-75 inertness com-

bined with ideal coolant properties means indefinite 

worry-free use. 

For details on non-explosive, non-flammable, odor-

less FC-75 and FC-43, write Chemical Division, 

Dept. KCQ-93, 3M Company, St. Paul 19, Minn. 

HITI MINNESOTA MINING E MANUFACTURING CO. 
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IFREE! Use These Cards for: 
• Catalogs, Bulletins, Literature • Design features of advertised products 
• Information about new Products • New Tech Data for Engineers 

YOUR NAME TITLE 
Mail Stop or 

FIRM Div./Dept. 

FIRM ADDRESS 

CITY OR TOWN ZONE STATE 
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Postcard valid 8 weeks only. After that use own letterhead describing Item wanted 
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BUSINESS REPLY MAIL 

No Postage Stamp Necessary If Mailed in U.S.A 

POSTAGE WILL BE PAID BY 
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P. 0. Box 1970 
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• Catalogs, Bulletins, Literature • Design features of advertised products 
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This new relay concept saves you time, stocking and money 
AE's new Series EIN relay, that plugs in like a tube, has 
taken the field by storm—and no wonder: 

It's the first telephone quality relay having all the conven-
iences of octal-type plug mounting, with savings of $ 1.93 
or more per relay! 

The special sockets are available separately from AE 
stock. You can order the number you need for a complete 
production run, and buy the relays and plastic covers "off 
the shelf" to meet delivery schedules. There's no need to 
maintain large relay inventories. 
The EIN's modern, low silhouette design improves the 

IT 
SOCKETS 
LIKE A 
TUBE! 

appearance of your product and cuts space requirements up 
to 20%. 
EIN relays are available in various spring combinations to 

meet most design requirements. Sockets are available for 
taper tab, solder, or printed circuit board terminations. 

In initial cost and versatility, the EIN can solve many of 
your design, production and inventory problems. 

• • • 

For full information, write the Director, Control Equipment 
Sales, Automatic Electric, Northlake, Illinois. 

AUTOMATIC ELECTRIC 
--AL Subsidiary of 

GENERAL TELEPHONE &ELECTRON/CS 
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New, economical 

15/16" dia. 5-watt wirewound 

variable resistors 

2 

Versatile Series AW 
Available with: 1 Bushing Mounting 2 Twist Tab Mounting 

3 Pull-on, Push-off Switch 4 Straight Tandems 5 Concentric Tandems. 

(The new Series AW wirewound controls can also be used with 

CTS Series 45 I5/16" dia. Y2-watt carbon control to make any combina-

tion of straight or concentric tandems desired.) Series AW can be 

supplied in L and T pads. Element wire can be soldered to end 

terminals if required. 

Priced less than larger diameter lower wattage commercial wire-
wound variable resistors. Unique high temperature heat resistant 

winding core and liner permit a 5-watt rating at 25 C, or a 4-watt 

rating at 55'C derated to no load at 105 C. Resistance range is 

one ohm through 25,000 ohms, linear taper. The unit is completely 

enclosed for full protection. 

Write for Catalog 2100. ( West Coast Inquiries to Chicago Tele-
phone of California, Inc., 1010 Sycamore Ave., So. Pasadena, Calif.) 

CTS OF ASHEVILLE, INC. 
SKYLAND, NORTH CAROLINA 

SUBSIDIARY OF CTS CORPORATION • ELKHART, INDIANA 

leg PLEIMel 

SERVO AMPLIFIER 

Input impedance is .10/ !.? and 

output impedance is less than- 259. 

Model 1801-3800 is an 8 t cu. in. servo 
amplifier which produces 40w. output. 
Voltage gain is variable from 1 to 1000 
through an external resistor in series 
with the input, and gain stability is ±.-V2db 

over the full temp. range. Output voltage 
is 36v. RMS. M. Ten Bosch, Inc., Pleas-
antville. N. Y. 

Circle 219 on Inquiry Co-d 

GAGING TRANSDUCER 

Measures to millionths of an in. 

with very good repeatability. 

Miniature LVDT displacement trans-

ducers are mechanically interchangeable 

with dial indicators. The Model GT di-

mensional gaging transducer has a differ-

ential transformer with zero hysteresis 

and high resolution. The transformer core 

is integral with the gage spindle, which 

in turn is mounted on precision bearings 

and protected by a neoprene boot. A 

standard replaceable AGD contact point 

is used at the tip. Full scale output is 

70mv/Vex with a 20° phase angle. Trans-

ducer Div., Sanborn Co., 175 Wyman St., 

Waltham 54, Mass. 

Circle 220 on Inquiry Card 

DC VOLTAGE REGULATOR 
Ri tin] is la. ( 287o); fully cne,Ipsti-

Fated in an epoxy-filled aluminum case. 

Model SHX-43 accepts inputs from 

25 - 29vdc. At a 28 ( --t0.5) vdc output, 

regulation is continuous against to full 

load changes, 25 to 29vdc line changes, 

and temp. changes from — 55° to 71°C. 
Output is transient-free from line voltage 

spikes oí up to 30v. amplitude for 

100msec. Designed to Mil-E-5272D. Ar-

nold Magnetics Corp., 6050 W. Jefferson 

Blvd., Los Angeles, Calif. 

Crcle 221 on Inquiry Card 
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What should you look for in 
a Direct-Writing Recorder? 

The true criterion of performance of a direct-writing recorder is the ability to produce a trace that faithfully duplicates 

incoming signals of all degrees of complexity — not only DC signals or wave forms of simple content, but highly complex 
signals and fast transients full of high harmonic content. The AO Tracemaster Recorder has this ability to a much greater 
degree than any other direct-writing recorder. The reason for this superior performance is a radically unique pen motor design 
with far better dynamic response characteristics than the galvanometers used by other direct-writers, and a completely different 

writing technique known as Direct Carbon Transfer ( DCT). 

Before you select any direct-writing recorder, you should investigate the following four basic performance requirements of 
most recording problems and compare to what degree available direct-writing recorders meet this requirement. 

1. Signal Resolution 

Signal resolution is the ability to obtain the maximum amount 
of useful information from the recorded trace. Very small 
signal variations can be missed due to insufficient pen excur-
sion or from the signal becoming masked in a wide trace. AO 
specifications are based on a full 50 division pen excursion, 
since only then can maximum signal resolution be attained. 
This permits the trace to be "spread" over a wider area of the 
chart, thus making it much easier to see and interpret mean-
ingful variations in the signal. 

2. Frequency Response-Amplitude 
For faithful reproduction of complex wave forms, even with 
low fundamental frequencies or repetition rates, a frequency 
response expressed at full 50 division pen excursion is vital. 
Frequency response expressed at small pen excursion or a sub-
stantial roll-off from an initial pen deflection is not a satisfac-
tory representation of recording capabilities. The frequency 
response at full amplitude is the true gage of a recorder's 
ability to provide the greatest amount of information on com-
plex incoming signals or transients. 

The frequency response of the Series 250 Tracemaster 
Recorder is DC-110 cps -±- 1% at 50 divisions —twice that of 
any other unit. At a frequency response up to 200 cps the AO 
still provides an excursion of 12-14 divisions, where other rec-
order pens cease to deflect or barely deflect at such frequencies. 

3. Rise Time 
The ability of a recorder to record short duration transients 
with steep wave fronts — their presence, accurate amplitude 
without attenuation and exact complexion — depends upon 
its rise time capabilities over a full 50 divisions. The dynamic 
response of AO's Pen Motor backed up with fine electronics 
provides a rise time of 3.2 milliseconds ( 10% - 90%) at a full 
50 divisions. Other recorders may specify equal rise time, but 
generally fail to mention that this is only at 5, 10 or 25 divi-
sions of pen excursion. This superior rise time capability 
enables the Tracemaster Recorder to record transients far 
more faithfully. 

4. Trace Uniformity and Definition 
The trace must be uniform and of absolute minimum width in 
order to make clearly visible the smallest detail of information. 

The user must not confuse aesthetics with function; a rela-
tively heavy "pretty" trace cannot provide as much signal 
information as a thin trace. 

The AO Tracemaster Recorder uses the Direct-Carbon-Trans-
fer technique to provide the finest line definition of any 
recorder and a degree of trace uniformity, under radically 
varying operating conditions, far superior to other writing 
techniques. The AO trace width is approximately 0.005 - 0.008 
inches. This very fine, highly uniform trace is possible because 
it is independent of pen speed, paper speed or amplitude; line 
width is a direct function of stylus design, stylus pressure and 
carbon characteristics — all constant factors. 

The Direct-Carbon-Transfer writing technique uses the principle 
of a very low mass rigid structure stylus operating against a 
Mylar base carbon film in direct contact with chart paper — all 
across a knife edge. The Mylar base serves as a natural lubricant 
between the stylus and knife edge, minimizing the friction load-
ing effects and greatly extending stylus and knife edge life. It 
is the only writing system that can produce a good trace of ( a) 
high frequency signals at full amplitude, and ( b) wide excursion 
short duration transients as well as simple wave forms and DC 
inputs. It fully exploits the unique dynamic properties of the 
Tracemaster Pen Motor to provide a trace that can reveal the 
most minute variations in the input signal, thus providing the 
user with more useful information. 

Thermal or heat writing systems cannot provide the trace unifor-
mity or constancy of the AO DCT writing method. Any change in 
pen velocity or paper speed will cause ( a) loss of signal, ( b) 
burning of paper, or ( c) wide variations in line width. While 
chart speed changes of such systems vary the amount of current 
to the styli, thermal lag still results in several seconds loss of trace 
or widening ( or burning) of line. For pen speed changes, how-
ever, adequate adjustment of heat is impossible and sharp tran-
sients can be completely lost. 

While pressurized ink writing alleviates some of the disadvan-
tages of heat writing, its line width is substantially greater than 
AO DCT and it still does not have the capability of writing at 
the high frequency response-amplitude and rise time necessary 
for faithful reproduction of complex wave forms and transients. 
Pen clogging, ink splatter, run out and changes in flow charac-
teristics under varying operating conditions may still cause loss of 
information. In addition pen breakage on transients can be 

critical. 

Other Considerations 

There are other things to look for when comparing direct-writing 
recorders—chart speed range, chart paper costs, operating conve-
nience and flexibility. The AO Tracemaster 250 has the widest chart 
speed range-0.1mm/sec to 500mm/sec—of any recorder. Chart 
paper costs range from 3.6e to 4.6e per foot, including carbon. 
This is similar to ink paper costs and half that of heat writing 
paper. Roll length and paper take-up is a full 1000 feet. The AO 

250 Series includes an exclusive tilt front writing table for 
convenient observation of chart traces and easy notations. It also 
features a completely modular plug-in approach for all couplers, 
pre-amplifiers and driver amplifiers to provide maximum flexi-
bility of selection and interchangeability. 

These are the reasons why Tracemaster Recorders are the highest 
performing direct-writing recorders on the market. These are the 
reasons why AO has established new standards for quality and 
recording performance. These are the reasons you should specify 
Tracemaster! For complete information or a demonstration write: 
American Optical Co., Instrument Division, Industrial Electronics 
Dept., P. 0. Box A, Buffalo 15, N. Y. Phone: 716-895-4000, 

TWX 716-858-1380. 
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DELAY LINES 
Time delays are: 20. 30, 40, 50, 60, 
70, 80, 90, 10Onsec; inzpodance is 10011. 

The Series N iisec. lumped constant de-
lay lines are constructed using mica ca-
pacitors and iron toroids. Size is Y8 x Y8 
x 0.450 in. and it may be mounted on 
printed-circuit boards. _Attenuation is 2% 
max.; temp. coefficient is 50 parts/mil 
lion/°C. DC working is 300v.; time delay 
to rise time ratio is 3.5/1 for 1 unit. Al-
len Avionics, Inc., 255 E. 2nd St., Mine-
ola, N. Y. 

Circle 222 on Inquiry Cord 

SLAVE CLOCK 
Adjusted according to the 
number of loads to be driven. 

The Model DBSC1151 slave clock con-
sists of a 4-stage high-gain diode-clamped 

amplifier and is useful in applications re-
quiring increased clock fanout capability. 
The input circuit is a direct-coupled gate 
which minimizes driver-circuit loading 
and increases gate response time. Each 
stage uses silicon transistors and diodes. 
Solid State Electronics Corp 15321 
Rayen St., Sepulveda, Calif. 

Circle 223 on Inquiry Card 

Utmost in Modern Design— Materials—Construction 
—Performance—Appearance—for Top Quality Needs 

DRAKE Type 5200 DELUXE MOLDED 
MINIATURE BAYONET 

INDICATOR LIGHTS 

for 

Computers • Aircraft • 

Equipment for Data 

Processing, Missile Gu d-

ance, Machinery Control • 

Restaurant and Commercial 

Laundry Equipment • Marine 

Accessories • Etc. 

SEND FOR DATA FOLDER 

When you want an Indicator 
Light that's tops in every way 
— one that looks as well as it 
performs — check DRAKE 
Type 5200. 
You can choose from many 

varieties—screw- in, friction fit 
or mechanical dimmer lenses, 
and numerous shapes for signal 
or readout uses. The DELUXE 
MOLDED units feature a new 
"Glaskyd" plastic socket hous-
ing, with chrome plated brass 
mounting bushing and lens 
holder to add richness to front-
of-panel appearance. 

For either low voltage incan-
descent or standard voltage 
neon lamps. Type 5200 provides 
your product with the last 
word in both performance and 
good looks. 

• See es et Booth 431, NEC Show 

DRAKE 
MINIATURE 
LIGHTING 

SPECIALISTS 
4626 NORTH OLCOTT AVENUE • CHICAGO 31, ILLINOIS 

CircIe 78 on Inquiry Card 

CONNECTOR 
Contacts are available for wire 
range sizes #40 to #18 AWG. 

The miniature Dualatch® hermaphro-
ditic connector is composed of both con-
ventional and modular-type 4-position 
connectors, which permit the max. group-
ing of 28 units to form a single connect-
ing unit. The conventional model is avail-
able in 40-, 60- and 132-position sizes. 
Standard A-MP® gold-plating assures 
max. conductivity. AMP Inc., Harris-
burg, Pa. 

Circle 224 on Inquiry Card 

place your production 
overload in.. 

Skilled hands and trained minds that will 
produce, on schedule, complete units or • 
component assemblies you cannot clear 
through your present facilities . . . turn 
ideas and designs into finished products. 
No job too complicated... no job too small. 

A Representative will be glad to discuss your 

problems and objectives. 

PARAPLEGICS MFG. CO. 
Exclusive Contract Manufacturers to Industry 

Dept EI-9, 304 North York Road • Bensenville, Illinois 

Circ'e 79 on Inquiry Card 
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test us...but 
PLEASE!!! 

DON'T CREMATE US! 

use an ia in- circuit 

SEMICONDUCTOR TESTER' 
the first completely safe, fool- proof, line of 
semiconductor testers ever developed . . . 
positively will not damage semiconductors, 
tantalytics and other low power passive devices 

TANTALYTICS 

NEWEST ADDITION S 

$195.00 

:Abe 

MEASURES BETA ACROSS 50 !..? 

$99.50 

a' 
*.. 

A REALLY SAFE MULTIMETER 

Model 245 In-Circuit 
SEMICONDUCTOR TESTER* 
... for quantitative trouble shooting 
of transistors, diodes and rectifiers 
... with 6- inch meter readout 

In-circuit or Out-of-circuit Tests 

• Measures Beta (low and high power 
transistors) with as low as 50 ohms 
emitter-to-base loading ... with ac-
curacy of ± 10%. Range: 1-1000. 

• Measures resistance between semi-
conductor electrodes (power limited 
to one microwatt) independent of 
semiconductor loading ... with ac-
curacy of Lt. 5%. 

e Measures diodes and rectifiers for 
shorts and opens with resistive 
loading as low as 20 ohms. 

o Measures Lao of transistors and IR 
of diodes (out-of-circuit only). 

Model 250 
SEMICONDUCTOR CIRCUIT TESTER 
... for quantitative trouble shooting 
of semiconductor circuitry . . . with 
6- inch meter readout 

• Only known multimeter SAFE for 
testing semiconductor circuitry. 

• Checks front-back ratio of diodes. 

• Measures correct value of resistors 
at semiconductor terminals. 

• Conventional multimeters can cause 
costly self-made failures. The AEL 
Model 250 delivers a maximum of 
150 microwatts in any resistance 
range — eliminates any possibility 
of self-made failures. 

• 6 DC voltage ranges; 5 AC voltage 
ranges; 5 DC current ranges; 5 DC 
resistance ranges. 

OTHER 
LOW POWER 

PASSIVE 
DEVICES 

Merican inlectronic Xaaboratories, Inc. 

1313 RICHARDSON ROAD, COLMAR, PENNSYLVANIA • ( 215) 822-2929 
suburban Philadelphia 

SEMICONDUCTORS 

Semiconductor Testers 
• In-circuit 
• Out-of-circuit 
• Circuit 

-;derreeàs396.00 
* _ 

d• 

NO LEADS TO SELECT 

Model 240 Automatic In- Circuit 
TRANSISTOR TESTER* 
... for qualitative, in-circuit trouble 
shooting of transistors on "GO" . . . 
"NO-GO" basis 
• Automatically detects shorts, opens 

and low gain units. 
• No previous knowledge required of 

transistor type or lead configuration. 
• Checks transistors both in-circuit 

and out-of-circuit. 
• Each test completed within two 

seconds. 
• "GO" . . . "NO-GO" immediately 

indicated by lights. 
• Power requirements: 115 Volts, 60 

cycles, approximately 30 watts. 

ALSO AVAILABLE . . . a punched I 
card programmed, fLlly auto-
matic semiconductor tester with 
digital readout . . . Model 236. J 

*Avalable with in-circuit test probe 
tPatents pending  
For more information on the complete line . . . 
or a demonstration of AEL's SEMICONDUCTOR 
TESTERS, contact your nearest AEL Product Sales 
Representative ... or write direct to AEL.  
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CONTACT MODULATORS 
Chopping efficiency is 99% at 60 
CPS with a phase angle lag of 5°. 

The Model 42 features the advantages 

offered by contact modulators along with 
the following features: life is more than 
25,000 hrs. with negligible change in noise 
and phase angle; self-generated current 
is less than 10-"a.; current is 10-"a. RNI S. 
Operating voltage is 80 - 130v. Rms with 
an average current of 2ma with a freq. 

range of 30 - 400 crs. It may be mounted 
directly on PC boards. Instrumentation 
Laboratory Inc., 9 Galen St., Watertown 
72, Mass. 

Circle 225 on Inquiry Card 

CERAMIC CAPACITORS 
Both stud mounting standoff and 
feed-thru designs are available. 

These buttonhead ceramic capacitors 
have glass-to-metal seals. Max. capaci-
tances in the stud mounting bypass ca-
pacitors range up to 1800pf at 500v.; 
capacitance in feed-thru designs is 12,000pf 

at 500v. They operate at voltages up to 
85°C, with special units available operat-
ing up to 125°C. Capacitors meet Mil-C-
11015C. Sprague Electric Co., Marshall 
St., X. Adams, Mass. 

