


• ••••• ..iFORMERS 
00•1 
No.  

DO-744 

DO-T29 

Imp. in hi. 

80 CT 12 32 split 9.8 11.5 500 Di-T44° 
100 CT 10 40 split 
120 CT 10 
150 CT 10 

Pd. D.C. Maj Sec. Pri Rés. Prl. Ru. MN MI 
Imp. DO-T Lem! No. 

3.2 10 
4 

500 

DO-712 
200 CT 10 
300 CT 7 
400 CT 7 

12 
16 
12 
16 

11 500 

DO-713 20 500 

DO-719 300 CT 7 
DO-T30 320 CT 7 

400 CT 7 
DO-743 

DO-742 

DO-741 

600 19 
3.2 20 
4 

400 CT 
500 CT 
400 CT 
500 CT 
400 CT 
500 CT 

8 40 split 46 
6 50 split  
8 120 split 46 
6 150 split 
8 400 split 46 
6 500 split 
3 50 
3 so 

20 500 DI-719  
500 

50 500 D1-743• 

500 

50 500 Dl-141* 

DO-72 500 
600 

DO-720 500 CT 5.5 600 31 32 500 D7-170 
DO-T4 600 3 
DO-714 600 CT 

800 CT 
00-T31 640 CT 5 

800 CT 5 
DO-732 800 CT 4 

1000 CT 4 
Do-715 800 CT 4 

1070 CT 4 
DO-721 900 CT 4 
DO-73 1000 3 

1200 3 
DO-145 

60 65 100 Di-17 

5 12 
5 16 

3.2 60 100 
43 500 

3.2 43 500 
4  

3.2 51 500 
4  

12 51 500 
16  

600 53 53 500 Dl-121 
50 115 110 100 DI-T3 

16,000 split 120 100 

12 71 500 

3.2 71 500 

so 
1000 CT 3.5 
1250 CT 3.5 
1000 CT 
1330 CT 

20,000 split 
DO-716 3.5 

3.5 
DO-733 1060 CT 3.5 

1330 CT 3.5 4 
DO-75 1200 2 
DO-T17 1500 CT 3 

2000 CT 3 
Do-T22 1500 CT 3 
DO-734 1600 CT 3 

2000 CT 3 

3.2 105 110 100 DI-75 

*00-T51 2000 CT 
2500 CT 

DO-T37 2000 CT 
2500 CT 

*D0-752 4000 CT 
5000 CT  

D0-718 7500 CT 
10,000 CT  

DO-735 8000 CT 
10,000 CT  

*Do-148 8,000 CT 
10.000 CT 

*DO-747 9,000 CT 
10.000 CT 

DO-76 10,000 
DO-79 10,000 

12,000 
DO-710 10,000 

12,500 
DO-725 10,000 CT 

12.000 CT 
DO-738 10,000 CT 1 

12.000 CT 1 
DO-111 10,000 

12.500  
DO-T36 10.000 CT 

12,000 CT 
DO-T1 20,000 

30,000  
Do-723 20,000 CT 

30.000 CT 
DO-739 20,000 CT 

30.000 CT 
DO-T40 40,000 CT 

50.000 CT 
DO-746 100.000 CT 
Do-17 200.000 
DO-124 200.000 CT 

DO-T58 

12 108 500 
16 

600 86 87 500 DI-T22 
3.2 109 500 
4 

3 2000 split 155 180 100 DI-751* 
3 2500 split 

3 8000 split 195 180 100 DI-732• 
3 10.000 split 

2 8000 CT 320 300 100 DI-T52* 
2 10,000 CT 

12 505 100 
16 
3.2 505 100 
4 

1 1200 CT 640 
1 1500 CT 
1 9000 CT 850 
1 10.000 CT 
1 3.2 790 

.5 800 CT 830 

.5 1200 CT 

.5 1000 split 800 

.5 1500 split  

.25 400 split 1700 
.25 500 split  

500 CT 780 870 
600 CT 

1200 CT 780 870 
1500 CT 
1500 CT 780 870 
1800 CT  

2000 split 560 620 
2400 Split 

870 

970 

.5 800 830 815 
.5 1200 

815 

1 2000 CT 780 
1 2500 CT 
1 10,000 CT 975 
1 12,000 CT 

0 500 CT 7900 
0 1000 8500 
o 1000 CT 8500 

100 

100 

100  
100 Di-T9 

100 DI-710 

100 DI-125 

100 01-138. 

100 DI-T11 

100 DI-136 

50 DI-T1 

50 DI-T23 

50 

50 

25 
25 
25 

Drawn Hipermalloy shield and cover 20/30 db Dl-15H 
jDCMA shown is for single ended useage (under 5% distortion-100MW-1KC) .. for 
push pull, DCMA can be any balanced value taken by .5W transistors (under 5% distor-
tion-500MW-IKC) DO-T & Dl-T units designed for transistor use only. U.S. Pat No. 
2,949,591; others pending. *Units newly added to series 
§Series connected; §§Parallel connected 

Write for catalog of over 
1,200 UTC HIGH RELIABILITY 

STOCK ITEMS 
IMMEDIATELY AVAILABLE 
from your local distributor. 

ACTUAL 
SIZE 

DO-T D I -T 

D 

t ifA 

‘L. 
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\ NAllAA7mielZATION 

Ois DIT 
Transistor TRANSFORMERS 

" fi INDEIPTifin 

NOW Hermetically Sealed 
a to MIL-T-27B 

*16 New Items Added to Stock Line 

IMMEDIATE DELIVERY â:Ôtëir 
lo 

e's 
em 

TOIT. 000.. 000. 'PC »PC 

soo 

0001 

00' 

TYPICAL 1:104 PARPORWMCE 

High Power Power Rating 
Excellent Response 
Low Distortion 
High Efficiency   
Moisture Proof   
Rugged   

Anchored Leeds   
Printed Circuit Use   
Suited to Clip Mounting 

T Dit e erre?? 

up to 10 times greater 
twice as good at low end 
 reduced 80% 

up to 30% ;Jeter  compare DCR 
hermetically sealed to MIL-T-278 

Grade 4, completely metal cased 
will withstand 10 pound pull test 

(solder melting) nylon insulated leads 
 use Augat #6009-8A clip 

INDUCTORS 
DO-T Inductance DO-T DUT DI.T 
No. Hys c,a DCRS2 DCR1! No.  

000-T50 (.075 Hy /10 ma. .06 Hy/30 ma 10.5 
(2 wdos.) 86.018 Hy 20 ma, .015 Hy 60 ma 2.6 
DO-128 .3 Hy /4 ma, . 15 Hy/20 ma 25  

.1 Hy 4 ma, .08 Hy /10 ma 

DO-727 1.25 Hys/2 ma, .5 Hy /11 ma 100 

.9 Hy 2 ma, .5 Hy/6 ma 

DO-T8 3.5 Hys/2 ma, 1 Hy/5 ma 560 

2.5 Hys/2 ma, S Hy/4 ma 

DO-T26 6 Hys/2 ma, 1.5 HYs/5 ma 2100 

4.5 Hys/2 ma, 1.2 Hys/4 ma  

000-149 (20 Hys/1 ma, 8 Hys/3 ma 5100 
(2 valga-) g §5 Hys/2 ma, 2 Hys/6 ma 1275 

25 DI-728 

105 D1-127 

630 DI-T8 

2300 DI-T26 

POWER TRANSFORMERS  
*DO-T400 Pri 28V 380-1000 cycles, Sec 6.3V a 60 ma  
*DO-T410 Pri 28V 380-1000 cycles, 2-Sec 6.3 o 30 ma each  
*DO-T420 Pri 28V 380-1000 cycles, Sec 28V Qa 20 ma (hot Electrostatic Shld.)  

UNITFn TRANSFORMER CORP. 
150 VARICK STREET, NEW YORK 13, N. Y. 

PACIFIC MEG. DIVISION: 3630 EASTHAM DRIVE, CULVER CITY, CALIF. 
EXPORT DIVISION, 13 EAST 40th STREET, NEW YORK 16, N. Y. CABLE I'ARLAB" 
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EDITORIAL: 

The STATE-OF-THE-ART Magazine 
for Electronic Engineers 

IT'S SHOW TIME AGAIN 
LAST YEAR, ON THIS PAGE, we discussed what we 

felt were serious shortcomings in the planning of 

technical shows for the electronic industries. We 

mentioned the International Convention of the In-

stitute of Electrical and Electronic Engineers in 

particular because it is the largest show of all. This 

year it opens again at the New York Coliseum on 

March 23 and its format shows no significant changes 

over that of previous years. 

Editorially, we discussed the show's shortcomings 

with the hope that our suggestions would result in 

improvements that would benefit attending engineers 
and scientists. After all, the goal of a technical show 

is much the same as that of ELECTRONIC IN-

DUSTRIES magazine. It is to give the engineer, as 

quickly and as effectively as possible, an up-to-the-

minute picture of the State-of-the-Art in each area 
of technical development. This is not an easy task. 

It demands unusual attention to selection and cor-

relation of many diverse elements. Our industry is 

so large that just random presentation of facts is 

apt to leave engineers groping, trying to assess the 

significance of each. This year's IEEE show, with 

its apparent random exhibitor display arrangement, 
does little to alleviate this problem. 

We are, however, greatly encouraged by a recent 

report from WESCON. They have made an inde-

pendent exhaustive study along the lines of our sug-

gestion. As a result there will be some radical changes 
at their show next August. 

The WESCON study is based on a survey of 

40,000 engineers and scientists who attended the 
1963 show. Specifically, it is concerned with their 

prime interest areas and how the show could be 

planned to provide them a maximum of information 

in the time they are in attendance. 

The entire industry was divided into 48 technical 
areas. Engineers were asked to indicate principal in-

terests in descending order. This information was 
then analyzed by computer to determine those most 

closely allied. There are now nine major categories 

that have been singled out to be special show areas 
in this year's event. Both visitors and exhibitors will 

benefit from this since there will be a maximum of 

interest by both parties in each relatively small, 
localized area. 

The study also turned up some other noteworthy 

facts. For one, attendees spend only 4 hours on the 

average touring the exhibits. This, despite the fact 
that the show is open for 30 hours. Another point 

is that visitors are unlikely to stop at booths that 

they had not previously planned to visit. About 2/3 
of them plan their itinerary in advance. Not sur-

prising, though, if they cover the entire show in only 
4 hours. 

Last May we published the result of our own sur-

vey on "How Engineers Keep Up-To-Date." Our 

first question asked about time spent reading techni-
cal publications at work. Close to 70% said they 

spent between 1 and 7 hours a week, reading at 

work, with the great majority reporting from 2 to 

4 hours. Trade publications are regarded as the 

prime source of helpful information. 

As editors, we have long been aware of these 

facts. For this reason we have always given special 

consideration to both our March and August show 

issues. Our aim has been to produce a most useful 

"planning-information" section in each of these is-

sues. For the engineer who will attend, the content 

of this section enables him to pre-plan his time. For 

the engineer who cannot attend, the section provides 
an up-to-the-minute review of what the technical 

topics will be, what new products will be introduced, 

and the new State-of-the-Art subjects to be discussed. 

Show exhibitors, too, are aware of these issues. 

Many of them announce the products they will be 

displaying in this section. Our round-up of this year's 

IEEE show begins on page 38. We hope you will 

find it informative and useful. Suggestions as to how 

we can improve our show planning concept are most 
welcome. 
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Look to Sprague! 

volume avail bility of 

IVIAT...SBT...MADT 
ECDC. SPAT...SEPT 

switching and communications 

TRANSISTORS 
(ECDC and SEPT are trademarks of Sprague Electric Co.; MAT, SET. MADT, and SPAT are trademarks of Philco Corp.) 

.1 .1 

2N128 2N794 2N1118 2N1742 2N1867 2N2170 2N2361 2N2791 

2N231 2N795 2N1119 2N1743 2N1868 2N2185 2N2362 2N2792 

2N240 2N796 2N1122 2N I 744 2N2048 2N2187 2N2377 2N2795 

2N344 2N846A 2N1122A 2N1745 2N2095 2N2217 2N2378 2N2796 

2N345 2N858 2N1300 2N1746 2N2096 2N2218 2N2398 2N2797 

2N346 2N859 2N1301 2N1747 2N2097 2N2219 2N2399 2N2798 

2N393 2N860 2N1427 2N1748A 2N2098 2N2220 2N2400 2N2799 

2N499 2N861 2N1429 2N1754 2N2099 2N222I 2N2401 2N2942 

2N499A 2N862 2N1499A 2N1785 2N2100 2N2222 2N2402 2N2943 

2N501 2N863 2N1499B 2N1786 2N2162 2N2274 2N2451 2N2962 

2N501A 2N864 2N1500 2N1787 2N2163 2N2275 2N2487 2N2963 

2N502 2N865 2N1676 2N1788 2N2164 2N2276 2N2488 2N2964 

2N502A 2N979 2N1677 2N1789 2N2165 2N2277 2N2489 2N2965 

2N502B 2N980 2N1683 2N1790 2N2166 2N2278 2N2787 2N2968 

2N768 2N982 2N1726 2N1864 2N2167 2N2279 2N2788 2N2969 

2N769 2N983 2N1727 2N1865 2N2168 2N2280 2N2789 2N2970 

2N779A 2N984 2N1728 2N1866 Io   2N2169 2N2360 2N2790 2N2971 

These Transistor Types are all available in quantity 
from Sprague. Increased production capability as-
sures you of a continuing PROVEN SOURCE for 
your high-performance transistor needs. 

Sprague Transistors cover these applications: Ultra-
high-speed switches; High-voltage, high-speed switches; 
Core drivers; Low-level UHF amplifiers; VHF power 

SPRAGUE COMPONENTS 

amplifiers; Symmetrical high-speed silicon switches; 
High-speed choppers. 

For complete information on the Sprague Tran-
sistor Types in which you are interested, write to 
Technical Literature Service, Sprague Electric Com-
pany, 233 Marshall Street, North Adams, Mass. 

TRANSISTORS 

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 

4,-1041 'Sprague and 'CY are registered trademarks of the Sprague Electric Co. 

GET THE FULL STORY AT IEEE BOOTHS 2416 THRU 2426 
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CALCULATING SYSTEM LINEARITY 

ELECTRONIC SYSTEMS 

March 1964, Vol. 23, No. 3 

EDITORIAL: IT'S SHOW TIME AGAIN 

\_ EJ 
L) 
ueL IF 

The STATE-OF-THE-ART* Magazine 
for Electronic Engineers 

1 

"WORST CASE ANALYSIS" IN ANALOG CIRCUIT DESIGN 

P. A. IVIilone & F. J. Sposato 78 

FIELD EFFECT TRANSISTORS UNDER NUCLEAR RADIATION A. B. Kaufman 94 

DESIGN/DEVELOPMENT: 

RATING PREAMPS BY MINIMUM DETECTABLE SIGNALS K. Ishii 100 

DESIGN OF HIGH SPEED DIRECT-COUPLED AMPLIFIERS 

D. J. Baker & C. L. Wyatt 102 

EQUATIONS FOR MANIPULATING TOLERANCES   G. H. Ashbridge 83 

H. Y. Wong 111 

I / 

FOR COMPUTERS . . . A HIGH SPEED CHARACTER GENERATOR W. R. Sloan 174 

PROFESSIONAL GUIDELINES ii 

BUILDING AN ELECTRONIC CAPABILITY E T Ebersol & S. Feldman 118 

WHY SMALL BUSINESSES FAIL   J. P. Geddes 34 

1964 IEEE . .. A GLIMPSE OF THE FUTURE   

1964 IEEE ' FELLOWS' PREDICT   44 

WHAT'S NEW . 

New Oscilloscopes. 91 Catalogue Printing by Computer 91 

Computerized Telegraph 92 VHF Telemetry Transmitter 92 

38 

91 

COVER 

Our cover designer took a bit 
of artistic license with a scene 
that will be familiar to engi-
neers and scientists attending 
this year's IEEE Show and 
Convention. The missile-like 
object is the statue of Chris-
topher Columbus, which 
stands directly opposite the 
New York Coliseum. 

'STATE - OF- THE- ART: up - to - 
the-moment capability in each 
area of electronic technology 

BPA 

DEPARTMENTS 

Highlights   5 

Radarscope   8 

Coming Events   21 

Washington Trends   25 

Marketing: Fact & Figure Roundup   29 

Snapshots of the Electronic Industry   30 

IEEE New Products   57 

New Products   122 

New Tech Data   138 

Letters   162 

Editor's Notebook     168 
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The Original Bullet-Nose Capacitor! 

actual size 

Sprague Fully-Molded Solid Tantalex® Capacitors 
in Five Case Sizes! 

Performance Characteristics Comparable to Con-
ventional Metal-Clad Units from Other Sources 
Type 154D Tantalex Capacitors were developed by 
Sprague to help designers of digital computing equipment 
and other industrial electronic devices reduce their costs. 
Particularly practicable for applications which demand 
good electrical characteristics without necessarily requir-
ing the superior moisture resistance of higher-priced metal-
cased units, Type 154D Capacitors are available in a 
complete range of ratings and case sizes, including two 
tiny sizes for high-density "cordwood" packaging. Because 
of the uniformity of their molded cases, these bullet-
shaped capacitors are ideally suited for machine installa-
tion on printed wiring boards. 

111 

For application engineering assistance (without obligation, of 
course) to help you make the best use of this important new 
advance in tantalum capacitors from Sprague—the pioneer 
in solid tantalum capacitor development—write to Tantalum 
Capacitor Section, Field Engineering Department. For com-
plete technical data, write for Engineering Bulletin 3530A 
to Technical Literature Service, Sprague Electric Company, 
233 Marshall Street, North Adams, Massachusetts. 

SPRAGUE COMPONENTS 

CAPACITORS 

TRANSISTORS 

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 

1 

1 

“C•174.01 

GET THE FULL 
'Sprague and e are registered trademarks of the Sprague Electric Co. 

STORY AT IEEE BOOTHS 2416 THRU 2426 
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1964 IEEE . . . 
A GLIMPSE OF THE FUTURE 38 

The world's largest technical meeting will 
draw over 75,000 engineers and scientists 
from 40 countries. Its expanded papers pro-
gram will feature everything from a flip-flop 
with one transistor to engineering management. 

"WORST CASE ANALYSIS" 
IN ANALOG CIRCUIT DESIGN 78 

"Worst Case Analysis" is an effective method of 
calculating the reliability of complex systems. 
But only the digital industry has taken full ad-
vantage of it until now. This article describes 
how one company has used "WCA" to desigi power 
supplies and has thereby achieved Mean Time Between 
Failure ( MTBF) rates in excess of 100,000 hours. 

BUILDING AN ELECTRONIC CAPABILITY 

BY ACQUISITIONS 118 

Many old line U.S. Industria , firms wishing to 
diversify, and acquire an R & D aura, turn to 
the electronic industry as a new area. Taking on 
several small firms involves risks. Despite prob-
lems, the move has long-range advantages as 
Singer Company is finding out with Singer Metrics. 

FIELD EFFECT TRANSISTORS 

UNDER NUCLEAR RADIATION 

94 

Field effect transistors, like other 
semiconductors, are affected by 
nuclear radiation. However, some 
of the changes are not the same as 
for conventional transistors; in 
fact, they are exactly the opposite. 

FOR COMPUTERS . . . 

A HIGH SPEED CHARACTER GENERATOR 174 

The increasing use of high speed digital computers 
has created a demand for high speed readout. This 
demand has stimulated the development of methods for 
generating alpha-numeric and symbolic information 
from coded digital inputs. An economical, high speed 
generator with good legibility is described here. 
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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 significantly— lengthen shelf life. 

• Eliminate critical welding scnedules 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 informative chart showing which specific 

combinations of gold, silver, nickel or tin-plated Dumet wires 

are best for you. General Electric Co., Lamp Metas and Components 

Dept., El-43, 21800 Tungsten Road, Cleveland, Ohio 44117 
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RF Power Standards 

FOR THE LABORATORY 

When you need to measure r-f power within a per-
cent of 100% right, you'll be right in turning to a 
Sierra Model 290C. No other commercial calorim-
eter comes closer to achieving absolute measuring 
accuracy between 30 and 1000 watts. And, for 
measuring r-f power above 10 watts, it is regarded 
as industry's primary reference by the nation's 
leading standards labs. These specs tell why: 

Power Range: 30-1000 watts Accuracy: 99% assured, 
99.35% probable 

10-1500 watts 97% assured 

In league with a Sierra Model 2868 Dual Water 
Load, Model 290C spans a frequency range of DC 

to 4 Gc. Other loads in the Sierra line expand its 
coverage to 12.4 Gc. 

Ability to pick your measuring mode— null-balance 
for best accuracy, direct-reading for 30 to 60 sec-
ond readouts, or differential for expanded-scale 
readings— gives you a test instrument with unu-
sual versatility. Model 290's price, excluding Dual 
Water Loads, is $4,500. The technical bulletin con-
tains complete system prices with loads plus a 
comprehensive statistical analysis of performance. 

FOR THE FIELD 

If you're reading power levels of 10 watts and 
greater with a bolometer or thermistor bridge, a 
power splitter, and possibly an attenuator, you're 
courting potential errors of 10% or more. Witness 
this simplified tabulation: 

Bolometer or thermistor   2-3% limit of error 
Directional Coupler   2-3% limit of error 
Attenuator   2-3% limit of error 
Error contribution due to 

drifts in calibration  1-5% limit of error 

Total limit of error   7-14% 

This kind of guessing game could have embarrass-
ing results. Contrast it with the predictable end re-
sults you could enjoy with Sierra's compact Model 
430A RF Calorimeter. This trim little 58 pounder 
reads from 50 to 1500 watts with 97% accuracy 
—guaranteed! And, you'll probably be getting 98% 
or better. A precision internal a-c wattmeter pro-
vides a built-in standard. 

With the Model 430A, Sierra offers a group of five 
Coaxial and Waveguide Water Loads covering the 
frequency range of DC to 12.4 Gc. They range in 
price from $725 to $925. Price of the Model 430A 
is $2,300. For full information, write to us, or get 
in touch with your Sierra sales representative. 

SIERRA ELECTRONIC DIV. 
OF 

RH I LCO. 
A SUBSIDIARY OF ‘51.1-7.9(.1777freily, 

Sierra Electronic Division/ 387e 3ohannon Drive/Menlo Park, California 
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EILMITKOR.11C 
OVIJEMMOM 

Analyzing current developments and trends 

affecting the State- of-the- Art of technol-

ogies throughout the electronic industries 

EN ROUTE AIR FLIGHT CONTROL 

New en route air traffic control system delivered for test to FAA 
by Mitre Corp. for air collision prevention. Model 200 is a com-
puter-display complex with large-scale programs that cover radar 
input conversion, tracking, teletype input conversion, fix time, 
flight plan, present position, conflict forecast, and conformance. 

NOVEL TV CAMERA TUBE designed by West-

inghouse has promise for TV exploration of space. 

Called " Sec-Vidicon," it can almost see in the dark, 

engineers report. It shows no blackout or flare from 

sudden bright light. Tube performance depends on sec-

ondary electron conduction ( SEC) to convert image 

into signals that can be amplified and telecast. SEC 

occurs in tube materials so light and porous that only 

2% of volume is solid matter. The rest is vacuum; 

SEC takes place there. 

SPACECRAFT TAPE RECORDER, with nine 

channels to work for as long as 12 months in space, is 

a new development at RCA. In two casings and weigh-

ing only 17 lbs., the advanced recorder will be used in 

several of NASA's orbiting observatories. High relia-

bility, the key to the design. has been achieved according 

to RCA spokesmen. The "rugged" recorder has a very 

low flutter level. Values down to 0.01% rms betWeen 

one-half and 250 cps have been recorded. RCA-devel-

oped tape tensioning permits storage of 1,200 feet of 

tape on smaller reels; high packing density of 375 bits 

per inch per track of tape is maintained. 

LASER STATE-OF-THE-ART continues to ad-

iice on a broad front. R. W. Terhune and P. D. 

Maker, two of Ford's team that forged major break 

throughs in laser research, said that we can expect to 

find materials that can store much more energy per unit 

volume than the ruby now used. Lasers can cause 

breakdowns of solids and liquids and in some cases have 

destroyed optical parts. A giant pulsed ruby laser can 

vaporize a small surface area in a flash strong enough 

for spectroscopic analysis. The effect may be useful in 

micro-analytical work. A single flash is enough for a 

spectroscope; analysis can be done at a distance, said 

the Ford researchers. Meanwhile, NASA is tapping 

industry's shoulder, looking for a deep space laser track-

ing system. Ideally, the system would track from launch 

to a mean 50,000,000 nautical miles out. It would han-

dle two-way telemetry and voice, as well as space/ 

ground TV. Carnegie Institute of Technology dis-

closed some upgrade in high repetition rate, high 

average power lasers. A test set-up was pulsed at rates 

up to 60 pps; average output was 15 w. but peak topped 

one megawatt. Carnegie used a Nd3+—glass laser rod 

with only ambient cooling. The ring discharge circuit 

was coupled to a resonant-charging power source of 

30 kv, 6 kw. Carnegie researchers W. T. Haswell, J. S. 

Hitt, and Dr. J. M. Feldman, suggest that test results 

are only a fraction of the ultimate power of the ring 

discharge. Bell Telephone Laboratories has come up 

with a triode-like gas laser, modulated by varied grid E. 

Excited by nearly identical energies from a hot oxide 

cathode, the laser oscillates minus glow discharge. Ping 

King Tien, Donald MacNair, and Harold L. Hodges. 

of Bell Labs, report that the laser tube has a cathode. 

grid and anode as parallel ribbons along the laser's X 

axis. Cathode flow is grid-controlled; energy spread is 

only a volt fraction. In triode lasers, efficiency of ex-

citation per electron is increased a hundredfold, accord-

ing to the research team. Maser Optics, Inc., has pro-

duced a 1500 joule pulsed ruby laser. The firm claims 

the output is four to five times greater than that of any 

other known laser. Maser Optics President Dr. H. E. 

Franks reports that the laser can blast a hole through 

the toughest tool steel. It can also powder a diamond. 

IBM has announced a test-stage device to control laser 

beam direction. It uses potassium dihydrogen phos-

phate (KDP) crystals, covered by semitransparent 

electrodes, as optical switches; deflectors are hire-

fringent calcite crystals. With ten pairs of crystals, a 

single beam can be directed to any one of more than a 

thousand positions. IBM says the device is not yet fast 

enough for EDP use. Further work should cut time 

needed to deflect a beam to less than a p.sec. 
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COMPUTER SPEEDS 100 TIMES FASTER 

may now be possible with a new coaxial circuitry pack-

aging technique researched by Sylvania. The technique 

—used in locked pair tunnel diode logic circuits—cuts 

circuit parasitic inductance. It permits current gains 

of 20 at phase rate of 800 mc, with four phases operating 

at a clock rate of 200 mc. Engineer Frederick Ander-

son said that mutually coupling inductances of each 

circuit half reduces total self-inductance. 

MAGNETOPLASMADYNAMIC (MDP) GEN-

ERATOR by Martin Company has verified effect 

of magnetically induced non-equilibrium ionization of 

gas. Martin scientists who tested the generator look 

on it as a scientific breakthrough that may result in a 

revolutionary system of continuous power. They say 

that low temperature, closed cycle MDP power gen-

eration could lead to a more reliable and economical 

way to produce electricity. Generators using MDP 

effect could be used on ships, spacecraft, lunar bases 

and entire cities. An MDP generator produces current 

by shooting an ionized gas (helium seeded with cesium 

powder) through a magnetic field. Dr. Mostafa Talaat, 

project head, says non-equilibrium ionization means 

electrons in the gas at a higher temperature than the 

gas itself. This increases conductivity. 

LONG, LONG LASER 

Tube of 33- foot gas laser at Bell Telephone Labs, Murray Hill, N. J., 
can be emptied and refilled with varied gases. Robert N. Zitter and 
George G. Douglas tre helium- neon laser to measure power of light 
beam. Extra length makes possible a greater amplification. Mirrors 
at each end reflect the beam. Weak oscillations can be observed. 

VOLTAGE TUNABLE MAGNETRON 

Just bi2lcw center a General Electric voltage tunable magnetron is 
about to get a pounding of 1600 g's. Environmental test and de-
sign specialist Fred Ward drops the large hammer wl7ich accelerates 
the table to which ihe magnetron is bolted. The tube withstood as 
many as 45 hammer blows with no negative effect on performance. 

SELF-HEALING CIRCUITS that repair them-

selves after failure under stress have been developed 

and tested with success, says Honeywell. Of two ap-

proaches to self-healing, one involves growth of metallic 

whiskers by the conductor across circuit breaks. The 

second uses a remeltable alloy coating over conductors. 

Work is being clone for the Air Force. Honeywell 

said that whisker growth is best with an alloy of hard 

and soft metals to create hard-matrix-soft-fill alloys. 

Greatest whisker density and fastest growth occurred 

with alloys of tin, aluminum and magnesium. Engi-

neers also used a flexible indium-gallium alloy in ohmic 

resoldering. Melting of the alloy from a nearby failing 

connection caused the alloy to flow into the break and 

close the circuit again. 

NEW MULTI-COMPUTER SYSTEM, in which 

two or more computers solve hard science problems by 

talking together, is the latest advance in the state-of-the-

art in EDP systems. Now in use at Argonne National 

Laboratory, each computer can handle an aspect of 

a problem; machines compare results before reaching 

an answer. One unit may act as supervisor, telling em-

ployee what to do, rejecting answers it does not like. 

They also work apart on unlike problems. The system 

is GUS (GEORGE Unified System.) It includes two 

computers. One is GEORGE, large digital unit made 

by Argonne six years ago. The other is FLIP, newer 

and larger unit that does fast, accurate work in floating 

point arithmetic. A very high-speed memory is com-

mon to all units, at times as many as seven. Data is 

instant from three banks of tiny magnetic cores. Each 

bank stores at least 8,000 words or numbers for 

GEORGE, or 4,000 for FLIP. 
(More RADARSCOPE on Page 11) 



After 2,000,000 unit hours of punishment... 

UNIFET* STABILITY PROVEN 

YOURS FOR THE ASKING: THE FIRST REALLY COMPLETE 

REPORT ON UNIFET STABILITY. IT TELLS HOW, AFTER TWO 

MILLION UNIT HOURS OF PUNISHMENT BEYOND THE CALL 

OF DUTY, SILICONIX UNIFETS STILL PERFORM THE WAY 

THEY MUST. WRITE FOR THE UNIFET RELIABILITY REPORT. 
*Unipolar Field- Effect Transistors 

Siliconix incorporated 
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SOVIET ELECTRONIC RESEARCH is empha-

sizing lasers, microcircuits and radiation-proof ma-

terials. Laser work may include further work on organic 

chelate, glass crystal, and semiconductor materials. 

Microcircuits are being spurred to help bridge the 

Soviet lag behind the U. S. Radiation-resistant materials 

are being sought for orbital and nuclear environments. 

Work will probably center on non-corrosive plastics 

and metals, with emphasis on pneumatic components. 

Data is based on excerpts culled from Russian publica-

tions and published by Electro-Optical Systems, Inc. 

INDUSTRIAL AFFILIATES RESEARCH PRO-

GRAM in Electronic Control and Communication Sys-

tems has been set up at Iowa State University. Main 

object is to give industry a lever so it can support re-

search and help raise states-of-the-art. The program also 

allows industry to have quick access to research results. 

Two other affiliate programs—solid state science and 

electric power—are already working at Iowa State. Of-

ficials say the programs are a success. 

PROTECTIVE WINDOWS FOR IR instruments 

and other sensors may be possible with a new photo-

chromic (light-sensitive) glass researched by Corning 

Glass Works. The glass darkens in strong light and 

clears when light fades. According to Dr. S. Donald 

Stookey, head of chemical research at Corning, the 

glass is the first to retain indefinitely the ability to 

darken within 1/1000th of second, and then clear. Glass 

contains submicroscopic silver halide crystals. Thrown 

down during making process, crystals make glass react 

to light. Pair of glasses showed no wear in color-change 

quality after two-year tests. Some possible uses are in-

strument controls and optical memory devices. 

SOLID-ELECTROLYTE FUEL CELL has been 

developed under Air Force contract. Three-cell units, 

6 g. and 6.2 cu.cm. each, have given 2.1 watts at elec-

trolyte current densities of 750 ma./sq. at 1000°C, ac-

cording to a report issued by Department of Commerce. 

This state-of-the-art addition represents performance 

of 150 w/lb. and 9500 w/cu.ft. of actual battery com-

ponents. Self-sustaining systems can weigh less than 

50 lb./kw. They can also take up only 0.3 cu.ft./kw. in 

plant sizes of 0.5 kw. or larger. Hydrogen is the fuel 

and oxygen the oxidant. Electrolytes are zirconium 

oxide-calcium oxide and an improved zirconium oxide-

yttrium oxide. These materials can conduct a current by 

passing ions through crystal lattice, though impervious 

to gases and have little conducti‘ it v. 

EMMOEIC 
ORIDIUSTPEZ MUlne 
A LASER was used by Univ. of Illinois physicists 

to disprove part of a light theory advanced by Lord 

Rayleigh in 1871. The theory relates to a straight beam 

of light passing through a chamber full of gas (at given 

T and P) ; the gas molecules scatter light out of the 

beam's path. Part of the theory predicts that intensity 

in the horizontal plane of vertically polarized light scat-

tered from the beam will be the same at any angle from 

35° to 130°. By using a pulsed ruby laser, it was found 

that the light actually has different intensities at differ-

ent angles. The physicists found, however, that the rest 

of Lord Rayleigh's theory seems to hold firm. 

CABLE OF THIN INNER AND OUTER CON-

DUCTORS may be the answer to AEC's problem 

of how to receive data before underground test blasts 

destroy the cable. Purdue engineers knew very thin 

conductors were needed. They are best for constant 

behavior for both high and low frequencies on wide 

bands. They also break easily. Researchers came up 

with inner and outer very thin conductors backed up 

with thicker metals. They found that thicker metals— 

iron, steel or steel alloy—would conduct some current. 

But this would not affect much greater currents carried 

by copper, silver or aluminum. Purdue's Prof. C. M. 

Evans feels the cable design has a future in other 

broad band uses. This includes computer-to-computer 

talk. The design may in fact set a standard for cable 

for any frequency band. 

MEASURES MAGNETO OPTICAL EFFECTS 

A specially designed ellipsometer, built at Burroughs Laboratories, 
Paoli, Pa., is used to measure Kerr magneto optical effects. This 
research, part of the basic physics studies now underway at the 
Laboratories for Burroughs Communication Division, is examining the 
interactions of electromagnetic fields and ferromagnetic crystals. 
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Have you heard the one about the heavy-duty connector that got 

dragged over 10 miles of rough road and still worked perfectly? 

Probably you haven't. Mostly because it was our QWLD 
connector that was involved, and you aren't likely to find any 
of our competitors talking it up. 

It really happened. A missile unit was moving to a new 
firing position ten miles away. In the dismantling of the 
equipment, someone forgot to secure a length of cable to 
which was attached half of our heavy-duty connector. After 
being dragged and bounced over ten miles of concrete high-
way and dirt road to the new location, the connector mated 
and performed perfectly. 
We were not too surprised. Designed especially for rugged 

VISIT US AT THE IEEE SHOW—Bcoth 2331 

environments in which an electrical failure would be unthink-
able, our QWLD is well suited for missile launching equip-
ment, ground radar, power and control circuits, and for 
mining, oil field and countless other applications. 

It can be positively mated even in blind locations. It is 
waterproof. It features closed entry socket contacts and self-
ejecting coupling action. The QWLD comes with standard 
solder or solderless contacts. A variation has provisions for 
grounding one contact to the shell. 

For additional information write us, Bendix Scintilla 
Division, Sidney, New York. 

Scintilla Division Mime 
CORPORATION 
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EIDMOCUI 
STABLE MAGNETIC FIELD 

that can be changed is now possible, 

according to Bell Telephone Labs. 

The field is obtained with a thin-

walled superconducting tube of 
niobium-zirconium alloy. Before this, 

stable fields were hard to come by 
because the field varied with power 

supplied to the coil. Bell engineers 

report that the new method permits 
easy and accurate control of the field 

inside the tube. For higher intensity, 

the applied field is increased until 
the internal field reaches desired 

strength. For lower fields, the proc-

ess is reversed. 

HOME TV TAPE RECORDER 

to sell for less than $200 has been 
announced by Cinerama, Inc., devel-

oped jointly with Rutherford Engi-

neering of Bermuda. Norman 

Rutherford, Managing Director of 

the Bermuda firm, said the unit, 

Telscan, has a simplified recording-
head. The head is fixed and records 

on half-inch tape. Commercial units, 
ranging as high as $30,000, have 

rotating heads and record on two-
inch tape. The unit is about the size 

of a sound recorder. Recording of 

TV programs is electronic, with no 
developing needed. It can play back 

pre-recorded movie tapes. 

LETHAL GASES AND 

DEADLY DUST can now be 

safely monitored by a device devel-

oped at Illinois Institute of Re-

search. The monitor is designed to 

detect poisonous boron compounds 

used in rocket propulsion research. 

Monitor pumps air through self-con-

tained gas pilot light. Flame is color-

less until contaminant passes. Char-

acteristic color is observed. Electron 

photomultiplier tube measures in-

tensity of color, which is translated 

electronically to meter display. 

Alarm switch closes when meter 

reading reaches pre-set point. 

Number One of 'Fu 1(P 

Connector reliability 
as related to economics. 

One of a series of three technical discussions about reliability 
and the things you ought to be considering when you buy elec-
trical connectors. This one explores the effects of reliability on 
economics. 

Reliability denotes a statistically determined 
Mean Time Between Failure with stated 
confidence levels for a specific set of com-
bined performance parameters. To obtain 
this MTBF, testing to failure is the usual 
route. With hardware items, extended life 
testing is relatively simple and not too 
expensive. Electrical connectors, however, 
are not pieces of raw hardware, but are in 
reality small systems comprised of a number 
of components assembled or combined 
through complex processing methods. It 
follows that a slight variation in the num-
ber or type of components will create a 
totally different connector "system." 

Standard line electrical connector assem-
blies are almost always assembled from 
stocked component parts. These compo-
nents are manufactured on highly efficient 
machines with continuous or high volume 
runs. The key then to the economic supply 
of connectors is in these large runs and 
inventoried component stocks. It then 
stands to reason that efficient use of stand-
ardized component parts must be made to 
achieve true economy. Connector users, 
however, request performance in accordance 
with exact specifications, sometimes exotic, 
and often stipulate that for high reliability 
parts, design and process change approvals 
must be obtained prior to incorporation. 
They ask for control discipline, including 
manufacturing, processing, and assembly 
routines. In order to supply the user with 
electrical connectors that meet his require-
ments, unique and specialized assemblies, 
including separately and individually con-
trolled component part numbers, must be 
established. In addition, the assembly 
documentation also requires separately 
numbered special procedures and sequences. 
This automatically dictates that compo-
nents must be manufactured "to order" 
since maintenance of a component inventory 
necessary to achieve economical prices is 
not feasible unless accurately forecasted. 
This is almost always impossible since the 
forecast would necessarily have to be iden-
tified to the particular unique program. 
Custom made components do not enjoy 

the benefits of standardization. The prac-
tical large volume components inventory 
system must be maintained, not only to 

provide a stock on hand, but to offer realistic 
deliveries and stable parts costing from 
which sensible assembly prices might be 
generated. 
The Scintilla sensitive components 

approach to reliability is based on the 
premise that almost all connector failures 
are caused by a small percentage of the 
components and a very few of the assembly 
processes. By picking the sensitive compo-
nents, sensitive materials and sensitive 
processes, exacting controls can be in-
stituted. This eliminates the inefficiency 
that complete and absolute controls on all 
components, materials and processes entail. 
Some necessary controls would be: machine 
capability studies; fixed, no option process 
sheets or layouts; documented lot control 
procedures; and generation of purge capabil-
ity cross references. 
The sensitive component approach can 

add 10-25% cost to the standard connector 
not having high reliability requirements. 
The high reliability concept as outlined 

will provide connectors that are considerably 
less costly than some of the present day 
custom made programs. Reasonable cost 
reliability is now available and when 
coupled with initial qualification and ex-
tended life testing, for actual reliability 
demonstration, provides a truly practical 
approach. The necessity for User/Vendor 
specification cooperation cannot be over-
stressed as mutual agreement on sequence, 
performance, and method is mandatory. 
The homogeneous sensitive component 

connector approach for high reliability 
allows utilization of the benefits of stand-
ardization and also allows multiple source 
procurement with a minimum of duplica-
tion. Realistic deliveries and continuing 
economy are assured. Scintilla is proceeding 
with this practical high reliability program 
for general availability and it does not stop 
with delivery. We feel that input contract-
ing reliability must continue through instal-
lation, use and servicing. We offer 
comprehensive operator training programs 
and extensive service facilities for users of 
Scintilla's high reliability connectors. 

Further discussions will deal with control 
disciplines and design evolution. Watch 
for them. 

Scintilla Division T7idence4,g 

CORPORATION 
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News 
Briefs 

Room temperature curing Sylgard® 185 
resin, companion product to Sylgard 184 
resin, provides added he conductance for 
circuit "hot spots" and opaqueness where 
transparency is not desired. A black, sol-
ventless silicone resin, it cures to form a 
tough, flexible embedment that assures en-
vironmental protection and cushioning for 
electronic components. Sylgard 185 resin 
cures in deep sections in 24 hours at room 
temperature . . . or in 15 minutes at 150 C. 

Dip, brush or spray Dow Corning® 630 
protective coating. This solution of silicone 
polymers air dries to a flexible, wax-like film 
that is highly water repellent. The excellent 
surface resistivity of the clear protective 
coating makes it ideal for the protection of 
printed circuit assemblies and components 
operating under heat and humidity condi-
tions. High volume and surface resistivity 
are maintained even after prolonged exposure 
to harsh environmental conditions. 
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SILICONE NEWS from Dow Corning 

Now...a room-temperature-curing 

transparent packaging material, 

that's easy to use, easy to repair 

Transparent and tough ... firm and flexible 
... new room-temperature-curing Sylgard® 184 
resin cures without applied or exothermic heat. 
It can be used to pacrage and protect the most 
heat-sensitive components. 

Sylgard 184 resin is a virtually colorless, 
solventless silicone material designed for the 
potting, filling, embedding and encapsulating 
of electronic circuits. Applied as a low vis-
cosity fluid, Sylgard 184 resin flows easily 
around the most intricate parts. It cures, even 
in deep sections, in 24 hours at room tem-
perature . . . or in 15 minutes at 150 C. 

When cured, Sylgard 184 resin has a resilient, 
penetration resistant surface. To repair or 
replace defective components, the resin can 
be cut away and new resin poured in place 
and cured to re-form the embedment. 

Sylgard 184 resin cushions and protects com-
ponents from mechanical shock — can be 
twisted and bent . . . withstands elongation of 
nearly 100 percent. Its tensile strength ranges 
from 800 to 1000 psi, and it has a long service 
life at operating temperatures of —65 to 200 C. 
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10' cps 
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10' cps 

50 100 150 200 
Temperature, Degrees C 

Dissipation factor of cured Sylgard 184 
resin at 10', 10 and 105 cps. 
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Seal, bond, insulate in one operation with 
Silastic® 502 RTV silicone rubber. The 
Flash-X Ray tube shown utilizes it to insu-
late against high voltage at one end and to 
provide flexible support between glass and 
power cable at the other. 

Its adhesive quality and the typical silicone 
properties of moisture resistance and heat 
stability make it suitable for use in a wide 
variety of applications. 

We'll be pleased to forward full information on 

these and other materials that aid reliability and 

performance. Just write Dept. F303, Electronic 

Products Division, Dow Corning, Midland, Michigan. 

colow orrairi 
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Wow!!! 84% use Kester Solder! 

Frankly, it even surprised us as we tabulated 
the results of our brand preference studies. 
But we can't argue with figures ... 84%! These 
are the results of actual brand preference 
studies that show Kester is preferred by 84% 
of the design engineers. 
What makes us the unchallenged leader in 
solder? How did we get that way? For over 65 
years Kester Solder Company has been pro-
ducing the finest solder and fluxes. We've con-
tinually provided technical counsel and 

personal assistance. And we're still solving 
soldering problems and establishing soldering 
procedures every day. 
Wonder what happened to the other 16%? If 
you happen to be one of them, let us send you 
one of our engineers. He'd like to explain our 
product line and services in detail and help 
you with any soldering problems you may have. 

KESTER SOLDER 
KESTER SOLDER COMPANY 

4210 Wrightwood Avenue, Chicago, Illinois 60639 • Newark, New Jersey 07105 • Anaheim, California 92805 • Brantford, Ontario, Canada 

1899-1964-65 years manufacturing highest quality solders and fluxes 
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The fourth in a series of reports on electrical connec-
tions with special emphasis on high-density circuit needs. 
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Special Report 
from AMP on the 

TAPER 
TECHNIQUE 
of Terminations 
and Connections 

Why the wedging principle is applied to the 

taper technique. 

Ways in which the matched terminal-

tool concept contributes to reliability. 

Why precise control of plating is proportionately important. 

The basic advantages of taper products now in common use. 

The most conspicuous advantage of the Taper Technique is 

to provide the user with ability to connect even highly com-

plex circuits at a substantial saving of cube and weight. To 

this end, the area of the termination is only a few thou-

sandths of an inch thicker than the outside diameter of 

the wire itself. A second important advantage is the capacity 

of the products used to give high-standard performance even 

under adverse operating conditions. A third major benefit 

comes in the form of lowest possible installation costs, par-

ticularly on product runs which permit the use of high-speed 

automated crimping equipment. 
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The TAPER Technique Explained 

While taper products differ consider-
ably in size, shape and ultimate end-use, 
they all have an identical function: to 
conduct electrical current with the least 
possible resistance, from a power source 
through a mechanical connection, to 
equipment operated in accordance with 
pre-planned circuit requirements. To-
ward this end, we apply to the Taper 
Technique: ( 1) The Wedging Principle, 
(2) The Matched Terminal-Tool Con-
cept, (3) The AMP Special Plating 
Technique. 

The Wedging Principle 

It is common knowledge that the 
wedging principle, originally used to 
fasten gears to shafts by driving the 
tapered members into correspondingly 
tapered openings in solid steel, forms 
an extremely tight self-locking connec-
tion. Applied to AMP* Taper Products, 
this principle works with exceptional 
stability to form reliable connections 
even under severe stress conditions. 

Some years ago we began selling taper 
products to one of the largest computer 
manufacturers and then, later, to indus-
try and the military. The taper pins and 
blocks for these new uses were designed 
with suitable variations fully adapted 

to diverse needs. During this transition, 
after much research and experimenta-
tion, the engineering staff agreed upon 
a 16 to 1 taper design which represents 
a .001" change in diameter for every 
.016" in length of the product—usually 
a pin or tab. This is still the accepted 
standard for taper pins and tabs that are 
not only self-locking but also self-clean-
ing. Both produce connections of excel-
lent electrical and mechanical reliance. 

Insertion tools of proved performance 
are used to apply a uniform pressure 
when inserting a taper pin into a tapered 
receptable. So tight and uniformly secure 
is the fit that the variance per unit in pull-
out force is extremely small. It is, in fact, 
well below the requirements of both mili-
tary and commercial stipulations. 

The Matched Terminal-Tool Technique 

The second factor contributing to the 
reliability of A-MP Taper Products is 
compression crimping of wire leads to the 
barrels of taper pins, and receptacles. 
Here the basic concept consists of precise 
matching of the crimping tool and the pin 
or tab or receptacle terminal barrel. Every 
tool is accurately calibrated to produce 
the exact amount of pressure required to 
form terminations of optimum electrical 
conductivity, and tensile strength that 
nearly equals the strength of the conduc-
tor itself. 

Toward this end, all hand and auto-
matic crimping tools are equipped with 

dies made of finely tempered tool steel. 
These dies imprison the conductor within 
the terminal barrel and exert enough 
pressure to form what virtually amounts 
to a voidless "cold weld" type of termina-
tion. Since the dies in every crimping 
tool, whether hand-operated or automa-
tic, are regulated so as to bottom fully 
before pressure can be released, each 
termination for a given size contact is 
identical. This applies with equal validity 
to performance characteristics as well as 
appearance, with all terminal connec-
tions high in vibration and corrosion re-
sistance. 

Hand tools of the proper caliber are 
available for experimental and prototype 
work, whereas automatic machines are 
recommended to connect formed, con-

tinuous strip contacts at high produc-
tion speeds. Screw-machined taper pins 
may be tape-mounted and terminated 
either with a reel-mounted hand tool or 
reel-mounted bench type automatic 
machine. 

The AMP Special Plating Technique 

A-MP Taper Pins and associated prod-
ucts are supplied with AMP standard 
gold over nickel plating. They are also 
available in silver plating or tin plating. 
Gold and Rhodium plating (generally over 
nickel) represent the ultimate standards 
in these directions. For economic and 
other valid reasons gold over nickel is most 
universally used on a wide variety of con-
tacts for sensitive to critical applications. 
With its extremely low electrical resist-
ance and correspondingly high resistance 
to corrosion, humidity and oxidation, gold 
applied with a precision technique over a 
sub-plating of nickel, has been found to be 
most practical and effective. 

Many of our experiments were devoted 
to the reduction of porosity, with the re-
sult that today porosity in AMP gold 
over nickel plating has reached negligible 
proportions. In a parallel effort to reach 
what might be termed as near-absolute 
control of plating application, our en-
gineers have evolved an exclusive quality-
control X-ray technique which measures 
plating thickness to a millionth of an 
inch. With this technique, we are able 
to meet all thickness specifications with 
unusual accuracy and to satisfy all other 
plating requirements regardless of the 
geometry of the product. 

What has been said of the gold over 
nickel plating process is true, to a rela-
tive degree, of silver plating, tin plating 

and to any special plating that may be 
called for from time to time. In each 
case the common denominator is the ulti-
mate in the control of the application 
process. This assures that the third link 
in the chain of essentials is as reliable as 
the wedging insertion technique and the 
AMP precision method of matched ter-
minal-tool crimping. 

A-MP TAPER Products in Common Use 

This is the industry's broadest line of 
Formed Taper Pins, Screw-Machined 
Taper Pins, Taper Contacts, Taper Pin 
Inserts, Taper Tab Receptacles, Taper 
Blocks, as well as other items and a 
number of variations of standard com-
ponents. 

These various products are divided 
into series, each of which bears a number 
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that corresponds to the diameter of each 
pin or the width of each of the tabs in 
question. Thus the "53" series Taper Pin 
has a tip diameter of .053", while the 
"78" formed taper tab receptacles mate 
with tabs .078" wide at the tip. 

TAPER PINS—Two General Types 

A-MP Taper Pins are either formed 
from flat metal sheets of high-grade 
brass, electro-plated to prevent corro-
sion; or screw-machine processed from 
brass or phosphor bronze. The former 
is a high-production, high-application 
speed item; the latter a solid component 

suited to the needs of highly critical 
circuits. Both achieve the objectives for 
which they were designed, at lowest 
applied cost. 

FORMED PINS 

These pins are uninsulated but may be 
had either with or without insulation 
support. They exceed commercial and 
military specifications for vibration, heat, 
and corrosion resistance. 

Two types of crimps are available. One 
is the widely utilized "F" crimp—two 
wings wrapped around the wire strands 
and butted together in a tight seam. The 
other is an insulation-piercing design 

Copyright 1964 by AMP INCORPORATED. All International Rights Reserved. A- MPS U.S.A. 
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specially well suited for terminating 
small, stranded and tinsel conductors. 
This technique eliminates the need for 
stripping. Attachment is accomplished 
by driving two perpendicular lances 
through the insulation. Because of this, 
the tensile strength of the termination 
depends largely on the type of wire in-
sulation specified. This high-speed, low-
cost method of terminating A-MP Taper 

Pins is not intended for use where me-
chanical loads are heavy nor where high 
currents are needed and excess vibration 
present. Wire range size is 24 to 12 AWG. 

"53" SERIES TAPER PINS 

These pins, designed for wire sizes 24 
through 16 AWG, come with or without 
insulation support, and are suitable for 
the insulation-piercing type of attach-

e 
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ment. Their wide acceptance by indus-
try has made them the standard taper 
pin. Plating is AMP standard gold over 
nickel, gold over silver, or tin, as required. 

"88" SERIES TAPER PINS 

The "88" Series is available in wire 
sizes 14 through 12 AWG. It is designed 
for non-insulation support applications 
and has three serrations in the wire bar-

rel to increase tensile strength. It was 
made available as the need for pins 
carrying heavier current loads came into 
demand. Plating is AMP gold over nickel, 
silver, and tin. 

TAPERED CONTACTS 

These formed contacts are the smallest 
of all A-MP tapered products. Especially 
designed for 5 ampere connections, they 
are a non-insulation support type contact 

- 

measuring only .029" in width at the tip 
and .390" in length after crimping. Our 
standard gold over nickel, silver, and tin 
plating is available. 

SCREW-MACHINED PINS 

All A-MP Screw-Machined Taper Pins 
are made to close tolerances from solid 
high-conductivity brass or phosphor 
bronze. They meet the most exacting 
standards in electrical and mechanical 

reliability and offer exceptionally strong 
resistance to vibration and corrosion. In-
sulated and uninsulated types are avail-

i»)an fits 1.11 

able. Both are designed with double 
shoulders for easier, no-damage extrac-
tion of pin. Total wire range is 26 through 
16 AWG, while insulation measurements 
start at .040" and range up to . 115". 

"53" Series PIDG* Taper Pins 
(Pre- Insulated) 

Insulation of this pin is uniformly thick, 
specially bonded nylon which provides 
exceptionally high dielectric strength. 
The line also features a copper sleeve 

mum 
which provides insulation support for the 
conductor. The pins are color-coded for 
easy wire size identification. Choice of 
standard or special plating. 

TAYP-AIR* Taper Pins 

This last addition to the PIDG line fea-
tures a single shoulder. They are fabri-
cated from special leaded bronze with an 
elongated pin section (which fits into 
special TAYP-AIR blocks), and are able 

miall11111. 

to withstand severest vibration forces 
encountered in airborne electronic equip-
ment. They are available in color-coded 
wire size ranges of 24 through 16 AWG, 
with insulation diameter range varying 
from .040" to .115". 

Solid Uninsulated Insulation 
Support Pins 

This pin is identical to the standard 
PIDG pin body except for the addition 
of an insulation support barrel. The in-
sulation support barrel recommends it for 

use wherever vibration is a factor and 
pre-insulation is not required. Standard 
gold and special platings are available. 

Patchcord Programming Systems 
Taper Pins 

These are screw-machined pins with a 
single long shoulder which keeps the 
insertion tool from spreading the contact 
springs in the rear board of the system. 

model 

Patchcord Programming Pins are avail-
able in PIDG, Pre-Insulated pins. 

Solid Non-Insulation Support Taper Pins 

This pin is specially designed for higher 
temperature performance than can be 
demanded from any other type of A-MP 
Taper Pin. Moreover, since insulation 
support is lacking, it affords more dense 

wiring capabilities. Two single shoulders 
in one of two variations are intended for 
use with wire sizes 26 through 22 AWG; 
the other, with one small and one ex-
tended shoulder, is designed for use with 
wire sizes 20 through 16 AWG. 

TAPER PIN and TAB RECEPTACLES 

A-MP Taper Pin Receptacles fall into 
two classifications: for taper pins, and 
taper tabs. Both provide the same high 
degree of conductivity and mechanical 
strength for recommended uses. Both can 
be relied upon for high-reliability per-
formance. Taper tab receptacles are so 
designed that when mated with the tab, 
they wedge and make interlocking con-
tact with the wide variety of tab thick-
nesses commonly found on commercial 
electronic components such as relays, 
stepping switches, etc. 

"37" SERIES FORMED TAPER PIN 
RECEPTACLES 

Receptacles in this series mate with 
miniature taper pins with tip diameter 
of .037". They are terminated with the 
"F" crimp and are available with or 
without insulation support. Mating pins 

may be either insulated or uninsulated. 
These receptacles are made from berryl-
itun copper to accommodate wire size 
range from 26 to 20 AWG while insula-
tion range extends from .048" to .071". 
Available in long and short types, recep-
tacles mate with pin lengths of .200" and 
.250". Only the long type offers insulation 
support. 

"78" SERIES FORMED TAPER TAB 
RECEPTACLES 

Designed to mate with taper tabs 
.016" to .023" thick and .078" wide across 
the tip, the A-MP Series "78" Recep-
tacle is designed for the "F" crimp or as 
an insulation-piercing receptacle. For the 
former it accommodates wire ranges of 
24 through 18 AWG, or 24 to 22 AWG, 
with insulation range of .040" to .105". 
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With the latter, it accepts either tinsel 
wire, or stranded wire in the 24-22 AWG 
range. Serrations have been added to all 
"F" crimp wire barrels to improve both 
electrical and mechanical performance. 
Tin, silver, and AMP standard gold over 
nickel plating is available. 

"98" AND "196" SERIES TAPER TAB 
RECEPTACLES 

The "98" receptacle mates with a 
tapered tab measuring .098" at its tip, 
while the "196" is designed for .196" wide 



tab at its tip. The "98" accepts wire 
range size 24 to 20 AWG and is either 
tin, silver or gold over nickel plated. The 
"196" accommodates only wire range 22 
to 18 AWG and, unless other plating is 
specified, is available only in tin plate. 

TAPER PIN INSERTS 

Taper pin inserts are round, metal 
receptacles mounted into taper blocks 
for receiving taper pins. AMP makes 
available both single and dual types 

made of either brass or beryllium copper. 
Both types accommodate "53" series 
formed or solid taper pins. 

TAPER PIN BLOCKS 

In addition to the standard line of two-
piece nylon blocks, AMP has recently 
introduced a series of one-piece solid 
blocks, of the same material. This basic 
material was chosen for its all-round 
dielectric performance, strength and re-
sistance to heat. It also resists most 

organic chemicals and oils and provides 
good protection against grease and elec-
trolytic corrosion. The second material 
made available for taper pin blocks is 
linear polyethylene which also has ex-
cellent insulating properties, superior 
resistance to moisture and good resist-
ance to most organic chemicals, exclud-
ing strong acids. 

Most A-MP Taper Blocks come in 
basic units of 10, 20, 30 and 60 cavities 
with any combination of single, dual or 
command taper pin receptacles in each 
block. Many other variations with a wide 
range of configurations, sizes and colors 
are also available. 

Recessed brass or bronze inserts plated 
with gold, silver or tin, are an important 
feature of the A-MP solid Taper Block. 
Recessed design helps as a barrier to volt-
age creepage. Every cavity in this type of 

block is identified by raised numerals. 
Special cavity design prevents moisture 
entrapment and resulting warpage. 

TAPER Technique Application Tooling 

A variety of tooling is provided to meet 
every kind of application need. But re-
gardless of type—whether hand or power 
operated—every A-MP crimping device 
completes a "bottoming" cycle which 
exerts a precisely calculated pressure to 
prevent over-crimping or under-crimp-
ing. Every termination for any given 
wire range size is therefore identical in 
appearance and electrical performance. 

HAND CRIMPING TOOLS 

Two basic types are available: ( 1) 
double action, ( 2) straight action. Both 
feature color and assembly coding to as-
sure use of correct tool for each taper 

item and wire size combination. Align-
ment positioners control proper place-
ment of termination barrels in tool. 

PNEUMATIC HAND FEED TOOLS 

A number of taper items are adapted 
to use in several types of pneumatically 
actuated tools. 

AMP-TAPEMATIC* PNEUMATIC TOOL 

Plastic tape holds properly positioned 
taper pins. An indexing device moves the 
pins into crimping position. Operator 
merely inserts wire and triggers the 

cycling action. Capacity: up to 800 ter-
minations an hour. 

AUTOMATIC CRIMPING MACHINES 

Three types of automatic machines are 
available: ( 1) AMP-O-LECTRIC* ma-
chine (above) crimps auto-strip taper 

pins at rates of up to 4,000 consistently 
uniform terminations per hour; (2) AMP-
O-MATIC*, machine actuated by foot 
control, delivers up to 3,000 terminations 
per hour; (3) STRIPPER-CRIMPER 
machine combines stripping of the wire 
and crimps at speeds of up to 2,000 per 
hour. All speeds are approximate, de-
pending on operator dexterity. 

CERTI-LOK* Insertion Tools 

The critical factor in inserting taper 
pins is to provide just the right amount 
of impact force for proper seating. This 
is accomplished with any of three A-MP 
insertion tools. All of them contain a 
calibrated spring that applies a force 
to the hammer which delivers the proper 
amount of impact to the tip of the 
insertion tool. The three tools referred 
to include: ( 1) Standard Insertion Tool 
for proper insertion; (2) Pull-Test Tool 
which inserts and provides a gauged trip 
pull for testing retention force; (3) 
Captive Tool that cannot be released 
from the taper pin until the pull-test has 
been made. 

--.7.,0111/11" 

Illustrated here is the CERTI-LOK 
Insertion Tool that permits a pull-test 
to be made on the inserted pin to deter-
mine adequacy of retention force. 

TAPER PIN EXTRACTION TOOLS 

Shown is the tool used to extract 
Standard "53" Series Taper Pins. A pis-
tol type tool is available for extracting 
TAYP-AIR Pins. Both are compact types 
that permit easy access to tight areas. 

These, then, are the basic facts con-
cerning the most extensive line of taper 
products available in the industry. They 
are supported by voluminous test data 
which gives conclusive evidence of per-
formance capabilities in a wide range of 
applications. Our research, testing and 
product development engineers stand 
ready to assist you in applying test and 
performance data to your requirements. 
Your inquiry will be passed along to 
the right men, properly processed and 
promptly answered. 
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APRIL 
Apr. 12-17: 95th Tech. Conf. of Soc. 

of Motion Picture & TV Engineers, 
SMPTE; Ambassador Hotel, Los An-
geles, Calif. 

Apr. 13-15: Annual Mtg. & Expos. of 
Inst. of Environmental Sciences; 
Sheraton Hotel, Phila., Pa. 

MAY 
May 4-6: 10th Nat'l Aerospace Instru-

mentation Symp., ISA; Biltmore Ho-
tel, New York, N. Y. 

May 4-6: Annual Mtg. & Tech. Conf.. 
Region III, IEEE; Jack Tar Harrison 
Hotel, Clearwater, Fla. 

May 5-7: Electronic Components Conf. 
(ECC), IEEE, EIA; Marriott Motor Inn, 
Washington, D. C. 

May 7-8: S.E. Textile Industry Conf., 
IEEE; Atlanta, Ga. 

May 11-13: NAECON (Nat'l Aerospace 
Electronics Conf.), PTG-ANE, Dayton 
Sec., AIAA; Biltmore Hotel, Dayton, 
Ohio. 

'64 Highlights 

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

Nat'l Electronics Conf., Oct. 19-21, 
IEEE, et al; McCormick Place, Chi-
cago, Ill. 

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

May 11-14: Design Eng. Show & Conf., 
ASME; McCormick Place, Chicago, 

May 18-20: Electronic Parts Distributors 
Show; Conrad Hilton Hotel, Chicago, 

May 19-20: Nat'l Appliance Technical 
Conf., IEEE; Ben Franklin Hotel, Phil-
adelphia, Pa. 

May 19-21: Intl Symp. on Microwave 
Theory and Techniques, PTG - MTT; 
Intl Inn, Intl Airport, Idlewild, N. Y. 

«.. May 20 - 22: Pulp & Paper Industry 
Conf., IEEE; Netherland Hotel, Cin-
cinnati, Ohio. 

INTERNATIONAL 
Intl Conf. on Magnetic Recording, July 

6-11, British Inst. of Radio Engi-
neers. IEEE, et al; Institution of Elec-
trical Engineers, London, England 

Intl Conf. on Microwaves, Circuit The-
ory, and Information Theory, Sept. 
7-11, IECE of Japan, IEEE, et al; 
Akasaka Prince Hotel, Tokyo, Japan 

Third Canadian IEEE Symp. on Com-
munications, Sept. 25 - 26; Queen 
Elizabeth Hotel, Montreal, Canada 
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A good fact to remember! One 60-pound lM DATA-STACT' DR-2 is equal 
to almost any instrumeitation record, reproduce function you could give 
it between DC and 100 kc. And. it's the oniy Cartridge Irstrumentatior 

Recorder apre to log 11/2 miles of two- channel data without reloading. 

SIX RECORDERS IN ONE It's true! Each DATA-STACT DR-2 Recorder oper-
ates a stack of six KRS STACTape Cartridges. Each cartridge holds a two-
channel, 1,200-foot continuous-loop roll of 1/4 -inch tape. Used sequential-
ly, they provide 7,200 feet of two-channel data-logging capacity at any 
one of six selectable tape speeds. Operated simultaneously, they can 
record up to 1.200 feet of 12-channel data. 

NO MECHANICAL. ADJUSTMENTS Extreme simpiicity of the DATA-STACT 
DR 2 Recorder eliminates the critical parts that  cause adjustment head-
aches. All-solid-state circuitry contributes to its exceptional reliability. 
Complete system price range from $2,500 to $ 10,000. 

Foi more facts on KRS CATA-STACT DR-2 Cartridge Instrumen-
tation Recotders, write for Instrumentation Div. Bulletin DR-2. 

Dept. E.I., KRS Electronics, 4035 Transpert Street, Palo A to, California 

KRS 
CO= 

TM f KRS Elect 
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SILICON EPITAXIAL PLANAR SWITCHES 

in TO-46 or TO-51 Co-Planar 
jt o 

2N3254 2N3255 2N3256 2N3257 2N3258 2N3259 

Anode 
Voltage (V) 15 30 60 15 30 60 

Triggering 
Current (uA) 20 20 20 200 200 200 

NEWEST ADVANCE FROM SYLVANIA 

SOLID IN SILICON 
offering advanced integrated logic • NPN and PNP core drivers • Micro-
power 12 nsec switches and 1 Gc amplifiers • Microplanar high-current 
switches and 850 Mc amplifiers • general purpose logic transistors • diodes 



TRIGGERING PULSE- 30 ns width @ 1.2 V peak 
100 ns width @ 0.9 V peak 

LOW HOLDING CURRENT-1.0 mA @ 25°C, Rgk= 1K ohms 
V supply = 50 V 
RL = 50V 

I Anode 
RG = 100 ohms 
Vin = 3 V 

With performance beyond any now available, Sylvania's 

new PNPN three-terminal bistable switch family is ideal 

for cross- point matrix switching, digital information 

switching, core driving, memory elements, ring counters, 

time delay circuits, limit detectors, pulse generators, 

arming and detonating circuits, protective systems and 

other low-level triggering applications. 

Again Sylvania's leadership in epitaxial planar technology 

pays off—in excellent reliability and performance that can 

only be summarized here. For more complete information 

on Sylvania PNPN silicon switches, please contact your 

Sylvania Semiconductor sales engineer, or write direct to 

Semiconductor Division, Sylvania Electric Products Inc., 

Woburn, Massachusetts. 

WORLD'S FASTEST 4-LAYER SILICON SWITCHES 

NEW CAPABILITIES IN: ELECTRONIC TUBES • SEMICONDUCTORS 

MICROWAVE DEVICES • SPECIAL COMPONENTS • DISPLAY DEVICES 

AT IEEE: BOOTHS 2333-2344 

Circle II on Inquiry Cord 



STEVENS led plIERNIOST 

pt deetitoRío eat ctetoectee 
*6, Ai, 4 

II If smaller size,, lighter weight, utmost reliability and realistiO4* 
costs are part of your product cosmos, take a long, hard look at' -
Stevens Certified Thermaeq biier -.44. . '• es se s 
IN ks*. Because Sevens rnW 4 4. roadest line of bimetal ther :. 

• t..- 
stats in the industry, yoirË 41P-t- get all the special features to fit your - 
special requirements exactly right from a proven, standard pro-
cuction-line Stemco -thermostat, or from a minor modification 
thereof. This also gets your product off the ground faster by 
cutting lead time, slashing engineering and development costs. 

MI And we back Stetinco Thermostats by Applications Engineering 
Service that's right out of this world. A card or call will bring our 
representative on the double. 

STEVENS manufacturing company, inc. 
P. 0. Box 1007 • Mansfield, Ohio 

Type MX Hermetic 

Snap-acting ta oper on temperature 

cse only. Copper F.ousing responds 

more readily than steel types. Stand-

ard tolerances 3°F with 2 to 6°F 

differentials; 1 to 4°F differentials on 

special order. Temperature 10° to 

260°F. Various terminals. and mount-

ing brackets. See Bulletin 6100. 

STEMCO 

,fie  THERMOSTATS 

Type AX Hermetic 

Similar to Type MX but to 

close on temperature rise. 

Wide selection of terminals 

anc mounting provisions, 

highly responsive non-ferrous 

metal hasssing. 2 to 6°F differ-

ential. Bulletin 3200. 

Type C Hermetic 

Field- adjustable, positive- acting. 

Electrically independent bimetal 

strip type for operation from 

—1.0° to 300°F. Nickel-silver case 

with or without plating, depend-

ing on specifications. Turret termi-

nals or wine leads. For ratings, 

etc., Bulletin 5900. 

Type A Hermetic 

Electrically independent bimetal 

disc and high-response brass case 

for quick, snap-achon coatrol from 

—10° to 300°F. Various nor-

ferrous metal enclosures, wide 

variety of terminal arrangemen•s 

and mounting provisions, including 

brackets. Bulletin 3000. 

' 

*Above Stemco Thermostats are designed and manufactured to meet most requirements of applicable MIL specifications. 
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COMSAT NEARS NEARS FIRST CONTRACTS—Com-

munications Satellite Corp. is about ready to hand out 

first contracts. COMSAT asked 15 firms to submit bids 

for engineering designs. It seems that two contracts 

will be awarded. One will be for design of a high-alti-

tude satellite, the other a medium-altitude craft. 

COMSAT will need cost data and satellite capacity of 

at least 270 channels at first and more later. The me-

dium-altitude vehicle will orbit in 1966, the high-altitude 

one will follow a year later. 

IMPORTS A GROWING WORRY—Rising im-

ports of tungsten mill products ( used in electron tubes 

and in missile-rocket components) are deepening the 

facial lines of many U. S. manufacturers and workers 

alike. U.S. Office of Emergency Planning is looking 

into the tungsten situation, directly at the request of 

General Electric's Lamp Division. To date, the White 

House has extended only sympathy ( no corrective ac-

tion) to firms and unions hard hit by imports. If the 

import situation gets worse, Congress may act to limit 

imports of many goods. 

CONTRACTING CHANGES COMING—The gov-

ernment's cost-cutting program is causing massive 

changes in defense contracting. Shifts are egged on by 
charges that industry is making "undue profits" from 

contracts. Some charges of defense profiteering come 
from Vice Adm. Hyman Rickover. He tells Congress 

that some firms make excess profits through such de-
vices as overhead charges and subcontracts with divi-

sions of their own firms. The Admiral calls for new 

procedures under which the U. S. could study in ad-

vance cost estimates and other factors in a contractor's 

sales offer. 

ASPR RULING STIRS FEAR — A recent court 

ruling gives the government complete power to end a 
contract when it pleases. Now, defense firms, particu-

larly electronic, are preparing countermoves should the 

ruling be broadly accepted. Pressures on DOD to alter 

a key phrase, or on Congress to remove it, are under 

study. The Supreme Court refused to review a Court 

of Claims ruling; the lower court decided that a part 

of the Armed Services Procurement Regulations does 
have force of Law. The phrase, in effect, says that a 

standard clause allowing the government to end the 

contract for convenience "shall be inserted" in all con-

tracts over $10,000. Contract officers had thought of 

this as permissive, but the court rules it to be mandatory. 

GOVERNMENT BUYING PLAN TO BE RE-

VEALED—Industry soon will get to know how to 

gear its output to the foibles of defense buying. Penta-

gon planners will kickoff a series of private briefings 

for major industries early this Spring. Top echelons 
from the electronic industry will be among the first. 

Past briefings never before called for management 

planning aid via disclosing of defense trends. Briefings 

will be for prime military suppliers. 

R&D FUNDS KEEP TRENDING UPWARD— 

Despite Senate and House probes, federal R&D budgets 
asked for Fiscal Year 1965 have goné up by about $400 

million. The total now is about $15.3 billion. Though 

the DOD cut about $500 million in fund requests, 

NASA has asked for more than that in addition. Over-

all 1964 R&D costs in the U. S., including government 
and private funds, may reach $20 billion, so say Battelle 

Memorial Institute economists. They conclude that 1964 

should be the third year in a row that more than $1.5 

billion have been added to R&D funds after Congress 

has said "no !" 

RESEARCH CENTER FIGHT STILL ON—A 

lengthy justification by NASA head James E. Webb 

for renewed efforts to locate NASA's electronic re-

search center in Boston keeps the squabble going. Some 

members of Congress still look with disfavor on the 

move, mostly because they want the fifty-million-dollar 

lab in their own states. Others are critical because they 

believe a political plum is being given to Sen. Edward 

Kennedy ( D-Mass.) Senate and House space commit-

tees have just a few more weeks to turn down the 

Boston location "45 days from the date the report from 

Webb was made." Webb's report says that Boston is 
favored because of concentration of universities, indus-
try and scientists in the area. 

FIGHT FOR PATENT RIGHTS ABROAD — 

Industry is making some progress in the uphill battle 

to protect U. S. patents in overseas operations. A strong 

drive is building up in Congress. Protection of patents 

against foreign expropriation may be tied to the for-

eign aid bill. Sen. Bourke Hickenlooper ( R.-Iowa) is 

pushing for an admendment to the foreign money bill 

to cut off U. S. funds to any country that takes over 

an American-owned patent unless the U. S. firm is paid 

for it. The State Department and the internationalist 

bloc in Congress usually puts up a bitter fight against 
efforts to tie strings to the foreign aid bill. 
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Should YOU specify this small 
four- pole relay by Pa? 

Here is why so many engineers have 

An extraordinary combination 
of features distinguish the KH 
relay. Small size (only slightly 
larger than one cubic inch), 4-
poles, exceptional electrical 
stability over a long life, a wide 
choice of mountings . . . all of 
these and more are found in 
the KH. 

SWITCH 
FOUR CIRCUITS 
FROM LOW LEVEL 

This is a four-pole 
relay normally 
used in a 4 Form 
C arrangement. It 
can be supplied 
with a 2 Form Z 
(DPDT-DB) con-
figuration or, by 
not wiring certain 
contact termina-
tions, any four-
pole combination 
of Forms A or B 
may be achieved. Beryllium copper 
is used for the contact arms for ex-
cellent conductivity and long 
mechanical life. 
Both AC and DC relays are 

TO 3 AMPS 

AlejUe 
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available. Minimum power require-
ment for AC relays is 0.55 volt 
amperes at 25°C. DC relays will 
operate on only 0.5 watts at 25°C. 
KH relays are rated at 3 amperes, 
as shown below. Under certain 
favorable conditions, AC relays 
will switch up to 5 amperes pro-
viding extended life is not required. 
Expected mechanical life is excep-
tionally great: 100 million cycles for 
DC relays; 50 million for AC relays. 

TERMINAL BLOCK 
CONSTRUCTION 
CONTRIBUTES TO RELIABILITY 

Glass reinforced 
alkyd, a material 
of exceptional di-
mensional stability 
and dielectric 
properties, is used 
for the terminal 
block. The termi-
nals are molded 
into the block. 
This construction 
serves to keep the relay in precise 
adjustment throughout its life. 
The pierced solder terminals are 

easily accessible, speeding hook-up. 
Each terminal is identified with a 

number molded in the block to 
simplify wiring. Taper tab termi-
nals are also available on dust 
covered relays. 

CHOOSE 
FROM WIDE 
VARIETY OF MOUNTINGS 

The terminal block is uniquely 
embossed to allow for mounting 
KH relays on metal strips or an-
gles. This embossing, around the 
two bottom terminals, keeps the 
relay from turn-
ing when the nut 
is tightened on 
the stud. 
The KH may 

be mounted in a 
variety of ways, 
all compatible 
with modern pro-
duction techniques. A tab-and-stud 
mounting plate on any side or the 

e 
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top of the dust cover is available. 
Also, a choice of three sockets may 
be used to make the KH a plug-in 
relay. One socket has printed cir-
cuit tabs, the other two have 
pierced solder terminals. These 
measure %" and long. Hermeti-
cally sealed relays (KHS) can also 
employ the sockets. 
A hold-down 

spring, for socket-
mounted relays in 
applications sub-
ject to high shock 
and vibration, is 
also available. 

ARMATURE TAIL SPRING 
ASSEMBLY 
DESIGNED FOR RELIABILITY 

To achieve optimum specifications 
for the armature 
return spring, we 
used our Instron 
Force-Displace-
ment Tester. The 
carefully deter-
mined and con-
trolled spring 
rate contributes 
to the reliability 
and long life of the KH. 
The tail spring holder itself ex-

erts a forward bias on the armatúre, 
keeping it precisely positioned on 
its fulcrum point. This bias re-
duces wear caused by friction, aids 
in maintaining the relay's adjust-
ment and serves to extend the life 
of each unit. 
Long armature stops, extending 

OIJA•er.leaffle 

CONTACTS: 
Arrangements: 4 Form C (4PDT). 2 

Form Z (DPDT-DB). 
Material: 3A2" diameter silver is stand-

ard. Silver cadmium oxide, gold 
alloy and palladium available. 

Rating: 3 amps @ 30 volts DC or 115 
volts AC resistive for 100,000 op-
erations. 

COILS: (See Coil Data Chart.) 
Power: AC: 1.20 volt amperes nominal 

+25°C., .550 volt amperes min-
imum © +25°C. 
DC: 0.9 watt nominal @ +25°C., 0.5 
watt minimum operate «e +25°C., 
2.0 watts maximum @ +25°C. 

down the back of the relay. ward 
off damage caused by severe shocks. 

CHOICE OF 
ENCLOSURES 
TO MEET ALL REQUIREMENTS 

Dust covered 
KH relays (KHP) 
can be ordered 
with translucent 
nylon or clear 
Lexan cases. 
Hermetically 
sealed relays are 
designated KHS, 
and are enclosed 
in a steel cover. The nylon cases 
are available on special order in 
red, blue, green, yellow or black 
so that relays in various circuits 
may be color coded. 

RELIABILITY OF KH SERIES 
FIELD-PROVED IN MANY 
APPLICATIONS 

The KH was first used three years 
ago in telephone carrier equipment. 
Since then it has found its way 
into such diverse gear as citizens 
band transceivers, dictating ma-
chines, walkie talkies, computors, 
aircraft communications equip-
ment, scoreboards, alarm systems, 
and many others. 

For full information about 
America's fastest growing general 
purpose relay, call your local P&B 
authorized distributor, your P&B 
Sales Representative, or write: 
Technical Information Section, 
Potter & Brumfield, Princeton, 
Indiana. 

STANDARD COIL DATA 

KH AC Relays KH DC Relays 

Voltage Resistance Average Current Voltage Resistance in Ohms Inductance in 
in Ohms(Approx.) in ma ±10% @ +25°C Henrys (approx.) 

6 10.5 200 6 40 .08 

12 43 100 12 160 .28 

24 160 52 24 650 1.0 

48 668 25 48 2,600 4.5 

115 3,900 10.5 90 9,000 13.5 

110 11,000 17.0 

KH SERIES SPECIFICATIONS 

TIMING VALUES: 
Nominal Voltage @ 25°C 

Pull- in time 
Drop- out time 

Max. Values 
13 ms 
10 ms 

INSULATION RESISTANCE: 1500 
megohms min. 

DIELECTRIC STRENGTH: 
500 Volts rms 60 cycles between 

contacts. 
1000 Volts rms 60 cycles between other 

elements. 

MECH. LIFE: DC: In excess of 100 
million cycles. AC: In excess of 50 
million cycles. 

9 

I/16" HIGH NUMERALS - moi 
RAISED .005 APPROX. k1...;7.2i_ 

.040 
' 
4 

27 
64 

.525-1 

03-48 NC-2 
'MEAD 

32 16 

.18 
DIA. 

BOSSES 

RIDE THE AMF MONORAIL AT THE NEW YORK WORLD'S FAIR 

STANDARD P&B RELAYS ARE AVAILABLE AT LEADING ELECTRONIC PARTS DISTRIBUTORS 

1,1 POTTER s. BRUMFIELD 
DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY • PRINCETON, INDIANA 

IN CANADA: POTTER & BRUMFIELD, DIVISION OF AMF CANADA LIMITED, GUELPH, ONTARIO 
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CHOOSE FROM THE BROADEST LINE IN THE INDUSTRY 

Cinch offers over 

T J_J 
TYPES* 

of "Jones" 

BARRIER 
TERMINAL 
BLOCKS 
22 Basic Styles 

All Popular Terminal Variations 

1000 to 4000 V. maximum, r.m.s. 

15 to 90 amp. current capacity 

Competitirely priced 

You can have exactly the unit you need when 
you specify "Jones" barrier terminal blocks 
by Cinch. You can even specify the insulation; 
G P black phenolic is standard on all 1500 
types, but other materials can be supplied 
on special order. A wide variety of terminals 
are available to meet nearly every require-
ment, including screw, wrap-post, solder, 
solderless and "Quick-Clamp." 

For immediate delivery—over 450 types are 
in stock at your Cinch distributor's ware-
house—at factory prices in quantities up to 
999 pieces. 

FREE: A new 24 page catalog containing 
detailed electrical and mechanical specifica-
tions on "Jones" Barrier Terminal Blocks. 
Write for your copy. 

*Available from standard production. 

CC- 6405 

CINCH MANUFACTURING COMPANY 
1026 South Homan Avenue, Chicago, Illinois 60624 

Plants located in Chicago, Illinois; Shelbyville, indiana; 
City of Industry, California; and St. Louis, Missouri 

A DIVISION OF UNITED-CARR FASTENER 

CORPORATION, BOSTON, MASSACHUSETTS 
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FEDERAL ECONOMIES TO PLACE 
BURDENS ON MANAGEMENTS 

Tight government buying measures 
in 1964 will combine with growing 
technological challenges to " place un-
precedented premiums on manage-
ment excellence," the prediction is by 
Charles L. Davis, Honeywell Vice Pres-
ident, Military Products Group. 

Mr. Davis believes that demands by 
government officials, military leaders 
and taxpayers for economy and effi-
ciency will produce a fierce wave of 
competition in 1964. Those demands 
can be met profitably through good 
management, he added. 

Spending for defense and space 
electronic goods will go on rising even 
though total defense budgets decline. 
Electronic spending may increase by 
as much as $3 to $6 billion in the 
next three to four years, Mr. Davis 
predicted. Management's ability to 
control operating costs and cut high 
overhead can produce improved prof-
its. Such profits could be as much as 
50% more if DOD carries out its in-
centive policies at the contracting 
level. 

The electronic industry has de-
pended on R&D contracts to fill gaps 
between big production jobs, Mr. 
Davis pointed out. Now, emphasis will 
be on smaller programs. The govern-
ment will want only the best R&D. 

RESEARCH AND DEVELOPMENT 
BECOMING A BUSINESS ITSELF 

Research and development-once a 
principal means to production business 
-is now more of a business itself. For 
1964, some experts predict a govern-
ment-funded R&D bill of $ 14 billion or 
more. 

D. C. Sayles, Directorate of R&D, 
Army Missile Command, made a brief 
analysis of R&D efforts by the military 
services. He describes the Army as re-
lying more heavily on its own R&D than 
any other serivce. In 1961 the Army 
handled some 43% of R&D work " in 
house," compared with about 30% for 
the Navy; the Air Force took on 13%. 
In all cases more than 50% of the 
R&D market was contracted outside the 
military services. 

The percentage of R&D allotted to 
the industry by the Army's Missile 
Command, however, far exceeds that 
of all the rest of the Army. This is 
mostly because giant-sized facilities 
are needed for major missile systems. 

Its allotted research, development, 
test and evaluation (RDT&E) funds 
come to more than $500 million. Of 
this, some 91% is spent in industry, 
8% in-house, and 1/2  of 1% in educa-
tional institutions. 

f` Vri,°11-1WÍIIIGi[11 FAEKIMIÊ 

ESTIMATES OF WORLD ELECTRONIC OUTPUT 

(In Billions of Dollars) 

"ELECTRONIC INDUSTRIES" ESTIMATES 

1960 1961 1962 1963 1964 1965 

United States $10.6 12.1 13.8 15.3 16.3 17.1 

Common Market Nations* 3.0 3.3 3.7 4.1 4.5 5.0 

Japan 1.2 1.4 1.8 2.2 2.6 3.0 

United Kingdom 1.3 1.4 1.5 1.6 1.7 1.8 

All Other Nations Including Canada 1.1 1.2 1.3 1.4 1.5 1.6 

U. S. Firms Producing Electronic** 
Goods in Free Europe .69 .93 1.2 1.7 2.2 2.8 

Estimated Total World Output of 
Electronic Products  17.2 19.4 22.1 24.6 26.6 28.5 

•Belgium, France, West Germany, Italy, Luxemborg, Netherlands 
••Not added to total output 

Sources for basic data: Electronic Industries Association; BDSA--Departmcnt of Commerce; 
Stanford Research Institute 

TAX CUT MAY SPUR TV SALES BUT 

Color television will get a major 
boost from a $5 billion gain in con-
sumer spending from Federal tax cuts, 
predicts Raymond W. Saxon, President, 
RCA Sales Corp. He forecasts a rise 
of at least 9% in total home enter-
tainment retail dollar volume in 1964, 
including imported goods. 

The RCA executive recalled that 
color TV, already enjoying record sales, 
helped lead the television industry to 
a new record in both unit and dollar 
volume in 1963. 

Meanwhile, a shortage of color pic-
ture tubes is holding down the output 
of color sets while the demand mounts, 
according to major set producers. They 
complain that RCA, which puts out 
more than 90% of all color tubes, is 
unable to fill requests for additional 
tubes. RCA admitted that demand is 
exceeding producing capacity. 

RCA currently sells color tubes to 
more than 25 color set makers, keep-
ing at least 50% of its output for its 
own use. Among other producers, 
Zenith is believed to be second to 
RCA in color set output. 

Until last year, RCA produced all 
color tubes. Three other firms have 
begun pilot runs but their output is 
limited, so far. The new producers are 
National Video Corp., which is produc-
ing a tube developed by Motorola; 

AM, FM, TV BROADCASTERS TOP 
$2 BILLION REVENUE IN '62 

The FCC reports that the AM- FM-TV 
broadcasting business made a little 
more than $2 billion in total revenue 
for calendar 1962. 

Sales rose to $4,122.1 million, 
which is $213 million, or 11% over 
1961 revenue of $ 1,909.0 million. 

COLOR CRT'S LAG DEMAND 

Sylvania, subsidiary of General Tele-
phone; and Rauland Corp., a Zenith 
subsidiary. 

Motorola and National Video had 
difficulties with their new tube but 
both firms say '.4"Ie "bugs are being 
worked out." Several firms expect to 
relieve the pinch later in 1964 by buy-
ing color tubes from any of the new 
producers. 

Joseph Wright, Zenith President, 
said that the company's output of its 
new color tube by December 1963 
was several thousand beyond quota. 
Zenith color tubes may be available 
to set makers by April or May. 

Sylvania expects to be in steady 
production of color tubes this year 
for its own use, and for sale to others. 

NEW AD-PHONE DEVICE DIALS 
50,000 CALLS, GIVES 'PITCH' 

Here's a new one for the market. A 
telephonic-electronic device threatens 
to create an army of irate customers 
as well as a new market. 

Called " Electro-Com," the device 
can call as many as 50,000 telephone 
numbers automatically. When a callee 
answers, the device throws a tape-
recorded sales pitch, says goodbye, 
and "hangs up." 

It's very patient. With a busy signal, 
or nc answer, it will call back later. 
For telephone interviews, the device 
could also tape-record answers to ques-
tions. Typists could transcribe answers 
-until another device is made to do 
the transcribing. 

To complaints that people will re-
sent being harangued by an advertis-
ing machine, its backers say most peo-
ple don't feel guilty about hanging up 
on a recorded message now. 
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LASER FINGERPRINTS 

Photo represents a method, developed at Electro-Optical Systems, 
Inc., Pasadena, Calif., fo- identifying spatial coherency of a laser 
beam. Individual prints a,e her: reflections from a gas laser after 
emitting ray was split, then rejoined with the original beam. 
Resultant lines ( third row from top) represent interference of 
bottom row of original beam upon top row of secondary beam. Ex-
istence of interference pattern proves light in top and bottom 
rows of original beam have fixed phase relationship ( coherency). 

AUTOMATIC PRINTS 

Reduced negatives of engineering drawings are fed to a Revolute 
M4 automatic blueprint machine at Northern Electric Co.'s Mon-
treal facility. The machines, made by Charles Bruning Co., allow 
negatives to be reduced either 38.5 or 50% in each dimension. 

ELECTRONIC SNAPSHOTS... 
The changing STATE-OF-THE-ART 

in the electronic industries 

CONTROLLER 

Bendix Corp's Dyna-
Path - 24, four- axis 
numerical contouring 
system ( right) is 
shown installed on a 
profile milling ma-
chine. Foui machine 
motions are con-
trolled by commands 
from binary - coded 
decimal, uunched 
tape mounted on a 
300 line/sec. photo-
electric tape reader 
in tne machine con-
trol unit. 

CONDITIONER 

Signal conditioner is 
compared in size to 
a cigarette lighter. 
The signal condi-
tioner is the heart 
of a Project Gemini 
blood pressure meas-
uring system devei-
oped by Ga rr et t-
AiResearch, Los Ar - 
geles. Earlier Project 
Mercury unit is 
shown above. 



PINPOINT WELDING 

Aerojet-General Corporation's ( Azusa, Calif.) Microwelder Mark 
II finishes welding a series of gold and silver wires to a 
thin circuit ( gold on chrome on glass). Diameters of wires 
welded are, from left, 0.001 in., 0.0007 in., 0.001 in. and 0.0005 
in. The dime was placed under the circuit for size comparison. 

EXPERIMENTAL TRACKER 

Engineers at White Sands Missile Range are dwarfed by 60- foot 
AMRAD ( Advanced Research Projects Agency Terminal Measurements 
Radar antenna. The radar, developed by Raytheon Co., Lexington, 
Mass., will be used to obtain basic reentry physics phenomena of 
ballistic missiles. Peak power of the transmitter is 10 megawatts. 

"negenerr 



over and above MIL-C-26500 specifications where the 

ultimate in performance has been required. 

HATS OFF TO BOEING . . . congratulations to the 

men at Boeing for dramatically demonstrating their engi-

neering skills by the global reliability test flight of the 

727. Hats off too to the many equipment manufacturers 

who have contributed their best efforts to the success 

of the amazing turbofan transport. 

Pyle- National can take a modest bow too, since we have 

supplied the stainless steel circular miniature connectors 

which link the electronic and control circuits into a func-

tioning system. Pyle-Star- Line Mercury Series connectors 

have a reputation for providing measurable reliability 

Pyle- National has supported its exemplary environmental-

resistant connectors with notable engineering service— 

from design to delivery. 

Soon to be released will be MIL-26500 miniature connec-

tors with aluminum shells which will broaden applications 

into possible new areas. 

Please call our representatives, or see us in pi 

booths 74 and 2205 at IEEE, for full particulars. 

CONNECTOR DIVISION, THE PYLE-NATIONAL COMPANY, 1334 NORTH KOSTNER AVENUE, CHICAGO 51, ILLINOIS 
Also manufactured In Canada by, Pyle•National Canada) Ltd., Clarkson. Ontario 

Pylottimal 
ELECTRICAL CONNECTORS CONNECTORS LIGHTING EQUIPMENT CONDUIT FITTINGS 
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SNAPSHOTS (Concluded) 

OMNI-DIRECTIONAL 

Horizontally polarized, omni-directional, log 
periodic antenna is built of lightweight alu-
minum. Made by Dome and Margolin, Inc., 
Westbury, N. Y., it will withstand winds of 
100 mph. Frequency range is 30 to 260 MC. 

ELECTRONIC CONTROL 

Miss U.S.A. of 1960, Loretta Powell, demon-
strates an electronic speed control developed 
by International Electronics, Ltd., Trumbull, 
Conn. The unit will allow dialing any speed 
desired on any product powered by a univer-
sal ac- dc or series dc motor used on 110-120 
volt current. A feedback circuit keeps tool 
under full torque at even lowest speeds. 

TRIODE LASER 

Bell Telephone Laboratories scientists P. K. Tien ( r), D. MacNair 
(U and H. L. Hodges ' center) examine new triode laser. Intensity 
of the laser light can be modulated by varying the voltage of 
a grid inside the laser tube. Photo shows two lasers in parallel. 

AT THE FAIR 

Cut- away of the RCA pavilion at the 1964-65 New York World's Fair shows the three major 
areas of interest. Concentric circles are production and control areas of the color TV 
facility. Circular and rectangular areas to the right are lounges for visitors. Area in 
the upper left hand corner is the reception area where visitors will be able to see 
themselves on color TV and view representative displays of ether RCA products and services. 