Circle 226 on Inquiry Cord 

SNAP-ACTION SWITCHES 
Rated at 3a. sealed inductive 
load, Sa. resistive load at 28vdc. 

Miniature 6pdt snap-action switches 
contain switch mechanism, actuator, and 
light circuits in a single, sealed package. 
Metal body provides complete RFI seal. 
Model A has a back panel depth of 0.590 
in., and O.D. of 0.937 in. and requires a 
15/32 in. mounting hole. Weight is ap-
prox. V2 oz.; actuator travel is 0.094 in., 
and lamp current is la. Unit can be 
adapted to any lens configuration. Pre-
cision Electrical Products, Inc., 2080 
Placentia Ave., Costa Mesa, Calif. 

Circle 227 on Inquiry Card 

BURN-OUT PROOF 

SHOCKPROOF 

NEW ac/dc OMNI-METER 

SOLID STATE 

SUPERIORITY 

K-mag 600 Omni-Meter is the first precision test instrument with 
all prime functions that is burn-out proof and shockproof. A new 
type second-harmonic magnetic amplifier, taut-band meter, and 
solid state circuits make the K-mag 600 exceptionally rugged, yet 
highly accurate. Its ± 1% accuracy is not even damaged by such 
overload abuse as dead shorts across a 1000 volt supply on the 
ampere and ohm ranges. The special magnetic amplifier features 
no zero drift with extreme linearity and gain stability. Push but-
ton controls, single probe for all functions, and automatic polarity 
switching for simplified operation. Measurement functions include 
AC-DC volts, AC-DC amps, and ohms. The rugged K-mag 600 will 
maintain its rated accuracy for years without recalibration. Re-
quest Bulletin 600 from Keinath Instrument Company, 1313 Ches-
apeake Avenue, Columbus 12, Ohio. 

KEINATH INSTRUMENT COMPANY ffl 

SUBSIDIARY OF AMERICAN BRAKE SHOE COMPANY 

M AC 

Circle 81 on Inquiry Card 

LEASE A 
BRAND NEW 
1 PLANT 

Sq. 
for you in the finest 

* industrial location in the East 

* • THE PHILADELPHIA INDUSTRIAL PARK 

****************************** 

651 Acres surrounding the North Philadelphia 
Airport. Suburban environment with all 
metropolitan utilities, services, conveniences. 

Developer . TISHMAN INDUSTRIAL PARKS, INC. 

Exclusive Agent: 

BINSWANGER 
CORPORATION • INDUSTRIAL LOCATION SPECIALISTS 

1420 Walnut St., Phila. 2, Pa. • PEnnypacker 5-0202 

Circle 82 on Inquiry Card 
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FEED-THRU TERMINAL 

Overall height is 0.331 in.; mi-
nor dia, of bushing is 0.148 in. 
The FT-SM-74 L5 tubular Press-Fit 

Teflon® feed-thru terminal has a brass 
lug with a 0.062 in. dia. thru-hole. The 

brass lug above the bushing shoulder has 
2 turrets 0.125 in. dia.; the solderabk 
portion between the tunnels is 0.100 in 
dia. Sealectro Corp., 139 Hoyt St., Ma-
maroneck, N. Y. 

Circle 228 on Inquiry Cord 

SOCKET & SHIELD 

Heat dissipating tube shield 
reduces bulb temp 40 to 50%. 

This electron-tube shield, designed tor 
use with JAN sockets, meets character-
istic B of Mil-S- 19786C ( Navy). Instal-
lation does not require twisting and turn-
ing. The shield is pushed down over the 
JAN socket and locks in place with the 
socket detents. Atlee Corp., 2 Lowell 
Ave., Winchester, Mass. 

Circle 229 on Inquiry Card 

MICROWAVE SOURCE DOUBLER POWER RESISTOR DECADES 

Freq. range of 8.45 to 9.55Gc: 
power output 2.5nru, 

Type 9189, part No. 9189-1000, is an 
X-band CW microwave oscillator and 
doubler used as a local oscillator for bea-
cons, altimeters and system ground check-
out equipment. Power input requirement 
140v. @ 20ma, 6.3v. @ 290ma. The unit 
weighs 4 oz. and is 24 x 1 x PA in. It 
can be modified to other freqs. Trak 
Microwave Corp., Tampa, Fla. 

Circle 230 on Inquiry Card 

Ft111-7 3E3 3E3 E ZED 

They supply required resist-
ance values in one ohm steps. 
These power-resistor decades handle 

up to 225w. at 1000v. and permit dial- in 
resistance values from I to 999,99951 in 
IfI increments. Decades are made in bench 
and rack mounted models. A design in the 
switching arrangement places a constant 
load across the circuit at all times, with 
no discontinuity during switch stepping. 
Clarostat Mfg. Co., Inc., Dover, N. H. 

Circle 231 on Inquiry Card 

TWO-GUN CRT 

Tube has aluminized .syreen und 
electrostatic focus and deflection. 
SC-3525 is a 2-gun, spiral accelerator. 

CRT is designed for max. display in high-
altitude, fighter-plane, fire-control radar. 
It has a 3 x 5 in. display face and features 
good pattern and tracking linearity. Syl-
vania Electric Products Inc.. 1100 Main 
St., Buffalo 9, N. Y. 

Circle 232 on Inquiry Cord 

A SOFT TOUCH 
FOR DEBURRING, SMOOTHING, POLISHING 

Just a light pressure 
and versatile Cratex 
makes quick work of 
any finishing job. 
Deburrs, smooths, 
cleans and polishes 
easy and hard-to-
reach surfaces with-
out changing work-
piece dimensions. 

Full details in an 
Idea- packed free 
8- page catalog. 

(Wheel guard removed for purps of illustration) 

Cratex available in wheels, points, blocks, 
sticks and cones; in a practical range of sizes 
and in 4 grit textures—Coarse, Medium, Fine 
and Extra Fine. 

CRATEXMANUFACTURING CO., INC. 

1600 ROLLINS ROAD • BURLINGAME, CALIFORNIA 

Cratex is sold through leading industrial distributors. 

Circle 84 on Inquiry Cord 

The DECI-DUCTOR 
new subminiature molded inductor — 24 Hour Delivery 

up to 1000 uH in 1110" dia. z 1/4" lg. envelope 
10X the inductance available in the same size 

10 PER LINEAR INCH, 
100 PER SQUARE INCH 

Epoxy molded for 

highest reliability 

Meets MIL- C- 15305B 

Forty nine inductance 

values in stock 

FEATURES 

24 hour delivery 

1/10 - dia. x 1/4" lg. 

0.10 uH to 1000 uH 

DECI-DUCTOR is the latest addition to Nytronics' 
DECI Series— a series that consists of inductors, 
capacitors and resistors in a uniform (1/4  watt re-
sistor and diode size) envelope to facilitate point-
to-point assembly in cordwood, printed circuit and 
other high density module assemblies. 

For complete engineering data, write Dept. WL-49, 
or phone 201-464-9300. 

Nyri.no.sw :as% sere. 
550 Springfield Ave., Berkeley Heights, N.J. 

Design Leaders STANDARD components to meet CUSTOM requirements 

Circle 85 on Inquiry Card 
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so what makes one a better buy than the other? 

same 
price 
range 

same 
mil. 

specs. 

The one on the left (our connector) is far and away your best buy. The reasons are simple: 
quality and immediate delivery. D Every LIONEL connector nas been developed and pro-
duced by :op-notch technical experts. Each element is made from the best, most reliable 
material we can make or buy. The result? Consistent on-the-job performance. D You'll never 
have to worry abcut slipping schedules when you order from LIONEL. We have a complete 
inventory of connector types, sizes and configurations. In other words, we begin delivery 
the hour we get your order. D By the way, have you sent for our new catalog? We deliver 
them as quickly as connectors. 

LIONEL ELECTRONICS LABORATORIES. INC. 
1226 Flushing Avenue, Brooklyn 37, New York • Area Code 212 • EV 6-5715 
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CURRENT LIMITERS KIT 

Allows a wide selection of current 
cut-off levels for experimental work. 

Kits using Currector current-limiting 
diodes aid the designer in selecting var-
ious units for breadboarding or proto-
types. Limiters are available in germa-
nium and silicon types, and are rated as 
high as 100v. and 205ma. CircuitDyne 
Corp., 480 Mermaid St., Laguna Beach, 
Calif. 

Circle 233 on Inquiry Card 

DIGITAL VOM 

Pea/ores: fully automatic po-
larity switching and indicating. 
The Reporter has a sensitivity of Buy ; 

accuracy is -±0.1e4 full scale. A regenera-
tive voltage comparator combines the 
function of a precision ramp generator, 
voltage comparator, and memory circuits 
into a single circuit. Automatic ohm in-
dication, tracking illuminated decimal 
point, and high-voltage protection are also 
features. Harman - Kardon, Inc., Plain-
view, L. I., N. Y. 

Circle 234 on Inquiry Card 

AXIAL FIELD PROBE 

Uses Hall effect for sensing mag-
nitude, polarity, and field direction. 

Probe Type SBV-555 has an outer dia. 
of 0.10 in. which permits magnetic field 
measurements within small deep bores. 
They use the basic Hall-effect principle 
to permit sensing of the magnitude, polar-
ity and direction of magnetic fields. In-
strument Systems Corp., Ill Cantiague 
Rd., Westbury, L. I., N. Y. 

Circle 235 on Inquiry Cord 

SIGNATURE MONITOR 

Dispersion range and sensitivity is 
limited only by the receiver used. 
The D11-1 spectrum signature monitor 

converts a receiver or RI/FI meter into 
a complete spectrum analyzer, providing 
spectral displays in accordance with Mil-
1-11748B. It can bc used with any micro-
wave receiver having a 140 to 160mc i-f. 
Polarad Electronic Instruments, 34-02 
Queens Blvd., Long Island City 1, N. Y. 

Circle 236 on Inquiry Card 

MAGNETIC PICKUP 

The .r 0.5oo in. unit gener-
ates 3vae. II eight is less than 0.1 oz. 

Shell construction in the microminia-
ture 3053 pickup is stainless steel. It can 
withstand temps. ranging from — 100°F 
up to + 225°F. Two 6 in. long vinyl in-
sulated leads eliminate the need for a 
connector. Electro Products Laboratories, 
Inc., 6120 W. Howard St., Chicago 48, 

Circle 237 on Inquiry Card 

PLASTIC and NYLON 

WIRE-TIES 
FAST, LOW COST WAY 

TO TIE, MOUNT, IDENTIFY 

WIRE BUNDLES 

• LOOK . . . NO TOOLS! 

easy hand installation. 

• USE LIKE A BELT . . 
LOCK HOLDS TIGHT. 

• STRONG, SAFE . . . 
REUSABLE. 

• "STANDARD" types: (41/4 " 

& 10"); Plastic— red, blue, 

yellow; Nylon, nat ural 

color. 

• "SNAP-IN-PLUG" type: 
Plastic — red, yellow, 

blue (41/4 "). Fits 1/4 " hole. 

HOLUB INDUSTRIES, Inc. 
448 ELM STREET • SYCAMORE, ILLINOIS 

Make faster, safer 
AC dielectric strength tests 
of electronic parts and components, 
small tools, appliances, motors, 
transformers, etc. 

Simple to operate. Make break-
down, leakage and shorts tests to 
U.L., C.S.A., ASTM, NEMA, IEEE, 
MIL and EASA standards. 115 vac, 
50/60 cycle input. Continuously ad-
justable output. Included are: com-
plete metering, controls, safety fea-
tures, case with removable cover, 
test leads, line cord, instructions. 

4.35.11 

MODEL 411 
0-2500 volts output 

ONLY 514450 

VISUAL INDICATOR MODELS 
Have neon "breakdown" light for 
breakdown, corona or arcing indica-
tion . . . and separate neon "leak-
age" light for leakage indication. 
5 models from 0-1500 to 0-10,000 
volts output. Priced from $137.50 
to $ 199.50. Model 411 shown. 

AUTOMATIC "SQUAWKER" MODELS 
Provide audible and visual test in-
dications. 4 models from 0-1500 to 
0-b000 volts output. Priced from 
$255 to $290. 

Get all facts . . . write for Bulletin 4-1.3 
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We even put a hat on our drum 

to avoid contamination 

This is only one cf the ways we protect 
GEN ESOLV D " Electronic Grade," the 
purest precision cleaning solvent you 
can buy. 
We do everything possible to pro-

tect the purity of our precision clean-
ing solvent. 
Even to using this film cover to 

keep dirt and moisture from settling 
on the drum top and possibly con-
taminating the solvent when you 
open the drum. 

Precautions like this help keep 
Genesolv D "Electronic Grade" the 
purest solvent available. Residue is 
less than I part per million. 

Genesolv D fluorocarbon solvent 
for critical cleaning cuts rejects due 
to contamination. It penetrates into 

even the smallest surface openings 
for easy, fast cleaning. The solvent 
has little or no effect on plastics, elas-
tomers, paints and varnishes. There 
are no additives and it's compatible 
with any cleaning method. 

It offers an outstanding combina-
tion of dielectric properties, excep-
tionally high resistivity with low 
dielectric constant. 

Genesolv D "Electronic Grade" is 
safer to use than other solvents be-
cause it's nonflammable, nonex-
plosive and virtually nontoxic. 

It's easy to recover for reuse. This 
helps keep your cleaning costs down. 
And our technical people will be glad 
to advise you on the best recovery 
set-up for your particular operation 

and on proper equipment and solvent 
storage and handling procedures. 

Genesolv D "Electronic Grade" is 
available in non-returnable drums of 
65-, 200- and 690-pound capacity, 
and in tank trucks of 3800 gallons. 

Call on us for answers to any clean-
ing problems you have. Our years of 
experience and leadership in supply-
ing high-purity chemicals can help 
you. 

/red 

Chemical 
GENERAL CHEMICAL DIVISION 

P. 0. Bcx 353, Morristown, N. J. 
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AC VOLTAGE REGULATOR 

àenses voltage changes and corre, 
voltage to within 0.1% in 1001.tsec. 
Model 760 regulates, stabilizes, and 

conditions a 60cPs, ac voltage source. De-
signed to condition a 95 to 135vac, 60cPs 
line, it handles power to lkva. The in-
strument provides 40db ( 100 to 1) tran-
sient rejection and harmonic attenuation, 
and 100db isolation. Beckman Instru-
ments, Inc., 2200 Wright Ave., Richmond. 
Calif. 

Circle 238 on Inquiry Card 

POWER MODULE 

in- outputs from 10 to 60v. at 
and are adjustable up or dam, 5%. 
Model T12D small - size, regulated 

power module converts 115v. 400 cycle 
to dc use. Measures 3 x 51/2 x 3,4 in. 
and weighs 5 lbs. It is hermetically sealed 
and meets all environmental needs of 
Mil - E - 5272C. Temp. range is from 
—65°F to + 160°F. Abbott Transistor 
Laboratories, Inc., 3055 Buckingham Rd., 
Los Angeles 16, Calif. 

Circle 239 on Inquiry Card 

COMPONENT OVEN 

Capacity sufficitnt for one 
38 in. circuit board. 

Dimensions of 17/8 x 17/8 x 4 ni.. ex-

cluding studs and header. Operating temp. 
is 75°C (±2°C). Stability is -±-4°C over 
an amb. temp. range of — 55°C to 65L. 
lower requirements: 20w at llovac. 
keeves-Hoffman Div. of Dynamics Corp. 

America, Cherry and North Strcti-. 

Carlisle, Pa. 

Circle 240 on Inquiry Cord 

High Frequency 

InductionHeating's Most 

Trusted and Creative 

Craftsmen Since 1926 

INDUCTION HEATING UNITS 
• BRAZING 

• SOLDERING 

• HEAT TREATING 

• BOMBARDING 

for 
• MELTING 

• ZONE REFINING 

e CRYSTAL GROWING 

• PLASMA TORCH 

ELECTRONIC TUBE GENERATORS 

Kilocycle Frequency Units 

Megacycle Frequency Units 

Dual Frequency Units 

• SPARK GAP CONVERTERS 
• ACCESSORY EQUIPMENT 

FREE APPLICATION ENGINEERING SERVICE— Our engineers 
will process your work samples and submit recommendations. 

WRITE FOR NEW LEPEL CATALOG 

LgpaL HIGH FREQUENCY LABORATORIES, INC. 
55th s,. & 37th Ave., Woodside 77, N.Y.C. 

Chicago Office for Sales & Service: 6246 W. NORTH AVE. 

Circle 90 on Inquiry Cord 

MAGNETIC TRANSDUCER 

Controls fluid flow and determines 
mechanical speed and movement. 

Applications of the commercial types 
indicate speed, motion, freq., and vibra-
tion. They operate from — 100°F to 
+300°F. The military types are fabri-
cated stainless steel and hermetically 
sealed to pass helium mass-spectrometer 
leak tests. Produces an ac voltage if there 
is a variation in external magnetic field. 
Nova-Netics Corp., 232 Glasgow Ave., 
Inglewood 1, Calif. 

Circle 241 on Inquiry Card 

WAVEGUIDE TRANSITIONS 
Frequency range is 3.95 to 
40.0Gc. Max. VSWR is 1.05. 

This complete series of standard wave-
guide taper transitions allow one size 
waveguide system to connect another 
waveguide of different size. Optimum 

transition is accomplished with a mini-
mum of reflected power. Waveline Inc., 
Caldwell. N. J. 

Circle 242 on Inquiry Card 

pin 

money 
In high-volume requirements, pin- money can be big money. 
That's where the Multi-Swage process pays off . . . in big 
savings on P-C Board Contacts, Terminals, Pivot Pins and 
Custom Parts. Dimensionally consistent Multi-Swage parts 
can cut costs in a wide range of applications. 

For our new catalog or special information write: 
THE BEAD CHAIN MANUFACTURING CO. 
201 Mountain Grove St., Bridgeport 5, Conn. 

Circle 91 on Inquiry Card 

1 
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...and you get 2( change 

NEW DESIGN AND PRODUCTION TECHNIQUES PRODUCE 

SUPERIOR RELIABILITY AT A NEW LOW COST (98e) 

A dramatic engineering break-through has made possible a revolutionary 
price break-through in the production of the Guardian Series "900" Relay. • 
New design and production techniques actually reduce the number of parts 
50%, and assembly operations 60%. The new U.L. approved 115v. AC "900" 
relay now features a one-piece field and core, capsulated coil with cover, one-
piece molded switches, one-piece mounting clip and return spring, and other 
simplified parts. With fewer parts, and precision engineering, you're bound 
to get exceptional dependability and longer life. The Guardian "900" actually 
out- performs relays selling at many times the low price. All you pay is 98c in 
quantities of 200 or more. Sure you can pay more— but why? U  CONTACTS: 
D.P.D.T. combination with rating of 10 amperes at 115 V.A.C. resistive load. 
in COIL: Voltages 24, 115, 230 V.A.C. or 6, 12, or 24 V.D.C. 

C4T.T.A.RD 

NEW "FORM- FITTED" TRAY— Special assembly- line 
packaging speeds your operation, at no extra cost. 