Do you have a new idea you think 

will shake the electronic market? If 

you maintain a know-it-all attitude, 

lack a sound financial plan, are un-

dercapita ized, chances are that your 

venture into the electronic business 

will fall on its face. Charles Salik, 

Electronics Capital Corp., tells 

what will probably happen and why. 

WHY SMALL 

ELECTRONIC 

FIRMS 

FAIL! 

By PHILIP GEDDES 
Editor- at- Large 

ELECTRONIC INDUSTRIES 

"Many small firms 
are not structured to take part 
in tomorrow's electronics," 
says Charles Salik, president 
of Electronics Capital Corp. 
"They have a problem 
in meeting the payroll today. 
Of some 1500 small firms we examined 
about 1200 are doomed to failure." 

"One aspect of failure 
is poor financial planning, 
whether firms are well capitalized or not. 
We have found that most small companies 
are very poorly organized financially. 
They have no realistic financial plan." 

Charles S. Salik, right, ECC president, 
and Richard T. Silberman, executive vice president, 
with model of ECC building in San Diego. 
"We have learned from bitter experience 
that you cannot be too exact in your judgment 
of management and its potential." 
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How MANY ELECTRONIC COMPANIES SUCCEED in pro-

portion to those that start? Charles E. Salik, presi-
dent of Electronics Capital Corp. answers, "Less 

than 5/10th's of one percent." 

Over a four-year period ECC looked at 1500 small 

electronic firms with an eye to investing in them. Out 

of that number, Mr. Salik predicts that 1200 are 

doomed to immediate failure. Of the 300 remaining, 

his company chose to invest in only 20. Three of that 

20 are already listed as unlikely to succeed, in ECC's 
ternis. 

Investment banker Salik suggests that it may be 

too easy to get into business. There are too many 

people still willing to put money into any electronics 

company. Despite the market shakeup of nearly two 
years ago, two or three engineers can easily form a 

group, make some plans, maybe build a prototype, 

raise money, and then they are in business. 

Mr. Salik points out that despite the gloomy sta-

tistics, there is a continuing need for small business 

in electronic technology and aerospace. In addition to 

valuable contributions to technology, small companies 

also contribute to their customers' financial health by 

allowing better net profit per invested dollar. 

The small business has to take all the risks in 

terms of delivery and cost, while the large companies 

risk their good name in the end product of the joint 

efforts. This does not mean that big companies do 

not have responsibilities to small concerns to enable 

them to operate on limited capital. 

If it is any consolation to the would-be entrepre-

neur, the failure rate in electronics, Mr. Salik points 
out, is lower than in the total small business segment 

of the economy. This is attributed to the high degree 

of obsolescence in electronics giving more people a 

chance to participate in business. 

Growing Large 
Mr. Salik has no choice but to be a realist in his 

survey of small business. ECC's health is dependent 

on sound business judgment of others. He admits 

that many large concerns are poorly managed but 

points out that large companies have room for maneu-

vering into better positions. They can recover from 

mistakes. 

No small business operator to his knowledge wants 

to remain small; small investment business companies 

exist to help them grow larger. He says, "Many 

small businesses are not structured to participate in 

tomorrow's electronics. They have a problem in 

meeting the payroll today. 

"They try to get into established market, establish 

a wedge, then eventually build enough cash flow to 

be able to spend money on some research and devel-

opment in the future." 

He adds that with the proper capital backing them, 

the chances of doing this are considerably greater. 

"We in all honesty finance them to become large 

business. In order to initially finance them we must 

make sure that they meet all the criteria to qualify 

as small business but the hope and objective of this 

capital bank is to make sure that they do everything 

possible to become larger." 

Help for the small business operation is also often 

forthcoming from large firms, usually not out of 

altruism but for sound business reasons. As Mr. 

Salik says, "They don't do it because it is a good and 

nice thing or because they want to help the general 

economy of the area in which they live. They do it 

because it is profitable." It goes without saying that 

ECC's motives are comparable. 

Failure Patterns 

Business failures have common elements running 

through them. As obvious as the basic patterns may 

seem, they occur over and over again. First on 

Charles Salik's list is under-capitalization. He says, 

. this takes two forms, dollar and personnel. If 

you under-capitalize in dollars your chances of suc-

cess are almost zero. The reason being that if you 

get to a certain point in development and run out 

of money, it's almost impossible to get any more. In 

the eyes of the investor you have already lost too 

much. 

"It's true of everybody who has ever invested in 

small business, that some have patience, others do 

not. The small businessman has the problem of con-

stantly being heckled by the fellow who Put $25,000 

together with his relatives and friends and who wants 

performance. A big company automatically expects 

a certain amount of loss. We know how to minimize 

the losses of the early stages and move into the profit 

area as soon as possible. 

"The second part of under-capitalization is man-
agement. If you cannot afford management: a mar-

keting man, a good general manager, a good technical 

manager, and perhaps a good manufacturing man-

ager, the chances of success are again quite limited. 

"A management organization is structured from the 

financial. In other words, how much can I afford to 

pay for a first rate engineer ? How many engineers can 

I afford? Can I do all the engineering myself? If I 
do, who is going to do the general management ? Who 

is going to worry about the planning and control? 

Who's going to worry about manufacturing tech-

niques? Can I be in engineering while equipment is 

going through the manufacturing facility? 

"One other aspect of failure is poor financial plan-

ning, whether companies are well capitalized or not. 
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SMALL BUSINESS (Continued) 

We have found that most small businesses are very 

poorly organized, financially. Almost all of them 

have no realistic financial plan. They have no budg-

ets. They have no cash flow estimates. Their plan 

rarely goes beyond six months, at most a year. Where 

they might start with a plan, it is soon discarded and 
ignored. 

"They give no credence to their budget. They 

vary from the budget so widely that it has no effect 

whatsoever. Their spending is based solely upon that 

state of nirvana when they get their first order. If 

that order does not materialize or there is a delay, 

their chance for success just slowly drifts away until 

eventually they fail. 

"You cannot budget high hopes. You can only 

budget facts and be realistic. Small businessmen 

rarely understand financial planning. Many times 

they understand technical planning and marketing but 

they usually come out of big companies where they 

are used to plenty of capital. And they proceed to 

spend money in almost the same manner as they did 

in the large company." 

Planning for Error 

Small business investment companies such as ECC 

must have criteria to evaluate the capabilities of the 

embryo company. ECC itself has no guarantee of 

success. Intuition is not enough in making judgments 

on investments. Mr. Salik and his band of legal, 

technical and management experts have to investi-

gate thoroughly the creative, managerial, and market 

potential in any company they survey. 

Most companies in Mr. Salik's experience rarely 

ask for enough money to get started. He says, "They 

are usually far below what they need. This doesn't 

necessarily disqualify them. If anything when we go 

over their affairs thoroughly we begin to show them 

how to plan financially. Since management is not an 

exact science you have to have wide good judgment 

with regard to the risks that are involved, or how 

much error you can afford. 

A REPRINT OF THIS ARTICLE CAN BE OBTAINED 
by writing on company letterhead to 

The Editor 
ELECTRONIC INDUSTRIES 

Chestnut 5- 56th Sts., Phila., Pa. 19139 

"Most people in small business do not plan for 

error, that is, errors in judgment, design, or market-

ing, and so forth. And, if they don't plan for it, if 

they have not made sufficient allowance, or have no 

capital by a factor of almost one to one, or one to two, 

then they are more than likely to fail." 

Personality Problems 

A small company turns around the personality and 

experience of the key founding figure. ECC finds it 

essential to make a profile of the key figure since 

problems in his makeup are likely to be reflected in 

his company. Mr. Salik with customary frankness 

draws an outline of desirable personal traits in the 

top man. 

"We have found that the most highly educated 

engineer is not necessarily the best operator of a busi-

ness. With some glowing exceptions, there are few 

PhD's who are heads of successfully run companies. 

For some reason the heavily academic-oriented indi-

vidual has difficulty in dealing with the daily problems 

of running a business. 

"He's apt to fail if he has just a technical back-

ground, even though it is recognized that in order to 

compete you must be an innovator. He has to develop 

a sense of values and a sense of time. All the heads 

of large electronics companies that I know, speak in 
ternis of buying time when they buy a company. A 

good manager has to have a sense of time and a sense 

of timing. They are two different things. And he 

must recognize the importance of the other arms of 

his business." 
Mr. Salik noted that many a technical man looks 

down his nose at a good financial officer. A technical 

man can turn to a financial man and say, 'figure out 
what it's going to cost to make this item and don't 

be influenced by my enthusiasm, then I'll tell you how 

much we can get for it.' Ignoring this contribution 

of the financial expert, Mr. Salik feels, is courting 

disaster. 

Wheelers and Dealers 

"Another part of the man's profile," Mr. Salik con-

tinues, "must be his ethical concept of business. When 

a man comes to us and tells us how he can in effect, 

cheat, slip by, shoot for overruns, is usually a big 

flash in the pan. He looks good at first and some-

times if he's already in business he has a rather spec-

tacular beginning record. He does not necessarily 

violate the law but perverts the intent between parties 

and squeezes by. 

"We have found that this man invariably fails be-

cause it is the mutual trust between buyer and seller, 

between the small business and the large business that 

usually carries it through in the long run. This is not 

to say that a man should not use careful planning and 

techniques in his planning and practices. When he 

tries to cheat we find often in this business that many 

investors are encouraged by his plans . . . he doesn't 

call it cheating but it gets down to that. This is a 

personality trait that we try to discover as early as 

we can. 

(Continued on page 186) 
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This Clare Relay Reliability Report 
may be different from some other 
reports you have seen. For example: 

a—This data covers standard, pro-
duction-line relays sampled and 
tested on a week] y basis. 

b— This Report gses the results of a 
formally-defined Quality Assurance 
Program, details of which are avail-
able for the asking. 

c—Data is reported in terms of relay 
operations, not contact operations. 
Each operation cf a dpdt relay re-
quires four contact operations. Relay 
operations present the most strin-
gent measureme at of reliability. 

d— Reliability levels reported above 
are derived by a recognized statis-
tical method which produces reliabil-
ity figures of assured authenticity. 

What does this Reliability Report 

mean to the user of Military Type 
Relays? You'll draw your own con-
clusions, of course. But here are two 
comments which will be important 
to you if you're concerned with 
reliability: 

1— Clare Relay Reliability state-
ments are completely factual— 
backed by specific data compiled in 
actual, routine tests on standard 
Type F Relays. 

2 — Every Clare Type F Relay— 
including those you are now using— 
carries the same assurance of qual-
ity and reliability. 

Produced on a mature, controlled-
process, large-volume production 
line, Clare Military-Type Relays 
are available to you at competitive 
prices and delivery. 

24- page Reliability Manual Now Available 
24- Page manual presenting complete test specifications, pro-
cedures, test results for a one-year period, and a statement of 
reliability derived from these tests. Explanation of Clare's con-
tinuous Quality Assurance Program. For free copy, use Reader 
Service Number indicated below. 

(1) Failure Rate for,. 
per 10,000 alieret 

(2) Reliability Level 
per 10,000 operations 

At 90% Conficence Level 

Clare Type F Relays provide non-
polarized, single side stable, single 
coil operation. 

Operate times: 3.5 ms nominal, 5.0 
ms maximum (including bounce), at 
nominal coil power. 

Release times: 1.0 ms nominal, 5.0 
ms maximum (including bounce), 
coil not suppressed. 

Sensitivity: Just- operate power 250 
mw. 

(All ratings at +25°C ambkent) 

For additional information on Clare Mi itary-Type 
Relays, circle Reader Service Number below . . . 
or address C. P. Cla.e & Co., Group 3D7, 3101 
Pratt Boulevard, Chicago, Illinois 60645 

CLARE 

Relays and related control components 

ELECTRONIC INDUSTRIES • March 1964 Circle 29 on Inquiry Cord 37 



THE 1964 IEEE INTERNATIONAL CONVENTION Will 

be held from March 23 through 26 at the New York 

Hilton Hotel and New York Coliseum. This year's 

IEEE encompasses a full scope of technical activi-

ties. The Convention features a 20% increase in the 

number of technical papers as well as about the same 

increase in the number of exhibitors. This year's 

Convention theme is, "A Glimpse of the Future." 

The world's largest technical meeting and exhibi-

tion is expected to draw 75,000 engineers and sci-

entists from 40 countries. Convention headquarters 

will be in a new location, the recently completed 

New York Hilton FIotel, located at 6th Avenue and 

53rd St. 

Registration 

All IEEE members may register any day of the 

Convention at either the Hilton or Coliseum from 

9:00 AM to 9:00 PM. Registration fee is $ 1.00 for 

IEEE members and $3.00 for non-members. 

1964 IEEE CONVENTION ... 

A GLIMPSE OF THE FUTURE 

The world's largest technical meeting 
will draw over 75,000 engineers 
and scientists from 40 countries. 
Its expanded papers program will 
feature everything from a flip-flop 

with one transistor to engineering management. 

Technical Program 

The increased technical program, consisting of 320 

papers covering the latest developments in every area 

of electrical and electronics engineering, will be pre-

sented in 64 technical sessions. High point of the 

program will be a special symposium on "Modular 

Magic" to be held Tuesday evening, March 24 at the 

Hilton. 

A panel of outstanding authorities moderated by 

Patrick Haggerty, President, Texas Instruments in-

corporated, will discuss the impact of processes and 

techniques for fabricating microelectronic integrated 

circuits. 

Exhibits 

More than 1000 exhibitors will display some $20 

million worth of equipment, most of it for the first 

time. The Show will be in two locations. Electrical 

equipment will be on display at the Hilton and on all 

four floors of the Coliseum. 

More than 1000 exhibitors will display their latest equipment at both the Coliseum and the Hilton. 

4›‘. 
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C. H. Linder 
President IEEE 

W. E. Peterson 
Vice President 

Banquet 

Charles F. Horne, President, General Dynamics/ 

Pomona Div. and President, Electronic Industries 

Association, will be the principal speaker at the an-

nual banquet to be held on Wednesday, March 25, 

in the Grand Ballroom of the Hilton. This year's 

banquet will also feature the presentation of the fol-

lowing major IEEE awards: Medal of Honor, Edi-

son Medal, Founders Award, Lamme Medal, and 

the Education Medal. In addition, the 118 recently 

elected Fellows will be recognized. 

Those receiving the year's awards are: Harold A. 

Wheeler, President and Director of Wheeler Labo-

ratories, the Medal of Honor; John R. Pierce, Bell 

Telephone Laboratories, the Edison Medal; An-

drew G. L. McNaughton, Ottawa, Canada, the 

Founders Award; Loyal V. Bewley, General 

Electric Co., the Lamme Medal; and B. Richard 

Teare, Carnegie Tech., the Education Medal. 

Field awards and prize paper awards will be pre-

sented at a special reception given by the IEEE 

Board of Directors on Tuesday, March 24. 

The Cocktail Party will be held on Monday eve-

ning, March 23, from 5:30 to 7:30 in the East Ball-

room of the Hilton. 

Technical Papers Highlights 

This year 320 papers will be presented at 64 tech-

nical sessions. These sessions, listed on page 43, will 

be held in both the Hilton and Coliseum. 

W. R. Clark 
Treasurer 

B. M. Oliver 
Vice President 

D. Ryder 
Editor 

Haraden Pratt 
Secretary 

The fidelity of nanosecond pulse transmission in 

laminated coaxial structures will be discussed in a 

paper entitled, "Improvement in Pulse Transmission 

on Coaxial Transmission Lines by Reduction of Skin 

Effect." The ideal situation in which the laminated 

conductors exhibit a constant surface impedance is 

investigated, and criteria for specifying maximum 

allowable distortion associated with a given length 

of line are determined. This paper will be presented 

at Session 1 on Monday morning. 

Computer-related topics will be given at Sessions 

3 and 11. The computer man should find everything 

to his liking at both sessions. 
Leading off Session 3 will be a paper on the "Tun-

nel Diode Memory." This paper will describe a 
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Frequency Std. 

Frequency 
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Phase Comparator 

1010 Frequency Std. 

Frequency 
Error Expander 

Digital Counter 

Strip Chart 
Recorder 

• Measurement of Parts 
in 10. , 
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Phase Comparator 

1011 Frequency Std. 

Frequency 
Error Expander 

Digital Counter 

Strip Chart 
Recorder 

• To 
expand 
your 
Standards 
Lab 
anywhere 
in 
the 
plant 
r 

field. 

Portable 
Frequency 
Std. 

NEW.. from Motorola a complete 

FREQUENCY 
STANDARDS 

LAB 
All Solid State MOTOROLA 
PRECISION FREQUENCY 

INSTRUMENTS can be assembled 
to provide a Frequency 

Standards Lab fitted to your 
accuracy requirements. The lab 

contains a high stability oscillator 
corrected to NBS or Navy 

time signals by the VLF receiver. 
These units are coupled to the 

Frequency Error Expander/Counter 
combination to allow calibration 
of your frequency instruments 

to parts in 109 in 1 second 
or parts in 10 10 in 10 seconds 

with direct digital readout. 
The recorder provides a permanent 

phase plot of the oscillator 
vs. the VLF signal to accurately 
set the oscillator on frequency. 

The Motorola frequency 
instruments with guaranteed 

specifications can be assembled 
to the lab of your choice 

as shown in the examples above. 
For complete operating 

specifications on these versatile 
precision instruments, 

contact your Motorola Instrument 
Representative (listed in 

EEM Directory)—or write for 
Full Fact Kit, Dept. AEI 410 

Motorola 1010 Frequency Standard 
lx10- 10 Setability • Less than 5x10- 10 Aging 
Per Day and Short Term Stability, 1 Second 
Counts • Proportional controlled double oven 
• Selected, pre-aged precision 3 mc crystal 
• Zener regulation • Silicon transistors 
• Output frequencies: 1 mc and 100 kc at 
1 volt RMS • Digital reading linear fine 
frequency adjust • New smaller size-31/2 " 
high • Spectrally pure 5 mc output and 
10 kc to 1 cps pulse outputs optional • Model 
S1069AR $1,950 • Internal battery $285.00 
• Spectral purity $385.00 

Motorola Frequency Error Expander 
This unit offers the unique ability to multiply 
the difference between an input frequency 
and a reference frequency by a factor of 
10,100 and 1000, allowing direct, accurate 
frequency comparisons to be made quickly on 
a digital counter. On a 1 second count, meas-
uring resolution is parts In 10, on a 10 second 
count, parts In 100. Use for short and long 
term stability measurements, and calibration 
of frequency standards, precision oscillators 
and frequency counters. Model S1061AR 
$1,500. 

Motorola 1011 Frequency Standard 
1x10- 11 Setability. Less than 5x10- 11 Aging 
Per Day and Short Term Stability, 1 Second 
Counts • True proportional control double 
oven construction • Complete oscillator 
circuitry in inner oven • Selected, pre-aged 
2.5 mc 5th overtone crystals • Digital 
reading linear fine frequency adjust • Solid 
state silicon design • Includes 15 hour 
internal battery • Model S1065AR $3,950 
• Model S1066AR with spectrally pure 5 mc 
output $4,335 

Motorola VLF Receiver Frequency Standard 
The first and only complete solid state stand-
ard that automatically corrects its 1x10-9 or 
5x10-10 day local oscillator to VLF stations. 
With transmissions from N BS or the Navy, you 
get long term stability for lab requirements 
that otherwise cannot be provided. Precise 
no-drift standard. Automatic servo phase 
shifter. Model S1055A $5,850 • VLF Re-
ceiver Phase Comparator (to phase plot 1010 
or 1011 Standard) Model S1055C $4,250 

Motorola Portable Frequency Standard 
This versatile Frequency Standard operates 
on battery or AC, serves your instrument 
calibration needs in the field ... in production 
. . and in the lab • Stability of 5x10--b 
(S1054AH) and 1x10-9 per day (S1054AL) 
• 1 mc and 100 kc simultaneous outputs 
• Completely Solid state circuit • Fine 
frequency adjustment parts in 1010 • Model 
S1054AL $ 1,600 • Model S1054AH $ 1,800 
• Model SLN 6076A 24-hour battery kit $300 

MOTOROLA PRECISION INSTRUMENTS 
See the "Lab" in action In Booth 3921 IEEE Show 

Motorola Communications & Electronics Inc • 4501 Augusta Boulevard, Chicago, Illinois 60651 • A Subsidiary of Motorola Inc. 

• 
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memory subsystem which uses a two-tunnel-device 

memory cell matrix and is completely compatible 

with a tunnel diode logic subsystem. Two other 

papers to be presented at the same session will be 

"High-Speed Threshold Logic A/D Converter with 

Error Correction" and "Ferroelectric-Photoconduc-
tive Image Storage." The system described for the 

A/D converter is capable of quantizing analog signal 
data into a 12-bit binary coded decimal word having 

a conversion speed and accuracy of 200 xc and 0.1% 

respectively. The paper devoted to "Photoconductive 
Image Storage" will describe the work directed 

toward fabrication of a new device capable of image 

storage by exclusively solid-state means. 

At Session 11 the second part of Computer Related 

Topics will be covered. The "Design of a Digital 

Waveform Identifier" will describe a device that 

performs the following function: given a set of 

reference waveforms, it analyzes a long segment of 
an input waveform to find which reference waveform 

is contained in the segment. The identifier uses digi-

tal techniques. The waveforms are sampled at a 

fixed rate and identification is based on samples. 
The increased interest in the use of optics in char-

acter and pattern recognition is exemplified in the 

"Application of Electro-Optical Filtering to Object 

Recognition." This paper shows that problems such 

as unsharp focusing of images can be remedied by 

electro-optical networks. It also shows how signal-

to-noise items of optical data can be improved. 

A high-speed communication system that checks 

for errors without the need for redundancy in the 

original data will be discussed at Session 4. A paper 

entitled, "Correlative Digital Communication Tech-

niques" will discuss a concept of transmitting data 

by means of a signal having certain correlation prop-
erties. 

A system developed for the U.S. Weather Bureau 

uses a slow-scan vidicon to convert the optical image 

of a PPI weather radar display to a narrow-band TV 

signal. This signal can be transmitted over conven-

tional facsimile-grade telephone circuits. Scan con-

version equipment using a Permachon storage vidi-

con converts the slow-scan TV signal to a 625-line 

TV display. A paper entitled, "A Slow-Scan TV 

System Using the Permachon for Scan-Conversion," 

given at Session 5, will explain the advantages of 

this system over a microwave system. Also discussed 

will be equipment failures and performance details. 

Coherent radar systems for airborne uses place 

stringent requirements on the extreme short-term 

phase stability of the carrier-frequency generator. 

If the carrier frequency is controlled by a quartz-

crystal unit in an oscillator circuit, serious difficulty 

can be encountered with the phase modulation of the 

carrier frequency due to vehicular environment. 

"Measurement of Phase Stability of Quartz Crystal 

Oscillators for Airborne Radar Applications," given 

at Session 6, will discuss a method of making meas-

urements of modulation indices. This method 

permits measurement directly at the oscillator 

without prior frequency multiplication to the 

SHF range. 

The requirements for higher reliability in compo-
nents have caused most manufacturers to subject 

their components to exhaustive life tests. This, un-

fortunately, doesn't solve the headache of the relia-

bility engineer when he is choosing components. You 

see, advertised failure rates for components designed 

for aerospace uses are generally low, due partially 

to the fact that test samples are small. This results 

in confidence-band spreads of several orders of mag-

nitude. Furthermore, these failure rate estimates are 

not made under operational conditions. One method 

of obtaining useful data and analyzing the results 

to permit intelligent design trade-offs will be given 

in "Selecting Most Reliable Electronic Components," 

being presented at Session 8. 

"Reliability Screening Using Infrared Radiation," 

also at Session 8, offers another method of deter-

mining component failure. The infrared radiation 

emitted by all component parts may possibly be used 

to identify short-life or faulty parts, and predict the 

degradation or drift of part parameters. It has been 

shown that parts emitting abnormal amounts of in-

frared radiation under the sanie stress conditions 

tend to fail earlier. 

Logic circuit designers and power-supply special-

ists will find " Power Distribution Systems for High-

Speed Computers," Session 10, well worth attending. 

In the past the logical circuit designer gave little, if 

At 64 technical sessions, 320 papers— 
many of which are tutorial—will be given. 
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any, consideration to the problems of providing and 

distributing well-regulated dc power. However, 

the new generation of computers with nsec. speeds 

must use new approaches to the problems of dc power 

distribution if adequate system performance is to be 

achieved. These new approaches will be discussed 

at this session. 

Transmitting power without wires will be dis-

cussed in " Experiments in the Transportation of 

Energy by Microwave Beam." This paper, given at 

Session 13, will tell how several hundred watts of 

power were transmitted over a distance of 25 feet 

with a 25% efficiency, including transmission and 

rectification losses. State-of-the-Art components in-

volved are such that both the power level and dis-

tance could be increased more than a thousandfold. 

Engineers who may not be familiar with Hall-

effect devices will find " Hall Generators, What, 

Why, and How Much" most helpful. Given at Ses-

sion 14, this paper is intended as a brief tutorial in-

troduction to the Galvonomagnetic effects, the Hall 

effect, and the magnetoresistive effect. The charac-

teristics of the Hall effect of interest in engineering 

uses are outlined. 

In the last ten years there has been a trend towards 

TECHNICAL SESSIONS 

NEW YORK HILTON NEW YORK COLISEUM 

Wiliam 
Ballroom 

Mercury 
Ballroom 

Sutton 
Ballroom 
North 

Sutton 
Ballroom 
South 

Regent 
Room 

Room 
A 

Room 
B 

Room 
c 

MONDAY, MARCH 23 
10:00 AM. — 
12:30 P.M. 

SESSION I 
Wire Commu- 
nication I 

SESSION 2 
Marine and 
Industrial 
Electrical 
Applications 

SESSION 3 
Computer Related 
Topics I 

SESSION 4 
Data Communica- 
lion and Telegraph 
Systems I 

SESSION 3 
Television 
Systems 

SESSION 6 
Instrumentation I 

SESSION 7 
Feedback 
Control System 

SESSION 8 
Reliability 

MONDAY, MARCH 23 
2:30 — 5:00 P.M. 

SESSION 9 
Wire Continu- 
nication II 

SESSION 10 
Electrical 
Applications In 
Industry 

SESSION 11 
Computer Related 
Topics II 

SESSION 12 
Data Conununica- 
tion and Telegraph 
Systems H 

SESSION 13 
Microwave 
Theory and 
Techniques 

SESSION .14 
Instrumentation n 

SF%SION 15 
Is Measurements 
Training a Ne- 
glected Area of 
the Engineering 
Curriculum 

SESSION 16 
Electromagnetic 
Compatibility 

TUES., MARCH 24 
10:00 A.M. — 
12:30 P.M. 

SESSION 17 
Electrical 
Engineering 
Education 

SESSION 18 
Instrumentation 
III 

SESSION 19 
Space Electronics 
and Guidance 

SESSION 20 
Space System 
Design Techniques 

SESSION 21 
Switching 
Systems 

SESSION 22 
Symposium on 
High Energy 
Research and New 
High Energy 
Accelerators 

SESSION 23 
Nonlinear and 
Linear Control 

SESSION 24 
Electronic 
Technologies in 
Industry I 

TUES., MARCH 24 
2:30 — 5:00 P.M. 

SESSION 25 
Aeronautical 
Electronics and 
Navigation 

SESSION 26 
Instrumentation 
IV 

SESSION 28 
Switching Systems 
and Techniques 

SESSION 29 
Information 
Retrieval, 
IEEE and You 

SESSION 30 
Optimal and 
Adaptive Control 

SESSION 31 
Microcircuits and 
Processing Tech- 
niques 

SESSION 32 
Electrical 
Technologies in 
Industry II 

TUES., MARCH 24 
8:00 — 10:30 P.M. 

SESSION 27 — SPECIAL HIGHLIGHT EVENING SYMPOSIUM ON MODULAR MAGIC 
NEW YORK HILTON — EAST BALLROOM 

WED., MARCH 25 
10:00 A.M. — 
12:30 P.M. 

SESSION 33 
Telemetry 

SESSION 34 
Electron Devices 

SESSION 35 
Syncom H 
Satellite 

SESSION 36 
Semiconductor 
Devices 

SESSION 37 
Instrumentation V 

SESSION 38 
Improving 
Written Communi- 
cations 

SESSION 39 
Radas 

SESSION 40 
Rotating 
Machinery 

WED., MARCH 25 
2:30 — 5:00 P.M. 

SESSION 41 
The West Ford 
Experiment 

SESSION 42 
Instrumentation 
VI 

SESSION 43 
Power Generation 

SESSION 44 
Circuit 
Theory 1 

SESSION 45 
Radio Communi- 
cation Systems 

SESSION 46 
Packaging and 
Interconnections 

SESSION 47 
Audio and 
Acoustics 

SESSION 48 
Systems Science 

THURS., MARCH 26 
10:00 A.M. — 
12:30 P.M. 

SESSION 49 
Transmission 

SESSION 50 
Radio Propagation 

SESSION 51 
Recording and 
Audio Measure- 
ment 

SESSION 52 
Circuit 
Theory II 

SESSION 53 
Electronic 
Components and 
Materials I 

SESSION 54 
Antennas 

SESSION 55 
Human Factors 

SESSION 56 
Basic Sciences I 
— Circuits and 
Systems 

THURS., MARCH 26 
WO — 5:80 P.M. 

SESSION 57 
The Electric 
Power System 
of Tomorrow 

SESSION 58 
Communication 
and Modulation 
Techniques 

SESSION 59 
Engineering 
Management 

SESSION 60 
Symposium on 
Data Transmission 

SESSION 61 
Electronic 
Components and 
Materials II 

SESSION 62 
Arrays and 
Ionosphere 

SESSION 63 
Defense Systems 

SESSION 64 
Basic Sciences H 
— Fields and 
Systems 

automation in test and checkout equipment. As a 

result of this trend, certain procedures have been 

accepted by the RFI/EMC Community, and action 

has been taken to automatize RFI/EMC specifica-

tion measurement instruments. A paper entitled, 

Trends in RF Interference Measurements," given 

at Session 16, reviews the events which lead to auto-

mized RFI instruments. It also discusses the tech-

niques to be used in achieving interim and long-term 

automation of RFI measurement. 

Presently modeling techniques have been estab-

lished for r-f interference prediction in search 

radars. Modeling techniques for tracking radar are 

relatively new. The nature ano aspect of a tracking 

radar prediction model depends upon the various 

forms of degradation the system experiences when 

exposed to interference. In " Methods for Predicting 

Interference Effects in Tracking Radars," to be given 

at Session 16, the results of an analyses to find inter-

ference effects will be presented. Also discussed will 

be the methods derived for designing mathematical 

models that can be used for predicting the effects. 

Did you ever hear of a flip-flop circuit using only 

one transistor? A paper entitled, "A Single Tran-

sistor FF Circuit" describes a circuit that uses one 

ordinary bipolar junction transistor. One of the two 

(Continued on page 186) 
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Communications 

R. G. Elliott, Southern Bell Telephone 
and Telegraph Co.—"We have entered 
the ' Data Age' of communications suc-
cessfully. Sophisticated data systems 
will continue to appear at a spectacular 
pace—helping private and public sec-
tors solve many diverse problems 
through local, nation-wide and world-
wide communications. In the forefront 
of new communications will be methods 
of instantaneous reporting and in-
formation retrieval, and quick, accurate 
predictions of the future effect of 
changing variables on business and 
governmental operations. The need 
for speed in our management decision 
and thinking processes will continue to 
increase as will the need for more 
technical talent." 

R. G. Elliott R. C. Benoit, Jr. 

Richard C. Benoit, Jr., Telecommunica-
tions Section, USAF—"Within the next 
decade we can expect many technologi-
cal advances in the communications 
field. Fox example, by minimizing the 
transmission of redundant information 
contained in speech, significant band-
width reductions may be obtained, thus, 
perhaps a 100-fold increase in spectrum 
utilization may become a reality. Com-
puter techniques and automatic func-
tions will be widely applied in adaptive 
communication networks, for military 
and civilian use. In these configura-
tions network terminals will automati-
cally sense and react instantly to ever-
changing operating conditions ( i.e. 
traffic density, routing, propagation, 
and the nature of the communications), 
to provide optimum performance and 
utilization of the available facilities." 

Richard P. Gifford, General Electric 
Co.—"Among Engineers, Legislators 
and Government Leaders there is aris-
ing a growing awareness of the eco-
nomic potential in effective 'farming' 
of the radio spectrum. Evaluation of 
the impact of the use of this natural 
resource on our gross national product 
(GNP) will become another tool in 
assigning the resource among the many 
classes of petitioners. When 'farming 

1964 IEEE 'FELLOWS' 
LOOK AT THE FUTURE. • • 
Exclusive statements from the nation's leading 
electrical and electronic engineers summarize 
the future for the electronic industry. 

effectiveness' measurements are ap-
plied, there is indication that there is 
still tremendous economic potential 
available—provided application of the 
spectrum to a multiplicity of uses is 
actually encouraged. Concurrently, of 
course, there will be increased need for 
attention to problems of electromag-
netic compatibility ( EMC) to keep the 
'farming' effective." 

F R. P. Gifford F. A. Gunther 

Frank A. Gunther, Radio Engineering 
Labs—"The most significant trend in 
wideband tropospheric scatter radio 
communications is the evolution from 
tube-state to solid-state circuitry. The 
stability of transistors and other solid-
state components used with modular 
circuit design concepts has resulted in 
simplified, compact and high perform-
ance wideband communications equip-
ment. This new equipment, easier to 
operate and maintain, will, in many 
cases, permit the use of technicians of 
reduced skills. Systems using such 
equipment will be more economical, as 
it is expected that eventually solid-
state manufacturing costs can be re-
duced below conventional tubes. Fur-
ther, the new equipment will require 
less power, less fuel and fewer replace-
ment parts. These features, with higher 
performance in wideband operation, 
provide one solution to the pressing 
need for communication systems of 
high reliability, at moderate cost. This 
is especially so in those areas of the 
world where skilled technicians are 
scarce, and where economic and cul-
tural progress is delayed by a lack of 
modern communications." 

Fredrick E. Hanson, Western Electric 
Co.—" In the next decade there will be 
a marked evolution in communications 
concepts. More complex switching and 
transmission systems are a necessary 
part of the future. These systems will 
need more components and many more 
interconnections. Attractive new kinds 
of telecommunications services will be 
available. There will be introduced 
new products and many changes in 
manufacturing technology. Major at-
tention will be directed to continuing 
improvement of product quality and 
service reliability." 

F. E. Hanson L. R. Kahn 

Leonard R. Kahn, Kahn Research 
Labs.—"One may expect major im-
provements in acclimating signals to 
their environment and reducing such 
problems as selective fading and multi-
path. It should also be expected that 
continued efforts will bear fruit in 
bandwidth compression and other tech-
niques for allowing a greater commun-
ications flow per unit bandwidth. Sin-
gle-Sideband techniques should loom 
large in furthering these aims and 
should not only find use in communica-
tions but in standard broadcasting." 

Eric M. Leyton, London University— 
"The next few years will see the rapid 
expansion of color television in the 
U.S.A. and Europe. Transmitting 
equipment will he improved particu-
larly in the area of color cameras and 
color tape recorders. A practical 
standards converter for color TV will 
be developed to allow interchange of 
program material between the U.S.A. 
and Europe." 

E. M. Leyton W. C. Morrison 

W. C. Morrison, R.C.A.—"The last 
few years have brought us the com-
mercial development of many items im-
portant to the broadcasting industry. 
These include magnetic tape recording 
of video signals, Peltier coolers, sepa-
rate luminance channel color cameras, 
custom-contoured antenna patter ns, 
and stereophonic broadcasting. To the 
average engineer, and certainly to 
those in the broadcasting business, the 
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list contains nothing new. However, 
time is a very selective filter which 
frequently surprises engineers with its 
wide reject band or its great delay! On 
the other hand, these same character-
istics put zest into our lives. What can 
we predict for the future? We have 
electronic data processing to give us 
seven-league boots for computations; 
such things as active communication 
satellites give us new horizons; and in-
tegrated circuits completely change the 
equipment picture. From these will 
come: ( 1) many ideas of limited scope, 
(2) the achievement of some things we 
have been predicting for years, and 
(3) a few ideas that will change the 
course of the world." 

Harold F. Meyer, Aerospace Corp.— 
"The impact of new technology on 
military communication systems is ex-
pected to be evolutionary rather than 
revolutionary. Commercial carrier sys-
tems with modifications and supple-
ments will continue to satisfy a large 
proportion of military communication 
needs. Such modifications and supple-
ment would include increased alternate 
routing, automatic switching, increased 
capacity, circular by-passing of indus-
trial and transportation centers, hard-
ening and modulation flexibility. Sys-
tems solely for military purposes will 
be expanded and implemented where 
economics, politics, or needed technical 
aspects rule out integration with com-
mercial systems. Emphasis regarding 
military systems will be placed upon in-
creased capacity, flexibility, reliability 
and survivability. This will be particu-
larly true with respect to service for 
mobile, transportable and other isolated 
terminals." 

H. F. Meyer T. F. Rogers 

Thomas F. Rogers, Massachusetts In-
stitute of Technology-- Exploitation of 
radiowave 'scatter' propagation modes 
and employment of amplifiers in under-
sea cables have provided recent major 
improvements in long distance com-
munications. Large national efforts to 
advance rocket, satellite and surface 
terminal technology have now reached 
the stage where development of long 
distance satellite communications cir-
cuits has become clearly possible. High 
capacity point-to-point circuits using 
large fixed terminals will probably be 
established initially; they may soon be 
supplemented by lower capacity circuits 
between transportable and, perhaps, 
mobile terminals as well." 

K. G. McKay, Bell Telephone Labora-
tories, Inc.—"The ancient goal of ef-
fective, efficient communications on a 
global scale is within our reach; the 
technology of transmission has 
achieved maturity. The more drastic 

evolution will come from the wide-
spread application of programmed elec-
tronic controls in switching centers. 
The consequent impact of communica-
tions will be more pervasive than any-
one can now imagine." 

K. G. McKay H. A. Samulon 

H. A. Samulon, TRW Space Technol-
ogy Labs — "Real breakthroughs in 
space guidance and communication are 
becoming increasingly rare. The most 
important of recent developments have 
been in the relatively unglamorous field 
of reliability. Improvements in relia-
bility have been truly spectacular. 
Sophisticated electronics equipment 
will now work unattended in the hostile 
space environment for many months 
without failure. Improvements in re-
liability can be expected to continue 
and to be of major consequence in the 
design of spaceborne electronic equip-
ment." 

Keeve M. Siegel, Conductron Corp.— 
"I predict that radar power will be 
increased sufficiently so that radars on 
earth operating at long wavelengths 
will be able to map the surface of 
Venus. They will use coherent process-
iag so that we will be able to know 
what the Venus surface looks like 
underneath the clouds. Similar experi-
ments will allow a mapping of the 
Lunar surface, which is underneath a 
low dielectric constant-type material. 
Long wavelength lunar radar mapping. 
when superimposed on optical wave-
length maps, will predict landing sites 
to support human life support systems 
of lower cost and higher utility than 
presently conceived. Radar burglar 
alarms and discrimination systems will 
become commonplace. The major mar-
ket for radar sets in the 1980 time 
period will be in inexpensive commer-
cial sets in the price range of the more 
sophisticated children's toys of today." 

K. M. Siegel C. E. Schooley 

C. E. Schooley, American Telephone 
& Telegraph Co.—"Accomplishments 
in electronic communications during 
the past decade have been remarkable. 
Transoceanic telephone cables, new 
cable carrier and microwave transmis-
sion systems, and solid-state switching 
systems for domestic service are only 

a few of the outstanding achievements. 
But each step forward simply opens 
wider the horizon of things yet to be 
accomplished—challenges for the fu-
ture. . . . Commercial use of satellites, 
pulse code modulation, wave guides and 
perhaps even masers will enable us to 
further enlarge and advance our domes-
tic communications systems. With 
cooperation of other countries, such ap-
plications will enable us to establish a 
truly integrated global communications 
network." 

J. L. Jatlow, ITT Federal Laborato-
ries, "Tropospheric scatter propagation 
has become the predominant means 
for providing multi-channel communi-
cation over beyond-the-horizon paths 
where because of terrain, logistics or 
political considerations, it is impracti-
cal to provide line-of-sight repeaters 
or wire transmission. For tropo hops 
having long effective distances, how-
ever, the useful intelligence bandwidth 
is very seriously limited by the effects 
of multi-path distortion. Systems engi-
neers are investigating this problem 
and it is expected that modulation 
means and other circuit techniques 
will be developed to extend the range 
over which 60 or 120 voice channels 
may be transmitted via tropospheric 
scatter propagation. 

J. L. Jatlow W. L. Doxey 

Components 
W. L. Doxey, U. S. Army Electronics 
R&D Labs — "Electronic components 
and devices will continue on an ac-
celerated basis to be upgraded in elec-
trical performance. Less maintenance 
will be required as a result of increased 
reliability and improved production 
techniques . In the forefront are semi-
conductor integrated circuits, thin films, 
and the entire technology of micro-
electronics. Test data in evidence al-
ready support high reliability claims; 
particularly, digital circuit demands 
will within five years result in mass 
production of reliable circuit functions 
at a cost far below certain discrete 
elements now in use. Energy conver-
sion devices by thermoelectric and 
thermionic emission techniques within 
five years will be practical for military 
uses. Long-life, reliable fuel cells giv-
ing 500 watts from hydrocarbon fuels 
and with efficiencies up to 30% will be 
practical for military uses. Basic and 
applied research on materials and tech-
nologies for lasers and masers will re-
sult in practical application for military 
and civilian needs. During the next 
decade results of R&D in electronic 
materials, components and devices will 
require new concepts in the mainte-
nance and logistic support of electronic 
equipments." 

(Continued on page 47) 
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Get 3-Turn, 5-Turn And 10-Turn 
Precision Potentiometers From The Same Reliable Source 

()urns gives you a choici of military-quality indus-
tentiometers. In Pldition to the proven 10-turn 
3500, Bourns offers you the Iturn Model 3510 

5-turn Model 352(). Al lf these 7/8"-diameter 
-:i.ometers are shorter th:.-1H _, or-.4parabh . units avail-
elsewhere, yet have es ;I-Trice elements that are 
longer. 

in' incorporate the exclusive, indestructible Silver-
multiwire termination, and are subjected to 
inspection and the rigr.ruis double-check of the 
Reliability Assurance Frogram. Write for corn-
a. 

MANUFACTURER: TRIMPOT & PRECISION POTENTIOMETERS, RELAYS; TRANSDUCERS FOR PRESSURE, POSITION, ACCELERATION. PLANTS: RIVERSIDE, CALIFORNIA; AMES, IOWA; TORONTO, CANADA 

NUMBER 23- NEW PRODUCT SERIES 

3-TURN 5-TURN 10-TURN 

Standard Resistances 
(Others available on request) 

50u-75K 
+3% 

501.).-125K 
+3% 

50u-250K 
+3% 

Meets Steady-State 
Humidity Requirements (optional 
feature meets MIL-STD-202B, 
Method 106 Cycling Humidity) 

Yes Yes Yes 

Standard linearity +0.30% +0.30% ±--0.20% 

Power Rating .ii.) 70°C 1.0W 1.5W 2.0W 

Operating Temp. —65° to —65' to 
+125°C + 125"C 

—65* to 
+125°C 

Mech. Life (Cycles) 100,000 100,000 100,000 

BOURNS. INC.. TRIMPOT DIVISION 

1200 COLUMBIA AVE., RIVERSIDE. CALIF 

PHONE, OVERLAND 4.1700 • TWX: RZ9222 

CABLE, BOURNSINC, 

See Bourns products in booths 1220-22-24 at IEEE show. 
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Computers 
R. B. Blackman, Bell Telephone Lab-
oratories, Inc.—"During the last four 
or five decades, data processing has 
played an increasingly important role 
in many fields of science and tech-
nology. There is probably no better 
indication of this than the acceleration 
of technological progress following the 
application of some of this progress to 
improvements in methods of data proc-
essing. Continual improvements in 
methods of data processing will be 
needed for future progress in science 
and technology." 

R. B. Blackman A. A. Cohen 

Arnold A. Cohen, UNIVAC Division, 
Sperry Rand Corp.—"Watch on-line 
data processing gather momentum. 
Watch techniques develop for multiple 
terminal time-sharing of central com-
putational facilities. Watch growth 
taper off for voluminous printouts and 
other intermediate paper, due to tighter 
man-computer interaction. Computer 
system design will benefit from con-
tinuing progress in integrated circuits, 
film memories, and mass fabrication 
techniques. Watch these arts demon-
strate dramatically their potential for 
speed, reliability, compactness, and 
economy. Though born of aerospace 
necessity, they will attract serious at-
tention for systems large and small, 
and may well open door of economic 
feasibility to highly parallel multi-
processor systems. In short, watch 
computer technology start to turn an 
important corner." 

Kenneth R. Eldredge, Stanford Re-
search Institute—"Ways and means to 
improve our fight against the snow-
storm of paper, information, and data 
need to be found. We are being in-
undated. The exponential growth of 
data leads one to believe that this will 
be a never-ending task to develop more 
and more sophisticated devices and 
systems. We will increasingly rely on 
computational and retrieval systems to-
gether with the newer self-organizing 
machines for decision- making pur-
poses." 

K. R. Eldredge R. L. Frank 

Robert L. Frank, Sperry Gyroscope Co. 
—"Radio navigation systems will he 
closely integrated with non-radio sys-
tems and with other data-processing in 
ships and aircraft. Digital microcircuit 
techniques will become widespread, 
with emphasis on clever use of stand-
ard modules, since these will cost much 
less than special circuits. Flexible auto-
mated wiring and packaging will permit 
ready modification of standard device 
designs to special applications. Simpli-
fication in data processing will make 
practical the application of optimum 
information theory techniques, and ex-
tend the range, accuracy, and relia-
bility of navigation systems under ad-
verse conditions. Navigation devices 
will be directly coupled to vehicle con-
trols, but simplified displays will per-
mit human monitoring." 

C. D. Morrill, Goodyear Aerospace 
Corp.—"During the next decade, the 
impact of associative or content-ad-
dresàable memories and their quasi-
analog counterparts will be felt in all 
areas of high-speed data handling. Im-
provements in speed of one to three 
orders of magnitude in information 
storage and retrieval, intelligence data 
handling, communications, command 
and control, traffic management, and 
logistic control systems will be realized. 
These improvements along with con-
tinued improvements in deposited cir-
cuitry and new control theory will re-
sult in systems which will learn and 
adapt to changes in their data environ-
ment and even to changes in their 
internal structure." 