WRITE TODAY— The "900" Relay is carried in stock for 
immediate delivery. Write today for complete information. 

LiE CITRIC 

GUARDIAN ELECTRIC MANUFACTURING COMPANY 

1550 W. CARROLL AVE., DEPT. E139, CHICAGO 7, ILL. 



D LN 

LIGHTED SWITCH 

Available in alternate, magnetic 

holding, or momentary types. 
The Series 4 lighted switch fills the 

need for an illuminated indicator with con-
trol action. Light-tight legend divisions 
are available in quadrants, halves, or in 

combination configurations. Colored actu-
ation barriers may be ordered for switch 
and indicator coding or isolation. Switches 
rated at 5a., 30vdc; or 5a., 115/250vac/ 
pole. They can be supplied in 1, 2, 3, or 

4pdt contact arrangements. Lynn-West-
ern, Inc., 2525 W. 8th St., Los Angeles 
57, Calif. 

Circle 243 on Inquiry Card 

SSB CRYSTAL 

husband flat to 1db from 200 
cycles to dicc from carrier. 

Miniature 100icc SSB filter measures 

16 cu. in. in volume. Specs: 2db from 
100cPs to 6.2xc; opposite sideband rejec-
tion greater than 60db; 50db at 120 cycles 
from carrier. Upper and lower SB avail-
able. Burnell & Co., Inc., 10 Pelham 
Pkwy., Pelham, N. Y. 

NAND GATE 

Typical propagation delay is 8nsec.; 
min. fanout is 5 over —55° +125°C. 

This epitaxial-planer component is a 
0.25 in. sq. single-chip microcircuit which 
effectively replaces 4 diodes, a transistor, 
and a resistor. The epitaxial NAND gale 
consists of a 3-input AND gate followed 
by an inverting stage. The package is a 
modified TO-5, but other configurations 
are available. Sylvania Electric Products 
Inc., 100 Sylvan Rd., Woburn, Mass. 

Circle 244 on Inquiry Cord Circle 245 on Inquiry Card 

.......... 

SZZZZ 

Cool it ... with Western Gear 
Centrifugal Blowers 

When the heat's on, write Western Gear Centrifugal Blowers 
into your specs and breathe easy again. The model shown 
above for example: 400 cycle, 80 CFM @ 1.0 S.P. @ sea 
level, 300 CFM min. @ 55,000' alt. Western Gear can pro-
vide you with AC or DC models, metal or plastic scrolls. 
Blower wheels from 1" x 6" diameter. Outputs from 10 
to 500 CFM. Commercial or military specifications. 
For all types of precision motors, precision gears and 
gear trains for commercial and government end use in 
electronics, avionics and aerospace industries, call us now. 
WESTERN GEAR CORPORATION, Electro Products Division, 
75 West Green Street, Pasadena, California 91101, telephone 
(area code 213) 681-2691 or 795-4395. 

wesTeRn 
GEAR CORPORATION 

..our 75th year 

SERVOAMPLIFIERS 

Units available in 60 and 400 
cycles; two have 90° phase shifts. 
Models 951, 952, and 953 amplifiers 

drive 33-40v 60-cycle and 400-cycle servo-
motors. They come in 5, 8 and 11 sizes. 
Model 951, 400-cycles, weighs less than 
2 oz.; Model 952, 400-cycles features 
built-in 90° phase shift; Model 953, 60-
cycles, has a 90° phase shift. Models are 
fully transistorized and conform with the 
temp., vibration, and shock requirements 
of Mil-E-5400D. Helipot Technical In-
formation Service, 2500 Harbor Blvd., 
Fullerton, Calif 

Circle 246 on Inquiry Card 

POWER SOURCE 

Output limn 0.1 to 50w. 
in the Ire q. range of 23 to 74Gc. 
Model 258 is a portable r-f power source 

which provides CW or pulsed power. In-
put power for the manually-tuned unit is 
1800w. nominal, 115 or 220v. Pulse modu-
lation duty is rated up to 100%. Litton 
Industries, Electron Tube Div., San Car-
los, Calif. 

Circle 247 on Inquiry Card 

SEND FOR NEW CATALOG ON 

solder solders, fluxes, preforms, special 
alloys and ultra high purity metals 
for semi-conductor devices. 

alpha metals, inc. 56 Water St.. Jersey City. N. J . HE 4-6778 

Circle 93 on Inquiry Card Circle 94 on Inquiry Card 
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During World War II, the air over Anthorn, England, crackled with 
control- tower chatter typical of B-17 bases everywhere. Soon, that 

air will be charged again — this time with the big voice of NATO's 
new Very- Low- Frequency radio transmitter. With a power of 550-kw, 
it will feed a six- point- star antenna array stretching 4300 ft. over the 
old runways. 

Anthorn 

NATO voice of 

command... 

Like the U. S. Navy's staggering 2-megawatt VLF facility at Cutler, 
Maine, and VLF Pacific in Australia, the transmitting equipment for 
this new NATO command communication system is being designed 

and produced by LTV's Continental Electronics. VLF operation in the 
16 - 20-kc range was selected for its immunity to ionospheric dis-
turbances and because VLF propagation follows the curvature of the 
earth, thus giving added range to the station. Continental is asso-
ciated with Redifon, Ltd. of London on the Anthorn project. 

Long recognized as the producer of the world's most powerful trans-
mitters, Continental produced the megawatt Voice of America trans-
mitters, the BMEWS multimegawatt radar transmitters, and Nike-

Zeus acquisition radar. Combined with Continental's activity in the 
fields of standard broadcast AM, HF, UHF, Single Sideband and 

microwave transmitters, these projects reflect another facet of LTV 
versatility. Continental Electronics Manufacturing Company, 4212 
South Buckner Blvd., Dallas 27, Texas, a subsidiary of Ling-Temco-
Vought, Inc. 

AL7W  1110f:E.A1C)ERSO-III.• 
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FIND OUT FAST WITH AN EECo HIGH-SPEED DIGITAL SYSTEM BREADBOARD 

WILL IT WORK AT 10 MC? 

goo 040 o 

It looks good on paper. Now—what will be the effect of 
clock duty cycle? Wiring? Propagation delay? 
You can get the answers fast with EECo system breadboard 
equipment—an exceptionally simple means of formulating 
and testing digital electronic circuits at clock speeds to 10 
Mpps. 

This versatile transistor equipment lets you patch up trial 
circuit combinations with the same catalog modules that go 
into the final system, perform tests at operating frequencies 
by pushing a button on the control panel, and get a "stop-
action" look at the over-all logic flow. 

The built-in clock generator permits fast set-up of a wide 
range of test conditions, and indicators give you an imme-
diate reading on any part of the circuit. Plastic symbol cards 

further speed your work by giving you a 
system as you put it together. 

You may operate the system slowly 
to check individual operations or at 
end-system speeds, introducing 
high-speed pulses either singly or in 
pairs. If you want to try an alterna-
tive design idea, a few minutes of 
patching will make your brainstorm 
a reality. 

Discover for yourself this speedy 
route from paper to prototype. Write 
for our new breadboard brochure 
today. 

ENGINEERED ELECTRONICS Company 
1441 East Chestnut Avenue, Santa Ana, California 
Telephone: 547-5651 Cable Address: ENGELEX 

road map of the 
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NEWSubscription Order 
I wish a new complimentary Subscription to 

LE BU'rül[Mr-C 
Company Name 

Name_ 

Company Address 

City_  Zone State  

Li [ULU' Eg Mail Stop 
or 

Div. / Dept  

Position/Title  

IMPORTANT 
FOR OUR STATISTICAL RECORDS PLEASE CHECK THE ONE APPROPRIATE CATEGORY THAT 

BEST DESCRIBES YOUR COMPANY OR DEPARTMENT. Failure to do so will delay your subscription. 

[] Mfr. of non-military electronic receiving and transmitting equipment. 
P Mfr. of non-military electronic instruments, measuring, control and test equipment. 

13 Mfr. of non-military electronic computers, data processing, analysers business machines. 

1:1 Mfr. of Guided Missiles and Accessories; Aircraft and Accessories, All Types of Military Products and Equipment. 
Mfr, of electronic components, parts, tubes and like products. 

E Mfg. Co. (non electronic) using any of the above equip. In mfr., research or development work. 
• Broadcasting or telecasting station. 

Commercial communication user (Tel & Tel, Police, Airports, Recording Studio, Etc.). 

CI Independent research, test, design laboratories and independent consultants—not part of a mfg. Co. 
D Gov't Bureaus, Gov't laboratories, Gov't research center, military installation. 
El Wholesaler, mfg. representative, service firm. 

• University (educational) Public Library. 

E Other ( Please explain) 

CHANGE OF ADDRESS 
I wish to continue receiving mcinneoc Elli 
Change my address as indicated. 

OLD 

Paste wrapper imprint here, or . . . 

Write In co,piete old address 

EJ 111M0g 

Company 
Mail Stop or 
Div./Dept. 

Title/Position 

Company Address 

City 

Signature 

NEW 

Zone _State 

IMPORTANT 
FOR OUR STATISTICAL RECORDS PLEASE CHECK THE ONE APPROPRIATE CATEGORY THAT 

BEST DESCRIBES YOUR COMPANY OR DEPARTMENT. Failure to do so will delay your address 
change. 

Mfr. of non-military electronic receiving and transmitting equipment. 
Mfr. of non-military electronic instruments, measuring, control and test equipment. 

• Mfr. of non-military electronic compt:ters, data processing, analysers, business machines. 

▪ Mfr. of Guided Missiles and Accessories; Aircraft and Accessories, All Types of Military Products and Equipment. 
11 Mfr. of electronic components, parts, tubes and like products. 

[3 Mfg. Co. ( non electronic) using any of the above equip. In mfr., research or development work. 

1:1 Broadcasting or telecasting station. 

[-] Commercial communication user (Tel & Tel, Police, Airports, Recording Studio, Etc.). 

▪ Independent research, test, design laboratories and independent consultants—not part of a mfg. Co. 

; Gov't Bureaus, Gov't laboratories, Gov't research center, military installation. 

[.; Wholesaler, mfg. representative, service firm. 

E.) University (educational) Public Library. 

D Other ( Please explain) . ..... . ... . 





Our high-voltage capacitors are smaller 

offer superior electrical 
characteristics 

and have impressed some pretty 
important people. 

Our series of small, high voltage capacitors is designed 

for installations requiring a high degree of component 

reliability at operating temperatures as high as 200°C. 

We're proud of the fact that our capacitors are now being 

used on Republic's Plasma Space Engine. 

The engine is designed for a variety of space applica-

tions. As a propulsion device, due to the low thrust-to-

weight ratio, this engine can be used to maintain a satel-

lite in a particular orbit, correct interplanetary vehicle 

course, or provide propulsion for a solar probe. 

Bendix capacitors are ideal for applications such as 

this. They offer excellent qualities of radiation resistance. 

High temperature capability and mica-like electrical 

characteristics enable them to withstand extremely high 

orders of AC in small envelope size at all ambients under 

200°C. For full details, write us in Sidney, New York. 

Scintilla Division rIgndel 

COR POR OT ION 
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ROCKET ENGINE'S ABILITY to 
shatter building materials is being 
probed at NASA's Langley Research 
Center. Results should help NASA 
select spacecraft launch sites that will 
minimize damage to surrounding com-
munities. Project engineer Henry S. 
Freynik Jr., reports that space vehicle 
engines will be many times more pow-
erful and make much more noise than 
those now being tested. They may 
develop in excess of 10,000,000 pounds 
of thrust, generate as much as 145 
decibels of noise three miles from the 
launch. 

SOUNDING SENTINEL, developed 
by Raytheon, makes red lights flash, 
bells ring, horns blow, or sirens 
scream when a ship gets too close to 
shoal water. As accessory for the 
firm's larger model Fathometer depth 
sounders, the new DE-734 depth alarm 
can be set for depths between 10 and 
150 feet. When the preset minimum 
depth is reported by the vessel's depth 
sounder, the device warns of the ap-
proach to dangerous waters. 

ELECTROSTATIC PRINTING, ex-
pected to have a major impact on the 
printing industry, was patented recent-
ly. Also called pressure printing, it 
permits rapid, inexpensive, and high 
quality impressions on almost any ma-
terial from bricks to oranges. Invented 
by engineers at Stanford Research In-

stitute, the process involves screening 
dry ink particles onto the material. 
Ink particles are attracted to the ma-
terial surface by an electrically charged 
backing plate. The image to be printed 
is the other electrode plate. Ink par-
ticles are fused permanently on mate-

rial by heat or chemicals. 

EVERYBODY'S USIN' EDP to save 
time and money, including banks, air-
lines, hospitals, and even T-men and 

G-men. Now Northeastern Univer-
sity is going to use EDP to raise 
money by putting giving on the in-
stallment plan with a $40,000,000 Dia-
mond Anniversary Development Fund 
coming up. A lot of little gifts over 

a long period entails a big clerical 
bill. Everybody wants a tax deduct-
ible gift acknowledgement, there's 
bookkeeping on a running gift total, 

and also universities want their own 
record of who coughs up what. Re-
ducing human labor will also make the 
gift dollar go a little further. 

MUD, MUD, MUD and how to get 
rid of it has annoyed military men 
ever since the first howitzer got stuck 
in the stuff. Passing DC through mud 
makes the water go away but past 
methods have been too slow and too 
expensive. For the U. S. Corps of 
Engineers, Cornell U. engineers are 

considering a grid 15 to 20 feet wide, 
average road width, and as long as pos-
sible. Buried below the grid's center 

would be a series of pipes, both act-
ing as opposite poles. When activated, 
the water would surface under the 
grid and be drawn away in ditches. 
At the same time, chemicals would 
be introduced through the pipes to 
help stabilize the road. 

HEART BEATS of an unborn baby 
have been transmitted from a Mil-
waukee hospital to a Paris laboratory 
in Marquette University's first attempt 
at trans-atlantic transmission of fetal 
electrocardiograms. Transmission was 
by telephone cable from Mount Sinai 
Hospital in Milwaukee. Paris con-
firmed that the signal was strong, 
heart beats of both expectant mother 
and fetus were recorded. Dr. Saul 
Larks, Marquette professor of elec-
trical engineering, who directed trans-
mission, said the tests open the door 
for international medical consultation. 

If 

Dielectric or 
Corrosion 

Problems are 

Causing 

Coil 

Trouble... 

PRECISION 
-deg 

can help eliminate them 
Precision specializes in square, rectangular, round 
or special shaped coil forms ... kiaft, fish paper, 
acetate, DuPont Mylar, Johns-Manville Quinterra, 
Resinite impregnated, other high dielectric mate-
rials or combinations ... to help you solve any 
dielectric or corrosion problem. Forms can be 
made to your exact specifications in all sizes from 
14" square to 8" square with wall thicknesses of 
from .010 to . 125. 

Precision Paper Tubes are available in standard 
or exclusive patented DI-FORMED construction 
for greater crush resistance, high tensile strength 
and extreme dimensional stability. 

Write, wire or phone for full information 

PRECISION PAPER TUBE CO. 
1049 S. NOEL AVE., WHEELING, ILL. (Chicago Suburb) 

Plant No. 2. 1 Flower Street, Hartford, Conn 
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ALLIED ELECTRONICS 
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tge‘   

/En INDUSTRIAL CATALOG 640 

540 PAGES • COMPLETE INDUSTRIAL ELECTRONICS CATALOG FOR 
THE SPECIAL USE OF PURCHASING AGENTS AND ENGINEERS 

• World's Largest Stocks of Electronic Components 

• Same Day Shipment • Factory OEM Prices 

for FREE copy, check reader service card or write direct 

ALLIED ELECTRONICS 
subsidiary of ALLIED RADIO CORPORATION 

100 N. Western Ave.. Dept. 77-J, Chicago 80 III. 

For separate Catalog No. 230 featuring hi-fo, 
build-your-own kits, home tape recording, horn gear 
etc., write directly to Allied Radio, 
Dept. AX, 100 N. Western Ave., Chicago 80, Ill. 
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ITS NEVV...ITS 

SPIN-OUT 
PRUDE 

Spin-out occurs when a mercury 

plunger relay s subjected to high 

inrush currents of relatively bng 

duration. This sets up a heavy magnetic 

field which imparts a rotary notion 

to the mercury column. Centrifugal force 

displaces the mercury in the center of 

the column against the side cif the 

plunger, causing the center of the 

column tc sink. The phenomenon stops 

when cup and load circuit ars exposed. 

However, it begins again as soon as 

enough mercury has been restored to 

the area over the cup and central 

electrode. Uncontrolled making and 

breaking of the contact circuit may 

continue until the reay is destroyed. 

Adlake Type 1155 Mighty Midgets are 

protected by a patented anti spin-out 

feature. It doesn't show on the out-

side. Hardly shows on the inside. 

Yet, it stops uncontrolled making 

and breaking of contact circuits. 

Prevents the self-destruction that 

would normally result. With this protec-

tion, contacts rated 30 amperes at 115 

volts have sustained inrush currents 

of 200 amperes for 10 seconds. Done 

so without uncontrolled breaking of the 

circuit load. To find out how this anti 

spin-out feature works, study the 

diagrams below. Contact your 

Adlake representative, or Adlake 

direct, for additional information. 

In an Adlake 1155 

Mighty Midget, ports 

in plunger and 

refractory liner let the 

mercury re-enter the 

area surrounding 

the cup and central 

electrode as illustrated. 

This completely 

eliminates the 

tendency toward self-

destruction of the 

contact mechanism. 

ADLAKE MAKES MORE 
KINDS OF MERCURY 
RELAYS THAN ANYBODY 

RELAYS 
The Adams & Westlake Company 

Dept. N8809 Elkhart, Indiana 
Phone Area 219, COngress 4-1141 
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e s Wells Ferfa Avenue Scaltsdave. 

POWER IC 
for "brute -force" 
regulation 

" NW • w Dickson power Temoe 
Conioensated Zener Reference Déodes 
low orecise "brute force" regulation 
out complicated circuitry. Power 
and circuit designers will a se weic 
the extremely wide current range eve 
which the temperature coefficients ai 
uaranteed. 

10 WATT :2 types 
SERIES IN4297 thru IN43003 

Yonne Voltages 
38 "à 200 mA. 11 3.0 

Temperature Coeff.cienes 
01°..'`C & 

'emperature Range 

WATT : 2 types 
IES . tiz301 thru IN43041 

&owe Voltages 
88 I Amp. 113 5. 25.) 

7espersture Coefficients 

temperature Range 
—55°C tl 

For complete infcrmation conteet 
authorized D.c4son Repre;entativ 
write, wire or phone Dickson Ele:tr 
P.O 3ox 1387 Scottsdale. Pri7ons. P 
code 602, 946-5357. 

1, 1" CAC .15' CP 111 
ELECTRONICS CORPRRAnioee di 

_à_ 

IMO 
-Improving Semiconductor 
Reliability" 

Editor, ELECTRONIC INDUSTRIES: 
I would appreciate it very much if 

you would publish the list of reference 
bibliography in connection with my 
manuscript "Improving Semiconduc-
tor Reliability" in order to give credit 
to other authors in this field. 

Bibliography: High Stress Aging to 
Failure of Semiconductor Devices, 
G. A. Dodson and B. T. Howard— 
Bell Telephone Lab.; Statistical Tech-
niques in Life-Testing, Benjamin Ep-
stein—PB 171580, U. S. Depart-
ment of Commerce; Random Balance, 
Thomas A. Budne—Industrial Quality 
Control, Vol. XV 1959; Reliability 
Training Text, ASQC, IRE, March 
1960, Weibull Statistics & Burn-in, 
J. N. Perry. 

Hauw T. Go 
Chief Reliability Engineer 
Diode Division 

Transitron Electronic Corporation 
168-182 Albion Street 
Wakefield, Massachusetts 

Semiconductor Articles— 

Editor, EI,Eci RD:N:1C INDUSTRIES: 

In reviewing the June issue of Elec-
tronics Industries Magazine, I noticed 
two fine articles on semiconductors and 
circuits. Reliability of these devices 
was discussed. I would like to receive 
reprints of the following two articles: 

1. The Future of Semiconductor De-
vices by Dr. A. M. Glover 

2. The Future of Integrated Circuits 
by Daniel E. Noble 

Thank you very much for copies of 
these articles. 

J. F. Medford 
c/o Douglas Aircraft Company, Inc. 
Department A2-260 
3000 Ocean Park Blvd., 
Santa Monica, California 

"Any Back Issues—?" 

Editor, ELECTRONIC INDUSTRIES: 

If still available, I would like re-
prints of "Inexpensive Remote Pickup 
Transmitter" from your September 
1961 issue, and "Build a Suitcase Stu-
dio" in your March 1960 issue. 

Being quite new to the business, I 
do not have the past issues of Elec-
tronic Industries. But judging from 
the issues I do have, the past issues 
must have loads of informative arti-
cles. 

Perhaps some of the readers who 
want to rid themselves of old issues 
of E. I. could arrange to send them to 
me. 

W. J. Wolfenbarger. 
Chief Engineer, 

Willapa Broadcasting Co. 
P.O. Box 626, 
Raymond, Wash. 

"The Search For New 

Semiconductor Materials" 

Editor, ELECTRONIC INDUSTRIES: 

I certainly enjoyed reading and 
would like to compliment you on your 
fine article entitled "The Search for 
New Semiconductor Materials" pub-
lished in the June, 1963 Electronic In-
dustries Magazine. This undoubtedly 
is the best article I have read in recent 
months on the "state of the art" on 
semi-conductor materials. 
There is one minor point that I be-

lieve may be somewhat misleading and 
that is your statement on the availabil-
ity of Gallium. Your first paragraph 
points out that if any material is to 
supplant germanium and silicon, it will 
have to be available in quantities of 
50,000 to 100,000 pounds per year. For 
a compound semi-conductor like Gal-
lium Arsenide, this means that Gal-
lium would have to be available in 
quantities of 25,000 to 50,000 pounds 
per year. With present facilities, 
our calculations indicate that Alcoa 
alone can supply approximately 37,000 
pounds per year of Gallium required. 
We further believe that with just a 
minimum of effort extraction rates 
could be improved with reasonable 
hope that 50,000 pounds per year could 
be produced. When you consider the 
magnitude of the world wide aluminum 
industry, you can see that Gallium is 
readily available in the quantities set 
up as your criterion for adequate sup-
plies. 

F. M. Townsend, Manager 
Industrial Chemical Sales 

Aluminum Co. of America 
(Continued on page 164) 
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481L. A self- healing system for 
post-attack recovery and re-
establishment of command 
structure in case of direct 
nuclear bombardment. 

It's MITRE's job to design such a 
system and make sure it works. 

It's just one of MITRE's jobs. 
Among others are the 
development of a new aerospace 
communications system, a 
nuclear detection and reporting 
system, a hardened underground 
command post for NORAD, 

and a system to help end mid-air 
collisions. 

MITRE needs men for this work. 
It is probably the most 
challenging work of its kinc in the 
field of military command 
technology. 

MITRE is located in Bedford, 
Mass., a country town 25 minutes 
from Boston. one hour from the 
White Mountains, a ha'f-hour 
from the ocean. Advanced 
degrees in electronics, physics or 
mathematics are preferred. 

If you are interested in working 
here, write Vice President — 
Technical Operations, The MITRE 
Corporation, Box 208 AN, 
Bedford, Mass. Openings are 
also available in Washington, D.C. 
and Colorado Springs, Colorado. 

THE 

M ITRE 
CORPORATION 

An Equal Opportunity Employer 

Pioneer in the design and development of command and control systems, MITRE was chartered in 1958 to serve only the 
United States Government. The independent nonprofit firm is technical advisor and system engineer for the Air Force Elec-
tronic Systems Division and also serves the Federal Aviation Agency and the Department of Defense. 
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Printed Circuit Connectors 
with operating voltages to 

1500 V RMS...up to 5 amps 
current carrying capacity! 

Ideally suited for limited space applications! Extremely compact 
—highly resistant to extremes of shock, vibration, temperature 
and moisture. Body, tough low-loss polyamide per MIL-P-17091 
(Du Pont Zytel 101 nylon). Available in 13 colors, including basic 
colors for MS16108C coding applications. Contact resistance: 
less than 2 milliohms. Capacitance between two adjacent jacks: 
less than one mmf. 
Tn. JACKS—Formed silver-plated berylium contact. Horizontal 
Jack accepts .080' dia. tip plug in either end, top or bottom. 
Vertical Jack mounts through single .052' hole requiring mini-
mum mounting area. 
SUB-MINIATURE TIP PLuGs—One-piece, nickel-plated, machined 
brass tip. Solder type lead connection. Available in standard 
length or with 4' body for access to "hard to reach" test points. 

STANDARD NYLON CONNECTORS—Complete line of Tip 
Plugs; Standard, Metal-Clad, and Rapid-Mount Tip Jacks; 
Banana Plugs and Jacks; Binding Posts. Tough, low-loss, shock-
proof nylon will not chip or crack. Voltage breakdowns to 12,500 
VDC. Catalog lists available types. 

OTHER CONNECTORS—In addition to nylon types, Johnson 
also manufactures standard connectors. Catalog lists available 
types. 

E. F. JOHNSON COMPANY 
3002 TENTH AVENUE S.W. • WASECA, MINNESOTA 

SI 

DETAILED COMPONENTS CATALOG AVAILABLE 

—Write today on company letterhead! 

rre Liâ 
Nylon Plugs 
and Jacks 

ACTUAL 

SIZE 

DESIGNED FOR 

PRINTED CIRCUIT USE : 

•CAPACITORS •IUBE SOCKETS •CONNECTORS •PILOT LIGHTS 
•INSULATORS •KNOBS AND DIALS •INDUCTORS •HARDWARE 

ELECTRONIC CAPABILITY (Continued) 

quality of output and manpower rather than on 

sales records and size of facilities, will increase. 

Q.—What do you suggest we do about this gap 

in our technological ability? 

A.—This is not easy to answer. It's hard to 
assess the basic competence of the electronics 

industry, whether it needs to grow, or be stimu-

lated in certain directions. We know that we are 

not getting what we need, and that our electron-

ics capability must be geared to grow with the 

space program. 

Q.—Are American workers geared to think and 

work with precise requirements? 

A.—This is a real problem. We know there is 

laxity in precision and perfection in our manufac-

turing in contrast to the handicraft society as 

exemplified by the Swiss in their watch move-
ments. The "Let's get the product out on the 
market" drive has been paramount in our think-

ing. Success of a space mission may hinge on the 

absence of any inferior component. Shoddy work 

and imperfect materials have no place in space 

equipment. 

Q.—Do you consider that we may not have 

enough highly-trained scientists? 

A.—Those who talk about our space program 

in my opinion usually over-emphasize the impor-
tance of highly-trained scientists as opposed to 

engineers who do most of the work. We need 
more highly-trained engineers if we are to get the 

electronics reliability and competence we need 

to make every space shot successful. 
Q.—What can we do about the shortage of 

trained and experienced electronic engineers? 

A.—There is always a shortage of able people 

in any line. There is not only a shortage of scien-

tists and engineers but also of competent man-

agers to supervise and hold onto the skilled per-

sonnel in industry who are more and more in 

great demand elsewhere. We should offer incen-

tives to engineers, both in education and on 
the job. 

Q.—What remedies do you suggest? 

A.—For one thing, our educational system is 

archaic. It lags behind changes in our society. 

There is a lack of money for rebuilding facilities 
and up-dating curricula, and there is a lack of 

stimulation for change in educational circles. 

Lack of facilities and insufficient maintenance are 

also factors. These problems always have beset 

education, but with the space program, requiring 

greater emphasis on skills and training, the prob-
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lem of education is far more severe. 

So much is being published today that was not 

published only a few years ago. This is impor-

tant, for it helps to motivate young people and 

to provide instruction and training for those 

already in the jobs. 
Q.—How do we stimulate this lagging educa-

tional system? 

A.—If you want to lead our society in any par-

ticular direction—speed it up, or change its direc-

tion—most of this sort of effort, seemingly, must 

be done in Washington. 
Q.—What is the Government's role in this? 

A.—Legislation should provide scholarships, 

funds for new facilities at technical colleges and 

universities. Actually, NASA is making funds 

available for new facilities for scientists at the 

present time, and this program could easily be 

broadened to include engineering. 
Q.—How effective is our total effort to speed 

up our technological capability through this 

NASA effort? 
A.—NASA's program is just a little wedge 

toward a solution to the whole problem. How-
ever, there is evidence that NASA's current pro-

gram may be sufficient to replace all the PhDs 

required by the Government in its space program. 

Q.—Do industry leaders support NASA's pro-
gram and the concept that the Government 

should place its weight behind stepped-up edu-

cation and experience programs for scientists and 

engineers? 
A.—I know of no adverse criticism from indus-

try leaders. There may be some support for the 
program, but such support is not yet particularly 

noticeable. 
Q.—What is the U. S. position on the mobility 

of scientists and engineers, brought about by the 

awarding of contracts? 

A.—The Government is not sure it wants to 

get into this problem. In fact, it appears that it 

is the most highly skilled and valuable person 
that has opportunities coming his way that causes 

him to move. There is a question whether the 

Government should interfere in this phase of our 

free enterprise society. 

Q.—What is your feeling as to the responsi-

bility of Government and industry toward pro-

viding training and experience for technical per-

sonnel? 
A.—Government should support educational 

opportunities for citizens, and industry should 
provide training and experience in practical 

know-how, and in leadership leading to manage-

(Continued on page 165) 

Actual Size 

NEW 1/2— SIZE CRYSTAL CASE RELAY 

MODEL 902 (DPDT) 
Meets requirements of MIL-R-5757D 

Rigid frame construction 

Positive contact wiping action 

High-temp. coil wire rated +220°C 

Size: .80"L x .40"H x .40"W 

Weight: 0.3 ounce 

Contact arrangement: Form C 

Coil rating: 6, 12, 26.5,48 VDC (others available) 

Contact rated load: low level dry circuit to 2 amps 
resistive to 26.5 VDC 

Contact life: 100,000 operations at rated loads 

Vibration: 0.1" DA. or 20G peak, 10 to 2000 cps 

Temperature: —65°C to 125°C 

Shock: 50G for 11 milliseconds 

Dielectric strength: 1000 volts RMS except 500 volts RMS 
from coil to case and across open contacts 

Terminals: Plug-in, hook-type and 3" leads 

Corrosion resistant materials used throughout 

Produced with meticulous care under white room 

conditions and rigid quality control procedures 

This new relay is reliable! It is constructed of precision made parts to exacting 
tolerances for uniformity of production, and provides consistent, dependable 
performance. Available from factory shelf stock and from stock in our 
Los Angeles and New York offices. Ordering references for 1/2 -size 
Crystal Case Relay with hook terminals and bracket mounting, 
26.5 VDC is Catalog No. 90210320. 
For technical information call Aerospace Products, or write for Bulletin 1073. 
Telephone: 242-5000, Area Code 412. TWX 412-642-4097, TELEX 086748. 

WRB C 1:1 
UNION SWITCH & SIGNAL DIVISION 
PITTSBURGH It, PA./Westinghouse Air Brake Company 
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NOW THERE ARE 1 0 SIZES OF PROGRAMMING SYSTEMS 

A PLUGBOARD PROGRAMMING SYSTEM 
ENGINEERED TO FIT STANDARD RACKS! 

MODEL 909 WITH 3264 POSITIONS 
MAC Panel Plugboard Programming Systems are designed 

to meet all your requirements for dependable program 

control of electronic equipment. Available in sizes rang-

ing from 200 to 5120 positions, systems include re-

ceivers, lightweight phenolic or diallyl phthalate plug-

boards and a complete set of manual and fixed plugwires. 

Check the complete line . . . write for catalog, price 

list and set of receiver mounting dimension sheets. 

  MAC PANEL C01/01E.M. DIVISION 
11:Z1:133I 

Division of Adams - Millis Corperat ion 

High Point, North Carolina 

IMO 
"Diode 'And' Gate" 

Editor, ELECTRON IC INDUSTRIES: 

The "Diode 'And' Gate" circuit that 
you have drawn on p. 86 of the July, 

1963 issue of Electronic Industries has 
a mistake in the B diode leg. The cir-
cuit as shown will not operate as a 
coincidence circuit since the B leg is 
independent of the A and C circuit 
elements. 

The corrected circuit is shown below. 

The B leg should be corrected as 
shown so that the circuit will function 
as originally intended. 

C. A. Kailas, 
Electronics Engineer 

Missile & Space Systems Div. 
Douglas Aircraft Company, Inc. 
Santa Montica, Calif. 

"Guide To Lamp Selection" 
Editor, ELECTRONIC INDUSTRIES: 

Congratulations on the very fine 
and comprehensive article, "Designer's 
Guide to Lamps, Indicators and 
Switches," in Jan. 1963 issue. The ar-
ticle reflects your extensive and thor-
ough research of the industry. 
One slight misprint occurs in the 

copy immediately above the cut of the 
Licon Type 04, Page 166. The second 
line should read . .. "-crease of switch 
operating point," instead of "actuating 
pressure." 

Howard J. Roeser 
Advertising Manager 

Licon 
Division Illinois Tool Works Inc. 
6615 W. Irving Park Road 
Chicago 34, Illinois 
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(Continued from page 163) 

ment positions. 

Little known is the fact that the Government 

sometimes helps in training people for manage-

ment positions. It often selects talented persons 

from industry to work for a period in difficult 

management slots in Government where they get 

some of the best lessons in management, which 

can be applied at their companies. 

Q.—You implied that our scientists, engineers 

and production people need to be motivated in 

order to achieve the excellence and perfection 

demanded by our space effort. How should this 

be done? 

A.—Motivation is very important. Some feel 

that motivation is a basic problem with our citi-

zens as compared to grandfather's time; things 

are not as black as they seem. There is tremen-

dous excitement among our young people over 

our space program. If we relied on the ex-

citement of our 9 - 15 - year - olds, our space 

budget would be tripled. Television and reading 

material on space have aided this and have made 

our young people much more advanced in knowl-

edge and ability. If we can help them capitalize 

on that interest through public schools and col-

leges, we may have solved part of the motivation 

problem. Public schools have lagged far more 

than our colleges in training young people for a 

new and rapidly changing world. 

Q.—In your opinion, is it the systems engineer 

that is in shortest supply? 

A.—The man who can plan a complete system 

is the hardest to find and in greatest demand. 

This is where we have the greatest shortage. So 

far, there are few schools, if any, for training in 

systems technology and planning. Such knowl-

edge comes by experience and not enough people 

have this experience yet. 
Q.—Is the Government doing anything to help 

encourage—possibly through the Department of 

Health, Education and Welfare — high school 

guidance people to steer talented students into 

science and engineering? 

A.—This can be sticky. The Government 

doesn't want to be a dictator to local schools. I 

think there is one thing the colleges and universi-

ties can do, however, to interest young people in 

technology. Schooling costs are so high that 

many talented students are discouraged or drop 

out before reaching maximum potential and are 

thus lost to society. I suggest that colleges find 

a way to reduce tuition fees according to a 

student's academic record. The better the stu-

dent's performance the less the fees charged. 

Actual Size .NN 

NEW 1/6-SIZE CRYSTAL CASE RELAYS 

MODELS 900 (SPDT) and 901 (DPDT) 

Meets requirements of MIL-R-5757D 

Self-mounting to printed circuit boards 

0.1" grid spaced terminals 

Balanced rotary type armature 

Positive contact wiping action 

High-temp. coil wire rated +220°C 

Large coil provides greater coil power 

All welded rigid frame construction 

corrosion resistant throughout 

Size: .500"L x .230W x .430"H 

Weight: 0.15 ounce 

Coil rating: 6, 12. 26.5, 48, 76 VDC (Others available) 

Contact arrangement: Form C 

Contact rated load: low level dry circuit to 
• 1.0 amp resistive at 26.5 VDC 

Contact life: 100,000 operations at rated toad 

Terminals: 11/2" or 1/2 " leads, or solder hook 

Vibration: 0.1" D.A. or 20G peak, 10 to 2000 c.p.s. 

Shock: 50G for 11 milliseconds 

Temperature: —65° C to 125° C 

Produced with meticu'ous care under white room 

conditions and rigid quality control procedures 

These relays are reliable! They are constructed of precision made parts to 
exacting tolerances for uniformity of production, and provide consistent, 

dependable performance. Available from factory shelf stock and from 
stock in our Los Angeles and New York offices. Ordering references 
for 1/6-Size Crystal Case Relays with 11/2" leads, 26.5 VDC coil rating: 
Model 900-Catalog No. 90030301; Model 901—Catalog No. 90130301. 
For technical information call Aerospace Products, or write for 
Bulletins 1076 (Model 900) and 1077 (Model 901). Telephone: 242-5000, 
Area Code 412. TWX 412-642-4097, TELEX 086748. 

WAS C 0 
UNION SWITCH & SIGNAL DIVISION 
PITTSBURGH 18, PA./ Westinghouse Air Brake Company 
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Look at all the Virtues 

has packed into 

the NEW 

smallest 

and most versatile 

production units 

with this 

high accuracy 

10 SECOND 

it 2- Speed 
HIGH PRECISION 

PANCAKE 
RESOLVERS 

• Provides both one- and 16-speed out-
puts from the same compact resolver. 

• Direct two-speed operation — elim-
inating need for additional mechanical 
elements — simplifies circuitry and 
assures superior reliability. 

• Readily adaptable to digital systems. 

• 10-second accuracy ccnsistently 
maintained in production units. 

• Integral bearings permit direct mounting 
to gimballed structures. 

• Beryllium housings provide light weight 
and high thermal stability. 

This new series of Pancake Resolvers once again emphasizes the advanced design 

capabilities that Reeves can bring to bear on problems in this field. For further 
information, write for Data File 309. 