C. D. Morrill M. T. Lebenbaum 

Control and Instrumentation 
Matthew T. Lebenbaum, Cutler-Ham-
mer, Inc.—"The last ten years have 
witnessed the birth and development 
of the tunnel diode amplifier, the para-
metric amplifier and the maser; re-
ceiver noise, in many cases, is no longer 
the limiting factor in system sensi-
tivity. This has been a materials 
revolution, with the new materials be-
ing used in 'conventional' circuit struc-
tures. The next decade will see the 
circuit and material merge to produce 
integrated multifunction microwave 
elements, such as combined oscillator-
amplifier-limiters, with possible applica-
tions in low cost cryogenic environ-
ments." 

B. E. Lenehan, Westinghouse Electric 
Corp.—"Instrumentation is the means 
by which unobservable things are able 
to communicate with people. The 
trend is in the direction of greater 
sensitivity and durability. Mechaniza-
tion of processes adds requirements for 
communication with machines. This 
field is inadequately developed at this 
time." 

B. E. Lenehan 

IEEE Fellows 

(Continued) 

Aki 

Lasers 
Louis R. Bloom, General Telephone & 
Electronics Laboratories Inc. —"The 
next few years should see much of the 
glamour of laser research wear off and 
a hard look taken at its useful applica-
tions for science and for industry. 
Space- to- space and space-to-ground 
telemetry and communications using 
light should become a reality within the 
decade. However, because of absorp-
tion and scattering, it appears unlikely 
that optical links will displace many 
microwave or radio beam links for 
point-to-point communication on earth. 
Open air links of this type may come 
into use for special military or private 
purposes. Complex arrangements of 
pipes and optical systems may also be 
used for guiding the light. Lasers will 
certainly take their places among the 
basic instruments of the laboratory and 
the classroom. Techniques using co-
herent light will permit demonstration 
of optical phenomena previously ob-
servable only with great difficulty. 
Pulsed lasers providing large energy 
densities to small areas should also find 

medi-
cine." 

y important applications in 

L. R. Bloom K. J. Germeshausen 

K. J. Germeshausen, Edgerton, Ger-
meshausen & Grier, Inc.—"The newest 
Hal most rapid growing area of use 
for lash lamps and associated driving 
equipment is in optical laser pumping. 
These applications demand higher 
power density and a rather narrow 
spectral output tailored to the needs 
of the laser. In the next decade it 
should be possible to improve optical 
pumping systems by a factor of 4. An-
other growing area is the use of flash 
lamps for signals and beacons. Here 
the objectives are improved visual ef-
ficiency, reliability and freedom from 
service." 

Microwaves 
John C. Cacheris, Motorola, Inc.—"... 
During the next decade the develop-
ment of ferrite devices will become 
more complex, sophisticated, and more 
costly. The most important advances 
will be made in switches, circulators, 
phase shifters, and materials that are 
capable of handling high power levels 
and that are suitable for operational 
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If you build power amplifiers or any 
UHF equipment.• 
the planar or concentric- electrode vacuum tubes, investigate Erie's new line of mica screen grid bypass, 

blocking and coupling capacitors that are: 

• if your higher- frequency communications designs use 

Smaller in size. .. from 50% to 300% reduction in space required. 

Broader in capacitance range. .. up to 10,000 pf. 

Erie's unique use of ruby mica as the dieleciric keeps series resistance at a minimum. Heavy, short, flat 

terminals help keep inductance low, keep resonant frequency high. Minimum Q of 1000, as high as 3000 and 

up typically. Excellent stability of frequency, even under severe vibration and mechanical and electrical shock. 

Near-zero temperature coefficient. 
Eight different types, configurations, and ratings of Erie UHF screen grid bypass capaci-

tors now in stock. Special, custom-designed units can be quickly and economically developed 

for your special needs. 

Write for Bulletin 525, with illustrations, design and performance data, and specifications 

on all the new Erie capacitors for UHF communications. Also ask for information on Erie's 486 

other styles of HF mica capacitors. 

f__II 
ERIE 

TECHNOLOGICAL 

PRODUCTS, INC. 

another new product from 
644 West 12th Street 

Erie, Pennsylvania 

WHERE IMAGINATION CREATES VALUE IN ELECTRONICS FORMERLY ERIE RlYSTOR CORPORATION 
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Microwaves (Continued) 

electronically scanned antenna arrays. 
Lumped constant devices will be used 
more widely for frequencies down to 
30 inc. Applications at millimeter wave 
frequencies will increase. The applica-
tion of magnetic single crystals and de-
vices such as microwave acoustic am-
plifiers and delay lines will receive con-
siderable attention and may become 
practical." 

J. C. Cacheris Dr. D. L. Jaffe 

Dr, D. L. Jaffe Polarad Electronics Co. 
—"Competitive pressures from realistic 
government buying together with con-
tinuous changing technology will 
harden our industry. Events will forge 
a new group of financially and techni-
cally sound organizations in electronics. 
Creative engineering talent used to fill 
government prescriptions for defense 
items must be redirected by sound mar-
keting concepts to industrial applica-
tions. Design engineers educated in a 
climate where cost considerations were 
secondary will have to adjust to the 
commercial pressures of price competi-
tion. Those of us in the microwave in-
strument field will find increased ap-
plication for quantum electronic 
devices, i.e., varactors, ferrites, tunnel 
diodes, etc., which will result in a new 
generation of standard instruments. 
Ingenuity, competence in new tech-
niques and a sensitivity to industry 
needs are required today for the de-
velopment of tomorrow's marketable 
new, products." 

Arthur L. Schawlow, Stanford Univer-
sity—"The really large scale applica-
tions of lasers will have to wait until 
ways are found to combine high ef-
ficiency with high power and energy 
output. You can afford to waste power 
and dissipate heat only if the total 
amount is small. Power and efficiency 
can surely be combined, but it will take 
a lot of work and considerable in-
genuity. Meanwhile, there are applica-
tions where large numbers of small 
lasers could be used, if the price were 
more commensurate with the simplicity 
of the devices." 

A. L. Schawlow T. G. Mihran 

R&D 

Theodore G. Mihran, Cornell Univer-
sity—"R-F electron beam devices, both 
linear and crossed-field, continue to 

have a virtual monoply on the efficient 
generation of high average power at 
microwave frequencies. The power-
frequency frontier will continue to ad-
vance in the future as a result of 
improved technology and new combina-
tions of principles already known. On 
the research frontier, the electron beam 
is proving to be an extremely interest-
ing member of the general class of 
plasmas. The electron beam can be 
'purified' to the extent of almost com-
pletely removing perturbations, such as 
random motion and non-laminar mo-
tion. By then introducing such 'im-
purities' in a controlled fashion, I 
anticipate that new properties of beam 
plasmas will be uncovered which will 
form the basis for radically new fami-
lies of electron beam devices in the 
future." 

Gifford White, White Instrument Labs 
—"In the physical instrumentation 
field, as in most others, the time gap 
between theoretical investigation and 
its application to hardware will become 
shorter. Increasing numbers of engi-
neers will have the desire and the 
mathematical ability to reduce abstract 
models to practical devices. Sophistica-
tion at the design level will increase. 
The engineer must prepare against his 
own obsolescence by continuous self 
training." 

G. White G. J. Lehmann 

Gérard J. Lehmann, Compagnie Gen-
erale d'Electricite, Paris, France — 
"Electronics has changed from a spe-
cialized field of science and technology 
into the form of a common tool widely 
used in research and industry. It now 
resembles the field of mechanics, so 
basic to engineering activities. Most 
electronics people must realize this fact. 
and become more closely associated 
with their technical environment than 
before. The birth of I.E.E.E. is a 
direct result of this metamorphosis. 
which announces even more glorious 
days for Electricity and Electronics 
closely united." 

Charles A. Desoer, University of Cali-
fornia—"We live at a time that is far 
more exhilarating than the Renais-
sance; the exponential progress of 
science and technology on all fronts 
has a time constant much smaller than 
the useful span of a human life. For 
example, the number of pages of pub-
lication in science and technology ap-
proximately doubles every 11 years. It 
is therefore of great importance for 
universities, R&D laboratories and in-
dustry to develop individual and col-
lective methods for using effectively 
this flood of information. For example, 
system theory is an attempt in the 
direction of looking at features of sev-
eral subfields from a unified point of 
view. This facilitates the learning of 
these subfields and enhances cross-
fertilizations among them." 

IEEE 
Fellows 

Semiconductors 

J. J. Suran 

J. J. Suran, General Electric Co.— 
".. . The impact of solid state de-
vices has virtually revolutionized the 
electronics field. Coupled with advances 
in system concepts, the rate of tech-
nological change triggered by the 
development of the transistor is in-
creasing. Integrated solid state circuit 
production portends a solution to the 
economic and reliability problems as-
sociated with both the commercial and 
military uses of highly sophisticated 
and complex equipments.. Novel solid-
state devices, such as the laser, will 
continue to introduce new degrees of 
freedom in the design of communica-
tion and data processing systems." 

George Abraham, U.S.N. Research 
Lab.—"Major improvements in micro-
electronics will come with the develop-
ment of muhifunctional devices operat-
ing at extremely low power levels and 
fabricated by bulk and thin film com-
binations. As fewer functional com-
ponents are required for system de-
sign, improved performance with 
decreased need for redundancy and 
adaptive networks is implicit. The de-
velopment of functional devices re-
quires an interdisciplinary approach 
among the systems engineer, the device 
specialist, and the physicist to identify 
and utilize those properties of matter 
applicable in designing subelements of 
future systems." 

G. Abraham M. Shepherd, Jr. 

Mark Shepherd, Jr., Texas Instruments 
Inc. — "Discrete semiconductors 
brought the first major revolution in 
the electronics industry in 30 years. 
Now, a further development—semicon-
ductor integrated circuitry—is well un-
der way. Its timing and scope of ac-
ceptance is exceeding all expectations 
of the circuit manufacturing industry. 
We predict that the device market 
alone—exclusive of R&D expenditures 
—will exceed $150 million annually 
in five years, and five times that 
within a decade. Integrated circuits 
already are capable of 25% of all cir-
cuit functions for new equipment de-
signs. By 1968-72 this will increase to 
75%. Integrated circuitry also will 
be less expensive than discrete com-
ponent circuitry. System reliability al-
ready is several times greater. Our 
studies indicate that this new approach 
will make it possible to save up to $1 
billion annually within a decade in 
government electronics expenditures 
alone." 
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at the IEEE show ? 

NEWCOHERENT DECADE FREQUENCY SYNTHESIZERS...the first two of a series 

Dial any signal from 

NEW Type 1396-A Tone-Burst Generator .... $490 

A coherent gate for the simulation of pulsed 
audio and ultrasonic signals over a dc- to 
500-kc range with external oscillators. Timing 
of burst is adjustable up to 128 cycles of in-
put signal for both on and off condition. In 
addition, off time may be varied from 1 milli-
second to 10 seconds. 

dc to 100 kc continuously or in 0.01-cycle crystal- locked steps, with 
the Type 1161-A Synthesizer. 

dc to 1Mc continuously or in 0.1-cycle crystal- locked steps, with 
the Type 1162-A Synthesizer. 

Seven convenient modular decades plus a continuously adjustable unit 
that permits either stepped or continuous frequency selection. At least 
9-figure readability including two significant figures provided by the 
continuously adjustable decade, which can be self- calibrated to three 
figures or more. Frequency can be varied by an external dc voltage — 
can be swept, fm modulated, or phase-locked to other signals. Oper-
ates from self-contained crystal standard or from external standards. 
Up to 2v output into 50 ohms. Fits into only 51/4 inches of rack space. 

Price will surprise you — to be announced at the IEEE Show. 

NEw Type 1115-8 5Smtandiamrd:Fredqiu0e0nkcy Outputs $2,050 

All silicon transistor circuits — rugged,fiberglass-epoxy, etched circuit 
boards throughout. Built-in battery supply and charger for emergency 
operation up to 35 hours. Oscillator frequency can be conveniently 
shifted by external voltage — ideal for use with phase-lock systems. 
Uses a proportional-control crystal oven. 
Excellent spectral purity. 

N EW 
Type 1644-A Megohm Bridge ... $625 

Measures 1000 ohms to 1000 teraohms (1015 
ohms)in ten decade ranges. Accuracy is . 1% 
to 10I3 ohms. Has AR dial for measuring small 
incremental differences. Built-in null detec-
tor and self-checking internal standards. 
Has seven test voltages from 10v to 1000v — 
ideal for leakage measurements. Useful for 
two- or three-terminal, grounded or un-
grounded measurements. 

...PLUS over 16 other recently announced products 
WAVE ANALYZER 20c to 50kc range ... 3-, 10-, and 50- cycle bandwidths 

... adapts readily for automatic recording of spectra. 

SOUND AND VIBRATION ANALYZER A one-third and one-tenth octave-
band analyzer operating over a 2.5c to 25kc range. 

MEGOHMMETER Direct reading to 2,000,000 megohms with 500v test volt-
age and to 200,000 megohms at 100v. 

SLOTTED-LINE RECORDER SYSTEM For automatic recording of VSWR 
from 1.001 to 1.20 over a 300Mc to 9Gc range. 

PRECISION COAXIAL CONNECTOR A low-VSWR connector — less than 
1.002 to 1Gc; 1.01 to 9Gc. 

ELECTRONIC VOLTMETER A 2%-of- reading instrument useful to 
1500Mc. 

STAN lARD SWEEP-FREQUENCY GENERATOR Covers 0.7Mc to 230Mc 
h‘..s the ** perfect marker", permitting the taking of accurate data 
directly from scope display. 

DIGITAL TIME & FREQUENCY METER Measures frequencies to 400kc, 
periods to 20kc, and frequency ratios. Has input circuits which permit a 
choice of input sensitivity, impedance, trigger level, and ac or dc 
coupling. 

DIGITAL-TO-ANALOG CONVERTER 0.1% accuracy DIA converter capable 
of 10,000 conversions per second. 

DATA PRINTER 12-digit- per-line printer capable of printing rates up to 3 
lines per second. 

AUDIO OSCILLATOR AND POWER AMPLIFIER A 20c-to-20kc solid-state 
oscillator and amplifier with 200-va output. 

CAPACITANCE BRIDGE A 0.01% direct-reading bridge with 6-figure reso-
lution. 

REFERENCE STANDARD CAPACITORS 1000pf and 100pf units adjusted to 
5 ppm accuracy. 

DECADE RESISTANCE BOXES Two new units covering 11,111,000 ohms in 
100-ohm steps and 11,111,100 ohms in 10-ohm steps. 

...many of the other G-R old reliables will also be on display, so make it a point 

to see us at Booths 3201-3208. 

IN CANADA: Toronto 247-7171. Montreal lMt. Royal) 737-3673 
IN EUROPE: General Radio Overseas, Zurich, Switzerland 

GENERAL RADIO COMPANY 
C Hs_JETTS 

NEW YORK, N. Y., 964-2722 CHICAGO PHILADELPHIA, 424-7419 
(Ridgefield, N. J.) 943-3140 (Oak Park) 848-9400 (Abington) 887-8486 

WASHINGTON, D.C. SYRACUSE DALLAS 
(Rockville, Md.) 946-1600 454-9323 FL 7- 4u31 

SAN FRANCISCO LOS ANGELES ORLANDO, FLA. CLEVELAND 
(Los Altos) 948-8233 469-6201 425-4671 886-0150 

Circle 34 on Inquiry Card 
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ELEVEN SIZES OF PRECISION MAC PANEL PLUGBOARD PROGRAMMING 

SYSTEMS PLUS A COMPLETE LINE OF PLUGWIRES AND HARDWARE 

40""enegeœl>  

PROVIDE ONE SOURCE FOR RELIABLE, FLEXIBLE PROGRAM CONTROL 

engineereD 
ceo nfeet YouqL 

eeds 
MAC Panel's Plugboard Programming Systems 
range in size from 200 to 5120 positions, and 
are designed and engineered to assure rugged 
construction, flush mounting capabilities and ease 
of plugboard insertion. Each system consists of a 
precision engineered receiver, lightweight molded 

MAC PANEL COMPANY, 

phenolic or diallyl phthalate plugboard and a 
complete line of plugwires. Whether your require-
ments call for special design applications or for a 
system to fit standard racks, MAC Panel assures you 
of quality and guaranteed satisfaction. See your 
MAC Panel representative or write for specifications. 

•A.0 High Point, North Carolina 
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30 Interchangeable 
Reasons 
why your recorder should be an ()Wier 

Each reason is an Offner Coupler—a small, 
efficient "conditioner" which takes transducer 
signals and prepares them for faithful 
recording on the Offner Dynograph® recorder. 

Why couplers? They are the simplest, most 
efficient, least expensive way to change 
recording parameters. No special amplifiers 
or preamplifiers to buy, just slip out 
one coupler and slip in another. 

How many do you need? A half dozen, maybe, 
no matter how varied your recording needs. 
The 9803, for instance, is used for strain gages; 
the 9806A for de and ac signals, etc. 
Both couplers cost only $60.00 each. 

But couplers aren't the only reason for 
selecting an Offner Dynograph recorder. 
Others are: the superior circuitry you'll find 
(fully solid-state since 1955 ) ; the widest 
choice of recording methods, including ink 
rectilinear, ink curvilinear, heat, and electric; 
and the superb performance which has made 
Offner Dynograph recorders the perennial 
choice of the electronically appreciative. 
For complete data, see your Offner 
representative or write us. 

Beckman INSTRUMENTS, INC 

OFFNER DIVISION 

SCHILLER PARK, ILLINOIS 

Offner recorders are sold and serviced by Beckman worldwide facilities. 

International Subsidiaries: Geneva, Switzerland; Munich, Germany; 

Glenrothes, Scotland; Paris, France; Tokyo, Japan; Capetown, South Africa. 

SEE US AT IEEE, BOOTHS 3312, 3314 

52 Circle 35 on Inquiry Card ELECTRONIC INDUSTRIES • March 1964 
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...but nothing else 
regulates the "ups and downs" 
of voltage fluctuation like 

THE NEW COMPACT 
SOLATRON® 
VOLTAGE 
REGULATOR* 

As modern electronic equipment becomes more exten-
sive and complex, the need for closely regulated voltage 
is of increasingly crucial importance. This is especial-
ly true in cases involving whole systems, or mixed sys-
tems, of electronic apparatus. To operate such sys-
tems in the past, it was necessary to settle for 
piecemeal regulation of individual component-assem-
blies—using regulators such as Sola's CV transformer. 
Other available regulators contained moving parts, re-
sulting in slow response and undesirable maintenance. 

All of which led Sola to the development of the new 
compact SOLATRON line-voltage regulator. 

What is it? Basically, a highly-engineered adapta-
tion of the standard accessory-type SOLATRON regu-
lator — a smaller, more rugged, more sophisticated 
regulator specifically designed for component use. Op-
erating in the range of .5 kva and up, the compact 
SOLATRON regulator provides continuous corrective 
action to any combination of line, load and frequency 
fluctuations — action that is extremely fast, economi-
cal and precise, with standard regulation in most in-
stances better than -±-1% of nominal rating. 

The SOLATRON regulator is not a ferroresonant 
constant voltage transformer, like the Sola CV. Smaller 
in size and weight, it features remote sensing and 
feedback, and adjustability of output voltage. Unlike 
the CV, the SOLATRON regulator is insensitive to 
frequency variations. 

Correction is 90% complete in 5 cycles or less; 100% 
in 10 cycles or less! Regulation is maintained over a 
voltage fluctuation range of ±-10% or ±-20%, depend-
ing on the model ordered. Response times of 3 to 5 
cycles may be accomplished by using a -±-20% SOLA-
TRON for control of -1710% voltage fluctuations. Fre-
quency of input can be 60 cycles, 50 cycles, 50/60 cycles 
or 400 cycles. The range of ratings is from 500 va up. 

Because the new, compact SOLATRON regulator 
features no moving parts, it is maintenance-free. Con-
trol circuitry is all solid state. 

The new, compact SOLATRON regulator is avail-
able in three configurations: 

• exposed core with end housings for wall or ex-
ternal mounting 

• rack panel mounting for 19" relay rack 
• open core-and-coil for component use 

The SOLATRON regulator presented here is a basic 
regulating unit which can be adapted to a great num-
ber of customer requirements. Standard designs are 
available on an "assemble-to-order" basis, and special 
configurations to meet your own individual require-
ments can easily be made from these standard designs. 

For further information on SOLATRON voltage 
regulators, please check the ap-
propriate square on the reply card 
on the back page, and we will have 
a Sola representative call on you. 

wall 

mounting 

u "raten i.61ràlàrlfor 

open core-

and-coil 



SOLATRON regulators 
have a way orfitting in" 

SOLATRON regulators are inherent-
ly "alterable" — that is, they are de-
signed so that their shape can be 
altered to fit into various housings, 
in different applications. For the elec-
tronics OEM, this means that SOLA-
TRON regulators give him the right 
combination of weight, size, shape and 
superlative voltage regulation — all 
in one package. 
Each day the electronics industry 

finds more and more applications for 
the new, compact SOLATRON regu-
lator. Just a few current applications: 
in ground support equipment; as the 
final regulator for inverters; in count-
less shipboard applications; in process 
control equipment; to furnish precise 
voltage for instrument calibration; 
and as a preregulator for power sup-
plies, videotape recorders, photograph-
ic printer-enlargers ( military), and 
testing equipment. 

SOLATRON FEATURES 

1. Output Regulation: ± 1% from 
nominal, for any combination of 
line, load, and frequency change 
within specified parameter (-± 10% 
or -I- 20% input voltage range). 

2. Fast Response: 90% correction in 
less than 5 cycles; complete cor-
rection 10 cycles for 20% line volt-
age changes and load variations of 
0-100%. Response times of 3 to 5 
cycles can be achieved by using a 
± 20% SOLATRON for control of 
± 10% voltage fluctuations. 

3. Frequency Insensitive: Normal de-
sign range for 60 cycle unit is 57-
63, 47-53, or 47-63 CPS and 380-
420 CPS for 400 cycle unit. 

4. Local or remote sensing to main-
tain local or remote voltage con-
stant. 

5. Electronic-magnetic design: No mov-
ing parts, maintenance free. 

6. Low Harmonic Content: Harmonic 
content less than 3% total rms. 

7. Ultra Compact: Smaller and lighter 
than other standard regulators. The 
1 KVA unit for wall mounting meas-
ures 6x6x14, weighs 32 pounds. 

8. Complete Flexibility: May be hori-
zontally or vertically mounted. Large 
terminal compartment contains 
heavy duty terminal panel. 

9. "Adjustomatic"Voltage Control: Out-
put is continuously adjustable to 
-4- 10% of the nominal rating. 

10. 98% Efficiency: at rated loa -1 and 
rated output voltage. 

"CV transformers prolong 
component life by 200%!" 
— Vendtronics, Inc., Cincinnati, Ohio 

Vendtronics Incorporated manufac-
tures the only money changer that 
changes dollar bills as well as half 
dollars, quarters and dimes. Because it 
is all-important that their changer be 
able to withstand short-term overloads 
and operate efficiently under widely 
varying voltage conditions, Vendtron-
ics management decided for the Sola 
CV transformer. How did it work out? 

"Perfectly," states Mr. Alan Foster, 
president of Vendtronics. "Not only 
did the Sola CVS give us excellent 
regulation, but I estimate that it in-
creased the component life of our 
changer by about 200 per cent." 

This is what we mean by Sola reli-
ability — performance that consist-
ently goes beyond requirements. And 
does so not by accident either — but 
by "design" — the built-in excellence 
that can come only from sound, imag-
inative engineering. 

Sola's standard 

CVDC power supplies 

save you money.. . time. 

On the back page we have listed Sola's 
standard CVDC power supplies. It is 
the longest list of ratings in the in-
dustry. For you — the design en-
gineers and electronics components 
purchasers — this means one thing: 
economy. Time and money saved. Or-
dering a power supply that has already 
been designed and produced eliminates 
the costly process of engineering an 
entirely new unit. Also, it means that 
the buyer is getting a design of prov-
en performance — with all the "bugs" 
engineered out of it. Many of these 
CVDC power supplies are available 
right off Sola distributors' shelves; 
many others are in stock at the Sola 
factory . . . ready for prompt delivery 
wherever the power supply is needed. 
The Sola CVDC power-supply story 

is more than just availability, how-
ever. It is basically a story of quality. 
CVDC power supplies offer extremely 
fast, reliable voltage regulation from 
a relatively simple, low-cost source. 
And let us stress that, in addition to 
stocking the widest range of standard 
CVDC power supplies, Sola maintains 
its considerable capacity for designing 
special power supplies — CVDC, sat-
urable-reactor type, and transistorized 
— to meet the requirements of any 
customer. 

BUSINESS REPLY MAIL 

No Postage Necessary If Mailed In United States 

— POSTAGE WILL BE PAID BY - 

SOLA ELECTRIC COMPANY 

1717 Busse Road 

Elk Grove Village, Illinois 

FIRST CLASS 

Permit No. 165 

Arlington Heights, 

Illinois 

Dept. 105E1 



Standard CVDC Power Supplie regulation: ± 1% at full load. (All inputs 

a 110-130 v. 60 cycles 1% total rms ripple except where noted.) 

Catalog Volts 
Number Out Amps VA 

Load Regulation 

20% - 
F.L. 

50% - 
F.L. 

Catalog Volts 
Number Out Amps VA 

Load Regulation 

20% - 
F.L. 

50% - 
F.L. 

28313 1.5 2 3 0.5 0.3 281797 48 4 192 6 3 
281868 4 10 40 9 7 

(100-130, 200-260 v. in. 50 c.) 

28316 5 4 20 10 8 
281887 48 
(100-130, 200-260 in.) 

6 288 5 3 

281513-1* 6 10 60 9 7 281561* 48 10 480 4 2 
28317 10 4 40 9 7 28186 50 6 300 1.5 1 
281934 10 12 120 7 5 

28314 60 1 60 6 3 
28318 10 20 200 10 8 281214-1 60 1 60 6 3 
281280 12 3 36 9 7 281476 62 5 310 10 8 
281514-1* 12 5 60 6 5 281232 65 384 27 5 4 
281845* 12 15 180 7 5 28315 90 1 90 3 2.! 
281841 12 20 240 9 7 28154 90 3 270 1.5 1 
281915 14 5 70 4 3 28155 90 5 450 1.5 1 
281934 14 10 140 5 4 281099 100 .4 40 4 2 
281515-1* 18 5 90 5 4 28307 100 2 200 2.5 2 
28185 20 1 20 0.7 0.5 28662 100 7 700 1.5 1 
281272 20 8 160 3.5 2.5 281233 115 .5 57.5 2.5 2 
28319 20 20 400 6 3 28140 120 1 120 1 
281097 20 22 440 5 7 28747 120 8 960 3 2 
281201 24 2 48 6 4 281125* 125 2 230 2.5 1.. 
281481 24 
(380-520 v. in.) 

6 144 5 4 28663 125 4 500 5 3.! 

281024-1' 24 6 144 5 4 
281343-1 (50 c.) 125 6 750 6 4 

28632 ( 50 c.) 24 6 144 5 4 
281537 130 .200 26 3 2 

281794 ( 50 c.) 24 6 144 7 5 
28162 130 .5 65 2.5 2 

281008-1 24 10 240 55 4 
281150* 150 2 300 2 1.. 

281203* 24 15 360 5 4 
281798 150 
(100-130, 200-260 v. in. 50 c.) 

2 300 3 2 

281387 ( 50 c.) 24 15 360 5 4 28127 150 4 600 1.5 1 
281949 24 20 480 8 5 28660 150 5 750 1.5 1 
281092 24 22 528 8 5 281800 160 1 160 1 0.7 
281925 24 25 600 5 4 281503 170 3 510 1 0.7 
28262 28 2 56 6 3 281200* 200 1 200 3 2 
281874 28 5 140 7 4 281799 250 1 250 3 2 
28626* 28  

281820 28 

8 

15 

224 

420 

6 

6.5 

4 

5 

(100-130, 200-260 v. in. 50 c.) 

281250* 250 1 250 3 2 

28671 28 20 560 6.5 5 28721 250 3 750 2.5 2 

281947 28 25 200 7 5 281875 250 
(414-506 in.) 

6 1500 3 2 

281890 28 50 1400 9 
v. 

7 
281914 1 300 3 2 

281905 30 2 60 4 
300 

3 
28816 .6 210 1.5 1 

28283 48 2 96 3 
350 

2 
28171 2 800 1.5 1 

281048* 48 4 192 3.5 
400 

2.5 
28421 3 1350 1.5 1 

281469 (50 c.) 48 4 192 7 
450 

5 
28352 2 1000 1.5 1 

281360 48 
(100-130, 200-260 v. in. 50 c.) 

4 192 6 
500 

3 
28430 600 1 600 1.5 1 

available off-the-shelf at Sola, or from Solo distributors 

Please send me: 

E SOLATRON bulletin VR-160 

El Sola CV transformer catalog CV- 150 

El CV DC power supply catalog DC- 145 

Or, to have a Sola sales engineer call for appointment regarding 
SOLATRON regulators, check here: 

NAME   

TITLE OR POSITION  

COMPANY  

ADDRESS  

With Sola distributors 

"off-the-shelf" availability 

is the rule! 
Throughout the US, electronics distribu-
tors generally carry two major Sola prod-

uct lines: CV transformers and CVDC power 
supplies. These distributors naturally do 

not stock every number in these Sola lines; 
however, they do try to keep in stock 
those units in greatest demand, especially 
in the small-order category. 

For our customers across the country, 
this off-the-shelf availability of Sola prod-
ucts at the distributor level always means 

a savings in time over factory purchases. 
And frequently, where shipping costs are 
a factor, buying from the distributor means 
a cost savings as well. Just as important. 
the customer will find Sola distributors 
have the background and product knowl-

edge to help him fill his requirements out 
of stock. So consult your electronics dis-
tributor. or ask the Sola office nearest you 
for the name of the Sola distributor in 
your vicinity. 



RESETTABLE EVENTS COUNTER 

hi> electromagnetic unit resets by 
pressing the reset button. To indicate an 
event, 23 to 29vdc is applied to the 2 
terminals. Pulse duration 0.075 sec. 
A.W. Ilaydoit t.o. Booths 1405-07. 

Circle 218 on Inquiry Card 

SOLID-STATE CHOPPER 

Type 7030 may be driven from dc to 
51:c with isolation between signal and 
drive circuits. No drive transformer or 
external isolating circuitry is needed. 
Airpax Electronics. Booth 2306. 

Circle 219 on Inquiry Cord 

PRECISION RESISTOR 
The 1/20w. WLC 50 precision, metal-

film resistor has end cap construction 
and exceeds Mil- R- 10509E. Resistance 
from 30.1 to 100K11 Ward Leonard 
Electric Co. Booth 2231. 

Circle 220 on Inquiry Cord 

At I.E.E.E. 

EJ Win 

ELLIPTICAL WAVEGUIDE 

These waveguides are pressure-tight 
and feature performance comparable to 
rigid rectangular systems. Freq. is 4.4 
and 8.6(;c. They are covered with poly-
etheylene. Andrew Corp. Booths 1502-04. 

Circle 221 on Inquiry Card 

LASER Q-SWITCH 

The Model 3346 is used with solid-state 
lasers. Has a 0-20,000 RPM continu-
ously- variable rotor speed. Pulse height 
is — 10v. at less than 500 impedance. 
Energy Systems, Inc. Booth 3303. 

Circle 222 on Inquiry Card 

OSCILLOSCOPE 
Model 725 has sq.-wave voltages of 40 

and 400mw, and a rise time less than 
1.5r.rsec. Display allows a 4µsec. pulse 
at a rate of lOpps. American Electronic 
Labs, Inc. Booth 1105. 

Circle 223 on Inquiry Card 

CODED SWITCHES 
No. 42 provides decimal conversion to 

special computer codes. Rated to make 
and break la., 115vac resistive load, or 
carry 10a. continuously. Normal life is 
100K cycles. Grayhill Inc. Booth 2302. 

Circle 224 on Inquiry Card 

CAPACITOR 
Tlie N- series precision piston trimmer 

offer the Hi-Life drive mechanism for a 
longer adjustment life (over 600% 
greater than required by Mil-C-14409B). 
JFD Electronics Corp. Booth 1515. 

Circle 225 on Inquiry Card 

PERMANENT MAGNET 

Placovar is a platinum-cobalt alloy 
that is ductile and can be fabricated into 
strip, rod, and wire. Coercive force is 
over 4000 Oersteds. Hamilton Watch 
Co. Booth 2128. 

Circle 226 on Inquiry Card 
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6 MORE NEW LAMPS 

APPROXIMATE 
SIZE 

SCR GATING, 
RELAY LOGIC CIRCUITRY 

SWITCHING, 
MEMORY CIRCUITS 

LOW VOLTAGE USE, 
TRANSISTOR INDICATOR LIGHTS 

LAMP #A057 B 
Breakdown voltage .... 90 V.D.C. 

Max. in Total Darkness 
Design current Avg.   10 MA. 

Peak   80 MA. 
Maintaining voltage .... 65 V.D.C. 

Max. 

LAMP #T2-27-1W760 
Breakdown voltage .... 170-200 

V.D.C. in Light 
Design current   6 MA. 
Maintaining voltage   60-70 

V.D.C. 

LAMP #A079 
Breakdown voltage .... 70 V.D.C. 

Max. in Light 
Design current   0.3 MA. 
Maintaining voltage .... 58 V.D.C. 

Max. 

VOLTAGE REFERENCES, PHOTO-CHOPPERS, TIMING CIRCUITS, 
X-Y MATRICES PHOTO-CELL DRIVERS RELAXATION OSCILLATORS 

LAMP ,A059 SERIES 
Breakdown voltage   65-75 

V.D.C. in Light 
Design current   0.3 MA. 
Maintaining voltage .... (Available 

to within one volt from the 
range of 52 V.D.C. to 60 
V.D.C.) 

LAMP #A074 
Breakdown voltage . 85 V.D.C. 

Max. in Total Darkness 
Design current   0.3 MA. 
Maintaining voltage   50-60 

V.D.C. 
*See Schematic Below 

LAMP #A078 
Breakdown voltage   66-74 

V.D.C. in Light 
Design current   0.3 MA 
Maintaining voltage   50-60 

V.D.C. 
Leakage resistance   10,000 

Megohms Min. 

APPROXIMATE 
SIZE 

PROVEN IN SOLID STATE CIRCUITS 

TO REDUCE COSTS 
AND INCREASE RELIABILITY 

The circuit technique above was created to improve performance and reliability 
while eliminating mechanical relays — it is completely discussed in Vol. 2 
No. 2 of Signalite Application News . . . available on request. This example 
illustrates but one of the many innovations which designers have developed 
with the six new Signalite glow lamps. 

Signalite has been serving designers with the highest quality glow lamps for 
over 20 years and is today the single source for all glow lamps. Write today 
on your company's letterhead describing your particular application. If there 
is a glow lamp to meet your needs — we'll have it — if there isn't, we 
can design it. 

THE single source 
for all glow lamps 

INCORPORATED 
NEPTUNE, NEW JERSEY 
Area Code 201-775-2490 
TWX-775-2255 • Dept. " 1" 

58 Circle 37 on Inquiry Cord ELECTRONIC INDUSTRIES • March 1964 



MICROMINIATURE CAPACITORS 

The Dearborn " LM7- line is a 0.018-
200vdc unit. Available in axial or 

radial leads. Temp. range is — 55° to 
125°C. Dearborn Electronic Labs. Booth 
2933. 

Circle 227 on Inquiry Card 

LINE VOLTAGE REGULATOR 

The component-type Solatron regulator 
is available in 3 basic configurations. 
Standard units range from 0.5 to 2kva : 
additional ratings can be provided. Sola 
Electric Co. Booths 2311-15. 

Circle 228 on Inquiry Card 

CATHODE-RAY TUBE 
The 1)13-26 5 in. mesh tube is usable 

oNer 10mc with a sensitivity of 2.5v./cm. 
Post acceleration is 15kv. Envelope is 
18.4 in. Amperex Electronics Corp. 
Booths 2522-26. 

Circle 229 on Inquiry Cord 

At I.E.E.E. 

INTEGRATED CIRCUIT TESTER 
Model 2500 performs data logging or 

GO, NO-GO tests on integrated-circuit 
and micromodule parameters. Accuracy 
is -±-1/21/4  of reading. Speed is 200 ms/ 
test. Optimized Devices, Inc. Booth 3120. 

Circle 230 on Inquiry Card 

R-F FLUID SEALS 

This gasketing material consists of a 
highly conductive plastic reinforced with 
a 30-mesh aluminum screen. High at-
tenuations are obtained. They shield AN 
connectors. Chomerics, Inc. Booth 4025. 

Circle 231 on Inquiry Card 

PRINTED-CIRCUIT CONNECTOR 

This connector is for edge-type appli-
cations. An accordian spring provides 
constant pressure through repeated in-
sertions and withdrawals. Burndy Corp. 
Booths 1733-37. 

Circle 232 on Inquiry Card 

COMPUTER DIODE 
roe ED 700 can be used in ultra high-

speed logic circuits. It has low capaci-

tance, psec recovery times, and controlled 
forward conductance. Fairchild Semi-
conductor. Booths 2701-07. 

Circle 233 on Inquiry Card 

DIGITAL INSTRUMENTS 
Series 991) provide the cboice of freq. 

and dc voltage measurements in 1 in-
strument. Measurement ranges from 0 
to 750vdc and 2 c/s to : mc. Electro 
Instruments, Inc. Booths 3803-05. 

Circle 234 on Inquiry Card 

FAST-CHARGING BATTERIES 

This nickel-cadmium space cell has a 
double-diode system, a fast charging and 
deep-discharging development. Recharges 
at fast rate. Allows more working ca-
pacity. Sonotone Corp. Booth 1902. 

Circle 235 on Inquiry Card 
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No more checking needed — that "last" glance 

is for satisfaction. A 125V PNP complement did 
the trick — it eliminated one stage . . . reduced 

the size and power just enough. 

- 

__•_____ 

ese'' 

10-46 

Case 

mAximum VOLTAGES 1„0 

Max. 

Ft 25°C 

GA) 

V .( SAT) f. 

_ 

10-46 

Case 

MAXIMUM VOLTAGES I , 

Max. 

.. 75°C 

(0A) 

'....-- V ( SAT) I. 

BV,.' 
(Volts) 

BV,-,0 
(Volts) 

1114„0 
(Volts) 

Min. Max. e. 1,, 

(mil) 

Mae. 
(Volts) 

7Yls 
(MC) 

B1/.0 

(Volts) 

BV,, 

(Volta) 

BV,,, 

(Volts) 

Min. Max. ei 1,, 
(mA) 

Max. 
IVolts) 

7Ye. 
(MC) 

NPN 2N2518 125 AO 8 005 40 100 5 0.5 175 NPN 2N2460 100 60 8 .002 70 130 5 0.3 200 

PNP 252599 —125 —KO —7 —.025 40 100 —5 —0.5 90 PNP 2N2591 —100 —60 —7 —.025 70 135 —5 —0 4 100 

NPN 252519 125 80 8 .005 80 200 5 0.5 200 NPN 252461 100 60 8 .002 120 180 5 0.3 225 

PNP 252600 —125 —80 —7 —.025 80 200 —5 —0.5 120 PNP 252592 —100 —60 —7 —.025 115 200 —5 —0.4 125 

NPN 211.2459 100 60 /3 .002 40 80 5 0.3 175 NPN 252462 100 60 8 ' .002 170 230 5 0.3 250 

PNP 252590 —100 —60 —1 —.C125 40 80 —5 —0.4 75 PNP 2N2593 —100 —60 —7 —.025 160 275 —5 —0.4 150 

Thorough evaluation leads to a good decision. Many problems involving high voltage comple-
mentary transistors can be answered with the type numbers listed above — they represent the industry's 
largest high voltage line of complementary planar transistors. In fact, Sperry Semiconductor 
produces the industry's first full line of PNP/NPN Complementary Silicon Planar Transistors. Notice 
the close matching characteristics — we make them that way (not just pick a PNP that is close to an 
NPN). This is another example of Sperry's leadership of PNP low level silicon planar transistors. 

Our record of reliability is important — it validates our credentials for the future. Question them, 
inspect them, use them — they can help on your military projects and in your in-

69 Hickory Drive, Waltham, Massachusetts; Midwest Regional Office: 3555 West 
Peterson Avenue, Chicago 45, Illinois; Western Regional Office: 1680 North Vine SPEREIY 
Street, Hollywood 28, Calif. Sales Representatives: Orbit Electronics, 250 Carroll Street, 

dustrial control work. Whether you need volume production or personal attention 
in custom engineering — contact Sperry Semiconductor. E Eastern Regional Office: 

DIVISION OF 
Fort Worth, Texas; Perrott Associates, Incorporated, 2321 East South Street, Orlando, SPERRY RAND 

Fla. E Keep in touch — with SPERRY SEMICONDUCTOR, Norwalk, Connecticut. CORPORATION 

SEE US AT IEEE— BOOTH #1712-14 
Circle 38 on Inquiry Card 

312:1.1 



NOISE FIGURE METER 
Model 792-A has a continuously vari-

able i-f input. It tunes from 10 to 120mc 
and has 10 to 900mc hot-wire source for 
1.-5db overall accuracy. Kay Electric Co. 
Booths 3512-3518. 

Circle 236 on Inquiry Card 

NYLON BUSHING 
Ricil:ok is made in 2 dissimilar halves 

joined on 1 side by an integral nylon 
hinge. When installed, the 2 halves are 

forced together on the lead wire. Richco 
Plastic Co. Booth 4023. 

Circle 237 on Inquiry Card 

PULSE GENERATOR 
Model 108 has a pulse output of 50v. 

into 50ft at 10mc, and less than 2% 
overshoot at 7nsec. rise time. Variable 
rise time from 7nsec. to 0.05µsec. Data-
pulse Inc. Booths 3108-11. 

Circle 238 on Inquiry Cord 

UM FEUD r0 
At I.E.E.E. 

NICKEL CIRCUITRY WAFERS 
These chemically-clean, weldable waf-

ers are for miniature cordwood modules. 
They are mounted on a glass-epoxy sub-
strate. Sanders Associates, Inc. Booths 
2535-36. 

Circle 239 on Inquiry Card 

MICROWAVE ABSORBER 

Space Net is a resonant absorber. It 
performs at any f req. from very law to 
Icc. Reflected energy below 1% from 
that of incident at resonate. B.F. Good-
rich. Booth 3041 

Circle 240 on Inquiry Card 

SOLID-STATE COUNTER 
Model 40-89 has 8-digit, in-line display 

storage readout, automatic decimal, and 
units positioning. It has BCD printer 
output. Input impedance, 1 meg. North-
eastern Engineering. Inc. Booth 3807. 

Circle 241 on Inquiry Card 

ULTRASONIC CLEANERS 
Model 500-1C cleans small electrical 

parts, instruments, ball bearings. It op-
erates at 40xc. Weight of the laboratory 
unit is 40 lbs. Jetsonic Industries Inc. 
Booth 1922. 

Circle 242 on Inquiry Card 

SCR 

Series 72RC-A diffused alloy SCR 
operates from 25 to 800v. Provides bulk 
avalanche characteristics in both direc-
tions. Capable of 70 amps. International 
Rectifier Corp. Booths 2633-37. 

Circle 243 on Inquiry Card 

ULTRA-MINIATURE CONNECTOR 

The BI /CON® concept allows sub-
strating of units previously integrated 
or unitized. For magnetic-core memory 
stacks with no stack assembly. Elco 
Corp. Booths 1420-1422. 

Circle 244 on Inquiry Card 
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ELECTRONICS 
CORPORATION 

ELECTROMAGNETIC 
DELAY LINES 
AND FILTERS 

Designed to your electrical, mechanical and en-
vironmental specifications. ESC is staffed and 
equipped to supply a single part to your sketch or 
high volume production to formal specifications. 

ESC, the Leading Supplier of Custom-Designed Electro-
magnetic Networks maintains its position in the industry by 
offering the services of the largest staff of design specialists 
in the field; continuous evaluation of new components, 
materials and packaging techniques; approved quality control 
procedures to MIL-Q-9858B; complete laboratory reports with 
every prototype; units that meet specifications and reliability 
requirements; and sales representatives throughout the U.S.A., 
Canada, and Europe. 

4 

Available off the shelf, you can select from our catalog 
fixed and variable lines with delays from nanoseconds to 
milliseconds, impedances from 50 to 2000 ohms, and delay-
to-rise time ratios up to 50. Some of these items are 
shown below. 

LUMPED CONSTANT DELAY LINES 

Standard LC Series - Delay time rise time ratios from 10 to 30 for 

delays of 0.25 µsec to 50 µsec. 

Millisecond Series - Long delay, low attenuation characteristics with 
delay time rise time ratios from 20 to 50 for delays of 10 µsec to 
5 millisec. 

(Custom-built Lumped Constant Delay Lines available with delay 
time/rise time ratios as high as 170(1.) 

DIRECT READOUT VARIABLE DECADE DELAY LINE 

Model 101 - a total delay of 9.99 usec Resolution 1  of total 
1000 delay 

Model 102 - a total delay of 99.9 µsec Delay/Rise: 33:1 

Model 103 - a total delay of 999 Asec ) Impedance: 1,000() 

No. 

11.1.111 CONTINUOUSLY VARIABLE DELAY LINES (6,,/,," 0 5/8" X 11/4") 

Delay 
(Max.) 

Rise Time Impedance 
(Max.) (Ohms) 

401 

402 
403 

404 
405 
406 
407 

.10 usec 

.20 usec 

.70 usec 

.50 usec 

.40 usec 

.25 usec 

.20 usec 

.025 usec 

.030 usec 

.090 usec 

.055 usec 

.040 usec 

.030 usec 

.030 usec 

100 
200 
500 
750 
1000 
1300 
1500 

DISTRIBUTED CONSTANT DELAY LINES 

Cylindrical or rectangular shapes for printed board mounting. Delays 
varying from 0.02 µsec to 1.2 µsec covering impedance ranges from 
100 ohms to 1,800 ohm!, exhibiting excellent pulse characteristics, 

at low cost. 

• MINIATURE VARIABLE DELAY NETWORKS (41/2 " X 11/2" x 1/2 ") 

Model Time Pulse 
No. Delay Impedance Rise Time 

701 0.125 ,se: 1500 ohms 0.03 usec (max.) 
702 0.25 ...sec 1800 ohms 0.06 usec (max.) 
703 0.50 , sec 1000 ohms 0.10 gsec (max.) 
704 0.75 usec 680 ohms 0.15 usec (max.) 
705 1.0 gsec 560 ohms 0.20 usec (max.) 
706 1.25 usec 470 ohms 0.25 usec (max.) 