REEVES INSTRUMENT CORPORATION 
A Subsidiary of Dynamics Corporation of America. Roosevelt Field. Garden City. New York 

Qualified engineers who are 
seeking rewarding opportunities 

for their talents in this 

and related fields are 
invited to get in touch with us 

e*We.,eefe, 
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The Systems 

Engineering 

Section of 

ELECTRONIC 

INDUSTRIES 

"EDGE" ON PRODUCTION 
With Navy P-3 Orion patrol plane in BC, production worker at the 
Lockheed- California Co., Burbank, reports status of job via remote 
EDGE (Electronic Data Gathering Equipment) unit. Flashed in under 
a sec. to central RCA computer is production data in 36 subject 
areas. Lockheed-California now has 127 EDGE units in operation. 

New production data reporting and acquisition system 
conceived by Lockheed, and designed and built by RCA. 
is being installed in Lockheed plants throughout country. 
Automatic DPS makes production data from assembly 
lines available to top management in a few seconds. It 
will save about $2.8 million next year at Lockheed Missiles 

& Space Co. alone. Reports are made by production line 
employees through "nerve ends" called EDGE (Electronic 
Data Gathering Equipment). Management uses infor-
mation to locate parts in production, check status of jobs. 
Days, weeks are cut off normal report times. 

WBIR-TV, Knoxville, Tenn., received 297 tons of pre-
fabricated steel for its 1751-ft. TV tower, which will replace 

an existing 700-ft. support. Tower will extend the WBIR-
TV coverage over a 50% greater area. The tower will be 
equipped with a 2-man elevator for making repairs or 
changing lights. A man would take an estimated 3 hrs. to 

climb the one-third mile height. The elevator will ascend 
it in 15 min. Designed and built by Stainless, Inc., N. Wales, 

Pa., the guyed, triangular tower will support a high-gain 
helical antenna. Stainless has already built a 1749-ft. tower 
in Columbus, Ga., shared by WTVM and WRBL-TV. 

en1r1 

A $36 million contract for the development and manu-
facturing of an air defense system for Japan was recently 
awarded to the Hughes Aircraft Co., Fullerton, Calif. The 
Hughes Tactical Air Weapons Control SyLtem was se-

lected over systems proposed by two other American com-
panies. The selection was not made until after 3 years of 
system development, presentations and demonstrations by 
the 3 companies, plus exhaustive evaluation by the Japa-

nese Air Self Defense Force. 

New equipment FAA has ordered will give air traffic con-

trollers more command over inputs to their radar scopes. 

Burroughs Corp. is designing the equipment that will be 
part of FAA's improved national air traffic safety system. 
Automatic processors will do filtering now performed 
manually by human operators. Radar and airborne beacon 

data will be fed automatically into scope unless controller 

changes type(s) of information desired. 

A totally integrated data system designed by G. E. for 
the Chicago public schools may lead to new methods in 
educational data processing. Dr. Benjamin C. Willis, Gen-
eral Supt. of Schools, said the DPS will begin operating 

when school opens this month. It will serve the entire 
school system within 5 years. "When the system is fully 
implemented, the Chicago public schools expect to save 
over $3,500,000 per year," Willis said. The service will 
reduce the clerical load of teachers, thus making more 
instruction time available for students. 

AIR WEAPONS CONTROL SYSTEM 

View of Tactical Air Weapons Control System demonstration facility, 
at Hughes Aircraft Co., Fullerton, Calif., shows Colordata screen 
with flanking status boards, Command Console ( lower left), and Data 
Display Consoles with Auxiliary Readout Console ( lower center). An 
H-330 Computer and supporting systems are outside partition at left. 
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Deep sea vehicles are being used 

for oceanography and ASW research. 

In many cases these vehicles are 

remotely controlled from a sur-

face vessel. A system which pro-

vides this remote control via 

a wire -sea water transmis-

sion line, is described here. 

A REMOTE CONTROL SYSTEM that handles present un-

derwater needs and can also be expanded for the 

future has been developed by Westinghouse Ord-

nance Div. It sends coded information between 
mother and remote vehicles via a wire and sea water 

line. A prototype demonstrated the system at dis-
tances over 10 miles. It's described here. 

Designers of the communication system had to 

work for reliability and minimum volume and weight. 
There were other goals, too: 

—The system had to be easily maintained and 
serviced. 

—It had to be compatible with different vessels. 
—It needed a range of 10 miles. 

For Underwater Vehicles ... 

A DIGITAL 

WIRE GUIDANCE 

SYSTEM 

Because water won't carry acoustics well over such 

distances, and because electromagnetic waves are 
severely attenuated, a direct wire link is the only 

satisfactory underwater communication channel. And 

the wire must be small in diameter and expendable, 

so that compact, lightweight spools can handle it 

over long distances. A 20-1b. tensile load had to be 

withstood by the wire, and this determined its mini-

mum diameter. The wire is payed out from spools 
in both vehicles, so that both can maneuver. 

Signal attenuation and distortion must be kept 
down, and the link's bandwidth kept wide enough to 

allow adequate transmission rates. 

The 1-f resistance of the sea is about 2 ohms at 
these distances. That allows the sea itself to be one 



conductor, so that the line is essentially a coaxial 

cable, with an insulated inner conductor of wire and 

an outer one consisting of the sea. 
More conventional lines using 2 metallic conduc-

tors can be used. These will have about twice the 

series resistance of a wire-sea water combination of 
the same diameter. However, 2-wire lines have an 

advantage: their inductance is small and constant. 

The wire-sea water line has considerable inductance 

when coiled in a spool. But it decreases as the wire 

is dispensed from the spool. 
Long lines are inefficient at high frequencies. Only 

the very low end of the frequency spectrum is of 

value with long, small diameter underwater lines. 
Electrical characteristics of these lines are due mostly 

to their distributed series resistance and shunt capaci-

tance, and also to their inductance on the spool if 
they are the single-wire type ( see Table 1 and 

Fig. 2). 

Types of signals that can be used depend on the 

transmission line characteristics. The signals should 

have most of their spectrum within the link pass 

band. The plots in Fig. 2 show that the higher fre-

quencies are greatly attenuated. 
Pass bands of the transmission lines can be in-

creased by reducing either their distributed series 
resistance or their shunt capacitance. Series re-

sistance can be reduced by increasing the wire diam-

eter or, in the case of the copper-clad wire, increasing 

the amount of copper. Increasing wire diameter in-

creases the volume needed to store a given length. 

Increasing the percentage of copper in copper-clad 

wires of equal diameter decreases their breaking 

strength. This makes necessary an additional in-
crease in diameter to meet the strength requirement. 

The insulation on the wires contributes little to break-

ing force resistance. 

Shunt capacitance can be decreased by increasing 
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Fig. 2: Attenuation vs frequency characteristics for several 
lines ( when fully dispensed from spools) are plotted here. 

the distance between conductors. The insulation for 

coaxial lines can be thickened, or a two-wire parallel 

line can be used. Both procedures result in an in-

crease in the cross sectional area of the wire and 

thus, a decrease in the storage density. Another way 
of reducing shunt capacity is to use insulation with 

lower permittivity. However, since Teflon seems to 
have the lowest permittivity of the practical solid 

insulation materials now available, no further im-

provement by this method is possible at present. 
If a single wire is used, its inductance can be quite 

Fig. 1: ( left) System concept is illustrated 
here. A prototype model was built that 
successfully demonstrated system's feasi-
bility for use at distances of over ten miles. 

By M. F. BORKOWSKI, 
C. C. CRAVEN 
Engineers 

and J. B. MYNAUGH 
Sr. Engineer 
Ordnance Div. 
Westinghouse Defense Center 
Baltimore, Md. 

Table 1 

Distributed Parameters of Several Underwater Transmission 

Type 1 Type 2 

Lines 

Type 3 Type 4 

Series resistance 106 26.17 
(ohms 1000 ft) 

77 103 

Shunt capacitance 0.069 x 10-6 0.0444 x 10-6 0.101 x 10 6 0.028 x 10-6 
(farads '1000 ft) 

Type 1: No. 26 AWG 30% copper, copper-clad steel wire, 4-mil-thick Teflon insulation. The 
sea is the second conductor. 
Type 2: No. 24 AWG hard drawn copper, 16-mil-thick polyethylene insulation. The sea is 
the second conductor. 
Type 3: A coaxial cable with 20-16. tensile strength, No. 24 AWG hard drawn copper, 4-
mil-thick Teflon insulation. 
Type 4: Twisted pair with 20-1b. tensile strength, two No. 27 AWG hard drawn copper 
wires spaced 4 mils, Teflon insulation. 
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GUIDANCE SYSTEM (Continued) 

[ PULSE 
S 

40 MS 

PULSE 
A 

PULSE 1 PULSE 1 PULSE I DEAD ] 
B C D TIME 

40MS 40MS 40 MS 40MS 40 MS 

Fig. 3: Command word timing. The time interval for each com-
mand is subdivided into intervals of forty milliseconds each. 

COMMAND S 

Table 2 

A B C D 

1 1 
2 1 
3 1 
4 1 
5 1 
6 1 
7 1 
8 1 
9 1 

10 1 
11 1 
12 1 
13 1 
14 1 
15 1 
16 1 
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INSPECTION PULSE "C" 

INSPECTION PULSE "D" 
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g 
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m 
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t(ms)-11> 

RING COUNTER OUTPUT 

Fig. 4: Timing pro-
g r a m. Information 
pulses during the 
time intervals A, B, 
C, and D are sensed 
by AND gates that 
use counter and in-
spection pulses gen-
erated by the com-
mand word. 

large when it is coiled in a spool. Effect ot the in-

ductance is to modify the transmission line pass band 

by creating a resonant peak in conjunction with the 

capacity of wires. Since the inductance decreases as 

the wire pays out of its container, the frequency of 

resonance changes. The moving resonance peak 

places severe dynamic demands on certain types of 

frequency-sensitive receivers. At times the gain of 

the receiver would have to be radically adjusted at 

various frequencies. Two-wire lines do not have this 

problem. 

Selection of the type of line to use is dependent 

upon relative importance of storage space, band 

width, and spooled inductance. Amount of wire that 

can be stored in a cylindrical container is inversely 

proportional to the square of the diameter of the wire. 

The communication system selected uses only the 

lowest end of the frequency spectrum and thus a 

wire-sea water line composed of a single No. 26 

copper-clad wire was selected. This wire has the 

highest storage density of those considered, since it 
has the smallest diameter. 

Operation 

The selected system uses 1-f coded pulses. It has 

a pulse encoder on the launching vessel which gen-

erates a series of pulses coded according to the de-

sired command. The underwater vehicle carries a 

command decoder which interprets pulses as they 
arrive and applies them to circuits that execute 

the command. Although the selected system does not 

provide for return signals, they could be used by sim-

ply reversing the process and using essentially the 
sanie equipment on a time-sharing basis. 

The system's logic circuitry uses 2 basic circuits: 

the AND gate and the "set-reset" flip-flop. Each 
command word is transmitted during a time interval 

of 200 msec. Separation between commands (dead 

time) is 40 msec. A total time of 250 msec is thus 

needed to transmit one command. At this rate, 
slightly over 4 commands can be transmitted per sec. 

Time interval for each command is subdivided into 

smaller intervals of 40 msec each, Fig. 3, Fundamen-

tal operating frequency of this word structure is 12.5 

cis. First pulse is the S or start pulse followed by in-

formation pulses. Provision is made to transmit in-

formation pulses during time intervals A, B, C, and 

D. Function of the start pulse is to start action in 

the decoder and to act as a time reference. Each 

command word must have a start pulse. Information 

pulses during the time intervals A, B, C, and D are 
sensed by AND gates that use counter and inspec-

tion pulses generated by the command word, Fig. 4. 
(Continued on page 172) 
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GUIDANCE SYSTEM (Concluded) 

Decoding Logic Circuit 

The decoding logic circuit is shown in Fig. 5. 

Transmission line input is fed into a normal Schmitt 

trigger circuit which reshapes the received command 

pulses. The first pulse emitted from the Schmitt 

trigger, which is the start pulse, sets the clock-en-

abling flip-flop which in turn starts the clock oscilla-
tor. The clock starts and regulates the ring counter's 

progression S-A-B-C-D-EX at 40 msec intervals. 
When the "S" stage of the ring counter is switched 

"On," it generates a pulse to "Reset" the memory 

flip-flops, thus erasing the previous command memory 
storage and preparing for new storage. 

The start pulse also energizes the inspection pulse 

generator. This unit contains an oscillator that gen-

erates pulses 5 msec long and 40 msec apart as long 
as a signal is being emitted from the Schmitt trigger. 

This oeillator is delayed to start 20 msec after the 

start of the clock oscillator regulating the ring counter, 
Fig. 4. 

A, B, C, and D stages of the ring counter indi-
vidually supply an input to the 2-input inspection 

gates. The other input is supplied by the inspection 

pulse generator. If both inputs of an inspection AND 
gate are energized simultaneously, the gate will con-

duct and set its corresponding memory flip-flop. The 

memory flip-flops will remain set until the start pulse 

of the next command word causes a reset. 

With both signals present simultaneously, gate "A" 
conducts and sets memory flip-flop "A." Thus, the 

existence of pulse "A" has been established. This 
same process is repeated as the ring counter pro-

gresses, setting to memory the existence of command 

pulses A, B, C, and D. Nonexistence of a command 

pulse is also detected because the absence of a com-
mand pulse on the line fails to generate an inspection 

pulse, thus preventing the setting of its particular 

memory flip-flop. The last stage of the ring counter 

is the execute command. This stage has a two-fold 
purpose: it resets the clock-enabling flip-flop, thereby 

stopping the ring counter, and it supplies one of the 

inputs to each of the 16 decoding AND gates. 

At the end of 200 msec, the pulses of any given 

command have been accumulated and are stored in 

the memory flip-flops. There are 16 possible com-

binations ( Table 2) of pulses which can be trans-
mitted by this basic system using the information 

pulses A, B, C, and D. 

To decode the command, 16 AND gates (one for 

each command possibility) are wired to the outputs 

of the memory flip-flops per the code given in Table 2. 
(See Fig. 6.) 

After 200 msec, one and only one of the decoding 

AND gates will be satisfied, except for the existence 

of the execute pulse. As soon as the execute pulse 

arrives, the decoding gate transmits a pulse to its 
output flip-flop which can drive other circuitry to 

execute the command. Reset inputs of these flip-

flops are also controlled by the reset pulse generated 

by the ring counter start stage at the beginning of the 

command time. Or, they can be reset by feedback 

from the device which actually executes the command. 

One more bit ( F) could be inserted as a parity 
check. It would be inserted as needed by the encoder 

to produce an even number of pulses for each com-
mand. By doing this we eliminate the possibility that 

any single noise pulse or the loss of a single pulse 
could cause a false command. 

The Encoder 

The encoder or command transmitter for this sys-

tem is stored aboard the launching vessel. Its cir-

cuitry is similar to that of the decoder in a reversed 

R) 

CLOCK CLOCK ENABLE CLOCK 
FLIP-FLOP OSCILLATOR 

ING COUNTER 

IR) 0-110 

ABC D EJ  RESET ( R) 

-• 

MULTIPLEXER MEMORY 
FLIP-FLOPS 

INSPECTION 
GATES 

AMPLIFIER 

TO TRANS-
MISSION LINE 

KI 

SEAWATER 

VOLTAGE  "GROUND" 

SUPPLY 

Fig. 7: Command Encoder. A command is 
generated by manually selecting the de-
sired command on a multiplexer. Ap-
proximate volume of the encoder is 25 
cubic inches. 
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fashion, Fig. 7. A command is generated by man-

ually selecting the desired command on a multiplexer 

(a 16-position, 4-wafer rotary switch can be used). 

The multiplexer in turn supplies power to energize 

one input of the 2-input AND gates A, B, C, and D 

in a combination unique to the command being trans-

mitted. 
At the sanie time that power is supplied to set the 

memory flip-flops, the clock-enabling flip-flop is en-

ergized, thus starting the clock oscillator. The clock 
starts and regulates the ring counter through its 

S-A-B-C-D-E progression at 40 msec intervals. 

When the first stage ( S) of the ring counter is 
switched, it supplies the second input to each of the 

AND gates, A, B, C, and D. The gates that have 

both inputs energized will conduct and set their re-

spective memory flip-flops. This procedure prevents 

changing the memory storage during ring counter 

progression. 
Outputs of the memory flip-flops supply one input 

to the 2-input inspection AND gates. The other input 

from the gates is supplied by the ring counter as 

shown. The outputs of these inspection gates are 

amplified and operate a relay. The relay in turn con-

nects a voltage source to the transmission line. Thus, 

as the ring counter progresses, stage "S" switches on 
the transmitting relay for 40 msec ( since all com-

mands must have a start pulse). 

Stages A, B, C, and D also switch command power 

as the ring counter progresses if their inspection 

gates are satisfied. Stage E in the ring counter pro-

vides for 40 msec dead time between commands and 

supplies the reset pulse to the memory flip-flops and 

the clock-enabling flip-flop to turn the ring counter 

"off." Transmitter end of the transmission line is 

normally shorted out through the contacts of the 

de-energized transmitting relay so that after every 

40 msec transmission, the line is shorted. This is 

done to prevent the line from charging up during 

transmission and to create pulses with trailing edge 

decay times equal to the rise times of their leading 

edges. 

The approximate volumes of the 16-command en-

coder and decoder are 25 cu. in. and 50 cu. in. respec-

tively. These volumes are based on a 4-command 

breadboard model of this system that has been built. 

The size of a spinning reel-type wire dispenser con-

taining 10 miles of No. 26 AWG copper weld wire 

with a 4-mil Teflon insulation would be about 9.5 in. 

long and 15.5 in. in diameter. 

A REPRINT OF THIS ARTICLE CAN BE OBTAINED 
by writing on company letterhead to 

The Editor 
ELECTRONIC INDUSTRIES 

Chestnut Cir 56th Sts., Phila. 39, Pa. 

KINNEY... EVERYTHING IN VACUUM 

High Vacuum to 
5 x 10-7 Tarr with 
KINNEY Portable High 
Vacuum System 

Kinney Series KPW Hign 
Vacuum Pumping Sys-
tems, in 2", 4", and 6" 
sizes, are compact, de-
pendable units engi-
neered to fill a wide range 
of applications. They can 
be easily moved and 

connected to evacuate a 
wide variety of systems. 

Each unit consists of a mechanical pump, a dif-
fusion pump, roughing and backing valves, liquid 
nitrogen or water cooled baffle, high vacuum valve, 
and ionization-thermocouple gauge enclosed in a 
hammertone grey enamel cabinet topped with a 
formica work surface. 

- - - FEATURES - 

• Rapid Evacuation to 1 x 10-6 torr 
• 5 x 10-7 torr ultimate pressure 
• Straight through pumping 
• Ultra-high vacuum baffling 
• Designed around dependable Kinney components 

The New York Air Brake Company 
KINNEY VACUUM DIVISION 3529 Washington Street 

Boston, Massachusetts 
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NBAI HIGHURBE 
DC to AC INVERTERS 

MODEL 1R250 
11 1/a x 11 3/4 5 51% 

In addition to high-efficiency DC to AC continuous power conver-
sion, new TRANSPAC® Solid-State Inverters provide high-surge 
power for limited periods. Ideal for motor starting, incandescent 
lamp powering, capacitor charging, powering refrigeration systems, 
etc. Typical model converts 12 VDC or 24 VDC nominal input to 
115 VAC nominal, 60 cps, 250 VA continuous with peak power 
capability of 1000 VA for 20-second duration. 

WRITE FOR COMPLETE CATALOG 

Complete line of TRANSPAC Inverters feature full range 
of power outputs to 500 VA . . . sine wave and square 
wave, fully regulated, frequency regulated and unregulated 
models. Wide selection of standard DC inputs with 115 
VAC nom. outputs. 60 and 400 cps models. Prices: $75.00 
to $510.00. Also special designs with outputs to 5 kw. 

Complete Line of TRANSPAC® Converters, Frequency Changers 

Write for additional information on ERA TRANSPAC 
DC Power Modules, Laboratory Power Supplies and 
Transistor Test Equipment. 

ELECTRONIC RESEARCH ASSOCIATES, INC. 
Dept El-9, 67 Factory Place • Cedar Grove. N. J. • CEnter 9-3000 

SUBSIDIARIES: ERA Electric Co. • Acl,anced Acoustics Co. • ERA Dynamics Corp. • ERA Pacific, Inc. 

AF HITCH-HIKER SATELLITE 

TO STUDY ATOMIC RADIATION 

A 176-1b. hitchhiker satellite, de-
signed to measure angular distribu-
tions and energies of charged particles 
in the earth's magnetic field and upper 
ionosphere, is now in orbit. It was 
ejected from another satellite launched 
by the Air Force from Vandenberg 
AFB, Calif. 

The satellite is part of an Air Force 
program to gain more data on the rate 

of decay of radiation caused by recent 
U. S. and Soviet high-altitude nuclear 
blasts. 
The experimental satellite, which 

carries six types of instruments, was 
made by Lockheed Aircraft Corp. 
Mass. Inst. of Technology and Ameri-
can Science & Engineering, Inc., Cam-

bridge, Mass., built the instrumenta-
tion. 

Instruments include a proton detec-
tor, plasma probe, electron detector, 
electrostatic analyzers, geiger counter 
and magnetometers. It also carries a 
command receiver, tape recorder and 
telemetry equipment. Power for the 
equipment will be supplied by solar 
cells. 
The satellite is expected to have a 

six-month life. Barring damage to the 
electronic equipment by high-energy 
bombardment, it could last years. 

ASA MEMBERS UNITS URGE 

GLOBAL VACUUM STANDARDS 

The Electronic Industries Associa-
tion and 5 other member groups of the 
American Standards Association are 
urging adoption of global vacuum tech-
nology standards. 
The 6 organizations have backed a 

British-sponsored move for a study of 
the problem by the 50-nation Interna-
tional Organization for Standardiza-
tion. Their action came at a recent 
ASA general conference in New York. 
ASA said the ISO study appears 

certain, since approval by only 3 other 
nations will make it official. 

The American Vacuum Society was 
named to organize the U. S. advisory 
group for the study. Also participating 
at the New York meeting were the 
American Petroleum Institute, Manu-
facturing Chemists Association, Na-
tional Bureau of Standards, and the 
Telephone Group of ASA. 

Six standards nearing completion by 
the AVS, along with 2 British stand-
ards, may be submitted to the ISO 

committee for study. One of the AVS 
standards is a glossary for vacuum 
technology. 

174 Circle 112 on Inquiry Cord ELECTRONIC INDUSTRIES • September 1963 



POLARIS A-3 TEST CYCLE 

Engineer begins the test cycle of new CEBM 
(corona, eddy current, beta ray, microwave) 
Polaris A-3 motor chamber test system. The 
unit, built by Magnaflux, will test complex 
glass- epoxy structures. Microwave, beta and 
corona testing equipment is on end of boom. 
Eddy current is tested with hand-held probe. 

LARGE CENTRAL DPS 

TO SPEED DOD DATA FLOW 

A central computer that allows im-
mediate access to 500 million alpha-
numeric characters on drums has been 
selected for the Defense Documenta-
tion Center for Scientific and Techni-
cal Information. 
The contract calls for a Univac 1107 

thin-film memory computer and periph-
eral equipment for the DDC, which in 
3 years has outgrown 2 computers. 
The storage will contain the infor-

mation needed to identify and retrieve 
documents in the Center's master file. 
More than a million requests are re-
ceived each year for this data from the 
Army, Navy, Air Force, other DOD 
agencies and contractors. 

Included in the storage will be iden-
tification, security status and release 
limitations for each document, plus 
complete information on the amount of 
service authorized for the more than 
4,000 organizations DDC currently 
serves. 
The third-generation 1107 has a 

128-word, 330 nano-sec. memory with 
32,758 words of core storage. The new 
DPS will be in operation by early 
1964. DDC now is using 2 solid-state 

Univac 90's. 

TAPE RECORDER OPERATES 

UNDER 100 G ACCELERATION 

Magnetic tape recorder that operates 
successfully under sustained accelera-
tion of 100 g has been developed by 
Borg-Warner Controls, Santa Ana, 
Calif. 
Designed to obtain accurate data 

during severe re-entry, launch and 
other difficult conditions, the new tape 
recorder, Model R-304, has operated 
with low wow and flutter under the 

high-g pull. 

INDICATOR LIGHTS for your miniaturization program 
must he of high reliability. TO assure this, we offer such 
vital features as: Watertight construction; resistance to 
vibration and corrosion; high-heat plastic, or glass, lenses; 
rugged brass terminals; anti-rotation (locked) construction; 
phenolic insulation of Mil. Spec. grade; 7 lens colors, etc. 
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AC-DC; and the High Brightness type 
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T-2 sistor is built-in (U.S. Pat. No. 2, 421,321). T-13;, 
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(water-tight) with built-in resistor. 

The T-13/4  Incandescent Lamps are available in voltages 
ranging from 1.3 to 28V.. Typical assemblies shown 
here: No. 162-8430-931 (conforms to MS25256) .... 
No. 134-3830-375-9 (with rotatable readout lens); and 
No. 174-8430W-131 (water-tight, with dimmer cap). 

Samples on Request- at Once- No Charge 
For complete data. request Catalogs on Sub-Min. Indicator Lights 

Foremost Manufacturer of Pilot Lights 

DIALIGHTCORPORATION 

60 Stewart Ave., Brooklyn 37, N.Y. • (212) HYacinth 7-7600 
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No 134-3830-375-9 

Units Mount in 15,32" Clearance Hole 

No 137-8836-931 

No. 162-8430-931 

D 

141)))))) 4.11ei 

No. 181-8836-931 

No. 174-8430W-131 
(Units shown approx. actual size) 

NOW...MULTIPLY YOUR 

LAB FREQUENCY STANDARD 

BY 21! 

Montronics Model 202 • Standard 
Frequency Distribution Amplifier 

• Up to 21 independent amplifiers 
available in a 3%" panel 

• Solid state circuitry with silicon 
transistor reliability 

• Very low phase shift with temperature 

• Supplied for 100 kc, 1 mc, or 5 mc 
frequencies 

• Maximum isolation between outputs 

Write for further 

MONTRONICS INC. 

MOM& MR., eel•111.11 Iffl 

g 

Application: Ability to supply precision 
frequency standard to 21 remote locations 
for instrument calibration, frequency and 
time counters, signal generators, commu-
nications transmitters and receivers. 

PRICE: 10 ch.—$1075; 12 ch.—$1210; 
15 ch.—$1345; 18 ch.—$1 480; 21 ch.—$1615 

f.o.b. Bozernan, Montana 

details —MONTRONICS, Inc. (P. O. Box 345) 
703 W. Babcock Street, Bozeman, Montana 

Circle 114 on Inquiry Card 
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Both actual size 

When there's not even room for a Pygmy, reach for our brand-new Pancake. 

That's the nickname we've given a new line of connectors 
that we've just finished designing. They're the Junior 
Tri-Lock or JT connectors, and they're about half the 
size and weight of our standard Pygmy® connectors. Quite 
a feat, especially since mounting dimensions stay the same. 
This makes the new pancake connector adaptable to 
present equipment. 
A few of the features include: a clocked coupling nut 

eliminating rotation of the coupling nut prior to actual 
mating; fluting of the coupling nut permits easy grasping 
and/or use of an extension spanner assist for hard to reach 

Circle 115 on Inquiry Card 

locations; contacts are molded into a glass-fiber-impreg-
nated epoxy hard dielectric insert. 

In the planning stages for this remarkable connector are 
styles and insert arrangements for a complete line of 
designs for many applications. Currently, jam-nut recep-
tacle, box-mount receptacle, and straight plug are avail-
able in solder termination with potting provision. In 
addition, glass seal receptacles, crimp and grommeted 
versions are being developed. All this plus the dependable 
electrical performance of our present Pygmy line. For 
more information, write us in Sidney, New York. 

Scintilla Division lento,-
CORPORATIO'. 



PEUlgel 0 GU 1- üllg 
Reporting late developments affecting the 

employment picture in the Electronic Industries 

HOME-STUDY HELPS COMPANIES 

TRAIN EDP PROGRAMMERS 
Before employers venture tu compete 

for the scarce supply of computer op-
erators and programmers, they should 
consider training their own personnel, 

advises John C. Villaume, president of 
International Correspondence Schools. 
ICS currently provides job-related 

instruction to 100,000 workers and has 
some 7,000 training agreements with 
firms, unions and government agencies. 
ICS School of Business has ex-

panded its curriculum to include " Pro-
gramming the IBM 1401 Computer." 
Comprised of 18 instruction units deal-
ing with economics, accounting, and 
report writing in addition to program-
ming, the average student can com-
plete it in about 240 hours, or six 
months of home-study at the normal 
pace. 
The cost to the company sponsoring 

the training should be under $150 for 
each worker, says Villaume. 
There are nearly 50,000 full-time 

computer operators in the U. S. today. 
but the growing use of computers in-

dicates that 200,000 qualified program-
mers will be needed by 1970. 

PLANNING TUBE PLANT EXPANSION 
RCA executives review $ 11.6 million expansion of Lancaster, 
Pa., plant to provide 200,000 square feet for making color 
TV, industrial, military tubes. From left: D. Y. Smith, Elec-
tronic Components Cr Devices; J. B. Farese, Picture Tube Divi-
sion; C. E. Burnett, Industrial and Semiconductor Division. 

ENGINEERING SOCIETY URGES AID 

'file 60,0(10-member National Soci-

ety of Professional Engineers is urging 
Congress to accept the Administra-
tion's proposals for expanding and 
setting up college-level technical insti-

tutes. 
A spokesman for the Society has 

pointed out to a Senate education sub-
committee that nearly every recent 

survey on engineering and scientific 
manpower has confirmed the need for 
maintaining a ratio of two to five tech-
nicians for each graduate engineer. 

Yet the U. S. is now producing only 
half as many technicians as engineers. 

Paul H. Robbins, executive director 

of the Society, said that Congress 
should "adopt a specific, meaningful 

program to increase the number of 
college-level engineering and scientific 

technicians." 
He recommended amendments to the 

Administration's National Defense Ed-
ucation Act proposals which would 
make students in technical institutes 

eligible for loans, and which would ex-
tend grants to technical institutes for 
construction from three to five years. 

His six-point program recommends: 

Design Engineers 

Development Engineers 

Administrative Engineers 

Engineering Writers 

Physicists 

Mathematicians 

Electronic Instructors 

Field Engineers 

Production Engineers 

TO TECHNICAL EDUCATION 
1. Legislation and action to improve 

the ability of all educational institu-
tions to attract and hold superior fac-

ulty members. 
2. Legislation to help stimulate high 

school students to continue their edu-
cation beyond high school. 

3. Legislation and action to stimu-
late expansion of technical institute 
education programs at post high school 

level. 
4. Federal assistance to engineering 

and science students of proven ability 

to pursue graduate work. 
5. Financial assistance to help quali-

fied students pursue undergraduate en-
gineering education, with selection of 
students and study program controlled 

locally. 
6. Financial assistance for the study 

of engineering which insure the full 

utilization and participation of all en-
gineering schools having ECPD ac-
credited curricula. 

ELECTRONIC CAREERS WILL 

BE OUTLINED TO STUDENTS 
Two undergraduates have been as-

signed to produce Yale University 

News' annual career supplement, 
which this year will be devoted to the 
electronics industry and its career op-
portunities for college graduates. 
-The Electric Future" will include 

articles by leaders in the industry as 
well as advertising. The supplement 
will appear early in October and dis-
tribution will cover more than 60 col-

leges and universities across the na-
tion. At least 100,000 graduates and 
undergraduates in these institutions 

will receive the publication free of 

charge. 
Contents will cover vocational op-

portunities in the manufacture of elec-

tronic components, calculators, com-
puters and processing systems. 

FOR MORE INFORMATION . . . 
on opportunities described in this sec-
tion fill out the convenient resume 

form. page 178. 
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Job Resume 
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lg professional profile 
Form for Electronic Engineers 

Tel. No 

Street 

Address Zone 

City State 

rj] Single u Married U Citizen [1 Non-Citizen Date of Birth 

Will Relocate E Yes CI No. If Yes 11 Another City 7, Another State 

Salary Desired to Change Jobs in present area 

Salary Desired to Change Jobs and relocate in another area 

Professional Memberships 

College or University Major Degree Dates 

RECENT WORK EXPERIENCE 

Company Div. or Dept. Title Dates 

k 

SIGNIFICANT EXPERIENCE AND OBJECTIVES 
STATE ANY FACTS ABOUT YOURSELF THAT WILL HELP A PROSPECTIVE EMPLOYER EVALUATE YOUR EXPERIENCE 
AND JOB INTERESTS. INCLUDE SIGNIFICANT ACHIEVEMENTS, PUBLISHED PAPERS, AND CAREER GOALS. 

Mail to: ELECTRONIC INDUSTRIES—Professional Profile-56th & Chestnut Sts.—Philadelphia 39, Pa. 
This resume is confidential. A copy will be sent only to those Companies whose number you circle below. 

800 801 802 803 804 805 806 807 808 809 810 
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DECIDING ABOUT 
INST OGRAMMED 

An adequate knowledge of 

programmed instruction is a must 

for the modern training director. 

Here are the pertinent facts 

he must know to make 

an intelligent programming decision. 

TECHNOLOGY'S RAPID GROWTH has spurred a need 

for efficient in-plant training, and programmed in-

struction has become more important. Many polemic 
and prophetic articles have touched on it, without 

covering the necessary facts. 

This article doesn't try to summarize all pertinent 

facts, but it does provide a good structure for guiding 

further investigation. 

A program is a training aid, yet it transcends 

training aids and affects the entire philosophy of 

training. A program is controlled by an end objec-

tive; it is never complete until the student masters 

this objective. It treats each training task as a 

specific problem with a specific solution and solves 

it. Thus, it is similar to mathematics. 

The Frame 

Heart of the program is the frame. It looks like a 

short, simple test item, except that it has feedback. 

The frame presents a problem (stimulus), the student 

replies (response), and feedback occurs. Some feed-

back (reinforcement) tells the student if he was 

right or wrong, and he adapts his behavior. Some 
feedback goes to the program, sequencing and select-

ing the stimuli that should next be given to the 

student. Some feedback goes to the programmer, who 

revises the text and program logic until it is nearly 

autonomous—hence, auto instruction. When the pro-

gram is developed enough to teach by itself, the pro-

gram is born. 

Through use of programmed instruction, 
the new worker in the remote branch 
office can become just as efficient as 
her counterpart in the home office. 

By JAMES L. BECKER 
Coordinator of Programmed Instruction, 

RCA Service Co., Building 204-2 
Cherry Hill, Delaware Township 

Camden 8, N.J. 

RUCTION 

The great extent to which it uses feedback estab-

lishes programming as an adaptive, thought-provok-

ing process. However, the technology of writing pro-
grams can be transferred from one person to another. 

Text vs Machine 

Programs can be presented in a textbook format 

or through a teaching machine. The text is generally 

favored for savings in time and cost, although both 

methods seem to do an equally good job of teaching. 

But in certain instances, the machine has a decided 

advantage. 

Teaching machines are either paper-moving, micro-

film, or logical. The paper-moving machine is prac-
tical when less than 50 copies of a program are 

needed and these will be used over again many times. 

When a program needs frequent revision, paper-

movers are ideal since only a few copies need be modi-

fied and accurate records of the changes can be kept. 

(Continued on following page) 



PROGRAMMED INSTRUCTION (Continued) 

Microfilm machines contain most paper-moving 

machine advantages plus all storage and postal ad-

vantages of microfilm. An 8,000-frame linear pro-

gram is likely to use more than a ream of paper. The 

sanie size intrinsic program will use 16 reams. Hence, 

microfilming can save money when programs are 
long. 

Some machines use logical circuits to evaluate and 

utilize feedback. Such equipment may someday be 

the standard medium for programs, but programming 

methods cannot now use this refined hardware well 
enough to justify its expense. 

When buying costly hardware, be certain that the 

features cannot be duplicated satisfactorily on cheaper 
machines or in programmed texts. Most users of 

auto-instructional programs prefer the text format. 
But format is not nearly as important as quality. 

Program Limitation 

There are limitations; good programs take a long 

time to prepare, and are apt to lag behind technologi-

cal advances. Normally, 2 to 6 months should be 

allowed from the beginning of programming to im-

plementation of the first units. An ambitious project 

may take years to complete the program. 

Although programs as training aids are cheaper 

than motion picture films, they are still costly. About 

2,000 men would have to be trained to justify pro-

gramming through anticipated reductions in training 

costs. If they are trained in a 5-year period, will the 

subject matter still be current? Programs can be up-

dated easier than films, but not without some added 

costs. 

Although teaching can be automated, learning can-

not. Mere possession of a good program does not 

guarantee its use. Programs are best used as tools 

in the hands. of skilled instructors. Thus, the argu-

ment that programs will save money on the training 
payroll is not valid. 

Advantages of Programmed Instruction 

Still, programmed instruction has many virtues. 

The first is standardization. Through programming, 

instruction can be standardized without regard for 
geographic dispersion and differences among instruc-

tors. The new clerk becomes just as efficient in Wina-
bago as her counterpart in the New York home office. 

Technicians will meet identical, reliable work stand-

ards all over the globe. This is especially important 

where the trainer regards his duty as collateral. Hit-

and-miss training practices often inflict tangible harm 
on a growing industry. 

The Complete Tube Tester for 

The HICKOK Electrical Instrument Co. 
10606 Dupont Avenue, Cleveland, Ohio 44108 

II Electronic Research 

MI Industrial Electronic 
Maintenance 

NOW 
Tests Compactrons, 

Novars, Nuvistors, 

Ten-Pin Types 

The Model 539C is equally at home in the tube 

research laboratory or on important mainte-

nance assignments. It tests all the latest 

tubes completely and accurately— no paral-

leled elements. It also tests VR Tubes, low 

power Thyratrons, "4-digit" types. — All to 

handbook specifications or under actual oper-

ating conditions. 6 Gm ranges-600 to 60,000 
umhos. 
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The second basic advantage is reduction in training 

time. Several experiments have suggested that people 

generally learn faster and better with programs than 

under normal instruction, although it's tricky to define 
"normal." Your learning time may or may not be 

reduced, but faster ambient training time is common. 