707 1.50 usec 390 ohms 0.30 usec (max.) 
708 0.65 gsec 93 ohms 0.10 usec (max.) 

Pulse Attenuation- 1.0 db (max.) all units DC Working Volts- 500 volts (max.) 

MINIATURE TRIMMER DELAY LINE "TRIMLINE" TM 

Char. 
Delay* Impedance Approximate Approx. # of 

Model (nsec) (ohms) TO/TR Ratio Size (inches) Revolutions 

801 
802 
803 

804 
805 
806 

807 
808 

•Min 

50 200 
75 1000 

100 200 
125 500 
150 1000 

250 500 
10 100 
20 100 

delay at max. posit.ion 

4:1 2.250 1.800 x . 35 
4:1 2.25 x 1.800 x . 35 
7:1 4.00 x 3.500 x . 35 
4:1 2.25 x 1.800 x . 35 
7:1 4.00 x 3.500 x .35 

7:1 4.00 x 3.500 o . 35 
4:1 2.25 x 1.800 x . 35 
7:1 4.00 x 3.500 x . 35 

6 
6 

12 
6 

12 
12 
6 

12 

For the complete catalog call your local representative or drop us a card. 

ELECTRONICS CORP. 
534 BERGEN BOULEVARD 

PALISADES PARK. NEW JERSEY • WINDSOR 7-0400 

tee 

SEE US AT BOOTH ±1- 2601 IEEE SHOW 
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POWER TRANSISTORS 

These silicon-power transistors are in 
TO-3 package. Current, 7.5 to 20a. 
Power, 45 to 20(hv., and breakdown volt-
age, 60 to 160v. Silicon Transistor Corp. 
Booth 1328. 

Circle 245 on Inquiry Card 

D-A CONVERTERS 

11.1C20 are circuit cards that lit 19 
in. chassis assemblies. Models available: 
10 channels of 10-bit converters; 9 
channels of 12-bit coverters, or 8 chan-
nels of 14-bit converters. Packard Bell. 
Booth 3308. 

Circle 246 on Inquiry Card 

RELAY 

The (1I'R is a 4 PDT unit available 
in contact ratings of 5a. and 10a. Stock 
coil voltages range to 230vac 110vdc. 
Ohmite Mfg. Co. Booths 2627-31. 

Circle 247 on Inquiry Card 

ii ure 
At I.E.E.E. 

PANEL METER 

Model .5-E can be stacked without 
interaction. Ranges from 50 dc jaa. to la., 
10mv dc to 300v., lOvac to 300v. It has 
a core-magnet movement. Triplett Elec-
trical Instrument. Booth 2428. 

Circle 248 on Inquiry Card 

FREQUENCY SYNTHESIZERS 

Type 1162-:\ combines the advantages 
of step and continuous adjustment. Out-
put voltage is adjustable up to 2v. into 
50n. Freq. to lmc. General Radi., Co. 
Booths 3201-08. 

Circle 249 on Inquiry Card 

DECADE OSCILLATOR 

Mudd K- 126-A oscillator features 11-i 
accuracy, low-harmonic content, and high 
stability. Freq. range: to 222.2xc. 
Muirhead Instruments, Inc. Booth 3230. 

Circle 250 on Inquiry Card 

CRYSTAL OSCILLATORS 

Model 140000 has an output of Iv. ums 
min. into 1K9 load. Freq. stability: 
3Ec to 900xc, ±0.015%; 900.1xc to 
150mc, 71-0.005%; input: 28vdc, 
Greenray Industries Inc. Booth 2917. 

Circle 251 on Inquiry Card 

MICROCIRCUIT KITS 

Two evaluation microcircuits allow de-
signers to test circuit under actual opera-
ting conditions. Each I2-resistor micro-
circuit is on a wafer 7/16 x 11/16 in. 
Corning Glass Works. Booths 2326-
2332. 

Circle 252 on Inquiry Card 

AUTOCOLLIMATOR 

"I'lle Mineac is fur automatic position 
measurement. Resolution is better than 
0.05 arc-sec. Contains photoelectric auto-
collimator. Barnet. Booths 3226-28. 

Circle 253 on Inquiry Card 
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so, what's 
new? 

This is AE's new Type 45NC Rotary Stepping 

Switch. Each bank is made up of two standard 

levels tensioned together so that each set of bank 
contacts forms a closed circuit. The wiper assembly, 

tipped with a molded Delrin insulator, opens the 

contacts one at a time as it rotates. Normally open 
and normally closed banks may be specified on the 

same switch. • Contacts are gold-plated phosphor 

normally closed 
contacts, that's what 

bronze, providing contact resistances of only 10 to 
20 milliohms measured at 6 volts, 100 milliamperes. 

• The 45NC is ideal for self-interrupted hunting or 
testing circuits. In either case, no auxiliary relays 

are needed to initiate operation. For full informa-
tion, ask for our "Product News: 45NC." Write 
Director, Control Equipment Sales, Automatic 

Electric, Northlake, Illinois. 

AUTOMATIC ELECTRIC 
Subsidiary of G sE yNeE RE : I)  

GENERAL TELEPHONE &ELECTRON/OS 
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WHY A SQUARE 
THAT'S OUT IS " IN" 
HOW IEE SQUARED THE CIRCLE 
TO GET 4-TIMES BRIGHTNESS 

FROM A REAR-PROJECTION 

READOUT 

0 DO 
00u0 
0000 

We're real big in squares and circles this 
year. Bigger yet in getting our popular 
Series 10 rear-projection readouts to de-
velop 4-times greater character brightness 
than ever before (this with conventional 
MS or commercial lamps operated strictly 
at rated voltage!). The trick is in the lens. 
Above is a horizontal view (actual size) 

of the old 12-position lens. The dotted 
square inside the circular lens represents 
the actual usable area that formerly aver-
aged about 20 foot-lamberts with 6.3 
lamps (as bright or brighter than competi-
tive devices). To get even greater bright-
ness while using the same lamps at rated 
voltage, usable lens area had to be in-
creased. Our problem was limited space. 
So we put our theoretical square outside 
the circle (shown in red above). 
Next, we made the individual lenses 

larger to encircle the larger square. Now 
we had an overlap problem.This we solved 
by squaring the circles to leave off the 
unused portions, shown below. It's a bit un-
conventional, or so our lens-maker tells us. 
The results, however, are most rewarding. 

The new Series 10 readout now averages 
over 75 foot-lamberts of character bright-
ness when used with 6.3 y lamps at rated 
voltage. The increased brightness means 
visual clarity at wider angles and longer 
distances, excellent readability even under 
adverse high ambient light conditions. 
And, there's an extra benefit if you're 

not overly concerned with all this bright-
ness: operate the IEE readout at reduced 
voltage and you'll get double brightness 
plus 10 times the lamp life (up to 30,000 
hours from 6.3 y lamps operated at 5.3 v). 

CUT-AWAY SHOWS HOW NEW 

SERIES 10 READOUT OPERATES: 

A. STANDARD MS OR COMMERCIAL LAMP 
B. SQUARE LIGHT-COLLECTING LENS UTILIZES 

APPROX. 100% MORE LIGHT THAN OLD 
SYSTEM; TRANSMITS DOUBLE-SIZE CONE 
TO CONDENSING LENS 

C. DUAL SQUARE-LENS CONDENSERS 
PROVIDE GREATER COVERAGE AT LOWER 
MAGNIFICATION 

D. FILM CONTAINING DISPLAY SYMBOL 
(NUMBERS, LETTERS, WORDS, 
SYMBOLS, COLORS) 

E. PROJECTION LENS 
F. NON-GLARE VIEWING SCREEN 
G. 4-TIMES BRIGHTER CHARACTER 1-1116" 

HIGH (MAX.) 

Of the four 12-position lenses used in the 
new readouts, three are of the new square-
lens type ( Pat. Pend.). The increased usa-
ble area permits each lens to collect twice 
the light and to project the message indi-
cation with half the magnification for-
merly required. These factors produce 
4-times the brightness of older units. 

DIGITAL INSTRUMENTS BY 

ELECTRONIC ASSOCIATES, Inc... 
VISUAL TRANSLATION BY IEE 

For visual translations, EAI relies on IEE. 
That's why so many EAI digital instru-
ments are equipped with our rear-projec-
tion readouts. Where else can you get such 
an impressive array of important advan-
tages? Visual clarity, wide-angle readabil-
ity, single-plane display for crispness 
(instead of visual hash). Not to mention 
display versatility that permits you to 
indicate anything. (We mean that quite 
literally. Anything you can put on film, 
colors included, can be displayed on an 
IEE readout.) And, you get 12 message 
positions that may be displayed individu-
ally or in combination. 

If you're in the market for a really good 
Remote Visual Display or an exceptional 
solid-state DVOM, we hope you look at 
the EAI units shown here. While you're at 
it, we hope you'll notice the excellent vis-
ual translations, too! 

EAI SERIES 5100 
DIGITAL 
VOLT-OHMMETER 

EAI SERIES 5620 
REMOTE 
VISUAL DISPLAY 

34 
16 

64' 

BUST: 36.2" 

WAIST: 29.1" 

HIP: 39" 12 
52" 

FEMALE 
ACCOMMODATING 

95% OF U. S. 
POPULATION 

HUMAN FACTORS: ' 

The scanning male 41. standing female 

As builders of display devices for a variety 
of applications, we are extremely inter-
ested in human engineering studies. The 
July/August, 1963, issue of Vending Engi-
neer contained drawings by Walter Koch, 
Industrial Designer, on which the above 
illustrations are based (with permission). 
The drawings show one of the basic lim-

itations imposed on vertical display areas 
by physical size of people. Studies show 
that the effective viewing area of most 
people is only about 30% of the total of 
most floor-standing vertical displays. We 
suspect this data is of interest to readers 
outside the vending machine industry 
since human engineering deals in one uni-
versal factor: people. 

HOW TO INDICATE STATUS 

CONVINCINGLY & IN LESS 

THAN 5 SQ. IN. 

This little box isn't 
quite 21/2" x 2" yet it 
replaces 12 indicator 
lights! With it, you 
can display the sta-
tus of just about 
anything with just 
about any combina-
tion of colors, sym-
bols, numbers, 
letters, words; up to 12 individual messages 
all in a single plane and for as low as 800 
per indication. If you're interested, it's 
called "Status IndicatornS and we supply 
it ready-to-use with message configurations 
custom-designed to your requirements. 

Your inquiry will bring the comprehensive new "Readout Display Selector Guide" which includes 
specifications and other technical information on the entire IEE line of readout devices. 

INDUSTRIAL ELECTRONIC ENGINEERS, INC. 
5528 Vineland Avenue, North Hollywood, California • Phone: ( 213) 877-1144 • TWX: (213) 769-1636 

Representatives in Principal Cities 
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Stoddart attenuator stability begins with temperature-cycling! 

There's a unique procedure behind the 
unmatched stability of Stoddart's 
attenuators, and temperature-cycling is 
just one phase. We platinum-coat, fire, 
and anneal each tube and disc resistor 
at 400°F. for an hour. Then we carefully 
calibrate, varnish, and bake the resistors 
at the same temperature for another 
hour. Temperature- cycling and subse-
quent shelf-aging for at least 30 days 
give final assurance of true stability. 

This every-aspect approach to aging 
means you get attenuators which are 

accurate up to 10 Gc and reliable (guar-
anteed to remain within published 
specifications indefinitely in normal 
use). Stoddart attenuators are available 
immediately in pads with 1- watt rating; 
turrets of 2, 6, 10, and 12 positions; and 
RF step attenuators in 2- and 3-turret 
models. Calibrations as high as 0.02 db 
per 10 db up to 1 Gc are available for 
attenuations through 60 db. Contact 
Component Sales, Stoddart Aircraft 
Radio, 6644 Santa Monica Blvd., Holly-
wood 38, California. A subsidiary of 
Tamar Electronics, Inc. 

STOODFIRT • 
VISIT STODDART AT THE IEEE 

Booths 3054 and 3055 

ANOTHER SPECIALIZED CAPABILITY OF TAMAR ELECTRONICS, INC. 
Circle 41 on Inquiry Card 



PC CONNECTOR 

Type 600-121-26 is a 26-dual contact 
connector. Allows off-tolerance board 
sizes. Current rating is 3a continuous. 
Continental Connector Corp. Booths 2307-
2309. 

Circle 254 on Inquiry Card 

STRIPPING/SOLDERING 

This control console for wire stripping 
and soldering contains 3 panels: 1 for 
thermal wire stripping, 1 for resistance 
soldering, and 1 for conduction soldering. 
American Electrical Heater Co. Booth 
4033. 

Circle 255 on Inquiry Card 

PC TEST SYSTEM 

This system analyzes the components 
on printed-circuit boards. It evaluates 
individual components at rates up to 
2/sec. General Electric Co. Pm anits 

2928-30. 
Circle 256 on Inquiry Card 

HIM PM 
At I.E.E.E. 

TOROID WINDER 

U 

The D-7 winds heavy wires on small 
cores, thus eliminating hand wiring. 
Finished core size range from 0.055 to 
2V2 in. OD. 2 in. high. Wire sizes range 
from 20 to 50 AWG. Electro Devices Inc. 
Booth 4104. 

Circle 257 on Inquiry Card 

FAULT-CHECKING SYSTEM 

Thc J ACS-51 reports and pin-points 

failures in microwave systems. Alarm 
is sent over an unused portion of micro-
wave band. For local or remote locations. 
Jerrold Electronics Corp. Booths 3904-14. 

Circle 258 on Inquiry Card 

- ej 
-) 6 16 • 

f' 42011 01‘q *>• e> ,"... 

EVAPORATOR 

I lie VI.:-775 is a high-vacuum station. 
It achieves an ultimate vacuum less than 
10 x 10 Torr in the bell jar. It has 
-100 liter/sec. pump speed at baseplate 
pal. Vacuum-Electronics Corp. Booth 
3508. 

Circle 259 on Inquiry Card 

CRYSTAL DETECTORS 

Willi Model 424A response is flat with-
in -±-2db from 2.6 to 10Gc, -±0.3db from 

8.2 to 12.4Gc. SWR is under 1.35 through 
X-hand. Output impedance not above 
15K9. Hewlett-Packard Co. Booths 3402-
3414. 

Circle 260 on Inquiry Card 

POWER SUPPLIES 

Series 11TA consist of 120 different 
supplies with voltages from 6-32v. and 
currents from 0.5 to 4a. Regulations are 
±-0.5% or --L-0.05%. Consolidated Avi-
unics Corp. Booth 1324. 

Circle 261 on Inquiry Card 

LOW-TEMPERATURE CHAMBER 

Templo-Trol produces 70° to — 100°F. 
A 400 BTU/hr. cools approx. 10 lbs. of 
metal/hr. For small electrical compon-
ents or mechanical parts. Cincinnati Sub-
Zero Products, Inc. Booth 3052. 

Circle 262 on Inquiry Card 
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REEVES SIZE 11 

RESOLVER- BOOSTER 

COMBINATION 

FUNCTIONAL ACCURACY 

TOTAL WEIGHT LESS THAN 

8 OUNCES 

TOTAL VOLUME UNDER 

ONE CUBIC INCH 

Reeves designed and produced the first combination Resolver-

Booster Amplifier, the RBT1 5 1-102, which quickly became the 

standard for the industry. Now, we offer the new Size 11 Com-

bination, incorporating all the accuracy and reliability features 

of the original design, in a unit occupying one-third the volume. 

The amplifier Modules are individually encapsulated, and can 

be supplied in either welded cordwood or conventional printed 

circuit assemblies. 

Of course, we can supply either the resolver or the dual ampli-

fiers as separate assemblies. But, for those applications where 

accuracy, space and weight are all significant, the new Size 11 

Combination is the ultimate design answer. Write for Data 

File 103. 

NOTE: The Size 11 Combination can be supplied with either 

lead type or terminal connections, as required. 

DUAL TRANSISTORIZED 

BOOSTER AMPLIFIER 

COMPENSATED RESOLVER 

SPECIFICATIONS 

AMPLIFIER 

Feedback Gain (min): 60db 

Input ( rms): 

@ 284c1c 13+. 

@ 45vdc 8+ 

0-14v 

0-20v 

Input Impedance (min): 1 meg 

Current inpu'iamp.: 

@ 28vdc: 

@ 45vdc: 

6ma 

8ma 

SYSTEM PERFORMANCE 

Transformation 

Ratio: 1.000 + 0.001 

Phase Shift: 0° ± 6' 

Functional Accuracy: 0.1% 

Noise ( max): 0.3mv, rms 

Temperature 

Range (°C): — 55 to + 100 

Power Supply Noise Rejection: 
@ 400cps: 54db 
@ 1000cps: 44db 

Recorimended Roto Load: 50K resistive. 
Weight: Less than 8 oz. 

REEVES INSTRUMENT COMPANY 

Division of Dynamics Corporation of America • Roosevelt Field, Garden City, New York 

See us at the I.E.E.E. 

Booths 1307-1309 
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TYPE JJV VERNIER CONTROL 

Shown Twice Actual Size 

uur Allen-Bradley Type JJV Hot Molded 
VI! Variable Resistors with built-in" vernier 

TURN IN EITHER 

DIRECTION FOR THE 

APPROXIMATE 

DESIRED SETTING 

REVERSE DIRECTION 

FOR VERNIER 

ADJUSTMENT 

TURN ONE KNOB—you obtain both the approximate 
setting and the fine resistance adjustments . . . in the panel 
space of only one control. A unique coupling arrangement 
allows the approximate setting to " idle" when the oper-
ator is making the vernier adjustment. More than 12% 
of total rotation is available for the independent vernier 
adjustment, thus providing up to 20 times better resolu-
tion than is obtainable with a single element control. 

VERSATILE—All standard tapers and resistances are 
available to satisfy virtually any control requirement. 
Can be used as a rheostat or as a modified potentiometer 
in a three or four terminal circuit. A triple control, 
having two units locked together with the third unit 

providing the vernier adjustment, is available where true 
potentiometer circuitry is required. 

FAMOUS TYPE J PERFORMANCE —The exclusive 
hot molded resistance element with its built-in stability 
is a guarantee of long operating life and having a low 
initial noise level, which is further improved with use. 
The control is always smooth and during adjustment is 
completely free of sudden changes or "steps." 
Try this new Type JJV control — surprise yourself with 

the vernier resistance adjustment that is obtainable over 
a wide range. Allen-Bradley Co.,102 W. Greenfield Ave., 
Milwaukee, Wis. 53204. In Canada: Allen-Bradley 
Canada Ltd., Galt, Ont. 

ALLEN-BRADLEY TYPE J HOT MOLDED VARIABLE RESISTORS 

Type J Type JS 
with encapsulation with line switch 

Type Ji 
standard dual unit 

Type JJJ 
standard triple unit 

AB 
OLALITY IQUALITY ELECTRONIC COMPONENTS ALLEN -BRADLEY 
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Instant logic la< 
THOUSANDS OF PACKAGED 

ANSWERS TO YOUR SYSTEM DESIGN NEEDS 
Make your block diagram-. and we'll fill 
\ inor needs o art iv front the industry's 

ill est line of ii irai circuit modules. The 
(1,•- in problem, llave been solved, the 
liraolachp- oliminated, the performance 

GERMANIUM-TRANSISTOR DIGITAL 
CIRCUITS (T- AND CT-SERIES) 
T-Series unit- are in 1 
cal packages, identical CT 
circuits on cards. Available in 
commercial and military ver-
sions. Write for Catalog T-113. 

EXTENDED-SERVICE CIRCUITS—TO 
10 MC (G-SERIES) 
A family of economical, com-
patible transistor circuits on 
etched cards. Four frequency 
sub-groups: 0-100 kpps, 0-1 
mpps, 0-5 mpps, 0-10 rimps. 
Get exactly the speed you 
want, pay only for the speed you 
need. Write for Catalog G-53. 

UNIVERSAL NOR-NAND DIGITAL 
CIRCUITS (U- AND UC-SERIES) 
Silicon- transistor modules in 
welded, transfer-molded, mod-
ular form or on circuit cards. 
Two frequency sub-groups: 0-1 
nipps and 0-10 mpps. Units 
perform logic and active func-
tions to 125°C.; cards exceed 

proved. 1,11 save untold engineering hou and dollars. ( And the circuits you use are 

guaranteed.) 
if the specs are demanding and the need is 
now, the answer is EECO. 

temperature requirements of 
MIL-E-5400F, Class II. Write 
for Catalog U-93. 

TRANSISTORIZED DECADES (N-SERIES) 
Miniaturized counters, con-
verters, storage units in cans or 
on cards for medium-speed 
(250 kc) and high-speed ( 5 mc) 
application. Write for Catalog 
NR-13A. 

MINISIG TRANSISTORIZED 
INDICATORS (R-SERIES) 
High-gain filament and neon 
indicators with built-in tran-
sistor driver-amplifiers. Princi-
pal use is to indicate signal 
levels or the state of storage 
elements. Cylindrical and rec-
tangular packages. Write for 
Catalog NR-13A. 

ROTARY THUMBWHEEL 
EEC0SWITCHES AND ASSEMBLIES 
Manually operated rotary 
switches with direct readout to 
coded electrical outputs—deci-
mal. BCD. BCD m ith parity. 

ENGINEERED ELECTRONICS 

many others. One-third the 
volume of conventional rotary 
switches. Exclusive detent 
makes accidental hang-up im-
possible. MIL-quality construc-
tion. More than 560 possible 
configurations. Write for EECo-
SWITCH Catalog 014. 

DIGITAL SYSTEM BREADBOARD 
EQUIPMENT 
Fastest, surest way to • bread-
board digital systems. Avail-
able in standard and high-speed 
(to 10 mc) versions, portable 
and rack-mounted styles. Uses 
standard EECO modules, per-
mits pushbutton tests at oper-
ating frequencies. Designer can 
JuiL up. take down or change 

ircuitry at will, 
11 ,ing patchcords 
.ind plugs. No sol-
,Ii- ring, no waste 
,r1 time or mate-
rials.Write for T-
r G-Series bread-

board brochures. 

Company 

[441 East Chestnut Avenue, Santa Ana, California 
Telephone: 547-5651 Cable Address: ENCELEX EnG4/1/C; 

For Catalog T-113, circle 15 on inquiry card; for Catalog G-S3, circle 16; for Catalog U-99, circle 17; for Catalog NR- 13A, mile 18; for Catalog 014, circk 19; for breadboard bra 
chores, circle 20. 

70 

See EECO products in booth 1425 at IEEE Sh,r, 
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in Ohmite's famous 
Brown Devil resistors? 

17,7 NEW 3-WATT NEW 51/4 -WATT 

8 WATTS Zformerly 5) 12 WATTS (formerly 10) 

20 WATTS (no cange) 

ACTUAL SIZE 

Brown Devil Vitreous Enameled, Wire-Wound Resistors—Type 200 

RATING 

3 Watts 

54 Watts 

8 Watts 

12 Watts 

20 Watts 

OHMS RANGE 

1.0 to 10,000 

1.0 to 20,000 

1.0 to 25,000 

0.5 to 50,000 

0.5 to 100,000 

Standard Values 

Stocked in Depth 

Nationally by 

Distributors 

Special Values 

Available Quickly 

• Now you'll find Brown Devil® resistors more widely "applicable" than ever. Two new 

sizes, 3 and 5% watts, fill designers' needs for smaller wattage ratings and sizes for 

miniaturized equipment. • With the latest engineering operating-temperature practices 

in mind, Ohmite has carefully reassessed the ratings of Brown Devil resistors. The re-

sult is a substantial boost in ratings for two sizes which realizes more fully the inherent 

capability of these popular resistors. • The new ratings apply to units now in the pos-

session of industry. • Brown Devils are normally mounted by their leads, but the three 

larger sizes can also be mounted by brackets or through-bolts. Standard tolerance is ± 5% 

for one ohm or higher; ± 10% below one ohm. Closer tolerances available. Standard leads 

are tinned wire, 1W long. Write for Bulletin 105. 

See All of Ohmite's New r.o.Ëruct Developments at the IEEE Show—Booths 2627-2631 

RHEOSTATS • POWER RESISTORS • PRECISION RESISTORS•VARIABLE TRANSFORMERS 

TANTALUM CAPACITORS•TAPSWITCHES•RELAYS.R.F_CPOKES•SEMICONDUCTOR DIODES 

OHMITE 
MANUFACTURING COMPANY 
3662 Howard Street, Skokie, Illinois 60076 

Phone: (312) ORchard 5-2600 
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DEMONSTRATION OF NEW DIODE 

RELIABILITY AT BOOTH M-4, IEEE SHOW 

Repeated blows show absolutely no change in curve trace. - 1 
Solid mass construction of new Zener diodes 

eliminates all shock and vibration problems! 

• MB 

SEMICONDUCTOR e • SEMICONDUCTOR CORPORATION 
e•  —1111 3940 N. Kilpatrick Ave., Chicago, Illinois 60641 

'A Bt 
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Parts shown re molded 
km MERLON M-50 

How to get connected to the 
hot-line connector market. „ 

by making a simple switch 
The switch we mean is to MERLON''' polycarbenate 
from whatever you've been using. MERLON is now 
the top engineering plastic for all non-conducting 
electrical parts, from solderless connectors to 
supports for current-carrying components. 
Among all thermoplastics, only MERLON gives you: 

1) high-impact strength, 2) good d;mensional sta-
bility at high and low temperatures, 3) UL- listed 

self- extinguishing and electrical properties, 4) 
transparency and 5) color-coding advantages. 

For a quick check against &ght other leading en-
gineering thermoplastics, write for the MERLON 
slide- rule comparator; for the solid technical data 
on properties, processing and appl.cations, ask for 
the MERLON Engineerirg Handbook. 
Mobay Chemical Co., Code El-i, Pittsburgh 5, Pa. 

Mobay Chemical Company 
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T 1U PL-Dg, DIElf% 
At I.E.E.E. 

SQUARE-ROOT EXTRACTOR 
This solid-state device is built around 

a magnetic amplifier. It produces a dc 
voltage output signal proportional to the 

sq. root of a dc ma input signal. Leeds 
& Northrup. Booth 1726. 

Circle 275 on Inquiry Card 

TANTALUM CAPACITOR 
Type MMT is a tantalum capacitor 

mounted on an alumina substrate. Wafer 
is rated at lmfd and 35vdcw to 47mfd 
and 6vdcw. Temp. range: —55°C to 
+58°C. Cornell-Dubilier. Booths 2721-23. 

Circle 276 on Inquiry Card 

TRIMMER 
Model 61 is a Vi in. dia. cermet trim-

ming potentiometer. It is a single-turn 
unit. Power rating is 1/2 w. at 85°C, derat-
ing to 0 at 175°C. Beckman Instruments, 
Inc. Booths 1201-1203. 

Circle 277 on Inquiry Cord 

SWEEP OSCILLATOR 
The 64 series covers the 2-4, 4-8 and 

8-12.4ec bands. Features CW or swept 
output leveled to -± 3/4 db. Sweep and stop 
freq. independently adjustable. Sperry 
Microwave Electronics Co. Booths 3713-
17. 

Circle 278 on Inquiry Card 

SIGNAL GENERATOR 
Model 2002 covers a freq. range from 

lOicc to 72mc in 8 bands. Crystal calibra-
tor gives check points at 1 mc, 100xc and 

iKC. Marconi Instruments. Booths 3701-
3705. 

Circle 279 on Inquiry Card 

DIELECTRIC COMPOUND 
Insulgrease® G-640 is a grease-like sili-

cone for semiconductor manufacturing. 
It has high-thermal conductivity and low 
metallic impurities. It is shock resistant. 
General Electric. Booths 2904-44. 

Circle 280 on Inquiry Card 

TERMINATING ELEMENTS 
These waveguide elements operate in 

S- to K.-bands. Lossy dielectric absorb-
ing materials are used. A 10:1 pyramid 
fineness ratio inst. -rs low vswu. Emer-
son & Cuming, Inc., Booth 3213. 

Circle 281 on Inquiry Card 

TROPO-SCATTER EQUIPMENT 
The 2600 series operates in line-of-

sight relay and satellite ground-station 
modes. Operating f req. 400MC to 50GC. 
Has 12 to 300 voice channels. Radio 
Engineering Laboratories. Booths 1301-
05. 

Circle 282 on Inquiry Card 

SIGNAL SOURCE 
Model 2150 provides a CW or sq.-wave 

modulated r-f from 2.0 to 4.1oc. Serves 
as antenna-pattern range transmitter, gen-

eral-purpose lab supply, etc. Scientific-
Atlanta, Inc. Booths 3933-35. 

Circle 283 on Inquiry Card 

DOUBLE UNIT 
Model 243 is a BWO and klystron 

synchronizer. It can be used with certain 
triode oscillators operating at 25ma. Unit 
phase locked to crystal stability. Labora-
tory for Electronics Inc. Booth 3716. 

Circle 284 on Inquiry Card 

SPECTRUM ANALYZER 
The Panoramic Model TA-2 has inter-

changeable plug-in modules. Several mod-
ules cover the sonic through r-f bands. 

Unit may be line or battery operated. 
Singer Metrics. Booths 3818-32. 

Circle 285 on Inquiry Card 

ELECTRON-BEAM EVAPORATOR 
No heat is needed in this baked vac-

uum system. The Internal Electronic 
BakeoutTM gun directs high-velocity elec-

trons around the vacuum system to pro-
duce bakeout through degassing. MRC 
Mfg. Corp. Booth 3940. 

Circle 286 on Inquiry Card 
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PROBLEM SOLVING PRECISION SWITCHES AND CONTROLS 

13 16" dia. 

5/8" di, 

u 

this... 
z-e•iw 

The Licon type 16 
"Double- Break" 
Subminiature Switch 

makes 
these... 
Licon type 01 lighted 
pushbutton Switches 

MOMENTARY CONTACT 

reliable 
The most reliable indicator 
and manual switching 
components you can use ... 
in a wide selection of 
• all new buttons 
• colors • legends 
• mountings • circuitries 
• solenoid held 
• environment free 
Send for facts catalog and 
list of distributors. 
Request sample/ 
demonstration on your 
letterhead. 

• ?0 0111110:1 Lh cal cycles 

LICON 

MAINTAINED CONTACT 

DIVISION ILLINOIS TOOL WORKS INC. 
6615 W. IRVING PARK ROAD • CHICAGO, ILLINOIS 60634 

INDICATOR UNITS 

IN CANADA. CANADA ILLINOIS TOOLS LTD. • 67 SCARSDALE ROAD • DON MILLS, ONTARIO, CANADA 
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Ur2 

CUSTOM CIRCUITS 
On-the-spot price quoting will be given 

by the Photocircuits Corp. at their booths. 
Visitors or inquirers give a description 
of their PC board and receive a written 

quotation for prices. Photocircuits Corp. 
Booths 2202-04. 

Circle 263 on Inquiry Cord 

DIGITAL CONVERTER SYSTEM 
Model RDC4162-1000 is a shaft-angle 

encoding system. It is self-contained and 
requires 28v., 400cPs excitation. Data 
available in 16-bit parallel-binary form. 
Reeves Instrument Corp. Booths 1307-09. 

Circle 264 on Inquiry Card 

SWITCHES 
This dry-reed switch is hermetically 

sealed in dry inert gas. For low-power 
actuation uses. Offers fast response and 
no warm-up. No moving parts. Micro 
Switch. Booths 2511-13. 

Circle 265 on Inquiry Card 

WIRE MAKER/TESTER 

Series T-131 cuts and forms axial 
component lead wires. It tests the com-
ponents on a go/no-go basis and sorts 
them. Speeds up to 7000 components/hr. 
Heller Industries. Booth 4529. 

Circle 266 on Inquiry Card 

At I.E.E.E. 

RESISTOR 

Model M F2C half-watt units derate to 
1/20w. @ 125°C and to 0 @ 175°C. 
Mono-crystalline substrate is used. Re-
sstances from 300 to iooKn. Tolerance 

INCHES 1 

0.1 to 1%. Electra Mfg. Co. Booths 
2741-43. 

Circle 267 on Inquiry Card 

SWITCHING TRANSISTORS 
The 2N2944-2946 combine epitaxial 

junction growth with diffusion and oxide 
passivation techniques. For low-level 
chopper uses. Operating temp., 200°C. 
Crystalonics Inc. Booth 2112. 

Circle 268 on Inquiry Card 

MICROCIRCUITRY PRODUCTS 
Cut " N" Strip Film is a polyester base 

material used to prepare the original 
masks for silicon-circuit blocks used in 
computer circuits. Keuffel & Esser Co. 
Booth 4507. 

Circle 269 cn Inquiry Card 

TEMPERATURE CHAMBERS 
The Tenney Jr. operates from — 100° 

to +350°F (-±- V2°F). The Space Jr. 
provides 1,100,000 ft. ( 7.5 x 10' Torr) 
of simulated altitude. Tenney Engineer-
ing. Inc. Booth 3118. 

Circle 270 an Inquiry Card 

AC CONTROL SWITCH 

Triac is a gate-controlled ac switch 
with 3 leads. It performs like a 2 SCRs 
or an ac diode switch with associated 
pulse transformer. Needs less than 3v 

and 50ma to trigger. General Electric. 
Booths 2904-06. 

Circle 271 on Impiry Card 

HYDROGEN GENERATOR 
The 1000 CFH unit produces ultra-

pure hydrogen at very low cost. No 
second state is required to compress and 
preheat dissociated ammonia. C.I. Hayes 
Inc. Booth 4533. 

Circle 272 on InqJiry Card 

LAMINATED MATERIALS 
Multi-layer printed circuitry, copper-

clad grades, high-temp. peel strength 
material and flame-retardant laminates 
for welded PC will be shown by Synthane 
Corp. Booths -1421-23. 

Circle 273 on Inquiry Card 

SWITCHES 

These Correed switching devices are 
designed for max. packaging density. 
Contacts permit switching from dry cir-
cuit to 50va resistive. Automatic Electric. 
Booths 1908-10. 

Circle 274 on Inquiry Card 
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EXCEPTIONAL VERSATILITY 
CARBON FILM RESISTORS 

for high voltage 

°high frequency 

•high resistance 

*voltage division 
applications 

CATALOG PI  

( eem  
elecironec 

•ng  
master 

1-teriVi  
Mc-

VERSATILITY 
In a new development, rpc offers carbon film 
resistors with such versatile features as: 

Resistance Values 20 ohms to IA10'4 ohms 

Power Ratings 1/4 watt to 100 watts 

Voltage Rating Up to 125 KV 

Terminations Axial wire, radial lug, 
or ferrule caps 

Sizes Over 100, to fit any need 

Tolerances Down to 

RELIABILITY 

Some of these resistors have more than three ( 3) years of 
documented reliabffity in a leading missile program. During 
this time rpc has been designated as sole or preferred source 
for these resistors. 

Because our knowledge concerning the application of carbon film re-
sistors is probably unmatched we recommend that you consult our 
engineering department in the early stages of planning. And because 
the variety of sizes, terminations and electrical ratings is so extensive 
we also advise consultation prior to ordering. 

Write for more details. 

Resistance Products Co. 
914 S. 13th Street, Harrisburg, Pa. 

Manufacturers of Quality Resistors: Precision Wire Wound — Carbon Film — Resistance Networks 
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"Worst Case Analysis" is an effective 
method of calculating the reliability of 
complex systems. But only the digital 

industry has taken full advantage of it 
until now. This article describes how 

one company has used "WCA" to de-
sign power supplies and has thereby 
achieved Mean Time Between Failure 
(MTBF) rates in excess of 100,000 hours. 

AN EQUIPMENT DESIGN APPROACH called Worst Case 

Analysis (WCA) will give long term reliability under 

the worst possible operating conditions. WCA origi-

nated in the digital computer industry when it was 

found that standard design procedures produced 

equipment which was marginal and unreliable. Al-

though now standard for digital computer design, it 

is not being used to any great extent elsewhere. This 

article describes how a basically digital method can 

be applied to analog circuits. Three basic design 

areas are considered. 

1. Circuit analysis (a math-

ematical analysis of each cir-

cuit). 

2. Component derating (to 

insure optimum life-time 

values). 

3. Quality assurance (aging, 

life and sample testing). 

WCA is explained by applying it to a transistor-

ized power supply, but the principles can be adapted 

to any equipment design. Also reviewed are methods 

for evaluating power supply designs which are a by-

product of WCA in the design stage. 

Eacumuoc 
IMIZeiU111% 
STATE-OF•THE•ART 

MGM IR 

By P. A. MILONE 
Mgr. of Power Supply Engineering 

and FRANK J. SPOSATO 
Product Mgr. 

Consolidated Avionics Corp. 

Westbury, N. Y. 

P. A. Milonc 

F. J. Sposato 

"WORST CASE 
ANALYSIS" 
IN ANALOG CIRCUIT 
DESIGN 

The first step in a Worst Case Analysis is to 
mathematically define the complete circuit operation. 

Equations must be set up to establish open loop gain, 

stability, power dissipation, etc. Each of these param-

eters is then examined by inserting the worst combi-

nation of end-of-life values into the equations. 

End-of-life component tolerances are found from 

vendor data and testing. For example, resistors with 

a tolerance of -±-5% can vary during their life as 

much as ±- 15% from aging and environmental con-

ditions. Vendor specified current gain tolerance for 

transistors can vary as much as 30% during their life. 
After 1000 hrs of operation, collector to base leakage 

currents can be double the vendor's value. If the 

circuit can mathematically meet its specs under the 
worst possible combination of end of life values, the 

design is approved. 
Stability of a power supply differential amplifier 

(Fig. 1) will be examined for circuit analysis. As-

sume the resistors are high stability types and thus 
their effect on amplifier stability is second order. 

If reliability testing shows an end of life current 

gain tolerance for the transistors of 2 to 1, then the 

circuit would be evaluated under the following con-

ditions: 

1. Current gain of Qi equals current gain of Q2. 

2. Current gain of Q1 is twice current gain of Q2. 

3. Current gain of Qi is current gain of Q2. 

4. Leakage current Ico of Qi is three times I00 

of Q2. 

5. Worst combination of the above. 

Mathematically, the stability of the amplifier will 

permit the power supply to stay well within the 

needed 0.01%/°C. This type of analysis is done on 

each power supply stage. Performance characteristics 

of each section are then combined to produce a total 

characteristic for the device. 

A critical area in a power supply is power dissipa-

tion in the series pass transistors. Complete mathe-

matics for a WCA of a pair of parallel power tran-

sistors is given in App. I. The analysis shows the 
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importance and flexibility of WCA. For example, it 

is usually assumed that there is equal current dis-

tribution in a parallel pair of power transistors. WCA 

shows this to be untrue. It is possible, with a worst 

case combination of current gain and input impedance, 

to have a current imbalance of 3 to 1. The imbalance 

can be reduced with emitter degeneration methods, 

but even under the best conditions there is a current 

distribution of 1.2 to 1. Thus, for top reliability 

transistor power dissipation must be computed from 

P = Emax x 1.2 I. 

Components also undergo maximum stress during 

a short-circuit transient period. These stresses must 

be learned and circuit operation defined for the short-

circuit period. 

Prototype Analysis 

When the analysis is completed, it is followed by 

trial. Worst case components are hand selected and 

an actual worst case power supply is built. The 

power supply is completely tested under worst case 

conditions to verify the math. findings. Environ-

mental tests are performed. AC gain stability is veri-

fied. Voltage levels, current levels and power dis-

sipation are also measured. 

Component Derating 

The analysis up to this point will provide an equip-

ment design which will meet its specs under the 

worst possible conditions. But, nothing has been 

used in the analysis to insure that the equipment will 

continue to operate within its specs. To insure life-

time reliability, components must be derated to 

values which will meet worst case conditions at the 

end life. 

Derating factors used by the Con Avionics Quality 
Control Dept. are: 

1. Carbon resistors derated to Y2  power. 

2. Wire-wound resistors derated to 80% power. 

3. Electrolytic capacitors derated to 80% power. 

4. Transistors derated to 90% of maximum junc-

tion temperature. 

With these deratings, equipment MTBF (mean 

time between failure) exceeds 16,000 hrs. To insure 

these MTBF figures, some components must be aged 

before they are used. This is true of transistors which 

are known to have a high infant mortality rate. 

Transistors should thus he pre-aged for 100 hrs at 
high temperatures before use. 

Power supplies being tested on life rack were designed under 
WCA. This test follows empirical verification of prototypes. 
Supplies used for life testing are from production runs. Use 
of WCA in the design stage leads to high MTBF. These sup-
plies have run 24,000 hrs. continuously without a failure. 
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WORST CASE ANALYSIS (Continued) 

WCA Conclusions 

An important feature of WCA is that it spots and 

eliminates all of the marginal design procedures now 

used in power supplies. WCA shows that positive 

feedback in a closed loop, current feedback and the 

use of devices for compensation of temperature drift 

are poor practices when long term reliability is 

needed. An example of the disadvantage of positive 

feedback is shown in App. II. K. is the gain of the 

overall system, or closed-loop gain; and Kb is the 

gain of the individual amplifier, or open-loop gain. 

If a 10 my output voltage change is desired for a 

10 to 1 current swing, a closed-loop gain of 100,000 

is needed. To improve the voltage change from 

10 my to 1 my, the closed-loop gain must be increased 

to 1 x 106. This can be done by either adding an-

other stage to the amplifier string, or by using posi-

tive feedback. 

Positive feedback is undesirable, however, because 

a gain change in any stage within the positive feed-

back loop results in an overall gain change several 

times that of the individual amplifier. The math in 

App. II shows that a 2 to 1 change in the positive 

feedback loop results in a 6 to 1 change in gain for 

the overall system. 

Fig. 1: Power supply 
differential ampli-
fier. Mathematically, 
the stability of the 
amplifier will permit 
the power supply to 
stay well within the 
needed 0.01 per cent 
per degree C. 

With current feedback it is possible to get good 

load regulation. In fact, it gives either zero or posi-

tive load regulation as opposed to standard negative 

load regulation. But, current feedback varies with 

open loop gain and must be hand trimmed for each 

power supply. It also changes drastically with time 

as the open loop gain of the amplifier decreases. The 

effect is similar to the gain decay with positive feed-

back. Overall gain change is several times that of 

one amplifier. 

Power supplies which use poor stability resistors, 

single ended amplifiers, and low cost zener diodes can 

be "peaked" to meet temperature stability specs by 
using thermistors and hand trimming. But, again 

the degree of compensation varies with time, and 

hand trimmed components will not produce long 

term reliability. To keep temperature stability the 

power supply has to be checked and calibrated as the 

resistors drift and the open loop gain changes. This 

is a difficult procedure. 

For long term reliability, stability must be "de-

signed into" a power supply. It cannot be .an adjust-

ment. Components must be of good quality (com-

pensated zener diodes and 20 part/million resistors), 

derated and aged. 

Quality Assurance 

Any equipment is subject to random, catastrophic 

failures during its early life. These failures usually 

develop within the first 5 hrs of power supply opera-

tion. They can be avoided only through proper aging 

before delivery. Each supply should be given 24 hrs 

of testing under worst case conditions as follows: 

1. Maximum line voltage to produce maximum 

unregulated dc and maximum transistor power dis-

sipation. 

2. Minimum output voltage for maximum voltage 

across series transistors and therefore maximum dis-

sipation. 

3. Maximum ambient temperatures so that all 

components are operated near their limits with maxi-

mum stress. The above test is equal to 100 hrs of 

field use. 

As a constant check on design and production, 

random units should be tested until failure. If life 

testing indicates a design problem, the circuit should 

be scanned under WCA. Random tests should also 

be made on stability performance and other areas 

which are not subjected to regular testing. 

Appendix 1 

Current sharing in 2 parallel transistors. 

V, = I1R -I- Vb.1 

V. = I2R Vb.2 

I, co I, 13 I. 
Vb. Vb. — (13 ± 1) Vbc 

13 
= — • 

e A REPRINT of this article is available from 

ELECTRONIC INDUSTRIES Reader Service Department 
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Appendix 2 So that 

0* 

G — 
1 — eic 

If K = 50 and required G = 250 

If K = 25, then 

G = 

= 1 1 4 
— — — = — 
50 250 250 

25 
— 41.66 

4 

1 — (25) 

G has changed from 250 to 41.66 with a K change of 50 to 

25 or a K change of 2/1 produces a G change of 6/1 

G = overall gain of amplifier system 

K = gain of individual amplifier 

a = feedback 

Let Vi.1 = V 0.003 v/°C X Vb. X Is X 0,_. 

V be2 = V 0.002 v/°C X V. X /2 x ei_. 

where 0,_. is the thermal resistance from junction to heat 

sink and V.. is the voltage collector to emitter. 

Hence rewriting Eqs. 1 and 2. 

V. = I R + V 0.003 v/°C X V. X Is 0,_. (5) 

V. R + Vi. 0.002 v/°C X V. X 12 ei_. (6) 

Equating (5) and (6) results in 

(/i — 12) R + V bemin. V b, mitz. 

(— 0.003 v/°C /1 -1-• 0.002 v/°C /2) • V.. ei_. = 0 (7) 

V. . — 
°""• (fit + 1) G,.1 

01 11 

62 /2  

V"°>" . — (02 + 1) G.2 

Rewriting Eq. 7 

(II — /2) R = Vb.... — 

where G„,1 — 

where G„,2 = 

+ (0.003 Ii — 0.002 /2) v.. 0,_. 
0212 0.12  (12 — 12) R — 

(02 ± 1) G.2 (Si + 1) G..1 

+ (0.003 /1 — 0.002 /2) V.. (8) 

Let /I = 

02  131 K.  
12 (K. 1) R ) 12 

(02 4- 1) G.,2 (01 ± 1) G,,,, 

± (0.003 K. — 0.002) /2 v.. ei_, 

02  

(02 ± 1) Gm2 (Si + 1) Gm 
(K. — 1) R — 

+ (0.003 K. — 0.002) V.. 0,, (9) 

Since G.2 = r, • and G„,i 
i H ,1 

Iii.2 1/j.1 K. 

(K. — 1) R =   
02 ± 1 

Solving for R in Eq. 10. 

02 + 1 

+ 1 
+ P (10) 

K. + P 
Si ± 1 

K. — 1 

let 0, = 

and H,, = K, 

11;,2 K. //¡.2 

I? — 
flu ± 1 

Kb 

  P 
K. (01 ± 1) 

11 ..2 Kb 

— 1 

K,, 

131 ± Kb K. (01 ± 1)  

K. — 1 K. — 1 

Kb K.  
R —  

K. — 1[ 131 ± Kb He (01 ± 1)] + K. — 1 

(12) 

Typical Example 

12 = 2.0 a 

K. = 1.2 20% unbalance 

fi = 30 

Kb = 2 (2 to 1 "0" spread) 

1/j.2 -= 10 

K. = 2 (2 to 1 Input Z spread) 

= 3v 

= 1°C/tv 
using Eq. 12 

R= 
10  r  2 1.2  

1.2 — 1 L 30 + 2 2 (30 + 1) 

▪ (  0.003 (1.2) — 0.002  
) 3v X 1°C/tv 

r 2 1.2 1 0.0016 (3)  

= 5° L 32 — 62 J ± 0.2 

= 50 [0.0625 — 0.0193) + 0.024 = 2.16 + 0.024 

= 2.184 

Conclusion 

The power dissipated in the sharing resistors is 

13.6 w. This means using a 20 or 25 w. resistor. 