Programming can be scheduled individually, so that 

executives need not drop their jobs for long. Matter 

that used to consume hours of classroom time can 

often be relegated to homework or self-study. The 

ease in distributing programs could save the time and 

cost of travel to and from a training site. This in 

itself can amortize program cost, even if it takes twice 

as long as normal training. 

Seldom explored but perhaps its most significant 

attribute, is programmed instruction's ease in hur-

dling the abilities barrier. Correlations between in-
telligence and acquirement in classrooms have gen-

erally clustered around +0.45, and many think it 

would be much higher with valid test instruments. 
But correlations among students using programs 

have repeatedly approached 0.00. The possibilities in 

retraining are tremendous. 

Programming also offers management a tool to re-

train and upgrade the worker, regardless of his limit-

ing endowment. 

Sources of Programs 

A training director has three sources of programs. 

He may purchase ready-made stock programs, have 

consultants write them for him, or try to do them 

with his own staff. Stock programs come with the 

lowest price tag. They are generally bought by the 

copy, but in some cases the purchaser pays a fixed 

fee for his unlimited use and reproduction. Stock 

programs can be just as good as customized ones, 

if the intended audience and teaching objectives are 
well-matched to the situation. Mere similarity of 

topic or title won't do; out of 4 or 5 programs on 

transistors, only one (maybe none) will serve your 

needs. Computer technicians want the emphasis on 
switching parameters. A different course is needed 

for men who repair radios. 

There is no standard method, but every program 

should describe its intended audience and end objec-

tives. Some include formal objectives, or a criterion 
test, or a diagrammed behavioral matrix. Others 

merely use a summary paragraph or a table of con-

tents. 

Prices for customized consultants' programs run 

from $4 to $30 per frame. But that doesn't give the 

purchaser a clear idea of what he gets for his money. 

The buyer must weigh the program cost against the 

objectives. If you're thinking mainly of cutting train-

ing time, bear in mind that a typical student can work 

120 linear frames/hr. Also, many users suggest that 

not more than four hrs./day be devoted to working 

programs. 
The contract is your best assurance of customized 

program quality. Make sure it spells out the exact 

end behavior that you want. Reserve the right to 

edit the program data, but don't expect to dictate its 

order of presentation. Require the program to be 

tested on a sample of the audience on which it will 

be used. Establish beforehand the standard for ac-

ceptance. All this may raise the program cost, but 

the increased value is generally worth it. 

Programmers 

The other way to get programs is "do-it-yourself." 

Any company that wants to use it in much of its cur-

riculum should consider this. In the long run it is 

the cheapest, yet it takes much time and effort. Pro-
grammers must be selected, trained, and given a 

good working environment. 

Prospective programmers must know the subject 

area. Other desirable traits include success at nor-

mal teaching, a high IQ and a flair for written com-

munication. The candidate should enjoy teaching. 

Proper training for programmers is not easy to get, 

although a variety of seminars are scheduled every 

year. Some are designed for users, others for makers 

of teaching machines. A few of them deal mainly 

with program writing. The one, two, or three weeks 

that they last are not enough to make good pro-

grammers out of your candidates, but they are the 

best start. Attendance at more than one of them 
may be advisable. Many colleges offer courses, but 

before enrolling, check to see they are in your area of 

interest. 

Occasionally a firm will retain a consulting com-

pany or a psychologist to train candidates. Success 

depends on who does the job. He must be experi-

enced in writing programs and in training others. 

But reserve some of your training money to train 

supervisors. Many pilot projects have been unsuc-

cessful simply because management didn't understand 

the problems confronting its programmers. 

The frames that a programmer writes in one day 

are best tested that same day, so the programmer 

shouldn't be too far from his audience. The most 

frequent mistake is not having test students around 

to evaluate the work. Another error is expecting too 

much progress. It takes even a competent pro-

grammer 4 or 5 weeks to prepare one hour of in-

struction. The part-time programmer's efforts are 

doomed to futility. That shouldn't prevent a person 

who teaches normal classes during the winter from 

programming in the summer. Just let him do one 

thing at a time. 
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ANSWERS TO YOUR 

SUB- MINIATURE 
CERAMIC 

CAPACITOR 
problems 

MUCON THINLINE CAPACITORS 

o 

CAPACITANCE RANGE: 1 pF-150,000 pl 

VOLTAGES: 25 WVDC-500 WVDC 

TEMP. CHARACTERISTICS: Any of 9 
temperature-compensating and 4 
general-purpose materials. 

SIZES: Starting at . 100" square max. by 
.090" thick max. 

LEADS: Tinned copper, nickel or dumet. 

SHAPES: Square or rectangular, single 
or multiple-element. 

MUCON MU- CAPS 
CAPACITANCE RANGE: 10 pF-56,000 pl 

VOLTAGES: 200 WVDC and 500 WVDC 

TEMP. CHARACTERISTICS: Within -±15% 
of 25°C capacitance, between 
—55°C and + 150°C. 

SIZES: 5 sizes from . 200" sq. x . 100" 
thick to . 500" x . 600" x . 150" thick. 

LEADS: #22 tinned copper, axial or 
radial. Nickel or dumet also avail-
able 

MUCON NARROW-CAPS 
CAPACITANCE RANGE: 5 pF-I0,000 pl 

VOLTAGES: 10 WVDC-50 WVDC 

SIZES: . 095" max. wide x 1/4" max. 
long x . 095" max. thick thru 750 
pl. Larger values 5/16" max. long. 

LEADS: #26 tinned copper. Nickel or 
dumet also available. 

MUCON SLIM-CAPS 

CAPACITANCE RANGE: 1.0 pF-4,000 pl 
VOLTAGE: 25 WVDC 
TEMPERATURE CHARACTERISTIC: Within 

-±15% of 25°C capacitance, 
between —55°C and + 125°C. 

SIZES: . 060" max. wide x . 100" max. 
long x . 060" max. thick thru 150 pl. 
.200" max. long for 220 thru 1500 
pl. . 250" max, long above 1500 pl. 

LEADS: No. 30 tinned copper. Nickel 
also available. 

MUCON UHF CAPACITORS 

STANDOFFS: 
Si - Tapped hole in base, 3/16", 

5/16" and 7/16" square bases. 
S2 - Male stud for mounting. 3/16" 

square base. 
S4 - Tapped hole in base. 1/4" hex. 

base. 

RIBBON-LEAD UNITS: 
RLA-axial ribbon leads 
RLR- radial ribbon leads 

TEMP. CHARACTERISTICS: Any of 9 
temperature-compensating and 4 
general-purpose materials. 

kAUCON'S broad experience in manufacturing a 
wide variety of constructions, ceramic bodies and 
leads will give you the one right capacitor for 
your electrical and physical requirements. Ask for 
Bulletin N-1 or send us your requirements. 

MUCON 
CORPORATION 
9 ST, FRANCIS ST., NEWARK, N. .1. 07105 

201 Mitchell 2-1476-7-8 
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SUCCESSFUL TRANSMISSION 

Inspecting 800-une resolutior. TV picture 
successfully transmitted by new Lenkurt 
Electric 76TV microwave eqpt. ( in BC) at 
San Carlos, Calif., facilities are ( I to r) 
M. H. Kebby, Project Mgr.; W. H. Jorgenson, 
Project Engr., and L. Menta, Tech. Supt. 
The system will transmit color and B&W. 
Except for the klystron, it is solid-state. 

"PEDIGREED" TRANSFORMER 

FAILURES 50 TIMES FEWER 

Two Sperry Rar.d Corp. units have 
devised a "pedigree" system which has 
bettered reliability of Minuteman mis-
sile tranformers by over 50 times. 
Wheeler Electronic Corp., Water-

bury. Conn., and its subcontractor, 
Sperry Electro Devices Laboratory, 
Long Island, devised the program for 
Autonetics Div., North American Avi-
ation. 

The program so far has a laboratory 
failure rate of .019% per 1,000 hours 
operation. Normal rate is . 1%. A 
.001% failure rate is the goal. 

Complete "pedigree" on every unit 
enables company to pinpoint each tool, 
machine and operator and the lot 
number of material used. 

Units are made of carefully selected 
materials with proven methods in new, 
air conditioned, dust-free manufactur-
ing space. Workers are pre-screened 
and specially indoctrinated. ( It is 
found that new people perform better 
than veterans with set habits.) 
Transformers are subject to inten-

sive testing, including vibration, me-
chanical shock, heat shock, humidity, 
and high voltage. Failures are analyzed 
by engineers, physicists and chemists, 

who then suggest improved specs., 
controls. 

Field results are not yet available, 
but the failure rate should continue to 
decline since the same "pedigree con-
cept is being used on equipment 
coming back from the field. 

OPPORTUNITIES AT ALL LOCATIONS OF 
SYLVANIA ELECTRONIC SYSTEMS 

in suburban Boston, Buffalo & San Francisco 

APPLIED RESEARCH LABORATORY 
(Suburban Boston) Central Research Facility at 
Waltham, Mass. 

Research Assignments in: 
(1) Advanced Communications Techniques 
(2) Perception & Learning Theory 
(3) Character & Speech Recognition 
(4) Advanced Control Theory Techniques 
(5) Operations Research 
(6) Radio & Space Physics 

SYSTEMS ENGINEERING & 
MANAGEMENT OPERATION 
(Suburban Boston—Waltham, Mass.) Responsible 
for acquisition & management of communications 
and command and control systems. 

Assignments in: 
(7) Command & Control Systems Engineering 
(8) Communications Systems Engineering 

EASTERN OPERATION 
(Suburban Boston) Laboratories at Waltham, Mass. 

R&D Assignments in: 
(9) Phased Array Radars 

(10) Receiver & Transmitter Design 
(11) Microwave & Antenna Systems 
(12) Circuitry & Systems Development & Analysis 
(13) Microelectronics 
(14) Radio Frequency Interference Study & Design 

(Suburban Boston) Laboratories at Needham, Mass 

R&D Assignments in: 
(15) Optical Data Sensing Systems 
(16) Digital Control Systems 
(17) Special Purpose Data Processing 
(18) Programming Research 
(19) Display & Instrumentation Systems 
(20) Advanced Techniques 
(21) Digital Simulators 

CENTRAL OPERATION 
(Suburban Buffalo) Laboratories at Williamsville, 
New York. 

R&D Assignments in: 
(22) Advanced Communication Systems 
(23) Microwave, Millimeter & Optical Systems 
(24) Countermeasures Systems 
(25) Navigational Systems 
(26) Transmitter & Receiver Techniques 

WESTERN OPERATION 
(Suburban San Francisco) Laboratories at Moun-
tain View, California. 

R&D Assignments in: 
(27) Electromagnetic Reconnaissance Studies 
(28) Signal Analysis & Processing Studies 
(29) Operations Analysis 
(30) Advanced Broadband & DF Antenna Studies & Design 
(31) Advanced Solid State Techniques & 

Receiver, Transmitter & Parametric Device Design 
(32) Digital & Analog Signal Processing Equipment Design 
(33) Intruder Warning Systems Design 
(34) Arms Control & Disarmament Studies 
(35) Missile & Space Vehicle Detection 

PRODUCT SUPPORT ORGANIZATION 
(Suburban Boston) West Roxbury, Massachusetts 

Field Engineering Assignments: 
(36) U.S. Continental 
(37) Overseas 

Production facilities at Santa Cruz, Calif.; Muncy, 
Pa.; Buffalo, N. Y.; Needham, Mass. 

MATCH YOUR INTERESTS 
WITH SYLVANIA ELECTRONIC 

SYSTEMS OPPORTUNITIES. 
STUDY THE POSITION GUIDE ABOVE 

—THEN USE THE CONVENIENT COUPON 
AND NUMERICAL KEY AT THE RIGHT. 



At Sylvania Electronic Systems, the principle of objec-
tive assessment, technical individuality and free 
expression of professional opinion — traditional with 
science — permeates the entire technical organization. 
We at Sylvania Electronic Systems believe strongly in 
independent- minded inquiry and discussion on all 
systems problems. Without this totally professional 
atmosphere, we doubt if Sylvania Eîectronic Systems 

could have earned its reputation in the world of peace-
time, defense electronic systems. 

We feel this attitude makes Sylvania Electronic 
Systems an ideal place for the continued growth of the 
creative technical man. Three parallel advancement 

ENGINEERS • SCIENTISTS 

Where SCIENTIFIC INDIVIDUALITY IS ENCOURAGED 
paths offer the opportunity to advance as a technical 
manager, technical speclalist, or program/project 
manager — with equal rewards. Nineteen research and 
advanced development laboratories, and a world-wide 
Product Support Organization allow mobility within 
the company in a number of geographical locations. 
And supporting all this is the stability of the entire 
General Telephone and Electronics organization. 

Our advanced work spans many disciplines and 
areas: earth/space communications; electronic recon-
naissance, detection, countermeasures; radar; infor-
mation handling; aerospace; and complex systems for 
military command and control. 

I am interested in 
assignments in the 
areas circled: 

1 2 3 4 5 
6 7 8 9 10 

11 12 13 14 15 
16 17 18 19 20 
21 22 23 24 25 
26 27 28 29 30 
31 32 33 34 35 
36 37 

Manager of Professional Staff ng, Dept. El 
Sylvania Electronic Systems 
A Division of Sylvania Electric Products Inc. 
40 Sylvan Road — Waltham 54, Massachusetts 

El Please send me a copy of SyLvania's " Digest of 170 Opportunities" 

Name  

Address  

City Zone State  

Geographical Preference: Boston   

Buffalo San Francisco  

BS in ,'9 ; MS in  , 19 ; 

PhD in , 19 My specialty area is-

SYLVANIA ELECTRONIC SYSTEMS 
Government Systems Management 

fo GENERAL TELEPHONE gramoivics 
An Equal Opportunity Employer 
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When You Need 
ELECTRIC WAVE FILTERS 
Depend on Sprague for 

✓SERVICE 
✓DELIVERY 
✓RELIABILITY 

Sprague Electric 
Wave Filters for use in 
telemetry, telephony, 
and various types of 

communications systems and labora-
tory equipment which require selection 
and/or rejection of specific frequencies 
are now being designed by Modern  
Network Synthesis, which assures ex-
act matching of wave filter character-
istics to application requirements for 
Low Pass, High Pass, Band Pass, and 
Band Rejection filters. 

Drawing on Sprague's long 
experience in component 
manufacture, wave filter en-

gineers are able to employ capacitor, 
inductor and resistor production fa-
cilities for particular sizes, shapes, and 
materials best suited for specific filter 
applications. Unlike most filter man-
ufacturers, Sprague is not dependent 
upon other component suppliers, 
therefore faster deliveries can be 
provided. 

To further Sprague 
capabilities, wave filter 
design and field engi-
neering offices as well 
as pilot production 

facilities are maintained in North 
Adams, Mass.; Vandalia, Ohio; and 
Los Angeles, Calif. Specialized mass 
production facilities are located at 
Visalia, Calif. and North Adams. 

For additional information on 
Sprague Electric Wave Filters, write 
for Engineering Bulletin 46000 to 
Technical Literature Section, Sprague 
Electric Company, 233 Mar-
shall Street, North Adams, 
Massachusetts. 

SPRAGUE® 
THE MARK OF .FLIABILITY 
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Subminiature Nanosecond 

Pulse Transformers 

Now Available In 

TO- 5 Transistor Cases 

If 2 it 1U-2 Et 1r 

Nanosecond pulse transformers which 
are less than half the size of previous 
designs have been developed by the 
Sprague Electric Company. Type 45Z 
Subminiature Pulse Transformers are 
especially designed for use in low-power, 
ultra-high-speed computer circuitry, par-
ticularly where size is a primary con-
sideration. 

TO-5 Package Adds New Features 

The tiny TO-5 transistor case offers 
several distinct advantages: (a) It is 
another step forward in minification; 
(b) It permits a welded hermetic seal on a 
high-density package; (c) It increases 
uniformity and reliability; (d) It provides 
compatibility with transistor mounting 
techniques. 

Good Performance Characteristics 

Especially designed for use in the nano-
second region, Type 45Z Pulse Trans-
formers may be used in pulse amplifiers, 
in blocking oscillators, pulse shaping, 
and other digital circuits. Designed for a 
maximum voltage rating between wind-
ings of 200 volts d-c, these transformers 
will operate efficiently over a tempera-
ture range of —55C to + 105C. Trans-
formers in this series are also available 
with ratings to 125C. The windings in 
Type 45Z Pulse Transformers are kept 
uniform to minimize reflections in the 
transmission line mode. 

Variety of Lead Styles Available 

In order to suit various installation and 
packaging techniques, Sprague Type 
45Z Pulse Transformers are available 
with standard long-length wire leads, 

which permit cropping as desired. 
Welded or solderable leads can be fur-

nished. Short pin-type leads for use with 
subminiature sockets are also available. 

For complete technical information 
on Type 45Z Pulse Transformers, write 
for Engineering Data Sheet 40210 to 
Technical Literature Service, Sprague 
Electric Company, 233 Marshall Street, 
North Adams, Massachusetts. 
ASSP-101-43 RI 
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PHOTO RESIST PROCESS 

AIDS MICRO-MINIATURE WORK 

A "positive working" photo resist 
process promises to greatly aid micro-
miniature work in printed circuits, 
transistors and precision chemical mill-
ing. It was developed by Shipley Co., 
Inc., Wellesley, Mass. 
The new AZ-15 and AZ- 17 Photo 

Resists used can reproduce images 

smaller than a micron. Line definition 
is said to be so sharp that lines appear 
straight even when magnified 250 
times. 

In this photomechanical process, the 
unexposed areas remain as the photo 
resist image for selective etching and 
electroplating. Thus, multiple - depth 
etched plates can be made without hav-
ing to apply a second photo resist coat. 

Likewise, etched copper circuits with 
"plated fingers" can be made from one 
photo resist coating only. Through-
hole plated circuits can be produced 
with or without dissimilar metal elec-
troplates. 
The photo resist films have excellent 

resistance to most commonly used etch-
ing solutions and electroplating baths. 
The films are very sensitive to ultra-
violet light, yet can be exposed to yel-
low light for days without harm. Con-
ventional photoengraving equipment is 
used. 

FIBER OPTICS CONTROLS 

HEAT IN HIGH-POWER TUBES 

Fiber optics can be used to control 
the heat in high-power vacuum tubes, 
according to a patent issued to David 
M. Goodman, Senior Research Scien-
tist at NYU's Engineering Research 
Div. 
The patent shows a thin glass light 

pipe placed within the tube to pick up 
visible radiation from the cathode. 
Guided by internal reflections in the 
pipe, the cathode's radiation is trans-
mitted through the tube housing to an 
electro-optical servo system. The servo 
automatically controls power supplied 
to the heater windings. Cathode temp. 
can be controlled to -±-25°C. 