But, if a tighter specification were placed on Kb and 

Ke, the value of resistance needed to maintain unbal-

ance to 20% would be lower (as shown by Eq. 12). 

Thus, the wattage dissipated would be lower. 
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JERROLD 

g::è C E 
In Jerrold products, the common denominator 

is quality plus creative engineering 

TACO, leader in design and manufacture 
of satellite-tracking antennas, offers a 
complete range of telemetering and 
microwave arrays embodying the most 
modern antenna technology. 

JERROLD ELECTRONICS rf sweep gener-
ators, such as the famous wide-plus-
narrow-band Model 900-B, are trusted 
by discerning engineers for all their if, 
vhf, and uhf testing needs. 

Embracing the diverse industrial fields of rf 
test instrumentation, microwave transmission 
and reception, telemetry communications, and 
EDP data systems, the manufacturing sub-
sidiaries of The Jerrold Corporation build 
uncompromising quality into the creative 
products bearing the names JERROLD, 
HARMAN-KARDON, TACO, and ANALAB. 
A few are shown here. 

For detailed information on hundreds of 
specialized products that can fill your needs 
in electronic communications, control, and 
display, write 

THE JERROLD CORPORATION 
Philadelphia, Pa. 19132 

Subsidiaries: Jerrold Electronics • Harman-Kardon 
Taco • Analab • Pilot Radio 

ANALAB precision oscilloscopes and 
scope-camera systems are being used 
more and more where accuracy is a 
must. Frequencies up to the 5-kmc 
range can be electronically sampled 
or stored on Analab scopes. 

000 

000000000 

HARMAN-KARDON, through its Data 
Systems Division, offers a series of basic 
digital logic modules, digital voltmeters, 
and analog/digital converters which are 
enjoying ever-increasing usage. 

JERROLD ELECTRONICS microwave 
receiving and transmitting equip-
ment answers the need for highly 
reliable, easy-to-maintain gear for 
video, voice, and data-communi-
cations applications. 

See these products in Booths 3904 to 3914 at the IEEE Show. 
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#72 EQUATIONS FOR 
MANIPULATING TOLERANCES 

MODERN DAY COMPUTER TECHNOLOGY has placed in-

creasing emphasis upon performance reliability un-

heard of ten years ago. Computer applications, par-

ticularly in the missile instrumentation field and 

other associated military projects, have placed an 

emphasis upon component reliability to assure total 

systems reliability of performance. One of the circuit 
design methods frequently used to assure the high 

performance required is called "Worst Case" design. 

In Worst Case design, end-of-life values are assigned 
to individual nominal values of components. These 

limits are obtained by specifying very close toler-

ances on the individual components. 
The design engineer, when confronted by complex 

circuit analysis using the Worst Case technique, is 

required to manipulate component values having 1-1.- 

tolerances. It is often not sufficient in a critical 

analysis to use accumulated tolerance estimates. Equa-

tions for design of the circuits quite often involve all 
of the simple algebraic mathematical manipulations. 

To provide tools in readily usable equations, the fol-
lowing examples and their solutions are presented. 

Addition 

1. Where it is desired to add two quantities of 
certain tolerances the following will hold: 

a. Example: 

A (1 ± x) + B (1 ± y) 

(where x and y are tolerances) 
b. Solution: 

(A + B) (1 ± x+ —AB— Y  

1 + 71--

2. If three quantities are to be added, use the fol-
lowing: 

a. Example: 

A (1 ± x) + B (1 y) C (1 ± z) 
b. Solution: 

(( A + B + C) 1 ± 
B C 

• A REPRINT of this article is available from 

ELECTRONIC INDUSTRIES Reader Service Department 

Subtraction 

1. For two 

a. Example: 

b. Solution: 

quantities: 

A (1 ± x) — B ( 1 ± y) 

(( A — B) 1 ± 

2. For three quantities: 
a. Example: 

A (1 ± x) — B (1 y) — C (1 z) 
b. Solution: 

(A — B — C)( 1 + el- B —AC— z) 

Multiplication 

1. For two quantities: 

a. Example: 

B C 

1 — A — A 

1A (1 ± [BU ± y) ] 
b. Solution: 

I (AB) (1 + x + y ± xy) 

1 (AB) (1 — x — y + xy) 
2. For three quantities: 

a. Example: 

[A (1 ± x) ] [B (1 ± y) ] [C 
b. Solution: 

I
(ABC) (1 -Fx-Fy+z-Fxy+ 

Upper limit 

(ABC) (1 — x—y—z-Fxy+ 

Lower limit 

Division 

1. For two quantities: 

a. Example: 

b. Solution: 

r AA 

A (1 ± x) 

B (1 ± 11) 

4— upper limit 

lower limit 

(1 ± z) ] 

xz + yz + xyz 

xz yz — xyz 

x ± y  ) 
upper limit 

1 — y 

x + y ) 
  lower limit 
1 + 

By G. HARRY ASHBR1DGE 
Product Planning Section Manager 

Ampex Computer Products Co. 
P. 0. Box 329 

Culver City, Calif. 
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WHO TOOK THE SPECIAL OUT OF STAINLESS PARTS? 

We did! With so many designers specifying stainless it was in-

evitable, we had to. It's not enough to stock the world's largest 

variety of stainless fasteners; our reputation was at stake. We 

were making special parts in stainless and super alloys, why 

not stock them, or at least tell designers about them? We were 

forced to act. Our pride was at stake. Next time the spec's call 

out stainless, check our BIG CATALOG. It's a storehouse of in-

formation. For your personal copy, call or write. 

SCREW PRODUCTS 
COMPANY, INC. 

GARDEN CITY, N. Y. / EL SEGUNDO, CALIF. 
NEW YORK CITY / NEWARK, N.J. / BOSTON, MASS. / CHICAGO, ILL / MTN. VIEW, CALIF. 

Circle 50 on Inquiry Card 
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FREE CARD 
with magnet 
and switch 

the largest selection 
ever offered . . . 
The use of magnetic reed switches has 
been increasing by leaps and bounds, 
and Hamlin engineers have set the pace 
with the greatest selection. All stand-
ard varieties, of course, plus ... 

DRVT-1 High Voltages (up to 5000 s) 
DRT-5 Heavy Duty (up to 50 y amp.) 
DRS-5 Heavy Duty ( in- rush to 15 amp.) 
DRG-DTH Double Throw (Form " C") 
HRC-1 No Bounce (Mercury wetted) 
HWDT-1 Mercury Wetted Double Throw 

and many more designed for special re. 
quirements . . . YOUR specifications. 
Send for literature. 

1141A•411 1.1 
DEPT. El • LAKE AND GROVE STREETS • LAKE MILLS, WISCONSIN 
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PORTABLE TV CAMERA 
THE CLOSEUPS OF THE PARTICIPANTS in the Winter 

Olympics were provided by the Newschief, which was 

designed by Sylvania Electric Products, Inc. 
The 30 lb. portable system includes a camera, 

audio and video transmitter, and a rechargeable bat-

tery pack. The transmitter and power units are 
strapped to the cameraman's back. The transmitter 

uses frequency modulation and operates in the 2m c 

band. It develops about 1 watt of power output into 

an omnidirectional antenna. The antenna, mounted on 

top of a 2 ft. mast protruding from the top of the 

back-panel, permits reception from any direction. The 

system transmits a signal up to one mile. 

The camera, a modification of Sylvania's 800 line 

closed-circuit television camera, measures 3 by 4 by 

8 inches and weighs about five pounds, including 

lens and view finder. 

A rechargeable nickel-cadmium battery powers the 

Newschief. It supplies power for one hour. The unit 

can also be connected to a car battery if an auxiliary 

source is needed. The total power consumption for 

the unit is 40 watts-20 each for the camera and 
transmitter. 

Other components in the system include plug-in 

modules, a complete ETA synchronizing generator, 

and video and sound amplifiers. All components are 

housed in the back-pack. 

The equipment was designed specifically for civil-

ian use and is not expected to have any military ap-
plications. 

The Newschief allows the cameraman the freedom and 
mobility of a spectator. The unit weighs about 30 lbs. 
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Only xerography can copy engineering 
drawings on ordinary paper. 
And that's the least unusual thing about 

the prints. 

1. Fact: The 1824 Printer 
makes perfect, sharp, dry 
prints on bond, offset 
master stock, vellum, you 
name it. Even plain brown 
wrapping paper. How's 
that for a start? 

2. Fact: Xeroprints from 
unitized microfilm cost so 
little in time and money you 
can use them for reference 
and then throw them away. 

3. Fact: You don't have to 
buy the machine. Xerox 
will lend it to you ( and 
maintain it of course). 

4. Fact: Because these 
prints are on plain paper, you 
can make notes on them. Fold 
them without cracking. Store 
them; they won't deteriorate. 

5. Fact: You can make 
prints from aperture cards, 
roll film, or jacketed film. 

6. Fact: It's fast. Position 
the film, feed in the paper. 
That's all. Out comes a 
perfect print in seconds. 
What could be simpler? 
Or faster? 

7. Fact: We'll prove it. 
Just ask your Xerox repre-
sentative to demonstrate 
the 1824. Operate it 
yourself. Wonder why you 
didn't put in an 1824 Printer 
long ago. ( You hadn't heard 
about it? You have now.) 

Xerography makes 
microfilm practical. 

Xerox Corporation, 
Rochester 3, N.Y. Offices 
in principal U.S. cities. 
In Canada, Xerox of 
Canada Ltd. Overseas: 
Rank Xerox Ltd., London; 
Fuji-Xerox Co., Ltd., Tokyo. 

XEROX 
TE RCO 1824 IS A TRADEMARK OF XEROX CORPORATION . 
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Design and deve'opment activities in the field of Electronic Signal Processing are 
rapidly expandirg today at HUGHES Aerospace Divisions. 

Development of systems utilizing advanced correlation and matched filter tech-
niques for High-Resolution Radar, Acoustic Detection & Classification and Pulse Dop-
pler Radar is being accelerated. 

Specialists in Signal Processing, Circuit Design, Mechanical Design, Packaging 
Design, Performance Analysis and Project Engineering will be interested in the 
outstanding assignments now available. 

Graduate engineers with experience in wide-band video amplifiers; high-reso-
lution cathode ray tube circuits and applications (including ultra- linear sweep, gam-
ma correction and dynamic focus); high-voltage power supplies; low-jitter timing 
circuitry; high speed analog sampling circuitry; precision film transports; ultra- high 
speed film development; scan conversion systems; synthetic array radar systems; 
imagery recording, or similar fields— are invited to submit resumes. 

For immediate consideration 

please write: 

Mr. Robert A. Martin 
Head of Employment 

HUGHES Aerospace Divisions 

11940 W. Jefferson Blvd. 

Culver City 39, Calif. 

Creating a new world with electronics 
r-

HUGHES 
L. 
HUGHES AIRCRAFT COMPANY 

AEROSPACE DIVISIONS 

An equal opportunity employer 

U. S. CITIZENSHIP REQUIRED 
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Sigma Cyclonome® Stepping Motor 

Even a simple flip-flop can drive it 
This is a typical Sigma Cyclonome -drive 
circuit. Uncomplicated. Economical. Reli-
able. It requires no special input sequenc-
ing or phase shifting, thus bypassing the 
complicated and costly drive sources usu-
ally required by other stepping motors. In 
fact, the motor will operate from any 
source that provides current reversals or 
successive pulses-60 cps line, variable fre-
quency oscillators, flip-flop circuits, relay 
drive, manual switching, commutating. 

With any of these unusually simple and 
reliable drive sources, the Cyclonome Step-
ping Motor: 

• Delivers precise 18° steps—at a rate of up 
to 1,000 steps per second. 
• Provides up to 5 inch-ounces of torque. 

• Maintains higher holding torque without 
standby power. 

• Occupies as little as 1 cubic inch of space. 

Cyclonome Stepping Motors are at work in 

a wide variety of applications.., chart and 
tape dr ves, analog-digital converting, im-
pulse counting, step servos, remote posi-
tioning, timing, synchronizing. 

A Sigma Application Engineer will be glad 
to help you put the Cyclonome Stepping 
Motor and its drive circuitry to work in 
your particular application. Or perhaps you 
would first prefer to read more about it. 
If so, send for a copy of the Cyclonome 
Drive Circuit Bulletin. Write to Box 53. 

SIGMA DIVISION a SIGMA INSTRUMENTS INC 
Assured Reliability With Advanced Design/Braintree 85, Mass. 

Sigma's Cyclonome Stepping Motor is reliable because it's simple: only one part moves. 

This cutaway view of the Cyclo-
nome Stepping Motor reveals its 
unique simplicity. Its only moving 
part is a rotor without windings, 
without brushes. The precise, in-
cremental rotation of the rotor is 
due solely to magnetic force. For a 

complete description of the Cyclo-
nome Stepping Motor's design, 
construction, operating sequence 
and application possibilities, send 
for your copy of Cyclonome Step-
ping Motor Basic Bulletin. Write to 
Box 53A. 
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Report from 

BELL 
LABORATORIES 

Spontaneous spreading of a liquid on a solid occurs when surface tension of the solid (Fs) is greater than the sum of the 

surface tension of the liquid in contact with its vapor (FLO and the interfacial tension between the solid and liquid (FsL). 

A NEW WAY OF LOOKING AT ADHESION 

It is well known that any two 
clean solids will form a strong 
joint if their contacting sur-
faces are ideally fiat and smooth. 
But real surfaces are rough and 
do not provide the proper inter-

facial contact necessary for 
forming a strong joint. 

If, however, one of the ma-
terials is a liquid that spreads 

spontaneously over the second 
material, interfacial contact 
occurs extensively and rapidly. 
Thus the key to making strong 

joints is to have one material 

in the form of a liquid which 
"wets" the second material. 

By the proper application of 
this simple theory of adhesion, 
research chemists at Bell Labo-
ratories have made strong ad-
hesive joints between what had 
previously seemed to be "un-

bondable" materials— for ex-
ample, epoxy and solid untreated 
polyethylene. The procedure is 
first to cure the epoxy to its solid 
form, and then to bring it into 
contact with molten polyethyl-

ene. The molten polyethylene 

spreads on the epoxy and when 
solidified forms a strong joint. 

While a complete understand-
ing of the bonding process must 
await further research, detailed 
consideration of the spread-
ability concept seems to be in-
valuable in dictating which one 
of a pair of materials must be 

put into the liquid state to form 
the joint. BELL TELEPHONE 
LABORATORIES, World Center 

of Communications 
Research and Develop-
ment. 
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This Relay Obeys A 50-mw Signal...Even at 30 g's 
The Sigma Series 32 contacts don't chat-
ter during vibration of 30 g's to 5,000 
cycles, or shock of 100 g's. The unique 
cross- leaf contact structure and mag-
netic circuit with horizontal coil also re-
sult in the 32's ability to switch reliably 
up to 2 amps, with an input signal as 
small as 50-mw—pulsed, sustained or 
gradually changing. 

The Series 32 is a polarized, subminia-
ture DC magnetic latching relay. Its con-

SIGMA DIVISION 

tacts are he'd magnetically in the position 
last energized—without continuous coil 
signal. 

The relay is rugged, compact and oper-
ates at temperature extremes of —65°C 
to +125°C. So reliable, the Series 32 
helps shoot missiles, orbit satellites—and 
keeps computers and office equipment 
humming. 

To help you take advantage of the out-
standing capabilities of this relay, we'd 

like to send you our Design Bulletin 
describing nearly 1,000 standard varia-
tions of the Series 32. Write to Depart-
ment #52 ... or ask our application 
engineers to help you select the right 
switching control for your particular 
need. 

You can choose from more than 100,000 
different standard Sigma relays — both 
latching and non-latching, electromag-
netic and solid state. 

SIGMA INSTRUMENTS INC 
Assured Reliability With Advanced Design/Braintree 85, Mass. 

Is your circuit power limited? 
Magnetic latching relays can conserve 
power when used in a circuit like 
this. For example, the Sigma SeTiCS 32 
requires only 950 micro- joules with a 
matching RC constant of 450 micro-
seconds. Single pulse operation of 
relays is covered more completely in 
Sigma technical paper APN 2.3. Write 
Department 52A for a copy. 

-r 
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Avoid secondary breakdown during switching by using SOAR 

specified DAP transistors from Bendix. 

-50 

z -40 

-30 

Our DAP® (Diffused Alloy Power) 
transistors can handle your fast-
switching-at-high-current circuit 
requirements up to 4500 watts. Built-
in reliability is assured by dynamic 
sweep testing of every DAP before 
it leaves Bendix. There are 33 DAP 
transistor types with currents ranging 
from 3 to 50 amperes and voltages to 
200 volts which are SOAR (Safe 
Operating ARea) specified. Switching 
is accomplished in microseconds or 
less at temperatures up to 110°C. 

3 AMP 10 AMP 25 AMP 58 AMP 

2N1013,A,11 2N1651-53 2142357-59 
CHARAC- 2N2282-84 2041430 2041151 
TERISTICS 2N2461-69 2042212 2N22115-81 

2N2200-96 2N2636-35 

ACES 
(V) 60-200 40-120 60-120 60-120 

IC 
(A) 

3 10 25 50 

Pc 
(VO 

 5 60 100 170 

Ti 110 110 110 110 
CC) 

30-90 20-120 20 min 15 min 
IsFE @0.5 A ®5A «A25 A ©50A 

ACE(S) 0.4 max 0.5 max 0.65 max 0.9 
(V) @, 1 A (,, 5 A (≤y 25 A @ 50 A 

o 

o 
20 

0 
-10 

u 

2N2359 

0 -20 -40 -60 -80 -100 
VcE COLLECTOR-TO- EMITTER VOLTAGE IN V 

With the new SOAR principle you can 
specify the exact DAP transistor for 
your switching or DC application 
without worry of transistor failure. 
How? SOAR takes into consideration 
any type of load; inductive, resistive 
or capacitive. SOAR takes into consid-
eration the maximum current and 
the maximum voltage switched. SOAR 
eliminates complicated calculations 
and complex derating for operation 
at various repetition rates, pulse 
widths, and case temperatures. See 
SOAR envelope above for 2N2359. 

Inverter circuits using SOAR spec-
ified DAP transistors operate more 
efficiently because of fast collector 
fall time and low saturation resist-
ance. In horizontal deflection circuits 

700W DC- DC CONVERTER 

2N2283 

03.042N235111 

CpC2 ,C120. 

C3'ClelmF 

1000V 
07A 

RI. 3 KIN 

R2. R3. MOIL 

R4. R5 IJI 

VCc'24 V 

DIODES. IN3930 

for TV and CRT applications, DAP 
transistors excel because of their high 
breakdown voltage and fast collector 
current fall time. 
Your other low saturation resistance 

requirements are fulfilled by DAP 
transistors. For example, the satu-
ration resistance of the 2N2357 
through 2N2359 DAP transistors at 
50 amperes is 0.018 ohm maximum. 

COLLECTOR CURRENT 
VS. 

COLLECTOR VOLTAGE 
Te25.0 

1.•-ttOo• 

CessECTOR -10-SloiTTER vOSTAIR 111 V 

Reliability is improved by using 
DAP transistors. Failure rates of 
0.001% per 1000 hours have been 
achieved in military and space appli-
cations. Ruggedized DAP transistors 
exceed the mechanical and environ-
mental requirements of MIL-S-19500. 
For more data on our DAP line, or 

for applications information, call your 
nearest Bendix sales office. 

Visit us at the IEEE Show—Booth 2222 

Bendix Semiconductor Division 
HOLMDEL NEW JERSEY 

CORPORATION 

Burbank, Calif.—(213) Victoria 9.3961; Chleago—(312) 637-6929; Dallas—(214) 357-1972; Detroit—(313) JOrdan 6-1420; Holmdel, N. J.—(201) 
747-5400, Minneapolis—(612)824-7270; San Carlos, Calif.—(415) LYtell 3-7845; Syracuse, N. Y.—(315) 474-7531; Waltham, Mass.— (617) 899-
0 7 70, Export—Cable: " Bendixint," New York, N.Y. (212) 973-2121; Ottawa, Ontario—(613) TAlbot 8-2711. 
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NEW OSCILLOSCOPES 
THREE DC-TO-50M C OSCILLOSCOPES— Types 547, 546 

and 544 have been announced by Tektronix, Inc., 

Beaverton, Ore. Primary differences of the scopes are 

in their horizontal-deflection systems. 

Automatic display switching—featured in the Type 

547—is provided by alternate electronic switching 

between two identical wide-range time bases-

0.1p.secicin to 5 sec./cm. In this mode, the vertical 

signal from a single-channel plug-in can be alter-

nately displayed on two different time bases. With a 

dual-trace plug-in unit, channel 1 can be locked to one 

time base, and channel 2 to the other. For many uses, 

one has dual-beam performance. 

When the two time bases are used for delayed 

sweep operation, a continuously-variable and cali-

brated delay is available from 0.1p.sec. to 50 sec. In 

this mode, each vertical signal—from a single or 

multi-channel plug-in—can be alternately displayed 

on time base B intensified by A, and time base A 

delayed by B, as shown in Fig. 1. 

A front-panel control allows individual adjustment 

of trace separation when using automatic display 

switching. 

All 3 scopes use an illuminated internal graticule 

with 6 x 10 cm viewing area. A new CRT with 10kv 

accelerating potential provides a brilliant trace and 

small spot size. 

Triggering is stable over the full passband of the 

vertical-deflection system, providing triggered pres-

entations to beyond 50m c. Triggering circuitry in-

cludes automatic mode with bright reference trace, 

regardless of sweep rate. 

ir ¿in 
"The changing STATE-OF-THE-ART 

in the Electronic Industries" 

CATALOG PRINTING BY COMPUTER 
A N E\\* ELECTRON ICS CO NI POSIT I ON T EC II N I QUE, which 

transfers catalog information from magnetic tape to 

microfilmed pages, may cut over-all production costs 

of printed catalogs as much as 40%, Navy tests indi-

cate. 

Information stored in one computer is fed into a 

computer-recorder which converts the data from 

magnetic tape to letters, figures, graphs and charts. 

This method is done at a speed of 7,000 lines/min. 

The system electronically reduces letter width and 

white space between printed lines and letters with 

little or no loss in readability. 

The Naval Aviation Supply Office, Phila., Pa., 

applied the technique to printing one section of its 

stock list catalog. In the test run, the one section of 

the catalog shrank from 28,000 to 16,000 pages. 

A type 1A1 Dual-Trace Plug-In Preamp provides 

dc-to-50m c passband at 50mv/cm to 20v/cm, and 

dc-to-28mc passband at 50mv/cm. Channel 1 and 

channel 2 amplifiers can be cascaded to obtain about 

500v/cm sensitivity at 2 CPS to 15mc passband. 

Type 546 uses sweep delay with sweep generators 

identical to those in Type 547, but does not llave the 

automatic display switching feature. 

The Type 544 instrument has the same vertical 

characteristics as Types 546 and 547, but with one 

time base (0.1p.sec./cm to 5 sec./cm) and a X2, X5, 

X10, X20, X50 and X100 sweep magnifier. 

Fig. I: Simultaneous display ( I) of the 
same pulse train on two display- switched 
time bases. Brightened portion of lower 
sweep is displayed on expanded and de-
layed upper sweep. Signal source is con-
nected to input of a single channel ver-
tical plug-in unit. Photo below shows the 
547 oscilloscope in use in the laboratory. 

an-
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COMPUTERIZED TELEGRAPH SYSTEM 
A COMPUTERIZED INTERNATIONAL PUBLIC TELEGRAPH 

SYSTEM has been announced by RCA Communica-

tions, Inc. Now undergoing final tests, the new Elec-

tronic Telegraph System ( ETS) is to replace the 

"torn-tape" system now in international use. 

The new system will do in a fraction of a second 

what now takes many minutes to accomplish with 

the perforated tape relay system. It will receive, 
examine, store, route and transmit messages to and 

from customers all over the world. 
The system makes use of two high-speed digital 

computers—one operates the system, while the other 

is on stand-by. Each can handle 2.5 million char-

acters, or 400,000 words/sec. Messages to and from 

about 70 countries will move through the electronic 

complex as fast as the existing 100 receiving and 

transmitting channels can handle the load. 

In addition to automatically receiving and trans-

mitting messages, the on-line computer can identify 

any one of 7,000 cities, states and countries in three 

languages and any one of 12,000 internationally regis-

tered coded addresses. It can also handle any mixture 

of h-f radio channels, submarine cable, radio satellite 

or wireline channels. 

The computer can check the status of all messages 

in transit and point out in advance potential backlog 

conditions. This enables the operator to call up addi-

tional channels to prevent message delays. 

Each message entering the system is transmitted 

by precedence in chronological order. But, if all the 

VHF TELEMETRY TRANSMITTER 

Thompson H. Mitchell, President of RCA Communications, looks 
on as engineer R K. Andres demonstrates the command and in-
terrogation features of the new Electronic Telegraph System. 

proper outgoing channels to a city or country of 

destination are busy, the computer will store the mes-

sages for these channels until one of the circuits is 

open. Then it selects, again in chronological order, 

the highest priority message in its memory drum and 

sends it along. 
All messages enter the complex through the five-

unit perforated tape message system. Each message 

is preceded by an internationally-approved "pilot-

line" which contains all instructions for the computer, 

including a four-letter destination code, two-letter 

priority, class of service code, original code, and the 

number of paid words in the message. 

A copy of all traffic passing through the system 

will be recorded on magnetic tape for future refer-

ence. 

A UHF-FM TELEMETRY TRANSMITTER, which operates 

at 2.2 - 2.3 cc, is being developed by Electronics 

Communications, Inc., St. Petersburg, Fla., for the 

Navy. 

The UHF transmitter is one of the first to be built 

in modular form and with wide-band modulation. 

While the unit is primarily for missiles, spacecraft, 

and supersonic aircraft, it may also be used in any 

portable telemetry. 

Six separate modules make up the transmitter. 
Total volume of the modules is 47 cu. in., and the 

weight is 42 oz. Power output is 2 to 3w. Because 

of the variety of possible configurations, the trans-

mitter fits readily into cramped rockets and space-

craft. The power supply can be connected to either 

ac or dc primary sources. 

Six separate modules make up the transmitter. State-
of- the-Art techniques accomplish modulation fidelity. 
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... the most versatile power supplies going! 

TRYGON 
Half Racks 

Model HR40-5A 

In the lab—you'd find you can't beat a Trygon Half Rack for versa-
tility and low cost! Want constant voltage with adjustable current 
limiting? you've got it! Want constant current with adjustable voltage 
limiting? You've got it! Want to select voltage and current with a 
remote control? You've got th s too! 

But check the features at the right—and the prices— for yourself. 
And remember—every Trygon power supply, large or small, goes 
through the same test procedures before shipment. Each is 
aged—burned in; each is subjected to stability runs. Each must pass 
shock and vibration tests—your assurance of long, trouble free per-
formance along with versatility. 

In a system—you merely take off the Half Rack dust cover, reverse 
it, add an inexpensive Trygon adapter, and you have a unit that 
slides right into a rack. What's more, you 
can place two Half Racks in a 19" rack 
width, occupying only 51/4 " of panel height. 

For complete specs—on the Half Rack 
Series as well as cur catalog showing 
the complete line of over 100 Trygon 
Power Supplies, write to us today. 
Address: Dept. El- 7. 

TRYGON 
Two Trygon HR20 1.5's, 

rack- mounted side by side. 

New 
higher amp 

models available: 

HR20-1.5• 

HR40-750* 

HR20-5A 

HR20-10A 

HR40-2.5A 

HR40-5A 

HR60-2.5A 

HR60-5A 

•Single Meter Units 

Regulation 

0.01% line 

0.05% load 

0.01% line 

0.01% load 

Ripple 

0.25 mv 

0.15 mv 

FEATURES 

• CONSTANT VOLTAGE OPERATION 
with adjustable current limiting. 

• CONSTANT CURRENT OPERATION 
with adjustable voltage limiting. 

• COMPLETE RANGE REMOTE PRO-
GRAMMING furnishes voltage and 
current selection from a remote 
control. 

• REMOTE SENSING provides rated 
regulation at the load, available at 
both front and rear terminals. 

• HIGH RESOLUTION for setting cur-
rent and voltage is provided by 
coarse and fine adjustments for 
both (4 controls). 

• AUTOMATIC OVERVOLTAGE PRO-
TECTION—Trygon's unique over-
voltage protection is available as 
an option. 

ELECTRONICS INC. 
111 Pleasant Avenue El-7 Roosevelt, L.I., N.Y. 

(516) FReeport 8-2800 TWX (516) 868-7508 
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FIELD EFFECT TRANSISTORS 
UNDER NUCLEAR RADIATION 
Field effect transistors, 

like other semiconductors, 

are affected by nuclear radiation. 

However, some of the changes are not the same 

as for conventional transistors; 

in fact, they are exactly the opposite. 

PREVIOUS LITERATURE ON THE NUCLEAR RESISTANCE 
of field effect transistors' ( FET) has not empha-

sized that certain operating parameters degrade op-

posite to that secured with conventional transistors 

exposed to a nuclear environment. Transistors ex-

posed show increased leg°, or in grounded emitter 

operation an increase in Ic, whereas field effect tran-
sistors show a decrease in IDss. For the circuit design 

engineer this is an important, and heretofore undis-

closed parameter. Also, it should be noted that the 

gate voltage required for IDss cutoff decreases, and 

therefore the use of a fixed bias voltage would lower 

the nuclear resistance of a circuit using the FET. 

While the author did not measure gate current, its 

value ( which reflects input impedance) may be an 

important design parameter. The literature2 reports 

that severe increase in gate leakage current has been 

observed, probably induced by the high level of ioniza-

tion. With the high component input impedance, the 
results observed might have been leakage induced in 

the instrumentation system, rather than in the test 

specimen. The FET's used in this test were too 

badly degraded to permit post irradiation test of input 

Fig. 1: Physical construction of a field effect transistor. 
Negative bias to grid projects depletion layer ( broken lines). 

impedance, and no provision was made for an on site 

measurement. 

Construction may be the Difference 

The difference in performance degradation of the 

parameters may be due to the completely different 
modes of construction and operation of the FET and 

transistor. Fig. 1 represents a field effect transistor. 
The FET consists of an N or P bar of silicon, with 

two ohmic contacts, cathode and anode, on either end 

of the bar. Two junctions ( p-n shown) are built 

into the middle of the bar and serve as the grid or 

gate. Planar made FET's, although of different 

geometry, basically operate by the same mode. 

A negative bias applied to the grid projects a de-

pletion layer, shown in broken lines ( Fig. 1), from 

the junction(s) into the silicon. This increases the 

resistance between the anode ( drain) and cathode 
(source). of the unit, and gives rise to a triode tube 

type output characteristic. 

As the anode voltage is increased, the grid (gate) 

is reverse biased by the voltage drop due to the anode 

current. This reverse bias also causes a depletion 
layer to extend into the channel from the gate junc-

tion. At that point, a further increase in anode volt-

age will not result in much increase in anode current, 

causing the output characteristics to closely resemble 

those of the thermionic pentode. A high impedance 

voltage signal on the gate is thus made to modulate 

the low impedance current through the channel. 

Swapping anode and cathode terminals result in little, 
if any, change of operating parameters for most 

FET's, because of their symmetrical construction. 

The anode potential, at which the saturation of 

anode current occurs, is known as the "Pinch-Off 

Voltage." The anode current flowing through the 

device after the Pinch-Off Voltage has been reached 
is known as Pinch-Off Current. With zero grid bias, 

the Pinch-Off Current is the maximum specified 
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anode current of the transistor. The term, Pinch-Off 

Current and its designation may cause some con-

fusion because of the non-uniformity existing between 

manufacturers. Siliconix calls this reference Imo'. 

Texas Instruments Incorporated (T.I.) calls the same 

reference, Zero-Gate Voltage, Drain Current. Another 

term could be, Drain Saturation Current at Zero-Gate 

Voltage. The term, Pinch-Off Drain Current, is 

used by T.I. (on their data sheet) to refer to the 

very low drain current that flows when V G8 is greater 

than Vp. 

A Normally "On" Device 

Unlike transistors which are normally "off" and 

must be biased "on," the field-effect transistor is an 
"on" device which is biased towards "off." Negative 

voltage is applied to the grid ( referenced to the 

cathode) as with a vacuum tube for the N channel 

FET. The P channel FET operates similarly, except 

the gate and anode potentials are reversed. 
As shown in Fig. 1, there are no junctions in the 

current path of this device, unlike the transistor, 

therefore the major source of noise is the thermal 

noise of the anode-to-cathode resistance. This is 
typically 1 to 10 K ohms. Of more importance, in 

considering nuclear resistance is the lack of emitter 

and collector junctions. These junctions in the con-

ventional transistor change contact potential and leak-

age resistance under irradiation, thus producing shifts 

in their operational specs. Also, the field effect device 

operation depends on majority carrier characteristics 

as differentiated from the minority carrier used in 

transistors. 

Five types of field effect devices were selected for 

the neutron irradiation reported here, as part of a 

Litton test. Their mutual conductance, gm, was 

measured during the irradiation. The gm was com-

puted from differential measurements by dividing the 

Fig. 2: The mutual conductances 
(gm/gm„) of 5 types of FET's 

are shown versus an 
epicadmium nuclear exposure. 

By ALVIN B. KAUFMAN 
Head, Instrumentafion & Nuclear Studies 

Litton Industries 

Woodland Hills, Calif. 
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observed change in drain or anode current by a pre-

determined change in gate voltage, with the device 

normally turned "on." The anode-cathode volt-

age (VDs) was 6 vdc. Gate voltages used were zero 

and -I- 1.5 vdc. 

The Radiation Exposure 

The exposure, to which the devices were subjected, 
was found by Litton using their microfoil techniques. 

The total gamma-ray exposure, measured in ergs/gm 

(C), was 2.7 x 101°. This was not enough exposure 

to affect the inorganic semiconductor, as discussed 

later. The FET performance is reported versus an 

epithermal neutron exposure ( rivet), i.e., all neu-

trons/cm2 with an energy above 0.48 ev. The irradi-

ation was carried out at 55°C ambient temperature 

at General Dynamics ground test reactor (GTR). 

Fig. 2 presents the mutual conductance of the de-

vices tested, as normalized, by dividing the values 

during irradiation by the baseline values, gm.. 

The radiation exposure to degrade the average 
gm of the 8 specimens to 0.7 of the baseline value 

(gm/gm. = 0.7) was about 1 x 10" epithermal neu-

tron/cm2 (nvet). This is about the same level of 

exposure needed to damage high alpha cutoff fre-

quency transistore 4 (B/B. = 0.7). 
The characteristics of field effect devices depend 

mainly on the majority carrier characteristics of the 

material, while transistors depend on both carrier 

properties. The minority carrier properties in tran-

sistors are the first to suffer damage, so it appears 

possible that majority properties are the limiting 

factor in nuclear resistant semiconductors. If so, it 

would appear that regardless of the transistor or 

FET geometry and alpha cutoff (which inversely is 

proportional to nuclear resistance) that ultimate 

component resistance could only be from materials 

other than silicon or germanium. It should be noted 
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Fig. 3. Micro- photos of four Unifets on 30- mil square silicon dice. They may be operated with source and drain leads intetchanged. 

FIELD EFFECT TRANSISTORS (Continued) 
.. 

that the doping of germanium or silicon, which 

affects its bulk ohm/cm resistance, controls to some 

degree the resistance of the material to nuclear dam-

age.3 Thus some FET devices may have a higher 

nuclear resistance than others, even though all depend 

on majority carrier properties ( Fig. 2). 

That the premise, geometry ( of the FET) does not 

greatly effect nuclear resistance, is shown by the 

graphs of 4 Siliconix FET's ( Fig. 2). Fig. 3 shows 
their shapes. The scatter between the 4 Sificonix and 

Fig. 4: Graph shows the effect of nuclear radiation on drain 
current for 8 FET's empirical y tested. See Fig. 2 for numbers. 
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T.I. devices ( geometry unknown) is probably a func-

tion of doping (ohm/cm R), and doping material. As 

for decreasing the ohm-cm with doping to increase 

radiation tolerance, we should note that when the 

channel resistance is decreased, so is the breakdown 

voltage. Note: BVDGs of 2N2386 is 15 v.; BVDGs of 

2N2606 series is 30 v. minimum. 

It is believed the loss of electron mobility is the 

prime cause of gm degradation. Supporting this as-

sumption is the fact that the bulk material shows an 

increase in resistance with nuclear exposure. The 

resistivity changes in silicon are caused by the Frenkel 

or lattice defects. This tends to decrease the number 

of majority carriers and increase the minority car-

riers until the numbers are equal, i.e., when the mate-

rial becomes intrinsic. This effect is noticed for sili-

con after a neutron exposure of about 1(14) nvt. 

The result of irradiation of the FET results in 

increased resistance in the bulk silicon material, with 

a consequent decrease of IDss. In the transistor this 

effect is masked because damage in the collector and 

emitter to base junctions causes an increase in col-

lector current. The decrease of IDss ( fixed VDs) 

(gate zero biased) is shown in Fig. 4. This data was 

measured on the same transistors shown in Fig. 2, 

at the same temperature and exposure at which gm 

was recorded. This damage effect is caused by the 

neutron environment, and similar results may be 

found with other devices. 

Testing Silicon Thermistors 

The data secured with the test of silicon thermis-

tors5 offers an interesting correlation. The thermis-

tors selected for test were Texas Instruments' Sen-

sistors type P-100 and TC-1/8. Both were rated at 

100 -± 10% ohms @) 25 -± 0.2°C. Their wattage 

rating and casing differed, but both elements were of 

0.019 x 0.019 x 0.215 inch bars of 0.6 to 0.7 ohm-cm 

arsenic-doped silicon. Contacts are ohmic, and are 

made with lead-gold alloy. This device approximates 

the alloy bar FET without gate electrodes. 
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The data presented hereafter is only capable of 

limited extrapolation to FET's or other Sensistors, 

because the ohm-cm resistance and doping agent may 

be different. 

Litton Systems tested the first pair of Sensistors 

in a Co-60 facility to 1.25 x 101° ergs/gm ( C) ( 1.5 

x 108 r) at an environmental temperature of -- 25°C. 

As Fig. 5 shows, throughout and to the conclusion 

of the irradiation there was no dose rate effect or 

measurable damage. Inasmuch as the threshold point 

for minority carrier damage is about 1 x 108 R 

(higher for majority carrier damage) the results 

secured were not unexpected. A second pair of 

Sensistors were tested in the combined neutron-

gamma environment of Convair's ground test reactor 

(GTR). Chamber temperature was kept at 55°C. 
As seen in Fig. 6, several important damage effects 

occurred. Almost immediately from the start of 

irradiation, the Sensistors increased in resistance. 

After irradiation, both Sensistors had a non-linear 

negative resistance-temperature coefficient, whereas 

before they possessed a linear positive coefficient. A 

possible explanation for this is the change of n-type 

material to p-type, or vice-versa when they are ex-

posed to radiation. 

The data shown in Fig. 6 records the exposure in 

neutrons/cm2, E. >2.9 Mev ( i.e. nvft). This is ap-

proximately corrected to nvet ( to conform with the 

other graphs) by multiplying the nvft values by a 

constant of 4.5. Thus 1(14) nvft is about 4.5 ( 14) 

nvet. The resistance increase shown at this point for 

the Sensistors approximates that value required for 

the Ings decrease of some of the 2N2386 FET's 

(Fig. 4) at 1(14) nvet. Better correlation is not 

obtained, probably because the doping materials and 

degree of doping are not similar. The manufacturer's 

of the FET's tested would not divulge the doping 

material or the channel bulk ohm-cm resistivities, 

thus comparison with the Sensistor is limited. 

Conclusions 

The performance of test samples, as reported here, 

can be construed to represent only the actual sam-

ples, and does not represent a recommendation or 

condemnation of any specific company or its products. 

The experimental conditions were not controlled by 

the manufacturers. Although other tests with like 
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Fig. 5: Co-60 gamma irradiation of Sensistors show no effect. 

devices ( same manufacturers and part numbers) have 
given correlation, within one magnitude of exposure 

for a specified gm degradation, such tests with a lim-

ited number of specimens does not reveal the failure 

distribution. The designer, to be conservative, should 

derate the exposures shown (for a specified gm/gmo) 

by one magnitude. 
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Fig. 6: Sensistor temperature probe variation in resistance 
as a function of neutron exposure, temperature held at 55*C. 
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New Esterline 
Angus transducers 

You can simplify electrical power 
system measurement and control 
problems with transducers from 
Esterline Angus. 

Solid state transducers are avail-
able for the accurate measurement 
of AC volts, amperes, watts, vars, 
frequency and power factor. Watt-
meter transducers for both single 
and three-phase application utilize 
reliable Hall element techniques. 

Investigate the advantages of us-
ing these devices in your telemeter-
ing and metering applications. 
Esterline Angus also makes 

standard and patented self-balanc-
ing amplifiers and current trans-
formers for use with these versatile 
transducers. 

Write for transducer, amplifier 
and current transformer catalogs. 

Need adjustable range 
adjustable zero? 

You get both with wide chart 
Esterline Angus servo recorders. 
You can adjust range from as low 
as 1 millivolt, with zero adjust sev-
eral times the minimum range. 

This is only one example of the 
versatility built into all Esterline 
Angus Series "E" recorders. 
Two-channel Overlapping and 

Two-channel, Two-zone Recorders 
can write two records such as tem-
perature and humidity on one wide 
chart. We also have a Single-chan-
nel Servo Recorder. 

Series "E" instruments can re-
cord pressure, flow, pH, conductiv-
ity, strain, volts, amperes, watts, 
millivolts, milliamperes and speed 
ratio. They also find extensive use 
in gas chromotography. 

Write for Series "E" catalog. 

Box 596E1, INDIANAPOLIS, INDIANA 46206 

Record transients you could once 
ignore. Use an Esterline Angus 
Rapid Response, Expanded Scale 
Voltmeter. 
Even a two-volt change of 30 

milliseconds produces a pro-
nounced pen deflection. Voltage 
transients of 100 milliseconds are 
recorded with complete accuracy. 
You can order both Single-chan-

nel and Analog-Event Rapid Re-
sponse Recorders in either portable 
or flush models. 
Other Esterline Angus Single and 

Two-channel instruments can ac-
commodate various voltages and 
currents. Two-channel models can 
simultaneously record voltage and 
current. 
Write for catalogs which describe 

instruments best suited for com-
plete plant surveys. 

ESTERLINE ANGUS 
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Milliammeter with 
14 chart feeds 

Single and Two-channel models 
with chart feeds from h" per hour 
to 6" per second, and: 

• A range as low as 1 MA DC.* 
Any higher ranges available. 

• Optional switch for selection of 
6 ranges on single instrument. 

• Sloped writing surface and chart 
tear-off bar on portable model 

• Exclusive rectilinear translating 
mechanism has no long levers. 

• Easily removable pen element. 
• Readily accessible terminals. 
• Chart remaining indicator and 

full size 6" chart. 
• Yi second response. 

*For greater sensitivity, order 
the DC Microammeter with a basic 
range of 0-50 microamperes DC. 
Write for catalogs which describe 

Milliammeters and Microam-
meters. 

%.411 

That's all the space you need to 
install flush model Esterline Angus 
inkless or ink-type Event Record-
ers. And the portable with sloped 
writing surface occupies compar-
able small bench top space. 
Data can be recorded on charts 

moving as fast as 6" per second or 
as slow as h" per hour. Any num-
ber of instruments can be remotely 
switched from low to high speed. 
And 14 immediately adjustable 
chart feeds can be selected. 
With both flush and portable 

models, you get 20 channels of 
continuous records, instead of hard-
to-interpret "skip" writing of other 
event recorders. You get full hi " pen 
deflection when an event occurs. 
Write for catalogs which describe 

Event Recorders. 

Only the Esterline Angus Speed-
servo has it. Eight times faster 
than most, the Speedservo records 
4 cycle per second signals without 
significant attenuation, and hand-
les virtually all signals, even those 
of one millivolt level. 

Its unique shuttle servo motor 
has no drive cords to break or 
gears to wear. One-piece construc-
tion of drive coil, pen assembly and 
sliding contact provides low iner-
tia and accompanying high re-
sponse speed. 

The Speedservo's feedback po-
tentiometer has virtually un-
limited life. 
The Speedservo is available in 

the illustrated portable, sloped 
writing surface model or in a flush 
model with 8" x 8" case front. 
Write for Series "S" catalog. 

ESTERLINE ANGUS INSTRUMENT COMPANY, INC. 

Excellence in instrumentation for over 6C years =11® 
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Radio frequency preamplifiers 

are usually rated by their Noise 

Figure. But it would make more 

sense to rate them by signal lev-

el. This can so easily be deter-

mined by the few measurements 

and calculations described here. 

W HEN A RADIO FREQUENCY PREAMPLIFIER iS IO be 

evaluated, it has been a common custom to pay a 

great deal of attention to its noise figure. The noise 

figure has been considered as if this is the only 

parameter which gives a key for correct evaluation 

of the r-f preamplifier. This over-emphasis on the 

noise figure is being realized.' There is a more im-

portant factor than noise figure for the evaluation, 

this is the minimum detectable signals ( MDS) of the 

preamplifier. 

If the r-f preamplifier of a microwave communi-

cation system cannot pick up signals, the system is 

useless. If the preamplifier of a radar receiver failed 

to pick up its echo, the radar is not usable. There-

fore, the minimum detectable signals ( MDS) of the 

preamplifier is important. 

The purpose here is to propose a method of meas-

uring the minimum detectable signal ( MDS) of a 

microwave preamplifier, or a millimeter wave pre-

amplifier using an auxiliary receiver. In most micro-

wave receivers using microwave preamplifiers, the 

MDS of the receiver is not that of the preamplifier. 

The MDS of the preamplifier itself is always masked 

by the noise of the main receiver, or influenced by 

the high gain of the following receiving system. 

Even if a low noise auxiliary receiver is used for 

the measurement of the MDS of a preamplifier, the 

gain and the noise of the auxiliary amplifier tend to 

more or less influence the MDS of the system. Thus, 

the MDS of the system is never exactly equal to the 

MDS of the preamplifier itself. The MDS of the 
system is therefore not to be used to evaluate the pre-

amplifier itself. The method proposed will give the 

actual value of the MDS of the preamplifier alone, 

regardless of the auxiliary receiver used. 

The Theory 

If an auxiliary receiver of gain G2, noise band-

width 13, and noise figure F2 is connected after a 

microwave preamplifier of noise bandwidth B1, gain 

Gl, noise figure Fl and available noise output Nb 

then the available overall noise output N12, including 

RATING PRE-AMPS 

BY "MINIMUM 

DETECTABLE SIGNALS" 

the auxiliary receiver and the preamplifier is given 

as follows :2 

(a) when B, > B2 

N12 = (N1 —/32 ) G2 + (F2 — 1) k To By Gy (1) 
Bl 

where T. is the input noise temperature of the am-

plifiers and k is Boltzmann's constant. The MDS 

of the overall system is defined then as follows: 

N12  
P.12 — 

GI G2 

substituting ( 1) into (2), 

Ny By Fy — 1 
P.12 =   k To 132 

GI BI  

The MDS of the first stage alone is defined as 

P.1 

Combining ( 3) and (4), and solving for P.1, 

— 1 BI 
= ( 1).12 IC T. elt 

Et 

Thus the MDS of the overall system Pen is different 

from the MDS of the preamplifier alone and needs 

some correction. 
Eq. 5 is simplified if F2> > 1. Dropping 1 from ( 5) 

and using the definition 

(2) 

(3) 

(4) 

when B 

P.2 
Fy = 

k T. B2 

= ( P,.12 P82  \ 13, 
G, B2 

< B 2, 

N12 N1 G2 + (F2 — 1) k T. B2 Gt 

In a way similar to before, it is shown that 

— 1  
P.I = P.I2 k T. B2 

G, 

Here again Pen is different from Pe and needs some 

correction. 

(6) 

By KORYU ISHII, Ph.D. 
Assoc. Professor 
Dept. of E. E. 

Marquette Univ. 

Milwaukee, Wisc. 
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Microwave preamplifiers, 
such as this one 

by American Electronic Labs., 
could be evaluated on the basis 

of the minimum detectable signals. 
This may emerge 

as the method preferred 
over the noise figure method. 

Eq. 7 is simplified if F2> > 1. In 

a way similar to ( 5a) 

P„ 
P.1 = P.12 — 

Examinations: 

Gi 
(7a) 

Eqs. 5 and 7 can be confirmed 

from a well established rela-

dot-11'2.3'4 

Fi2 = ± 

where F12 is the overall noise figure of the system, 

and F1 is the noise figure of the preamplifier. Ac-

cording to the definition of the noise figure,2 

F2 — 1 

Pal 
= 
k T, B1 

P .12 

(8) 

(9) 

F12 =   (10) 
k To B12 

where B12 is the overall noise bandwidth of the sys-

tem. Substituting (9) and ( 10) into ( 8) and solv-

ing for P81, 

F2 — 1 B1 
P = ( Pm  k To B12) 73;, (11) 

If B1 > B2, then B12 = B2, and ( 11) is reduced to 

(5)• 
If B1 < B2 then, 1,2,3 starting with and substituting 

(9) and ( 10) into ( 12) and solving for P,1, with B12 

= B1, ( 12) reduces to ( 7), where 

F12 = F1 + 

F, - 1 B2 

G1 B1 
(12) 

The Procedure 

The MDS of the preamplifier is obtained by the 

following procedure. 

1. Measure B1 and B2. 

2. If B1 > B2, then use ( 5) or ( 5a). If B1 < B2, 

then use ( 7) or ( 7a). 

3. Measure P.v12, G1, F2, and To. Using ( 5) or (7), 

the true MDS of preamplifier alone is calculated. If 

F2 > > 1, then, measure P82, the MDS of the auxil-

iary receiver instead of F2. Then the actual MDS of 

the preamplifier alone is calculated from Eqs. ( 5a) 

or ( 7a). In most cases, the auxiliary receiver is 

calibrated and F2, B2, and P 82 are known. There-

fore, the quantities have to be measured are P812, Gi 

and To. 

Example 1: When B1 > B2. 

If B1 = 20mc = 2 X 10TcPs 

B2 = 2mc = 2 X 106CPS 

F2 = 34.5 db = 2.56 X 103 

G1 = 15 db = 31.55 

P812 = —92 dbm = 6.3 X 10-13 watts. 

then for k = 1.3804 X 10-23 joule/°K 

and T. = 290°K, 

from ( 5), P81 = —95 dbm = 2.525 X 10-13 watts. 

In this example, the high noise auxiliary amplifier 

masked the MDS of the preamplifier. 

Example 2: When B1 < B2 

If Bi = 2mc = 2X106 CPS 

B2 = 10 mc = 107 CPS 

F2 = 10 db = 10 

G1 = 30 db = 103 

P812 = — 105 dbm = 3.15 X 10-14 watts, then 

using (7), P81 = 2.01 X 10-14 watts = — 107 dbm. 

In this example the auxiliary receiver with a noise 

figure of 10 db shows appreciable masking effects on 

the MDS of the preamplifier. 

Conclusion 
Knowing the MDS accurately is important in 

evaluating a preamplifier. The method proposed 

shows a way of separating the MDS of the preampli-

fier from the influence of the rest of the system. The 

method gives actual MDS of the preamplifier which 

is not influenced by the auxiliary receiver's noise, or 

gain. 

The author thanks S. Krupnik, Jr., P. J. Tar-

antino, and D. Simonich for their help in the prepara-

tion of this material. 

References 
I. N. Houlding, "Noise Factor", Microwave Journal, Vol. 5, pp. 74-

78; January, 1962. 
2. H. T. Friis. "Noise Figures of Radio Receivers." Proc. IRE. 

Vol. 32, pp. 419-422; July, 1944. 
3. "IRE Standards on Methods of Measuring Noise in Linear Two 

Parts," Proc. IRE., Vol. 48, pp. 60-74; January, 1960. 
4. C. G. Montgomery "Technique of Microwave Measurements," 

Radiation Lab. Series, Vol. II, McGraw-Hill Book Co. Inc. New 
York, N. Y., 1947. 

ELECTRONIC INDUSTRIES • March 1964 101 



DESIGN OF 
HIGH-SPEED 

DIRECT- COUPLED 
AMPLIFIERS 

SEVERAL METHODS OF MEASURING very small cur-

rents at high impedance are available. Of these 

methods the negative-feedback, direct-coupled, oper-

ational amplifier best satisfies the need for a dc ampli-

fier, with a frequency response extending to about 

20 KC, for use with photoemissive detectors. 

Electrometer amplifiers with a frequency response 

of only a few cycles per second, when used with con-

stant current sources, are considered to be fast'. 2' 3 

Therefore, an electrometer amplifier with 20 KC fre-

quency response is unusual. 

A new method of stabilization using a neon glow 

tube is shown. Design and analysis of an electrom-

eter amplifier with a gain of 103 and a passband of 

dc to 20 NC is given. 

Amplifier Stability 

A 90° phase lag occurs at high frequencies in each 

stage of an R-C coupled amplifier. The phase is 

shifted by the total effective parallel interstage ca-

pacitance and resistance. The R-C coupling also 

causes the open-loop gain ( and the feedback factor 

AP), to fall with increasing frequency. If the nega-

tive feedback amplifier is to be stable, AP must be 

reduced to less than unity before an additional 180° 

phase shift occurs. Since the maximum phase shift 

of one R-C network is 90°, a one-stage negative feed-

back amplifier is usually stable. Two R-C networks 

can cause a phase shift of 180°, thus a two-stage 

amplifier is potentially unstable. 

The design of a stabilized 
electrometer amplifier 

for use with photoemissive detectors 
is thoroughly described. 
The unique characteristics 
of a neon glow tube 
are used for good stabilization. 
The design thinking here 
can be applied to other amplifier designs. 

Several methods of stabilization are given in the 

literature. Terman4 presents a simple, first approach 

method; Valley and Wallman5 present a method 

involving the "phase retard network." You should 

compute the attenuation of each coupling network 

in the amplifier at the frequency where 180° phase 

shift occurs, to find if the feedback factor AP is 

greater or less than unity. 

These simple methods can easily be applied to an 

amplifier with a needed bandwidth of only 10 CPS. 

But, it is necessary to extend or modify these methods 

to stabilize an electrometer amplifier with a response 

as high as 20 KC. 

The Gas Tube 

Required attenuation can be had at high frequencies 

without introducing phase shift by using a neon glow 

tube in the screen grid of a pentode stage. The im-

pedance of a gas tube is almost purely resistive. This 

resistance varies with frequency and bias current. 

A family of curves for a General Electric NE-2 neon 

is given in Fig. 1, and those of a Signalite RTZ-32-

IA neon are given in Fig. 2; these curves show how 

each tube type varies with frequency and bias current. 

The attenuation a introduced by an unbypassed 

screen grid is given by 

a = (R, + r8)/r8 (1) 

where r8 is the dynamic screen resistance and R, is 

the equivalent resistance of the external grid circuit. 
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To predict the gain of a pentode stage with a neon 

tube in the screen circuit, you must find r„. This can 

be done by placing an unbypassed resistor in place of 

the neon tube, noting the decrease in gain at a low 

frequency, and calculating r, from Eq. 1. 

The effect of the neon tube is to cause I?, to vary 

with frequency. The peak attenuation will occur at 

the point where the neon tube shows maximum re-

sistance. The frequency at which maximum resis-
tance occurs is above 100 xc ( Figs. 1 and 2). This 

is good because a high gain operational amplifier is 

prone to oscillate at a frequency between 100 xc and 
1 MC. An empirical relation for the maximum value 

of the neon tube resistance R„ as a function of bias 

current for the General Electric NE-2 is 

R„ = 5890 in 4E7' (2) 

while for the Signalite neon tube RTZ-32-IA the 

relation is 

R. = 6983 i„ -°. 76 (3) 

where R. is the maximum resistance in kilohms 

occurring at 200 to 400 icc and in is the neon tube 

current in microamperes. 
A limiting factor in the use of gas tubes for stabili-

zation is the ratio of the screen grid current to the 

neon tube bias current. If this ratio exceeds about 

two, a surge current in the screen grid may cause 

the neon glow tube to extinguish. The above em-

pirical relations make it possible to predict the attenu-
ation introduced by a neon tube at high frequencies. 
In some cases, it is possible to introduce an attenua-

tion of 4 or 5 at high frequencies compared with 

unity at 20 ¡cc without introducing phase shift. 

Practical Design 

The frequency response of the electrometer am-

plifier partly depends upon the gain and input capaci-

tance.6. 7 The specifications for the use required that 

the input capacitance be 150 pf or less and the gain at 

20 !cc be about 103. We wanted good stability with 
feedback resistors of any value greater than 150 

kilohms. The circuit shown in Fig. 3 has a midband 

gain of 5000 and will be analyzed with a feedback 

resistor of 150 kilohms and an input capacitance of 

150 pf. 

The first step in the design of stabilizing networks 

is to find the limiting phase shift characteristic and 

find the gain at the frequency where 180° phase shift 

occurs in the uncompensated amplifier. If the feed-

back factor is unity or greater at the frequency where 

180° phase shift occurs, the amplifier will oscillate. 
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At high frequencies the limiting phase shift is set by 

the coupling networks between the stages of the 

amplifier. These networks consist of the output re-

sistance, and the input capacitances of the coupled 

stages. The amplifier of Fig. 3 contains 3 coupling 
networks, each of which must be analyzed. 

Each network consists of the equivalent output 

resistance of the preceding stage and the input capaci-

tance of the stage under consideration. The roots of 
the transfer function of these networks are used with 

the inverse-tangent curve ( Fig. 4). This gives the 

phase shift of a network or networks ( or of the com-

plete amplifier) and is the algebraic sum of all the 

individual inverse:tangent curves. The location of 

any curve is found by observing that f2 = pl2x 
occurs at the 45° phase shift point, where p is a root 

of the transfer function and f2 is the —3 db fre-

quency. 
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AMPLIFIER DESIGN (Continued) 

The overall phase shift for the amplifier is shown 

in Fig. 5. Note that 180° phase shift occurs at about 

600 KC. The gain is equal to the product of the gain 

at low frequencies awl the attenuation of each net-

work. At 1 mc this is 7.3, since A(3 > 1 the amplifier 

ill oscillate at 600 KC. 

Compensation 

Introduction of the "phase retard network" ( Fig. 

6) results in the phase response shown in Fig. 7. 

Note that 180° shift occurs at about 10 mc. Com-

putation of the total gain at 1 MC, as before, yields 

1.6. This indicates the amplifier may oscillate at a 

frequency above 1 MC. 

To obtain a desired margin of stabilization safety, 

it was convenient to use the characteristics of the 

neon tube in the screen grid of the pentode stage. 

The value of the dynamic screen-grid impedance was 

'found, experimentally, for the conditions in this 

amplifier to be 30 kilohms: the screen grid current 

was 0.4 ma. The ratio of screen current to neon 

tube current must not exceed two or the neon glow 

tube may extinguish. With a 300-kilohm bias re-

sistor, R. calculated from Eq. 2 is 130 kilohms. The 

parallel combination of R. and the 330-kilohm bias 

resistor constitutes the external screen resistance 12, 

which determines the attenuation. Solving Eq. 1 

for these conditions yields an attenuation of 4.17. 

The total gain is now ( 1.6)/(4.17 = 0.384, and 

stabilization is assured. 

Amplifier Performance 

With the neon tube bypass and the compensation 

network R7C4 disconnected, the electrometer ampli-

fier was observed to oscillate at 500 KC. Addition of 

the phase retard network increased the frequency of 

oscillation to 1.5 mc and decreased the magnitude of 

the oscillations. When the bypass was removed from 

the neon tube, the amplifier did not oscillate. Re-

ducing the input capacitance reduces the stability 

because the attenuation of the network is less at high 

frequencies. Only when the input capacitance was 

reduced to less than 25 pf did the amplifier occa-

sionally break into oscillation. Thus, there is a good 

margin of safety when the amplifier is operated with 

150 pf input capacitance. 

An increased value of feedback resistance increases 

the attenuation of high frequencies, thereby making 

the amplifier more stable. For some uses it may be 

desirable to bypass the feedback resistor to reduce 

the response of the amplifier to frequencies above 

Fig. 3: Schematic shows a practical compensated operational amplifier. Note the use of neon tubes for stability. 
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Fig. 4 ( above): The inverse tangent curve is used to find shift. 

100 f 

Fig. 5 ( right): Phase response of an amplifier uncompensated. 

the bandpass. When the feedback resistor is bypassed, 

the attenuation of the network for high frequencies 

depends upon the ratio of the capacitances. For a 

low value feedback resistor, the required shunting 

capacitance ratio is unfavorable, causing the ampli-

fier to become unstable. 

Conclusions 

A stabilized electrometer amplifier for use with 

high impedance photoemissive detectors was de-
signed using the inverse tangent curve method of 

analysis of the phase and amplitude properties. The 

established methods of stabilization were investigated. 

The phase retard network alone was inadequate for 

stabilization; but when the unique characteristics 

of a neon glow tube were used with the retard net-

work, stabilization was achieved. This electrometer 

amplifier has a dc to 20 KC bandpass with a transfer 
function ( sensitivity) of 10'4 volts/ampere. 

This research was supported by the Air Force 

Cambridge Research Laboratories. The contributions 

and suggestions of H. P. Gauvin, A. T. Stair, Jr., 
L. S. Cole, and F. R. Brown are acknowledged. 

References 

1. D. A. Allenden, "Using Feedback in Electrometer Design," 
Electronics 32:71.73, 1959. 

2. L Pelchowitch and J. J. Zaalberg Van Zelst, "A Wide Band 
Electrometer Amplifier," Rev. Sci. Instr. 23:73-75, 1952. 

3. J. Praglin and W. A. Nichols, "High Speed Electrometers for 
Rocket and Satellite Experiments," Proc. IRE 48:771.779, 1960. 

4. F. E. Terman, Radio Engineers Handbook, McGraw-Hill Book 
Co., Inc., New York; pp. 396.-399, 1943. 

5. G. E. Valley and H. Wallman, Vacuum Tube Amplifiers, 
McGraw-Hill Book Co., Inc., New York; pp. 409-496, 1948. 

6. J. Praglin and W. A. Nichols, op. cit. p. 1, 1960. 
7. D. J. Baker, C. L. Wyatt and F. R. Brown, "A Direct Coupled 

DC Amplifier Compensated to 20 KC for Use With Photoemissive 
Devices," submitted for publication by IRE. 

ELECTRONIC INDUSTRIES • March 1964 

P
H
A
S
E
 
L
A
G
 
IN

 
D
E
G
R
E
E
S
 

o 

40 

80 

120 

160 

200 
103 

',t.7kc 340kc 
C B 

920kc 
A 

• 

, 

- 

%. OVER-ALL 
`, PHASE 
. RESPONSE 

1 

104 105 106 

FREQUENCY IN CPS 

107 

OUT 

r iVV\1 

e0e I Cs 
TC 4  

Fig. 6: The ' phase retard' network used for h-f compensation. 

Fig. 7: Phase response of an amplifier that's compensated. 

P
H
A
S
E
 
L
A
G
 
IN
 
D
E
G
R
E
E
S
 

O 

40 

80 

120 

160 

200 

• 

13'4 
30mc 

4kcIg C+ 

13.3\ 

• 

-+ 20kc 

Ee2 

-I- 920kc 

• 
• 
, 

.. 
• 

OVER-ALL" 
PHASE 

RESPONSE 
• 
-es 
. 
. 
. 
. 
. 

103 

FREQUENCY IN CPS 

104 105 106 107 

105 



Here's a new Tektronix Oscilloscope 
...essentially 2 high-performance instruments 

Dual-trace display shows 

the lower trace as an ex-

panded presentation of 

the intensified portion 

of the upper trace. Note 

the bright display of small 

spot size and uniform fo-

cus over the full viewing area. 

Automatic 
DISPLAY SWITCHING 

With a Type 547 Oscilloscope—and Type 1A1 
Plug- In Unit—you can control either or both 
traces with either time-base generator. You can 
operate one time-base unit as a delay generator 
—hold off the start of any sweep generated by 
the other for a precise interval from one-tenth 
microsecond to 50 seconds—and observe both 
the original display and the delayed display. 

Used with the normal sweep, this mode allows 
an alternate presentation of the same signal at 
different sweep rates—Channel 1 can be locked 
to Time Base A and Channel 2 can be locked to 
Time Base B. In many applications, this provides 
the equivalent of a dual-beam oscilloscope. 

Used with the delayed sweep, as illustrated, this 
mode allows an alternate presentation of a wave-
form brightened over a selected portion, and the 
selected portion expanded to fill the full display 
area. 

With its facility for aisplaying both time bases 
alternately or separately, the Type 547 provides 
high adaptability in displaying waveform phe-
nomena not only in dc-to-50 Mc, 50 mv/cm appli-
cations, and in dc-to-28 Mc, 5 my/cm applications, 
but also in other specialized applications, when 
using " letter- series" plug-in units. 

for a demonstration, call your Tektronix Field Engineer. 
106 ELECTRONIC *NDUSTRIES • March 1964 



with AUTOMATIC DISPLAY SWITCHING 
combined into one compact package 
New Type 547 with 1A1 Unit 

DC-TO-50 MC 
DUAL-TRACE 
50 M V/C M 
DC-TO-28 MC, 5 MV/CM   

The Type 547 also uses 
17 "letter-series' plug-in units 

With Automatic Display Switching, the Type 547 
provides two independent oscilloscope systems in 
one cabinet, time-sharing a single-beam crt. This 
feature alone should speed up and simplify a wide 
range of oscilloscope applications. But this unique 
capability is only one of many technological ad-
vancements of the Type 547. 

Using the new dual-trace unit, the Type 547 adds 
new convenience and performance characteristics 
to display and measurement of high-sensitivity, wide-
band applications—even under difficult environments 
of temperature, shock, altitude, and vibration. 

And for increased signal-handling versatility, the 
Type 547 can accept any of the established, up-to-
30 Mc passband, " letter-series" units for a wide 
variety of special-purpose applications. 

Some of the Type 547/1A1 Unit Features 
No-Parallax Crt —which assures measurement accuracy 
over the full 6 cm by 10 cm display area. 
2 Independent Triggering Systems—which simplify set-up 
procedures, provide stable displays over the full passband 
and to beyond 50 Mc, and include bright- line automatic 
modes for convenience. 
2 Independent Sweep Systems—which provide 24 cali-
brated time-base rates from 5 sec/cm to 0.1 usec/cm and 
three magnified positions of 2X, 5X, and 10X, with the 10X 
magnifier increasing the maximum sweep rate to 10 nsec/cm. 
Calibrated Sweep-Delay—which extends continuously from 
0.1 microsecond to 50 seconds, provides jitter-free operation 
for delayed-sweep presentations. 
Single-Sweep Operation—which enables one-shot displays 
for photography of either normal or delayed sweeps. 
Horizontal Display Modes—See Horizontal Display Switch, 
illustrated. 

Type 547 Oscilloscope (without plug-in unit) . . . . $1875 
Type 1A1 Dual-Trace Unit  $ 600 
Rack-Mount Model—Type RM547 will also be available 

U.S. Sales Prices f.o.b. Beaverton, Oregon 
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Unqualified Lifetime Guarantees on Every Block 
One way to develop test equipment is to build up 
your own specialized systems. A better way is to 
rely upon Eagle-Picher test circuit modules. Why 
better? First of all, because we are specialists, we 
frankly doubt any one-of-a-kind system can approach 
our prices. Second, Eagle-Picher standard silicon 
blocks form the nucleus for an almost unlimited 
variety of test systems. And then there's the point 
of years of research, development and customer 
work- proven experience permitting us to extend 
unqualified lifetime guarantee on every block. 

What components do we make? Among others: volt-
age regulators, pulse generators, followers, opera-
tional amplifiers, voltage comparators, programmable 
current drivers, one shots, and flip-flop boards. 

BUILDING 

BLOCKS 

for 

TEST 

EQUIPMENT 

ENGINEERS 

Capabilities are expanding so rapidly, the best pro-
cedure is to submit your specific test equipment 
problems or application requirements. Chances are 
10- to-1 a combination of standard Eagle-Picher 
modules will solve them...100-to-1 they'll do the job 
better at lower cost. 

Write our Chtef Applications Engineer today— or 
better still, telephone him now at— 

EAGLE 
THE EAGLE-PICHER CO. 
Instruments Branch 

1038 West Evelyn, Sunnyvale, Calif. 

Area Code 408, REgent 9-2162 
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Many years ago Lavoie Laboratories started using Allen-Bradley 

hot molded resistors...time has endorsed their decision 

To insure the highest degree of accuracy 
and dependability in their laboratory-
type oscilloscope, Lavoie engineers de-
manded the ultimate in performance 
from every component used. In fixed 
and variable resistors, the choice was 
Allen-Bradley. ... and for good reasons. 

In the field of fixed composition re-
sistors, none can even approach the proven performance 
record established by the more than ten billion 
Allen-Bradley hot molded resistors— now in service — 
without a single known instance of catastrophic failure! Further-
more, their conservative ratings, stable characteristics, 
and uniformity—which are possible only with 
Allen-Bradley's exclusive hot molding process— permit 
accurate prediction of long term resistor performance. 

Lavoie oscilloscope LA-265A with cover removed, showing 
extensive use of Allen-Bradley fixed and variable resistors. 

A-B Type J controls are rated 2.25 watts at 70°C 
and are available in standard tapers and stand-
ard total resistance values up to 5 megohms. 
Special tapers and special, as well as higher, 
resistance values are also available. 

Allen-Bradley's famous Type J variable resistors— also 
made by the exclusive hot molding process— have a 
solid resistance element that provides smooth, quiet 
control. The "noise factor" — low as it is to start with — 
becomes even better with use. On accelerated tests, the 
Allen-Bradley Type J control has repeatedly demonstra-
ted the life of over 100,000 operations—with less than a 
10% resistance change. 
Why not follow the Lavoie Laboratories' example? 

You, too, can benefit by standardizing on Allen-Bradley 
hot molded fixed and variable resistors. For more de-
tailed information on these and other A-B electronic 
components, please write for Publication 6024: 
Allen-Bradley Co., 222 West Greenfield Avenue, 
Milwaukee, Wisconsin 53204. In Canada: Allen-Bradley 
Canada Ltd., Galt, Ontario. 

TYPE TR 1/lo W ATT MIL TYPE RC 06 

/o1.1110, 

TYPE CB 1/4 W ATT MIL TYPE RC 07 

TYPE EB 1/2 W ATT 

TYPE GB 1 W ATT 

TYPE FIB 2 W ATTS 

MIL TYPE RC 20 

MIL TYPE RC 32 

MIL TYPE RC 42 

HOT MOLDED FIXED RESISTORS are available in all 
standard EIA and MIL- R-11 resistance values and 
tolerances, plus values above and below 
standard limits. 

ALLEN- BRADLEY 
QUALITY ELECTRONIC COMPONENTS 



reliability and 
Allen-Bradley 
hot molded resistors 
are synonymous 

The superiority of Allen-Bradley resistors is based on this 
company's heavy investment in highly specialized and ex-
pensive equipment, developed and built by Allen-Bradley, 
plus the experience gained over a quarter of a century in 
manufacturing quality resistors. 
A-B hot molded fixed resistors have such consistent uni-

formity from resistor to resistor — year in, year out — that 
long term performance can be accurately predicted. At least 
ten billion field proven resistors — with not one catastrophic 
failure — conclusively attest to their reliability. 
This same hot molding process is used in making 

Allen-Bradley variable resistors, which feature a solid, hot 
molded resistance element that has never been known to 
"wear out" — in fact, with age, it even improves in quiet 
operation. 

For more complete details on all Allen-Bradley quality 
electronic components, please write for Publication 6024: 
Allen-Bradley Co., 222 W. Greenfield Ave., Milwaukee, Wis. 
53204. In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 

VARIABLE 

HERMETICALLY SEALED HOT MOLDED RESIS-

TORS Environmental protection pro-
vided by sealing in ceramic tube. Re-
main stable. Rated 1/2 , V3, and 1 watt 
at 70°C. Tol. 2% and w 5%. Res. 
to 22 meg. 

A-B HOT MOLDED RESISTORS are conservatively rated. Stable and uniform 
characteristics. Rated 1/10, 1/4, 1/2, 1, and 2 watts at 70°C. Available in all 
standard EIA and MIL- 1 1-R resistances and tolerances. 

_ 

eamande 

COPPER CLAD HOT MOLDED RESISTORS 

have heavy tinned copper heat sink 
for increased ratings. Rated 3 and 4 
watts at 70°C; 4 and 5 watts at 40°C. 

  Tol. 5%a nd 10%. Res. to 22 meg. 

Y er 

die.) 

r • 

TYPEJ HOT MOLDED POTENTIOMETERS give 
smooth, quiet control—long life. On 
accelerated tests, good for over 
100,000 operations with less than 
10% resistance change. Can be built 
to any desired taper. Rated 2.25 watts 
at 70°C. Values to 5 meg. 

TYPE K HIGH TEMPERATURE HOT MOLDED 

POTENTIOMETERS Same as above but 
rated 1 watt at 125°C; 2 watts at 
100°C; and 3 watts at 70°C. 

RESISTORS 

4-te.;.es 
TYPE G HOT MOLDED POTENTIOMETERS are 
miniature controls—only 1/2" diam-
eter. Smooth control with long life— 
on accelerated tests will exceed 
50,000 operations with less than 
10% resistance change. Rated 1/2  
watt at 70°C. Values to 5 meg. 

TYPE L HIGH TEMPERATURE HOT MOLDED 

POTENTIOMETERS are same as above 
but rated ,/2 watt at 100°C—can be 
used up to 150°C at reduced load. 

Sib 

r 
• I 7 

• ••-- a • 

HOT MOLDED VARIABLE RESISTORS for use 
in constant impedance attenuators. 
Smooth control with nearly infinite 
resolution. Characteristic impedance 
can be held to 10% throughout rota-
tion. Excellent high frequency re-
sponse. Rated up to 5 watts. 

TYPE T HOT MOLDED POTENTIOMETERS 

have molded plastic covers that serve 
as actuators, making units unusually 
flat and compact. Smooth control. 
Furnished in any desired tapers. 
Long life—over 50,000 operations on 
accelerated tests with less than 10% 
resistance change. Rated 1/2  watt at 
70°C. Values to 5 meg. 

TYPE H HOT MOLDED POTENTIOMETERS for 
industrial and commercial electronic 
equipment requiring higher voltage 
and wattage ratings. Stepless con-
trol. Life exceeds 100,000 operations 
on accelerated tests with less than 
10% resistance change. Rated 5 
watts at 40°C and 3 watts at 70°C, 
with a maximum of 750 volts. 

TYPE R ADJUSTABLE FIXED RESISTORS re-
main stable under extremes of shock 
and vibration. Moving element is self-
locking. Smooth, continuous adjust-
ment. Noninductive. Watertight case 
permits encapsulation. Rated 1/4 watt 
at 70°C. Values from 100 ohms to 2.5 
megs. Tol. w 10% and w 20%. 

QUALITY ELECTRONIC COMPONENTS I ALLEN — BRADLEY, 



IN NORMAL ENGINEERING PRACTICE, an engineer 

often must determine the linearity of the linear por-

tion of a component or system. Linearity is often 

defined in terms of percentage deviation from a best-
straight-line. 

Ambiguity as to how this best-straight-line can be 

obtained is a stumbling block for many engineers. 

The article shows how to obtain a best-straight-

line. It then shows how to use this line to determine 
system linearity. 

Generally, there are two cases in which a best-

straight-line can be chosen so it will pass through 
a set of points to make maximum deviations with min-

imum error. 

Case 1. Independent linearity. This refers to the 

deviation from a best-straight-line y = mx + b in 

which the slope, in, and the y-intercept, b, are chosen 
to make maximum deviations with minimum error. 

Case 2. Zero base linearity. This refers to the de-

viation from a best-straight-line y = nix such that 

only the slope in is chosen to make maximum devia-

tions with minimum error. The y-intercept, b, is zero 

in this case. 

Since these two cases will give different results, 

one must be able to distinguish between them and 
select the appropriate one for a given problem. 

CALCULATING 
SYSTEM LINEARITY 
System linearity can be found 
by means of a best-straight-line approximation 
using a least-square-error method. 
This article shows how! 

Usually, Case 1 can be treated as a general case 

for both active and inactive systems, while Case 2 

is a special case for the inactive system where zero-

offset is practically non-existant. 

The following example shows how a best-straight-

line can be obtained by using the well known "least-

square error" method. It also shows how to find 

linearity of the system by using the obtained best-
straight-line. 

Let us assume that input, xo, and output, yo, of a 

linear system are given below: 

1.0 2.0 3.0 4.0 5.0 

Yo 1.1 1.9 3.0 4.1 4.9 

A best-straight-line for this set of data can be 

obtained as follows: 

1. Find the error between the given and approxi-

mated functions. This is defined as 

= Yo— Y 

= yo — (mx b) 

2. Obtain the sum of the squares of the errors 

E [yk — (mxk b) 2 

k=0 k=0 

3. Minimize the sum of the squares of the errors 

by partial differentiating step 2 with respect to 

b, and set equal to zero. 

4. Solve in, b, of step 3 and substitute the values 

into equation y = lux + b. This equation is the 

most probable law of the best-straight-line for 

that particular set of data. 

Results of the above are shown in detail in Table 1. 

(Continued on following page) 

By HAROLD Y. WONG 
Research Engineer 

Lockheed Missiles & Space Co. 

Sunnyvale. Calif. 
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Table 1 

A REPRINT OF THIS ARTICLE 
CAN BE OBTAINED BY WRITING 

on company letterhead to 
The Editor 

ELECTRONIC INDUSTRIES 
Chestnut Cr 56th Sts., Phila., Pa. 19139 

SYSTEM LINEARITY (Concluded) 

Case 1: 
5 

X,, yo At = Yo - MX0 - b Ak2 = (Yo MX0 - b)2 

1.0 1.1 AI = 1.1 - nz - b Al2 = 1.21 - 2.2m + m2 + 2mb - 2.2b + b2 
2.0 1.9 .12 = 1.8 - 211/ - b 3,22 = 3.61 7.6m + 4m2 + 4mb - 3.8b + 
3.0 3.0 .à3 = 3.0 - 3m - b n32 = 9.00 - 18.0m + 9m2 + 6mb - 6.06 + b2 
4.0 4.1 -= 4.1 - 4en - b A42 = 16.81 - 32.8m + 16m2+ 8mb - 8.26 + b2 
5.0 4.9 .û5 = 4.9 - 5m - b 3,52 = 24.01 - 49.0m + 25m2 + 10mb - 9.8b + b2 

Note: All terms with "b" are zero for Case 2. 

Table 2 

(input) 

best-straight-line 
value for case 

2 
output 

Y - yo 
linearity   (100%) 

Y 
% deviation from the bee-

straight-line for case 

2 

1.0 1.04 0.996 
2.0 2.02 1.992 
3.0 3.00 2.988 
4.0 3.98 3.984 
5.0 4.96 4.980 

Case 2: 

E E(m,b) = 54.64 - 109.6m + 55m, 

k = 1 
+ 30mb - 30m + 5b2 

8E/6m 

6E/3b 

3X Eq. 4 

Eq. 3 - Eq. 5 

substituting Eq. 

= - 109.6 + 111)rn + 30b = 

- 30 + 30m + 10b = 0 

110m + 306 = 109.6 

30m + 10b = 30 

90m + 30b = 90 

20m = 19.6 

m = 0.98 

6 into Eq. 4 yields: 

30 (0.98) + 10b = 30 

b = 0.06 

1.1 
1.9 
3.0 
4.1 
4.9 

1 5.77 
5.54 
0.00 

.3.02 
1.21 

+10.44 
- 4.62 
+ 0.40 
+ 2.91 
- 1.61 

5 E E(m) = 54.64 - 109.6m + 55m2 

k = 1 

dE1dm = - 109.6 + 110m = 

m = 0.996 (5) 

b = zero 

The most probable law of the best-straight-line for 

this example is now expressed as: 

Case 1. Y = 0.98x + 0.6 (9) 

Y  0.996x Case 2. (10) 

From Eqs. 9 and 10 the linearity of the given sys-

tem is solved and tabulated in Table 2 for Case 1 

and Case 2, respectively. 

TIME DELAY RELAY 
TIME DELAYS FROM 0.5 TO 5 SECS. CAN BE OBTAINED 
with the circuit shown. By changing R1 and Cl, 
smaller or greater delays can be obtained. 

When Si is closed, Cl charges until its voltage 

breaks over the zener diode ( D1). SCR1 is biased 

to an "on" state by the discharge current of Cl. The 

anode current of SCR1 actuates relay Kl. 

R1 is used to adjust the time delay. If R1 is ad-

justed to zero resistance, R2 is of sufficient value to 

protect SCR1. D1 has a positive temperature co-

efficient and was picked to counter the negative tem-

perature coefficient of the gate firing voltage. Cl 

must be stable with temperature change and have 

low leakage current. R4 is used as a voltage drop-

ping resistor and also with D2 to prevent the relay 

coil from producing high voltage transients that might 

damage- SCR1. 

When cycled from -20° C to +80° C, the delay 

time change was less than 5%. 

SI 

RI 200K 
BOURNS 
TYPE 
3281 

R 2 
5.IK 

CI 100,uf 
10 V 

SPRAGUE 
150 D 

SERIES 

R4 
I 80 

Ki 
NIAGNECRAFT 
TYPE 
W103PCx - 3 

SCRI 
3N58 

NOTE ALL RESISTORS 1/2 WATT. 

Submitted by JOSEPH V. CROWLING, Design Engineer, Warren-
ton Training Center, P. 0. Box 700, Warrenton, Va. 
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NOW, PHILCO OFFERS 

.TA Cut A * 
UNIFORMITY 

Four Voltage-Variable Capacitance Diodes 

with a specified one percent maximum tracking error 

New smaller 
plastic ackalte 

Philco's expanded line of Epitaxial 

Silicon Planar Voltacap diodes offers 
circuit designers high reliability ( meets 
all requirements of Mil- S-19500 C) and 
uniformity with a specified 1% maxi-
mum tracking error for all types.f 
Designed and specified for single or 

multiple electronic tuning applications, 
Voltacap diodes offer high Q, high usable change 
ratio, low noise and low leakage at high tem-
peratures. All types now available in new plastic 

pac'rcages for optimum mounting density. For 
detailed information on Philco Voltacap diodes, 

write Department El 364. 

SPECIAL PRODUCTS OPERATION 

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

PHILCO VOLTACAP RATINGS AND CHARACTERISTICS 

Parameter V4090 V4391 V4D92 V4093 

•!Capacitance Cv 
(@ —8V, 1 mc) 

47pf 154f 250pf 500pf 
+ 20% ± 20% ± 20% ± 20% 

Max. Reverse Leakage 
Current 1p (e-t, Vp = —100V 2.5 pa 5 pa 8 pa 15 pa 
85°C ambient) 

Min. Q (@ VR = 8V) 
90 180 160 200 

f = 50 mc f = 25 mc f = 25 mc f = 10 mc 

Min. Capacitance Change Ratio 
tVR = —4V to —100V) 4:1 4:1 4.1:1 4.1:1 

Max. Reverse Bias Voltage V; 115V 

Max. Temperature Coefficient   
T = —55°C to +85°C; Vp = 8 

0.03%/°C 

fMax. Tracking Error 
Vp = —4V to —100V 1% 

fTighter Tolerances on tracking error 8i capacitance or matched units available 
on request. 

PH I LCO. 
A SUBSIDIARY OF 5F-reerrieonemy, 
LANSDALE DIVISION, LANSDALE, PA. 
IN CANADA: Don Mills Road, Don Mills, Ontario 

Circle 61 on Inquiry Cord 

69 

N 



.6104. Li 
We're out of 
stock on about 
3 per cent of these 

a 3 per cent out-of-stock situation isn't 

bad - at least not when you have the largest inventoried zener diode line 

in the industry. Specifically, it means only slightly more than 100 out of 

over 4000 type numbers are temporarily in short supply. 

But what's important is that Motorola's on-the-shelf, ready-for-ship-

ment inventory of zener diodes ( over 3 million units in all) can fill your 

needs immediately 97 percent of the time! We keep the inventory that big 

so we can ship what you want, when you want it, for sure. 

And about those occasional hard-to-get items - we worry mightily 

about them. In fact, we worry about them so much that most of the units get 

back into stock before you even know we had a problem in the first place. 

The point is, when you need a zener diode ( or a dozen, or a hundred, 

or a thousand) - either industrial or Mil-type - check with Motorola first. 

Chances are excellent you'll have to look no further. 

Want an extra copy of Motorola's latest Zener 

Diode Selection Chart? Just drop us a line on 

your company letterhead. Meantime, tear out 

these pages and refer to them on your next 

zener buy. 

MOTOROLA 
Semiconductor Products Inc. 

DEPT. TIC 4310 • BOX 955 • PHOENIX. ARIZONA 85001 • A SuesiDIARy OF MOTOROLA INC 

Military Types 

Contact your Motor 
ola Semiconductor 
Representative for 
information on Mili-
tary Types and In. 

between voltages. 

* Trademark of 
Motorola Inc. 

Nominal 

Zener 
vo ltage 

' 

ix, WATT 
i 

400 

INDUSTRIAL 

(NOTE 1) 

INDUSTRIAL 

:f.5%0TOLERANCE 

INDUSTRIAL 

(NOTE 2) 
, 

ALLOY 

JUNCTION 

TYPES 

2.4 
2.7 
3.0 
3.3 
3.6 
3.9 

1/.0.12.4AZ 
1/4M2.7AZ 
1/4 M3.0AZ 
1/4 M3.3AZ 
1/4M3.6AZ 
1/4 M3.9AZ 

1N746 
1N747 
1N748 

4.3 
4.7 
5.1 
5.6 
6.2 
6.e 

1,,aM4.3AZ 
1/4 M4.7AZ 
1/4 M5.1AZ 
1/4M5.6AZ 
1/4 M6.2AZ 
1/aM6.8AZ 

IN749 
1N750 
1N751 
1N752 
1N753 
1N754 

7.5 
8.2 
9.1 
10 

12 

1N755 
1N756 
IN757 
IN758 
1N759 

DIFFUSED 

JUNCTION 

TYPES 

6.8 
7.5 
8.2 
9.1 
10 
11 

1/4 M6.8Z 
1/4 M7.5Z 
1/aM8.2Z 
1/4 M9.1Z 
14M101 
1/4M112 

1N4099 
1N4100 
1N4101 
1N4103 
1N4104 
1N4105 

1 

(NOTE 3) 
1N957 
1N958 
IN959 
1N960 
1N961 
IN962 

12 
13 
15 
16 
18 
20 

1/4 M12Z 
1/4 M13Z 
1/4 M15Z 
1/4 M16Z 
1/4M18Z 
1/4 M2OZ 

IN4106 
1N4107 
1N4109 
IN4110 
1N4112 
1N4114 

IN963 
1N964 
1N965 
IN966 
1N967 
1N968 

22 
24 
27 
30 
33 
36 

1/..M222 
1/4m242 
1/4M272 
1/4M3OZ 
1. /4M33Z 
1/4 M36Z 

1N4115 
1N4116 
1N4118 
I N4120 
1N4I21 
1N4122 

1N969 
1N970 
1N971 

IN972 
1N973 
1N974 

39 
43 
47 
51 
56 
62 

1/4 M39Z 
1/4 M43Z 
1/4 M47Z 
1/4 M51Z 
UM56Z 
1/4M62Z 

1N4123 
I N4124 
1N4I25 
1N4126 
1N4127 
IN4129 

1N975 
IN976 
1N977 
1N978 
1N979 
IN980 

68 
75 
82 
91 

100 
110 

1/4 M682 
1/4M75Z 
1/4M82Z 
1/..m91Z 
VaM100Z 
1/aM110Z 

1N4130 
1N4131 
1N4132 
1N4134 
1 N4135 

1N981 
IN982 
IN983 
IN984 
IN985 
IN986 

120 
130 
150 
160 
180 
200 

1/4 M120Z 
1/4 M130Z 
1/4M1500 
1/4M1602 
UM1802 
1/4M2002 

1N987 
1N988 
1N989 
1N990 
1N991 
1N992 

TEMPERATURE 

COMPENSATED 

REFERENCE 

DIODES 

also available to 

MR-S-19500. 156 

specifications 

POWER 

RATING 

NOMINAL 

ZENER 

VOLTAGE 

SERIES 

TYPE NO. 

TEMPERATURE 

RANGE 

(°C) 

400 mW..../ 

Glass Pkg. 
Case A 

6.2 
1N821 

to 
1 N827A 

-55 to -1 100 

8.4 
IN3154 

to 
1N3157A 

-55 to 1-100 

- 55 to + 150' 

500 mW 

Glass Pkg. 
Case A 

9.0 

IN935 

to 

1N9398 

0 to 75 

_55 to + 100 . 

_5510 -, 150 

11.7 

1N941 

to 

IN9458 

0 to -f 75 

-55 to + 100 

-55 to + 150 

750 mW 

Metal Pkg. 
Case C 

9.3 

1N2620 

to 

1N26248 

0 to - 75 

-55 to + 100 

-55 to 4 150 

. 11 7 

1N3580 

to 

1N35828 

0 to • 75 . 

-55 to 1 100 

-55 to • 150 

NOTES: 1 Standard tolerances of 5, 0, and 20°is are available- no suffix is " 20 

0o tolerance; 10 suffix ;s 10. -o tolerance and -5- suffix IS • 5. 0 tolerance 



NJ 
MILLIWATT 3/4 WATT 

--4à11-- --- 

• S urm etic 

1 WATT 1 1/2 WATT 

( 

10 WATT 50 WATT 

c,.)4i7eitaiiii 
... 

,_. 
ce..t._ 1 Nominal 

Zener 
, 

MEETS SPECS OF 

MIL.S.19500 ,127 

INDUSTRIAL 

(NOTE 3) 

INDUSTRIAL 

(NOTE 2/ 

MEETS SPECS OF 

MILS- 19500/115 

INDUSTRIAL 

(NOTE 3) 

•I. 