ENCAPSULANTS STANDARDIZED 

Norms for encapsulants and mate-
rials for electronic modules will be 
developed by the American Society for 
Testing & Materials. An ASTM task 
group is writing specifications and 
nomenclature for this field. Persons 
wanting to participate should write: 
Wayne Nlartin, Industrial Components 
Div., Raytheon Co., 465 Centre St., 
Quincy, Mass. 
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FIRST TYPHON INSTALLATION 

Three cranes load the prototype of Typhon 
Weapons Control System aboard test ship 
USS Norton Sound. Cloth- covered equipment, 
built at Westinghouse Baltimore Defense 
Ctr., is one of largest single pieces of 
electronic gear ever put on a Navy ship. 
The system will control anti- air missiles. 

ARF CHANGES NAME 

The name of the Armour Research 
Foundation, Chicago, Ill., has been 
changed to IIT Research Institute. It 
is located at the Illinois Institute of 
Technology, thus the new name. 

EIA PUBLISHES 5 

ENGINEERING STANDARDS 

The Electronic Indu-tries Associa-
tion's Engineering Dept. has published 
5 new standards. They are: High 
Vol:age Ceramic Capacitors, Class 2; 
Signaling Speeds for Data Transmis-
sion; Acceptance Testing of Radio Re-
ceiver Speakers; EIA Standard for 
Designation System for Metal Electron 
Tube Shells; and Mounting Dimen-
sions for Loudspeakers. 

The new standards are available 
from the EIA Engineering Dept., 
Room 2260, 11 .W. 42nd St., New York 
36, N. Y. The second and fifth are 50 
cents, the others, 25 cents each. Mini-
mum order is $ 1. 

BECKMAN INSTRUMENTS 

BEGINS DIRECT MARKETING 

Scientific and Process Instruments 
Div., Beckman Instruments, Inc., has 
begun marketing laboratory instru-
ments through a direct sales and serv-
ice organization in the U. S. and 
Canada. 

The division, which makes instru-
ments for analysis and control, for-
merly marketed its laboratory products 
through 2S franchised dealers. 

LOW-POWER LASER CAN 

OPERATE WITH SOLAR POWER 

A 15-w. cu laser developed for the 
Air Force by RCA has been pumped 
continuously by the sun. Such a laser 
could prove valuable for space use, 
since it would need no other power. 
The system, which can also be pump-

ed by a tungsten bulb, was developed 
for the Air Force Systems Command 
by RCA Laboratories, Princeton, N. J. 
A dysprosium-doped calcium fluoride 

crystal was selected from 200 types 
investigated. RCA generated coatin-
uous radiation in a longitudinal mode, 
pumped by a tungsten bulb. Crystal 
was about 1/16 in. in dia., 1 in. long. 
It was operated in liquid neon and 
liquid atmospheres. 
A single cuprous-chloride crystal 

modulates the output beans that handles 
the dysprosium spectrum. It is capable 
of 100% modulation of calcium fluo-
ride crystal emission at 2.36 microns. 
Since available detectors can respond 
to this wave length, the system of gen-
erator, modulator and detector is com-
plete. 
Energy levels within the calcium 

fluoride crystal have also been modu-
lated, using a very small megnetic. 
field. 
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Big, 16-page, illustrated catalog lists 4700 stock Brady 
Wire Markers ... Tech Data, Industrial and Mil specs, 
types, sizes, prices ... plus time-saving automatic appli-
cation methods. Os er 200 individual self-sticking mark-
ers included for testing. Order your free kit now for 
complete data on Brady's low-cost, flexible wire mark-
ing system. 

W. H. 
M. 1114 

Manufacturers of Quality Pressure-Sensitive Industrial Tape Products, Self- Bonding 
Nameplates, Automatic Machine for Dispensing Labels, Nameplates, Masks and Tape 
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D 
448 

Dco. ni W. Glendale Ave., Milwaukee, Wis. 53209 

stondard 

instrument 

cases 

ABSOLUTELY FREE 

Illustrates the many unique 
design features both from 
performance and savings that 
have made TA's versatile 
standard line of instrument 
cases foremost in the field. 
Complete selection of styles 
and sizes with choice of 
handles, access doors, 
panels, compartments, 
colors and finishes to match 
any product or instrument. 
Cases are designed to surpass 
Mil-Specs— are dust-proof, 
waterproof. Complete versatility! Cases can be ordered standard from 
catalogs by simply indicating part number. No tooling charges. Free 
velum service. Fast delivery. Pre-tested standard construction. To insure 
the utmost in service, performance and speed, let TA help you 
with your next case design. 
CL. Send for Free Manuals-401 & 26 NOW 

qTA Mfg. Co., 4607 Alger St., Los Angeles 39, Calif. 
TWX 9863 Glendale, Calif. • WUX CAT LA., Calif. phone CH 5-3748 
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pages of vital da 
fspecs, application 
land design infor-
mation for solving 
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equipment housin 
problem... milita 
or otherwise. 
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TRANSISTOR 
SUPPLY 

TRANSF ORMERI 

PIONEERS IN 
MINIATURIZA lION 

H-915 SERIES of Universal Tran-
sistor Supply Transformers offer 
a wide range of secondary voltages 
through multi windings and taps. 
These high reliability units are suit-
able for low voltage DC supply, tele-
phone supply, bias supply, battery 
chargers, plating rectifiers, etc. 
Electrical characteristics are: Pri 
115 V 50/60 cycles; nominal Sec 
AC range 8.25/40.5 V RMS; DC range 
6 V—.065/23A to 53 V—.02/7.5A. 

H-141 SERIES are similar to the 
H-915 series, but afford less flexi-
bility where specific applications 
are required. Electr;cal character-
istics are: Pri 115 V 50/60 cycles; 
Sec AC range 10/21.5 V RMS; Sec 
A RMS 0.3/ 20. 

IRON CORE COMPONENTS FOR EVERY 
PHASE OF THE ELECTRONICS ART 

• Power transformers • Audio trans-
formers • Reactors • Pulse trans-
formers • Electric Wain Filters • 
Lumped constant delay lines • High 
Q coils • Magnetic Am'Hers • Satu-
rable Reactors • Reference Units. 

IMMEDIATE DELIV RY 
FROM STOCK 

TRANSFORMER 
CORPORATION 
150 Varick Street, New York 13, N.Y. 

PACIFIC MFG. DIUSION 
3630 Eastham Drive, Culver City, Calif. 

ille EXPORT DIVISION: 
3 East 40th Street, New York 16, N. Y.  
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SNAP VOLTAGE REGULATOR 

F. H. Guterman ( I), Pres., ITT Industrial 
Products, and R. Hansen, project engineer, 
examine package of radiation- resistant 
voltage regulator. It is for AEC's SNAP 
program ( Systems for Nuclear Auxiliary 
Power), which is to develop power systems 
for satellite and interplanetary craft. 

THERMIONIC GENERATOR 

FEATURES 3 DEVELOPMENTS 
A hydrocarbon - fueled thermionic 

generator featuring three developments 
has been tested successfully by Thermo 

Electron Engineering Corp., Waltham, 
Mass. 

This generator uses heat from nat-
ural gas, propane or leaded gasoline to 
drive a thermionic converter that pro-

duces electricity directly. Thermo built 
it under contracts with the American 

Gas Assoc. and the U. S. Army Elec-
tronics R & D Laboratories, Ft. Mon-
mouth, N. J. 

In the first development, a prototype 
converter was operated for more than 
2,000 hours in a vacuum to show the 

device's inherent reliability. A total of 
14 kw.-hrs. of power were produced 

in a test during which the converter 
went through 85 thermal cycles. At 

test's end, the tube was still producing 

power and showed no signs of failure. 
A burner fueled with natural gas or 

leaded gas consistently produced temps. 
over 1500°C. and heat flux densities 

over 50 wicm.2. Continuous operation 
for 300 hrs. was achieved with natural 

gas. 

The third development is a material 
that protects the converters from oxi-

dation in high-temp. combustion. High 

Temperature Materials, Inc., supplied 

protective enclosures made from pyro-

lytically deposited silicon carbide. 

The best sample held vacuum at 

combustion-produced temps. of 1300° 
to 1400°C. for almost 900 hrs. An-
other withstood over 100 thermal cy-

cles from room temp. to 1300°C., and 
accumulated nearly 525 operation hrs. 

IM CONTAMINATED 

WATER PROBLEM 
SOLVED AT 

GLASS-TITE 
INDUSTRIES 

with BARNSTEAD 

MIXED-BED 
DEMINERALIZER 

SAND AND 

CARBON FILTER 
Manufacturing hermetic seals and 

terminals for the electronics industry 
is tricky, painstaking business. And 
when it comes to washing and rinsing 
these parts, things can really get 
complicated . . . impure or poorly 
processed water . . . causes rejects to 
get out of hand. 

Ordinarily, sand and carbon filters 
and mixed-bed demineralizers are 
"standard equipment" for this work. 
But when there's an organic removal 
problem, as at Glass-Tite Mfg. Divi-
sion, then special equipment is called 
for. Barnstead's organic removal 
equipment was installed along with 
other units . . . and the result, con-
tinuous production of pure water 
free of organics, with high electrical 
resistance for washing and rinsing op-
erations. RESULT: minimum rejects 
• . . faster production. 

Plant officials at the Glass-Tite Mfg. 
Division report that these Barnstead 
Pure Water Units have been in opera-
tion for over a year, and have required 
no maintenance of any kind other than 
regenerating the resin. Regeneration 
usually takes place after 20,000 gallons 
of purified water has been produced. 

Since 1878 Barnstead has been 
helping all kinds of businesses with 
water purification problems. Per-
haps we have the right answer for 
you. Write today for Catalog #160 
on Demineralizers and related pure 
water equipment. 

ariistead 
STILL AND STERILIZER CO. 
51 Lanesville Terrace, boston mass. 
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NEW TAPE HEAD 
COMBINES ERASE 
AND RECORD/PLAY 
IN SINGLE CASE 

SHOWN 
21/2 TIMES 
ACTUAL SIZE 

Cuts costs— saves space! 
4- Track Stereo Combination Head 

available in production quantities 

First of a new series of combination 
heads to be available in production 
quantities, Nortronics' 4-Track Stereo 
head combines Record/Playback and 
Erase functions in one miniature case. 
Saves space in compact equipment— 
cuts component costs with a single 
head and one mounting bracket in-
stead of two—cuts assembly and ad-
justment time! Case size measures 
only 0.490" high, 0.575" wide, and 
0.580" deep—the same size case as 
previously used for our Record/Play-
back head alone! 
The new 4-track stereo combination 
head is offered in two different ver-
sions, and although engineered to 
meet different applications, both heads 
deliver outstanding high frequency 
response due to their laminated core 
construction. PREMIUM (RSQ) head de-
signed for professional broadcast use 
and studio applications—offers low 
core-loss characteristics never before 
available in any mass produced mag-
netic head. STANDARD (TSQ) head de-
signed for use in home-type high 
fidelity tape recorders. 
SPECIFICATIONS: Laminated Core; Depos-
ited Quartz Gap; Hyperbolic or Cylindrical 
All- Metal Face; with Connector Plugs. Avail-
able in no-mount, rear-mount, side-mount 
and base-mount types. 
NEED MAGNETIC HEADS? 
Cut specification time — check Nortronics first! 
Industry's widest line of "standards" plus special-
ized "know-how". 

-7Zoteioniett_t 
8144-A 10th Ave. No., Minneapolis 27, Minn. 
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NEW DATA SYSTEM INSTALLED 

.I. O. Sherrard, General Business Systems 
Mgr., N. J. Bell Telephore Co., and J. H. 
Young, CBS Supt., examine first RCA 601 
EDPS installed anywhere. Computer processes 
35,000 bills day, correlating such factors 
as length, time and type of call vs. rate. 
The 60i and 4 301's process 14 million 
I calls made through 120 exchanges per month. 

EIA MANUAL DESCRIBES 

VALUE ENGINEERING COURSES 

The "Value Engineering Education 
Training Manual," recently published 

by the EIA, outlines short manage-
ment training programs on value en-
gineering. It also describes seminars 
for personnel at all operating levels of 
industry and the military. 
The manual is available from the 

El.\ Engineering Dept., 11 W. 42nd 
St., New York 36, N. Y., at $2.50. 

SILICON SOLID STATE 
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WRITE OR PHONE FOR BULLETINS — 
SOLID STATE ELECTRONICS CORP. 
1 5 321 RAYEN STREET 
SEPULVEDA, CALIFORNIA 
ENIpIre 4-2271 • Slate 5-4473 
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The WELDED MODULE 
Shown in the photograph 

on page 37 

was supplied to 

"Electronic Industries" by 

ELECTRONIC PRODUCTS 

CORP., Baltimore, Md. 

4 NAVY CONTRACTS 

TOTAL $7 MILLION 

The Navy is awarding four con-
tracts totaling $7,099,942. The Bureau 
of Ships is awarding two of them. The 
first is a $ 1,239,863 fixed-price contract 
to Sangamo Electric Co., Springfield, 

Ill., for 15 surface ship sonar trans-
ducers and spare parts. The second is 
a $1,335,079 cost plus contract to 
Sperry Gyroscope Co., Great Neck, 
N. Y., for 47 Polaris submarine gyros. 

The Bureau of Naval Weapons is 
issuing two supplements to an existing 
contract with United Aircraft's Pratt 
& Whitney Div., E. Hartford, Conn. 
The first, for $ 1,725,000, is for con-
tinued general development testing of 
the YTF-30-P-1 aircraft engines. The 
second, for $2,800,000, is for producing 
these engines. Previous obligations 
udder this fixed-price contract are 
$39,417,950. 

UMA SPONSORS CONTEST 

The Ultrasonic Manufacturers Asso-
ciation is sponsoring a contest for arti-

cles dealing with that field. Cash prizes 
are offered. For more information, 
write: Ultrasonic Manufacturers Asso-
ciation, Inc., 271 North Ave., New 
Rochelle, N. Y. 

Seeking person or company interested in pro-
ducing my automatic electro-acoustic note-

script machine for any type of music. Abso-
lute world- novelty, patent pending. A future 

mass- article for musicians 

IMRE SPONGA 
Gartnerstr. 14 Zurich 8, Switzerland 

The Proprietor of British Patent No. 830.736 for 
''An improved Magnetic Recording and Reproducing 
method and an apparatus for Carrying out such 
method' is desirous of entering into negotiations 
for the sale of the Patent. or for the grant of a 
Licence thereunder. Communication should be ad-
dressed to 

PAGE, WHITE & FARRER 
27 Chancery Lane, London, W.C.2. 
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Brush 
lightbeam 
recorder 
eliminates 
RFI with 
silent light. 

411 

The unique incandescent optical system of this new direct-
print oscillograph completely eliminates confused data caused 
by generation of RF interference into associated equipment. 
It is the only lightbeam recorder that meets RFI specs . . . 
MIL-I-26600 and MIL-I-6181D. Whether your application 
is industrial or aero-space, check out these important facts. 

Start and Re-start Recording time.. . 50 milliseconds 
Writing Speed.. . Greater than 30,000 in./sec. 
Companion Amplifiers. .. Especially Designed 
Complete Line of Accessories 
8 Pushbutton Record Speeds 
Internal Chart Take-up 
High Contrast Traces 
16 Channels 

Now you can record over the whole range of most-used 
frequencies with Brush systems incorporating all the known 
refinements in oscillography. Write for full details. 

brush INSTRUMENTS 
DIVISION OF CLEVITE 37TH AND PERKINS, CLEVELAND 14, OHIO 
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RCA 2N2405 OFFERS 0.5 VOLT MAX.VcE(sat) 150 Ma 

90-VOLT MIN. VcEo(sus); 120 Mc fr 

RCA FIELD OFFICES 
EAST: 32 Green St., Newark 2, N.J., 485-3900 • 731 James St., Rm. 402, Syracuse 3, 
N. Y., GR 4-5591 • 605 Morton Pike, Eaton, N. J., HA 8-4802 • Greater Baltimore 
Area, 1725 " K" St., N.W., Washington 6, D. C., FE 7-8500 • NORTHEAST: 64 
"A" St., Needham Heights 94, Mass., HI 4-7200 • SOUTHEAST: 200 East Marks 
St., Orlando, Fla., 425-5563 • CENTRAL: Suite 1154, Merchandise Mart Plaza, 
Chicago 54, Ill., 527-2900 • 2132 East 52nd St., Indianapolis 5, Ind., CL 1-1405 
• 5805 Excelsior Blvd., Minneapolis 15, Minn., WE 9-0676 • 714 New Center Bldg., 
Detroit 2, Mich., TR 5-5600 • 7905 Carpenter Freeway, Dallas 7, Tex., ME 1-9720 • 
Continental Terrace Bldg., 2785 North Speer Blvd., Room 346, Denver 11, Colo., 
477-1688 • WEST: 6801 E. Washington Blvd., Los Angeles 22, Calif., RA 3-8361 
• 1838 El Camino Real, Burlingame, Calif., OX 74620 • 2250 First Avenue, S., 
Seattle 4, Wash., MA 2-8816 • GOVERNMENT: 224 N. Wilkinson St., Dayton 2, 
Ohio, BA 6-2366 • 1725 " K•• St., NM., Washington 6, D. C., FE 7-8500 • RCA 
INTERNATIONAL DIVISION, 30 Rockefeller Pam, New York 20, New York, 
Coble Address: RADIOINTER, N. Y. 

Out of RCA's revolutionary 2N2102, triple-diffused silicon transistor, 
comes the new high-voltage 2N2405. Using the same technique of multi-
point control that defines the 2N2102 at six current levels—RCA CON-
TROLS MINIMUM VCER OF THE NEW 2N2405 ALONG THE FULL LENGTH 
OF THE CURVE FROM ZERO OHMS TO 100 KILOHMS. 

Through the use of triple-diffused construction—precision manufactur-
ing controls—and RCA solid- block metal header—RCA 2N2405 offers: 

Min. VCEO (SLIS) of 90 Volts • Max. VCE (sat) of 0.5V @ lc = 150 ma • 
fi of 120 Mc • low leakage, IcB0 (max) = 10 nanoamp @ Vcg = 90V 
• 5 watts max. dissipation • exceptional mechanical stability. 

Check RCA 2N2405 today for your applications where supply-voltage 
transients are a problem—in video drivers, RF and AF power amplifiers, 
and high-voltage linear and switching amplifier applications. Ask your 
RCA Representative about the broad RCA 2N2405-2N2102 family and 
related types RCA 2N1893, 2N718A, 2N720A. Or write Commercial En-
gineering, Dept. Ii- 8, RCA Electronic Components and Devices, Harri-
son, N. J. 

10-5 TO-18 TO-46 

HIGH-VOLTAGE TYPES 
(min. Vceo(9u9) = 90 volts) 

UNIVERSAL TYPES 
(Beta controlled over 
full current range) 

ECONOMY VERSIONS 
of RCA 2N2102 

RCA 2N2405 

RCA 2N2102 

RCA 2N2270 

2N2896 

2N2895 

2N2897 

2N2899 

2N2898 

2N2900 

The Most Trusted Name in Electronics 
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