INDUSTRIAL 

(NOTE 2) 

MEETS SPECS OF 

MIL-S-19500/272 

INDUSTRIAL 

(NOTE 31 

MEETS SPECS OF 

MIL-S-19500/114 

INDUSTRIAL 

(NOTE 3) 

Voltage 

11•4746A 
1N747A 
1N748A 

1N3821 
1N3822 
1N3823 

1N3821A 
1N3822A 
1N3823A 1N3993 1 N3993A 

w
n
o
m
e
a
 

1N749A 
1N750A 
1N751A 
1 N752A 
1N753A 
1N754A 

1N3824 
1N3825 
1N3826 
1N3927 
1N3828 
1N3829 

1N3824A 
1N3825A 
1N3826A 
1N3827A 
1N3828A 

IN 3994 
1N3995 
1N3996 
1N3997 
1N3998 
I N3999 

1N3994A 
1N 3995A 
1N3996A 
1N3997A 
1N3998A 
I N 3999A 

4.3 
4.7 
5.1 
5.6 
6.2 
6.8 

1N755A 
1N756A 
1N757A 
1N758A 
1N759A 

1 N3830 IN4000 1N4000A 7.5 
8.2 
9.1 
10 

REVERSE POLARITIES AVAILABLE IN ALL 10 AND 50 WATT DIFFUSED TYPES. 12 

MEETS SPECS OF 
MILS- 19500/117 

1 N3680 

(NOTE 3) 
1N3016 
1 N3017 
1N3018 
1N3019 
1N3020 
I N3021 

1N3016B 
1N30178 
1N301813 
I N30198 
I N30208 
1N30218 

1N3785 
IN3786 
1N3787 
1N3788 
IN3789 
1N3790 

(NOTE 3) 
1N2970 
I N2971 
1N2972 
1N2973 
1 N2974 
1N2975 

MEETS SPECS OF 
MIL-S-19500/124 

I N2804 
I N2805 
I N2806 
IN2807 
1N2808 
IN2809 

1N2804B&RB 
1N28058 
1N28068 
1N28078 
1N28088 
1 N28098 

1N3305 
1N3306 
I N3307 
1N3308 
IN3309 
1 N3310 

6.8 
7.5 
8.2 
9.1 
10 
11 

1N9628 

)N297068128 
1N29718 
1N29728 
1N29738 
1N29748 
1 N2975B 

1N9638 
1N9648 
1N9658 
1 N9668 
IN49678 
1N968B 

1N3681 
1N3682 
1N3683 
1N3684 
1 N3685 
1 N3686 

1N3022 
1N3023 
1 N3024 
1N3025 
1N3026 
1N3027 

1N30228 
1N30238 
1N3024B 
1N302513 
1N30268 
1 N30278 

IN3791 
IN3792 
1N3793 
1N3794 
1N3795 
11,43796 

1 N2976 
1N2977 
1N2979 
1N2980 
11,42982 
1N2984 

I N29768 
I N29778 
1N2979B 
1N2980B 
I N29828 
1N29848 

1N2810 
1N2811 
I N2813 
1 N28I4 
1N28 I 6 
1N2818 

1N281013 
1N28118 
1N28138 
I N28148 
I N28168 
1N28188 

1N3311 
1N3312 
1N3314 
1N3315 
1N3317 
I N33I9 

12 
13 
15 
16 
18 
20 

1N969B 
1N97013 
1149718 
1149728 
1149738 
I N974B 

I N3687 
1 N3688 
1N3689 
1N3690 
1N3691 
1N3692 

1N3028 
11.43029 
1N3030 
1143031 
1 N3032 
1N3033 

I N30288 
I N302913 
1N30308 
I N30318 
I N30328 
I N3033B 

I N3797 
114 3798 
1143799 
1N3800 
1 N3801 
IN3802 

1N2985 
1142986 
1142988 
114 2989 
I N2990 
1N2991 

1N29858 
11429868 
I N2988B 
I N29898 
1N29908 
1N2991B 

1N2819 
1142820 
1142822 
IN2823 
1142824 
1142825 

1N2819B 
TN28208 
11'42822B 
11428238 
11428248 
11428258 

I N3320 
1 N332I 
114 3323 
I N3324 
1143325 
1N3326 

22 
21 
27 
30 
33 
36 

1149758 
1 N97613 
1N9778 
1N978B 
I N979B 
1149808 

1N3693 
1N3694 
1 N3695 
1143696 

1N3034 
1 N3035 
1143036 
I N3037 
1143038 
1143039 

1 N3034B 
1N303513 
1N30368 
1N30378 
11430388 
11430398 

1143803 
2143804 
1143805 
1N3806 
1N3807 
1143808 

I N2992 
1142993 
1N2995 
I N2997 
1N2999 
1 N3000 

I N29928 
1 N2993B 
11429958 
1N29978 
1N29998 
11430008 

1142826 
1N2827 
1 N2829 
I N2831 
I N2832 
I N2833 

1N28268 
1N2827B 
1N28298 
11428318 
1N28328 
11428338 

1143327 
11.43328 
1143330 
I N3332 
1143334 
1143335 

39 
43 
47 
51 
56 
62 

1149818 
1149828 
1N9838 
1149848 
1149858 
1149868 

I N3040 
1143041 
1143042 
1 N3043 
1143044 
1143045 

1N30408 
11430418 
11430428 
1 N30438 
11.430448 
1N30458 

IN 3809 
1143820 
I N3811 
1 N3812 . 
1N38 I 3 
I N3814 

1 N43001 
I N3002 
1 N43003 
1N3004 
114 3005 
1N3007 

I N3001B 
I N30028 
11430038 
11430048 
11430058 
11430078 

I N2834 
1142835 
1 142836 
1N2837 
1142838 
1 N2840 

1 N2834B 
1N28358 
1N2836B 
1N28378 
1N28388 
1N284011 

I N3336 
1143337 
IN3338 
1143339 
1143340 
I N3342 

68 
75 
82 
91 
100 
110 

1N987B 
1N9888 
1 N9898 
1N9908 
IN9918 
1149928 

1143046 
2143047 
1N3048 
114 3049 
I N3050 
I N3051 

1 N30468 
1N30478 
1N304813 
I N304913 
1 N30508 
11430518 

2143815 
1143816 
1143817 
1143818 
I N38I9 
1N3820 

1 N3008 
I N3C09 
1N3011 
1N3012 
1N3014 
1143015 

11430088 
I N30098 
11430118 
I N301211 
11430148 
1N301513 

I N2841 
1142842 
1N2843 
I N2844 
114 2845 
I N2846 

11428418 
1N28428 
1N28438 
11428448 
1N28458 
11428468 

I N3343 
1 N334.4 
1N3346 
I N3347 
1143349 
I N3350 

120 
130 
150 
160 
180 
200 

MAXIMUM ZENER VOLTAGE VAR ATION (AVz) IN VOLTS 

.003 
TO 
.006 

.007 
TO 
.009 

.010 
TO 
.014 

.015 
TO 
.019 

.020 
TO 
.029 

.030 
TO 
.039 

.040 
TO 
.059 

.060 
TO 
.089 

.090 
TO 
.119 

.120 
TO 
.149 

.150 
TO 
.239 

— 

— 

114827 

I N827A 

— 

— 

I N825 

I N825A 

— 

— 

— 

— 

1N823 

1 N823A 

— 

— 

1N821 

1 N821A 

— 

— 

— 

— 

— — 1143157 — 1N3156 — — 1143155 — 1N3154 — 

— — — I N3157A — 1N3156A — I N3155A — — 1N3154A 

114938 
114939 

— 
— 

114937 
— 

— 
— 

— 
— 

I N936 
— 

— 
— 

1N935 
— 

— 
— 

— — 

— 1 N939A I N938A — I N937A — — 1N936A — 1N935A — 
— 1N939B — 1149388 — 1 N9378 — — I N9368 — 1149358 

114945 IN944 — 114943 — — 114942 I N941 — — — 
— 1N945A — 1N944A — 1N943A — — 1N942A — IN941A 
— — 1149458 — I N9448 — I N9438 — — 1N942B I N9418 

IN2624 I N2623 I N2622 — — 1142622 — 1142620 — — — 
— 1N2624A 1N2623A — 1N2622A — — 1N2621A — 1N2620A — 
— — I N26248 I N2623B — I N26228 — — I N26218 — 1N26208 

— — — I N3582 — — 1143581 1143580 — — — 
— — — — — IN 3582A — — IN3581A — 1N3580A 
— — — — — — 1 N35828 — — 11435828 1N35808 

2 No suffix denotes -• 10.'0 tolerance. "A" suffix is • 5% tolerance. 3. Standard tolerances of S. 10, and 20% re available— no suffix is :•r20% tolerance; 

—A" suffix is • 10% tolerance, and "8" suffix is • .5% tolerance. PZ 103 06 



IABILITY 
TOTAL CAPABILITY IN 

PRECISION RESISTANCE 

PROVE 

99.991% 
RELIABILITY 

Unmatched performance in a standard 
precision power wirewound resistor 

You get a reliability bonus at no extra cost with Dale's 
RS Precision Power Resistor. Of all the wirewounds outside 
the specially-conditioned "Hi-Rel" category (where Dale's 

ARS Resistor is tops) the RS has been conclusively proven 
to be the most reliable. In tests, patterned after Dale's 
famous Minuteman High Reliability Development Pro-
gram, the RS has passed the 22,000,000 hour mark at a 
99.991% reliability level (60% confidence level, 100% rated 

power, 25° C ambient, 1% AR failure point). The RS Wire-
wound is just one example of Dale's total capability in 
precision resistance — a capability which includes giving 

you both performance and delivery which exactly match 
your requirements. 

SPECIALS—ASK US 

Dale has built over 400 special modifications of the RS 
Resistor. One of them may be the answer to your problem. 
If it isn't, we'll build one that is. 

RS SPECIFICATIONS 

• Applicable Mil. Spec: MIL-R-26C & MIL-R-23379 (A new Spec, 
designed especially for precision resistors) 

• Wattage Sizes: VI, V2, 1, 2, 2.5, 3, 5, 7, 10 

• Tolerances: 0.05%, 0.1%, 0.25%, 1%, 3% 

• Operating Temperature Range: -55°C to 350°C 

• Resistance Range: .1 ohm to 240k ohms 

• Load Life Stability: 1% max. AR after 1000 hours at full rated power 

• Moisture Resistance: .5% max.AR after MIL-R-26C moisture test for 
insulated resistance 

• Dielectric Strength: 500 volts, RS-1/4 through RS-1B; 1000 volts RS-2 
through RS-10 

• Thermal Shock: .5% max.A R after MIL-R-26C thermal shock test 

• Insulation Resistance: 100 megohms minimum 

• Temperature Coefficient: 20 p.p.m. (high values); 30 p.p.m. (intermediate 
values); 50 p.p.m. (low values). Specific T.C. chart available on request. 

RS RELIABILITY STUDY AVAILABLE. Write for a copy as well as for Dale's expanded Catalog "A". 

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

A subsidiary of THE LIONEL CORPORATION 
Also Made and Sold by Dale Bectronics Canada, Ltd, Toronto. Ontario. Canada 

',eat 
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GOVT. ENGINEERING JOBS 

DEMAND DEGREE OR EIT TEST 

New job standards for Federal en-
gineer jobs, listed by the Civil Service 
Commission, include an engineering 
degree or professional registration. 
The new standards are hailed as a 
"milestone in efforts to create a truly 
professional Federal engineering serv-
ice." The feeling was expressed by 
Paul H. Robbins, Executive Director 
of the National Society of Professional 
Engineers. 
The new standards, given to NSPE 

for comment, say that engineers look-
ing for Federal jobs, who don't have 
degrees in engineering or a related 
subject, must pass an Engineer-in-
Training test. 

CONCERNED CONGRESS PASSES 
SCIENCE EDUCATION BILL 

The largest program to aid engi-
neering and science education in more 
than a century has become law. Stem-
ming from Congressional concern 
over U. S. scientific and engineering 
manpower needs, the $1.2 billion 
higher education bill provides grants 
for facilities needed to teach engineer-
ing, mathematics, physical sciences, 
foreign languages, and for libraries. 
The bill provides assistance for con-

struction of technical institutes. Also, 
the student loan program under the 
National Defense Act has been ex-
tended for one year. More funds are 
available to institutions for loans. 

374,000 STUDENTS ENROLLED 

FOR ADVANCE DEGREES IN '62 

The Department of Health, Educa-
tion and Welfare reports that in the 
Fall of 1962 some 374,000 students 
enrolled in U. S. colleges and univer-
sities for advance degrees. This rep-
resents an increase of 69,000 (23%) 
from the Fall term of 1959, according 
to the Department. 

Percent of students pursuing full-
time programs of study for an ad-
vanced degree was slightly higher 
than it was for 1959-40% in 1962 as 
compared to 38% in 1959. 

pmee ULM U.) lg 
Reporting late developments affecting the 
employment picture in the Electronic Industries 

SCHRIEVER FORECASTS MORE ENGINEERS THAN SCIENTISTS 

Most of today's students will be en-
gineers and relatively few will become 
pure scientists, according to Gen. 

Bernard A. Schriever, Air Force Sys-
tems Command. 
He said that their primary task will 

be to translate new knowledge into 
usable hardware. As technology ad-
vances, engineering becomes more 
sophisticated. Some universities now 
have courses in space satellite engi-
neering. 
He notes that today the U. S. is 

training 45,000 engineers yearly, as 
compared to 58,000 ten years ago. 

NUCLEAR PHYSICS AT "THE FAIR" 

The need for more engineers and 
scientists is generally recognized; it 
is not always realized that there is an 
even greater need for technicians to 
assist professional workers." 

Gen. Schriever observed that there 
is an overall industry ratio of less 
than one technician for each profes-
sional. Many technicians are high 
school graduates with little or no col-
lege-level study. Effectiveness has 
been reached through job experience. 

In the future "it appears that tech-
nicians will need to start with at least 
two years of college-level education." 

In CE Pavilion at 1964-65 New York World's Fair, controlled fusion reactions 
will occur in large quartz tubes. Temperatures in each tube reach millions of 
degrees. F. Dr. Henry Hurwitz, Jr., manager of nucleonics- radiation research, 
talks it over with Dr. Willem Westendorp ( left) who designed the equipment. 

ENGINEERS IN R&D GROUPED IN FEW SCHOOLS 

Scientists and engineers employed 
in research and development by U. S. 
engineering schools are concentrated 
in relatively few institutions, a new 
National Science Foundation report 
shows. 
About one-third of 144 engineering 

schools studied employed almost 90% 
of all scientists and engineers engaged 
in research and development in these 
schools. Ten institutions employed al-
most one-half of those so engaged. 
On an aggregate basis, scientists and 

engineers in the schools devoted almost 
two-thirds of their time to teaching 

and one-third to R&D. Schools in the 

NSF study employed more than 22,000 
scientists and engineers. About 60% 
were listed as faculty. 

Study results are published in Re-
views of Data on Research & Develop-
ment, No. 43, "Scientists and Engi-
neers in Engineering Schools, 1961." 
The bulletin is available from the 
Superintendent of Documents, Wash-
ington, D. C. 

FOR MORE INFORMATION . . . 
on opportunities described in this sec-
tion fill out the convenient resume 
form, page 120. 
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Many old line U. S. irtclustrial firms wishing 

to diversify, and acquire an R&D aura, turn to 

the electronic industries as a new growth area. 

Taking on several small firms involves risks. 

Despite problems, the move has long-range 

advantages and financial rewards as Singer 

Company is finding out with Singer Metrics. 

FOR MORE THAN A CENTURY The Singer Company 
has made profits on sewing machines and paid unin-

terrupted dividends to stockholders. Their success 

can be appreciated by the sales figures. Gross sales 

were more than $600 million in 1962, of which some 

$400 million came from sewing machines. 
Singer's perennial goal is a minimum of 10% in 

net profits after taxes on invested capital. In reach-
ing this goal over the years, profits have resulted in 

available cash that must be invested in other than 

government and private securities. That is, if the 
10% profit rule is to be maintained. Singer's mar-

kets, here and abroad, were and are being challenged 

by the Japanese, the Italians and others. This com-

petition, with increased automation and other fac-

tors, left Singer with surplus plant capacity. 

Faced with this situation, Singer decided to make 

two major moves. The first was to transfer all sew-

ing machine operations from the under-used Bridge-

port, Conn., plant to the Elizabeth, N. J., plant, to 
reduce overhead. The other was to acquire and move 

other industry into Bridgeport. This would be part 

of an overall plan to diversify. It would be partly a 
hedge against an open flank in the world market for 

its primary line, sewing machines, and a means of 

putting surplus capital to work for higher returns. 
One major decision was to keep the Bridgeport 

plant of 600,000 square feet rather than to sell it. 

BUILDING AN 

ELECTRONIC CAPABILITY 

BY 'ACQUISITIONS' 

There were two compelling reasons. As a good "citi-

zen," Singer didn't want to throw its 1,500-man labor 
force out of work, thus depressing the Bridgeport 

labor market. Also, the fairly modern plant could 

be adapted to light production. 

A Man to do the Job 

Next, Singer hired Kenneth M. Miller, Vice 
President and General Manager of Daystrom's 

Pacific Division. His job was to look into the in-

dustry most compatible with Singer's business phi-
losophy. Such an industry should be able to reach 

profits of at least 10% after taxes on invested capi-

tal. Its future should be fairly predictable and some-

what immune to depressions and whims of govern-

ment spending. Above all, what was wanted was an 
industry based heavily on research and development. 

The idea was to bring to Singer an aura of tech-

nical competence as well as manufacturing capability. 

All plans were based on maintaining jobs for 

1,500 people in Bridgeport and achieving the re-
quired investment return. The need was a minimum 

of $30 million in annual sales. 
Mr. Miller's search pointed to the technical in-

strument field as most suitable for Singer's long-

range goal. 
Data from the Federal Trade Commission and 

the Securities and Exchange Commission show that 

"It was at first feared that engi-
neers from the three acquired firms 
would tend to stick together 
within their own groups. 
Thus far, there is good ' integration' 
among the 135 total engineers 
at- Singer Metrics, some of whom 
use this research and test area." 

By ELMER T. EBERSOL 
Editor- at- Large 

ELECTRONIC INDUSTRIES 

and SIDNEY FELDMAN 
Associate Editor 

ELECTRONIC INDUSTRIES 
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the total instrument market in general is about $5 

billion and yields 10.6% on invested capital. Singer 

accountants discerned that 10.6% return on capital 

in the instrument business is compounded of suc-

cessful and unsuccessful firms, with profits above 

and below this average. Singer hopes to exceed the 

average. 

Had Electronics Background 

With an electronics industry background, Mr. 

Miller knew how important it was to make the right 

decisions. He had to select the field of specialization 

and pick the right firms to acquire. Also, he would 

be held solely responsible for profits or losses in thi, 

newly formed division of Singer. 

The electronic-electrical instrument market is 

about $400 million annually. If Singer could get 

10% of the market, it would have about $40 mil:ion 

in annual sales; that would be more than needed to 
meet its minimum financial goal. 

Thoughts turned now to "components vs black 

boxes" to determine which best met Singer's needs. 

After evaluating 200 companies Mr. Miller and his 

staff found: 

Black boxes generally involve less labor than 
components. 

Singer hired Kenneth M. Miller, 
formerly of Daystrom, 
to look into electronics potential 
and to launch Singer Metrics. 
"We thought of going into components 
but decided that this field 
might be adversely affected 
by microminiaturization. 
We decided to make black boxes." 

"If we hadn't been under pressure 
to man the plants, we would 
have been wiser to let them 
temporarily stay where they were 
to increase our understanding 
of their operations, 
and then phase them into Bridgeport 
with less upset all around." 

• Component making requires purchase and stor-

age of more raw materials, and more labor time per 

unit sales dollar. Automation apparently won't change 

this situation. 

• Return on equity is generally higher for black 

boxes. 

• Components need a higher capital investment. 

• More technical know-how is needed for black 

boxes. 

• About twice the labor is devoted to test and 

quality control of black boxes than for their assembly. 

• Component manufacture and test is the more 
automated. 

• Black boxes require more worker knowledge 

and advanced skills, thus lifting a company out of 

the cut-throat unskilled and semi-skilled labor mar-

ket areas common to components. 

Microminiaturization also had been considered. 

Mr. Miller reasoned that the future of components, 

which go into original equipment and are supplied 
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The ELECTRONIC 

Name 
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INDUSTRIES 
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Job Resume 

Professional Profile 

Form for Electronic Engineers 

Tel. No 

Please 

pi 

type or print 

Street 
Address Zone 

City State 

D Single E Married Ej Citizen E Non-Citizen Date of Birth 

Will Relocate E Yes E No. If Yes El Another City E 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 

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.—Phila• 
delphia, Pa. 19139. This resume is confidential. A copy will be sent only to those Com-
panies advertising for engineering personnel in this issue, whose number you circle below. 

800 801 802 803 804 805 806 807 808 809 810 
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ACQUISITIONS (Continued) 

as replacements, may be adversely affected by micro-

miniaturization. It was agreed that microminiaturiza-

tion is still a young, growing, uncertain, developing 

field. Also, black boxes can go the discrete component 

or the integrated circuit route depending on ad-

vantages and developments. 

Decided to Make Black Boxes 

Singer decided to make black boxes. 

Then Mr. Miller had to decide what area of elec-

tronic metrology looked best. Sophisticated electronic 

instruments were a likely prospect for concentration. 

Development of such instruments "would bring to 

Singer an R & D complex with ability to generate 

new ideas for future growth." Instrumentation for 

specialized applications, or to severely tight stand-
ards, would give Singer "a niche all its own with 

little likelihood of cut-throat price cutting competi-

tion." There was little doubt that laboratory-type 

instruments would be needed in reasonable quantity 

regardless of production cycles and government con-

tract whims. 

And so, Singer Metrics came into being. Now, 

the "make or buy" decision came into play. Since 

Singer Metrics had Singer surplus capital behind 

it, there was no need to start with new and untried 

designs of instruments. The proper course was to 

buy going instrument firms with the following char-

acteristics: 

"Of about 575 total employees from all three acquired firms, 
nearly 25% of them moved to Bridgeport to join Singer Metrics. 
Setting up an equitable personnel policy was a major problem." 

William I. Wu, native of Hong Kong, formerly vice president 
of Panoramic, now heads Singer Metric's R&D. He checked tech-
nical competence of prospective acquisitions with Mr. Miller. 
Here, he ponders physical layout of Metrics' research area. 

• Each company should have a good reputation 

for quality products and leadership in its field. 

• It should have had a profitable financial picture. 

• A growth potential for its product line. 

• Its key management and engineering people 

should be willing to relocate in Bridgeport. 

• The products currently manufactured should be 

compatible with Singer Metrics goals. 

• The acquisition price should be right. 

Mr. Miller moved fast. This was part of the 

scheme to put Singer's low-return surplus capital 

to work as soon as possible, to consolidate sewing 

machine operations, to make better use of plant space 

and to replace vacated space, all at once. In 18 

months, he investigated for possible acquisition more 

than 200 companies, acquired three of these and 

moved them "lock-stock-and-barrel" into Bridge-

port. He is still looking. About five potential acquisi-

tions get his attention each week. 

One Firm at a Time 

He notes that usually he did not strongly negotiate 

with more than one firm in one field at a time. "One 

never really knows for sure what's under the carpet 

while he's seated on the carpet negotiating. Corn-
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alpha metals ACQUISITIONS (Continued) 

solder notes 
An open forum on solder, solder preforms, fluxes, spe-
cial alloys and ultra-high purity metals, with questions 
selected by the Alpha Research and Development Depart-
ment from extensive correspondence, personal inquiries, 
and Alpha Seminars and Clinics. We invite you to sub-
mit your own solder and soldering problems to Alpha 
for review, without obligation. 

Alpha Metals, Inc., 56 Water Street, 
Jersey City, N. S. • (201) 434-6778 
Los Angeles, Calif. • Alphaloy Corp. ( Div.) Chicago, Ill. 

Alpha Metals, Inc. ( U.K.) Ltd. London, England 

Q. What causes "tin disease"? How can it be avoided? 

At temperatures below 58°F., Tin may revert to the 
gray, beta phase. The condition is called "tin dis-
ease". This transformation can be inhibited by the 
controlled additions of small quantities of Antimony. 
Federal Specification QQS571C requires Antimony in 
the formulation. 

Q. Are there any reliable non-destructive test methods 
available for inspection of soldered joints? 

While there are a number of tests in use, none are 
considered to be completely adequate for maximum 
reliability. Visual inspection of the contact angle of 
the solder with the base metal, and the amount of 
coverage, are two of the most common inspection 
methods in use today. 

Q. How can we eliminate skips or voids when joining 
with a core solder? 
Specify Alpha Cen-tri-core® solder. The unique struc-
ture of this solder makes skips and voids impossible. 
The inner continuous solder wire is completely sur-
rounded by "energized" rosin flux and sheathed by a 
thin outer solder sleeve. A generous usable sample 
of Alpha Cen-tri-core is available free on request. 

Q. How does the quantity of solder in a regular fillet 
affect the strength, the current carrying capacity 
and the inspectability of the solder connection? 

Provided that the joint design takes into consideration 
the current carrying capacity and the strength re-
quirements of the joint, shallow solder fillets amply 
fulfill the requirements of current carrying capacity, 
strength and inspectability. Excess solder will not 
increase the strength and/or the current carrying 
capacity and will mask inspectability. This has been 
proven both in industry and in experimental labora-
tory work. Contour soldering, therefore, can be 
highly recommended. 

Q. What is the new MAR type flux in the QQ-S-571d 
specification? 

For years a group of materials that is more active 
than water white rosin but is still extremely mild 
and non-corrosive has been used throughout industry. 
A new government revision of QQ-S-571d specifica-
tion has made allowance for this material under the 
specification with some extremely rigid controls. The 
Alpha 510 cored rosin which is supplied in both Cen-
tri-core and single core meets this new specification. 
The material has a water extract resistivity of 135,000 
ohms centimeter, and does not attack the copper 
mirror. 
SEE US AT BOOTH 4328 AT THE IEEE SHOW 

1.3,333 

panics tell us their sales and earnings. Then we say, 

'We think you're worth X dollars—provided all you 

say can be substantiated by an audit of the books'." 

By now, Mr. Miller knows that companies which 

want to sell always put their best foot forward. It's 

a kind of corporate courtship. But, like marriage, 

you don't know until the "morning after" what your 

partner is really like. 

Singer Metrics acquired three firms: 

• In September, 1962, Panoramic Electronics of 

Mt. Vernon, N. Y. This was the first electronics firm 

in this new division. It was bought for about $10 mil-

lion. Panoramic had sales of $3.8 million, with more 

than $500,000 in post-tax profits in the year before 

Singer took over. 

• In January, 1963, Sensitive Research, a 30-

year-old company in New Rochelle, N. Y. Singer 

paid $2.5 million, it had sales of about $3 million 

and also made money. 

• Empire Devices of Amsterdam, N. Y., with $4.7 

million in annual sales and about $660,000 post-tax 

earnings. It was acquired in September, 1963, after 

William I. Wu, formerly vice president of Panoramic 

and now Singer Metric's Director of R & D, checked 

Empire's technical competence and facilities with Mr. 

Miller. 

In February, 1963, Singer Metrics took over a 
complete product line of laboratory electronic test 

equipment from a company that was unprepared to 

market these products. 

Panoramic's line was mostly broad band spectrum 

analyzers and accessories, frequency response plotters 

and telemetry test gear. Sensitive Research marketed 

electrostatic voltmeters, magnetic testing instruments, 

highly accurate wattmeters, voltmeters and am-

meters, laboratory standards and special purpose test 

instruments such as potentiometers, galvanometers 

and ratio boxes. Empire Devices had a line of noise 

and field intensity meters, filters, ultra-sensitive re-

ceivers, calibration antennas, and other sophisticated 

communications test equipment extending into the 

microwave region, variable frequency power supplies 

and special products. 

Singer Metrics is aware of the tendency to lose 

people, even key people, when an electronics plant 

is moved from one location to another. In these cases, 

however, the key men, mainly engineers, almost with-

out exception, came to work for Singer Metrics. It 

is this nucleus management-engineer group around 

which Singer Metrics now is building its future. 

It was at first feared that engineers from each corn-

(Continued on page 124) 
Circle 62 on Inquiry Card 
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What Won't 

You Think 

Of Next? 

Portable iron for Mom? Window washer with 
wings? Fresh coffee in your boat? Special delivery 
to the top of the run? Or a plate "whisk-er for 
the Bill Klem stylists. 

Probably impractical. 

Our point is this—your present design problem 
may seem just as impractical, as the drill, shaver, 

GOULD 
NATIONAL 

mixer and other cordless products did a few years 
ago. But Gould- National research engineers 
developed a package of concentrated power using 
NICAD® Hermetically Sealed Rechargeable Cells 
that helped to make these products a reality. 

Have a design problem that could be solved with 
Nicad portable power? Write us. We may be able 
to help you solve your problem. 

NICAD® BATTERY DIVISION 

GOULD-NATIONAL BATTERIES, INC. / St. Paul 1, Minnesota 
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ONE FOR THE ROAD! 
If you're working with mobile equipment for roadway, 

seaway or skyway, Triad has the right transistor 

power supply transformer for you. For example, if 
you're after high power, you'll want to take a hard 

look at our new TY-85. This sturdy, epoxy-molded 

toroidal unit works from a 12-volt source and puts 

out 350-DC milliamps at 600-DC volts out of a full-

wave bridge rectifier. Its specifications exceed Mil-T-

27A requirements. Peripheral terminals and single 

mounting hole simplify installation, facilitate stack-

ing. Transistor requirements are: Switching rate 

(Fae), 4 kc min.; lc, 30 amps.; Vcb, 50 volts. The 

TY-85 is the latest addition to the industry's most 

complete line of epoxy-molded toroidal transformers 

for use with 6, 12 and 28-volt battery-driven transis-

tor inverters. Triad also makes vertical-shielded and 

open-frame type transistor transformers for DC-to-AC 

applications. Here are four of them. 

D.C. 
Type No. Primary 

TY-468 

TY-462 

TY-75A 
TY-76A 12 110-115-125v 60cps 60 watts 

28 

12 

12 

Secondary  

110-115-125v 400cps 60 watts 

110-115-125v 400cps 60 watts 

110-115-125v 60cps 115 watts 

Engineering Bulletin TY-63 gives you the complete 

story on Triad transistor power supply transformers 

—general information, schematics, specifications 

and application notes. Write for copy: 305 North 

Briant Street, Huntington, Indiana. 

TRIAD DISTRIBUTOR DIVISION 

A DIVISION OF LITTON INDUSTRIES [8 
fRIAb 

ACQUISITIONS (Continued) 

pany would tend to stick to their own group. Thus far, 

Mr. Miller says, there is good "integration" among 

the 135 total engineers at Singer Metrics. There is 
said to be mutual respect and cooperation among 

engineers, fostered by complementary interests and 

activities. Engineers of Empire and Panoramic, for 

example, are in effect piecing together the same jig 

saw puzzle. Hence, the compatibility. 

Of about 575 total employees at all three firms, 
nearly a fourth of them moved to Bridgeport to join 

Singer Metrics. 

Problems and matters to be resolved among top 

technical people included: vacation policies, fringe 

benefits, salary review and pay scales. Some engi-

neers were receiving more pay than others for the 
same basic work, mainly because of seniority, or dif-

fering policies of the acquired companies. Also, 

Bridgeport is a union area—whereas Panoramic and 
Sensitive had no unions and Empire Devices had 

an in-house company union. Establishing an equitable 

personnel policy was a major problem. 

Stock options were another problem, particularly 
with key personnel. Some options were higher than 

the market stock price. When some employees ex-

ercised their stock options (to get a high-price stock 
at a low price), they discovered that the market price 

of the stock had been reversed. Now, it was cheaper 
to buy the stock on the open market than it was to 

exercise a stock option and get the stock from the 

company. In effect, the option extra value evaporated. 

Advantages Offset Problems 

Some obvious problems or disadvantages in mov-

ing whole companies to a central location are often 

offset by these advantages, according to Kenneth 

Miller: 

• Centralizing eliminates redundant overhead 

costs. 

• Fewer purchasing people are needed. 

• Buying in larger lots results in lower prices. 

• Inventories, handling, invoicing are centralized. 

• Common marketing should be more efficient, 

including common advertising, promotion, sales and 

distribution. 

• Standardizing, to reduce redundant inventories, 

should effect economics. 

• Pooled R & D talents should help create better 

products at less R & D costs. 

Inducements to Key People 

Singer Metrics also offered inducements to hold 

(Continued on page 126) 
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When a new time code is introduced ... 

Astrodata Model 6222 Universal Automatic Tape Search 
System accepts virtually any time code format, and pro-
vides completely automatic high-speed search, playback, 
re-record and stop operations. Extremely high input sen-
sitivity ( 10 mv) assures highly reliable tape search. 

this plug-in module 
is all you need 

to bring your 
Astrodata universal 
tape search system 
up to the minute 

...to forestall system obsolescence 

Indicative of the MIL-type quality built into Astrodata 
timing equipment are the many extras carefully designed 
and incorporated into each system. The circuit cards, for 
example, are glass epoxy boards for maximum resistance 
to moisture and temperature; test points and indicator 
lights on the cards facilitate easy system checkout from 
the front without removing the cards. Included also are 
such construction refinements as strain-relief mounted 
components, tin immersion plated mounting eyelets, rho-
dium-plated connector contacts, taper pin connector con-
tacts, "worst-case" operating tolerances for all components. 

13 

Astrodata Model 6222 Universal Automatic Tape Search 
System has been designed to prevent system obsolescence 
each time a new time code format is introduced. Circuitry 
common to all time code translating is built into the system 
—circuitry peculiar to each time code is built into individual 
plug-in modules. 

When working with IRIG, NASA, AMR and other formats 
already in existence, you merely insert the appropriate plug-in 
module to change from one code format to another. When a 
new time code format is introduced, it is necessary only te 
add a corresponding plug-in module. 

All solid-state construction, using exceptionally conservative 
design criteria, gives you maximum protection against down-. 
time. More than 40 systems have been installed to date. All 
customers report excellent operation... names on request. 

Considerable savings accrue to users because of Astrodata's 
years of experience in the design and manufacture of time 
code generation, translation, telemetry and tape search sys-
tems combined with a modular approach that permits many 
engineering and production economies. 

Astrodata produces a complete line of timing instrumentation. 
Write today for your copy of the new tape search brochure, 
or contact your nearest Astrodata representative. 

_Lek_ffleX•Mi,ODAL..nruak.. xl\TC-
240 EAST PALAIS ROAD - ANAHEIM, CALIFORNIA • PHONE: (213) 772-1000 
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ACQUISITIONS (Continued) 

Every 

elzwillit irGrayhille Rotary 
CONCENTRIC SHAFT t Switch 

—gets over 75 Quality Control 
Inspections and Tests 

—you get over 100,000 
operations 
• Contact Resistance .010 ohms typical 

• 100,000 cycle life 

• Make or Break 1 Amp. 
115 VAC Resistive 

• 1 to 6 Poles Per Deck 

• 1 to 12 Decks 

• 2 to 12 Positions Per Deck 

• Explosion Proof 

Write for anent Engineering Catalog 

17/144dif imitzmir 
543 Hillgrove Avenue • P.O. Box 373 

La Grange, Illinois 60526 

Area Code 312, Phone 354-1040 

"PIONEERS IN MINIATURIZATION" 

key people in the acquired plants and attract others. 

Inducements, which generally could be afforded by 

a big company, included among others moving and 

relocation subsidies, and cash loans without col-

lateral, to ease the moving burden. The company 

also offered a full-time technical library using Library 

of Congress numbering system, and an education 

support program. Complete costs of approved studies, 

undergraduate or graduate, would be paid by the 

company. 

Cash awards were offered to engineers to write 

technical papers—over and above money received 

from publishers. Company drafting, typing, photo-

graphic and other facilities were at the author's dis-

posal. 

In short, Mr. Miller says Singer Metrics believes 

in "investing in people." 

By gradually phasing out industrial sewing ma-

chine manufacture while phasing in electronic opera-

tions, Singer has maintained its labor force and ac-

tually increased it by about 20%. It was somewhat 

of a surprise to find that a knowledgeable electronic 

production line foreman had worked previously on 

sewing machines! Singer Metrics has set up a school 

to retrain employees, including assemblers, sheet 

metal workers, foremen and others. Singer's sheet 

metal and machine shops have been adapted to fabri-

cating electronic equipment. 

Now that Singer Metrics has three acquired in-

(Continued on rage 128) 

"Each acquisition had its own production methods. Singer Met-

rics is analyzing all methods and will choose the best." One 
assembly method below I uses video slide- sound instruction. 
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PROGRESS REPORT 

ANOTHER 

NEW SERVICE ON 

ALUMINA SUBSTRATES 

The use of thin AlSiMag substrates con-
tinues to accelerate because they have 
excellent insulation characteristics, great 

strength with good thermai conductivity 
and are stable mechanically and electri-
cally over a wide range of temperatures. 

The AlSiBase process, pioneered by and 
exclusive with American Lava Corpora-
tion, produces thin wafers with a degree 
of flatness well within acceptable limits 
for many applications. The natural finish 
of AlSiMag alumina ceramics has advan-
tages in many application:. In general, 
it offers better electrical characteristics 
than a ground or lapped finish. 

Grinding removes the original surface 

and causes minute voids, bubbles or 
scratches which can create problems on 

substrates for thin film deposition. These 
are eliminated with AlSiMag glaze 743 

which so accurately matches AlSiMag 
614 (96% aluminum oxide) that no de-
fects are apparent after cycling test 
samples from room tempe-ature (23 °C.) 
to liquid nitrogen (-210 °C.). This glaze 
has a softening temperature of approxi-
mately 725 °C. The surface finish of the 
glaze is bet'er than 1.0 micro-inch (CIA). 

PRACTICAL TESTS 

About two years ago these AlSiMag sub-
strates were announced in the technical 
press. Later, in response to the need for 

an exceptionally smooth surface, AlSi-
Mag glaze 743 was developed. Prato-, 
types were offered at attractive prices. 
At present many users have now satis-
factorily completed their tests, including 
life tests, and are beginning to use pro-

duction quantities. 

PREFERRED SIZES 

The increasing acceptance of AlSiMag 
substrates has revealed certain preferred 
sizes. In the fall of 1963, preferred 

thicknesses were established as .025" 
for the unglazed and unground substrate 
with surface finish of 40 micro- inches or 

better and as 030" for the substrate 

glazed on one face with surface finish of 
better than 1.0 micro-inch CIA. 

NOW! STOCK SIZES 

It now appears that we can render a 
needed service by stocking certain sizes. 
This permits prompt shipment (about one 
week) and lower prices on prototypes or 

other small quantity orders. Additional 

BOOTH 4401 AT IEEE SHOW 

sizes wi I be stocked as their need is 
established. At present these sizes of 

unglazed substrates are in stock, ct a 
thickness of .025": 

1/2 " x 3/4" 

1" x 1" 

1" x 2" 

2" x 2" 

Glazed substrates are available in these 
same sizes and at an over-all thickness 

of . 030". Allow two weeks additional 
for shipment of glazed substrates. 

CUSTOM PRODUCTION 

AlSiMag substrates may, as always, be 
had in materials other than alumina, for 

example, steatite and beryllia. A variety 
of sizes, shapes, serrations and patterns 

of holes is readily possible. Dimensional 

control is excellent. If you have an es-
pecially critical application that requires 
grinding, this may be obtained at com-

mensurate cost. 

Please outline your problem so that our 
technical men can make helpful sugges-
tions based on the latest advances. 

American Lava Corporation 3m 
PHONE 265-3411 (Area 615), CHATTANOOGA, TENN. 37405 A SUBSIDIARY OF COMPANY 

For service, :ontact American Lava representatives in Offices of Minnesota Mining and Manufacturing Co. in these cities (see 

your local telephone director"): Birminghan-, Michigan • Boston: Needham Heights, Mass. • Chicago, Bedford Park, Illinois 

Cleveland, Ohio • Laurens, 3. C. • Los Angeles, Calif. • Minneapolis, Minn. • Metropolitan New York: Ridgefield, N. J. 

Up-State New York, Phelps, New York • Philadelphia, Pennsylvania • Richardson, Texas • South San Francisco, California 
All export except Canada: Minnesota Mining and Manufacturing Cc , International Division, 99 Park Ave., New York, N. Y. 
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ACQUISITIONS (Continued) 5 special 
industrial 

reports 
from 

DAYTONA BEACH 
Florida's must fflotrooIitn industrial oro 

GENERAL. ELECTRIC 

The wholehearted cooperation and 

assistance we have received from local 
organizations and individual citizens 

has helped us respond promptly in 
support of our nation's Apollo Program. 

H. Brainard Fancher 
General Manager 

Apollo Support Department 

• • • • • • • • • • • • • • • • • • • 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• Our growth from a lab in 1953 

to a manufacturing plant in 
1955 . . . and our immediate 
plans for expansion . . . cer-
tainly reflect our satisfaction 
and our pleasure in Daytona ; 
as a place to work and to live. • 

• • • • • • • • • • • • • • • • • • • 

ELECTRO TEC 
CORPORATION 

George J 
Pandapas 

Chairman of 
the Board 

DAYTONA 
MARINE 
ENGINE 
CORP. 

Charles F. 
Johnson, Sr. 

President 
The inland waterway location 
and the support of an industry-
minded community have been 
vital factors in our growth 
and in our place here in Day-
tona ... as has the wonder-
ful climate. 

AND 

•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 

• • • • • • • • • • • • • • • 

FLORIDA 
PRODUCTION 
ENGINEERING 

CO., INC. 
Ralph L. 
Schwarz 

President 
While our customers are inter-
national as well as domestic, 
we've found that Daytona is 
attractive to the skilled per-
sonnel needed in our business. 

• • • • • • • • • • • • • • • 

BELFAB 
CORPORATION 

Edward Z 
Najaka 

President 

The outstanding support given 
us by this industry-minded 
community has been a major 
factor in our growth and our 
presence in the area, and has 
made us feel a real part of 
the community. 

THIS LIST IS GROWING... 

fl OR THE COMPLETE LIST AND COMPLETE STORY, WRITE TO: 

ROBERT H. MILES 
Committee of 100 
Daytona Beach Industrial Area 
Ormond Beach, Daytona Beach, Daytona Beach Shores, 
South Daytona, Holly Hill, Port Orange) 
Box 1309 - Dept. IM.4. Daytona Beach, Fla. 

Please send detailed information on the 
Daytona Beach Industrial Area. 

DAYTONA 
BEACH 

JOHN F. 
KENNEDY 
AERO SPACE 
& MISSILE 
CENTER 

CAPE 
CANAVERAL 

Name Title  

Company 

Address  

City lone _State  

All incnnries held In strict confidence. 

strument makers under one roof, Mr. Miller plans 

to make them into a cohesive force to establish a new 

Singer Metrics reputation. This will be reflected in 

advertising and sales promotion to portray the "cor-

porate image," or the "division image" of Singer 

Metrics. The division will have its own quarterly 

publication, "Metrics," featuring upper level articles 

on product case histories. 

Product Evolution Plan 

Mr. Miller admits that "We may continue to refer 

to these products by their original names for years, 

since engineers know of Panoramic, Empire and 

Sensitive, while Singer Metrics' name is not yet 

firmly established." 

Product evolution is basically a three-step plan at 

Singer Metrics: 

Mark I is to put a Singer Metrics name plate on 

the front panel of the original company product. 

Mark II is to redesign the panels to have a distinct 

Singer Metrics style leaving chassis design and con-

struction as is. 

Mark III is to apply value analysis in redesigning 

the product on the basis of its function, to take ad-

vantages of modern technology, to improve produc-

tion methods, and to create a distinctive design. 

Singer Metrics is introducing the product man-

ager concept to protect the $27.5 millions that Singer 

Company has invested in Metrics as corporate in-

surance. The product manager has no line responsi-

bility, but keeps after the line people. Engineers, 

sales, and marketing men will continue working in 

their own areas. However, the staff product man-

agers ( one for each line of products, paralleling what 

each individual company made formerly) will be 
under the general manager. 

Ultimately, these staff product managers may go 

into line jobs or become product managers of other 

product lines. At this stage, they are "shadow man-

agers," backing up the line people but reporting 

directly to the general manager. 

A new products committee, composed of product 

managers and the general manager, will plan other 

products. Mr. Miller observes that the average life 

of electronic test equipment is about five years. So, 

every year the firm will have to regenerate one-fifth 

of its product line. Thus, every five years the entire 

product line either will be modified or somehow im-

proved and updated. Singer Metrics strives to keep 

up the state of the art in instruments to hold its share 

of the market. The new product committee makes 

(Continued on page 130) 
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Multiple frequency markers allow frequency calibration with 3 markers 

during broadband sweep and 2 during symmetrical sweep. 

UM SWEEP OSCILLATOR 

MODEL 641 
to 

110111111MKIMIIMPH AIII, 

LEVEL 

RF OUTPUT 

MOMAATION 

AM QE( 

M EXIMINM rLOUAI 

FREQUENCY 

Five single frequency settings simplify and speed 
component evaluation. Choose stable, clean CW 

or modulated single frequencies at F,, F2, FO, M 
and M2. Sweep for qualitative analysis and meas-

ure precisely at end frequencies ( F,, F2) and 3 

intermediate frequencies (F0, M,, M2). 

ILLEOACE 

OFF SWEEP  

fo  

 TRIOGElt 

Et OLIN IL 

FREQUENCY 

MARKERS 

MARKER 

AMPLCIUDE 

NIGH VOLTACIE POWER 

ON ON 

Complete sweep flexibility. F, —* F2 sweep for broad-

band evaluation. F, ± AF symmetrical sweep for 

expanded display. 

Separate F. control independent of F, —>F2 allows 

switching from broadband sweep to symmetrical 

sweep without "disadjusting controls." 

New Sweep Oscillator, 1 to 40 Gc 
This is the face of the new Alfred 1 to 40 Gc sweep oscil-
lator. Alfred 640 Series Sweepers offer the cost-conscious 
engineer the best price-performance ratio. 
Features include: internal or external leveling with wide 
control range, retrace blanking at all sweep speeds for scope 
or recorder operation, accurate manual sweep, solid state 
design, 50 to 400 cps operation, ruggedized construction. 

Ask your Alfred representative for a demonstration. 

Frequency Power 
Range Output 

Leveled 
Power Residual 

Variation FM Price 

641 
641K 
642 
642K 
643 
643K 
645 
645K 
647 
648 
649 

1-2 
1-2 
2-4 
2-4 
4-8 
4-8 
8-12.4 

8.2-14.4 
12.4-18 
18-26 
26-40 

100 mw 
70 mw 
70 mw 
50 mw 
20 mw 
20 mw 
20 mw 
10 mw 
10 mw 
5 mw 
5 mw 

* 25 kc $3,050 
±- 0.5 db 50 kc $3,290 

25 kc $2,850 
± 0.5 db 50 kc $3,090 

50 kc $2,850 
± 0.5 db 75 kc $3,190 

75 kc $2,990 
± 0.75 db 100 kc $3,390 
— 100 kc $3,350 
— 300 kc on request 
— 350 kc on request 

*Output may be leveled with external Alfred RF Samplers or directional 
coupler and crystal detector. 

Sweeps 

Sweep Time 

Sweep Trigger 

Amplitude 
Modulation 

Single Frequency 
Control 

Frequency Stability 
Frequency Marker 

Broadband, 2% to 100% of full range. 
Symmetrical, 0 to +5% about center 
frequency F„. Manual, proportionate 
sweep voltage with Fo, M 1, and Mo pro-
vided 
10 msec to 100 sec 
External; free running; line; manual 
(single sweep) 

Internal 800 to 1200 cps square wave; 
external 

Fo, F1, Fo, M I, and M2 continuously 
adjustable, panel switch selected 

Better than 0.01% per degree C 

Three markers M 1, Mo, and Fo adjust-
able over entire range. 

See Us At IEEE, Booth 3038, 3039 

filfRED flECTROMICS 
3176 Porter Drive • Stanford Industrial Park • Palo Alto, Calif. 

Phone: (415) 326-6496 
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made to 
your 
exact 
specifications.. 
at stock 
prices 

METALIZED MYLAR CAPACITORS 

Unique, self-healing units that remain in circuit 
during voltage surges with little or no loss of elec-
trical properties. Use the M2W's where size and 
weight are limiting factors and long life and de-
pendability are required. The units utilize metalized 
Mylar* Dielectric with film wrap and custom formu-
lated epoxy resin end fill. Available in round and 
flat styles. 
*Du Pont Trademark for Polyester Film 

Manufacturer; of Hi-Quality Capacitors for the Electronics Industry 

CONDENSER 

CORPORATION 

DEPT. E-3, 3749 N. CLARK STREET, CHICAGO, ILLINOIS 

Circle 94 on Inquiry Card 

Another 
Outstanding 
Air Movement 

Unit 

Cyclohm MODEL 8040 
DELIVERS 105 CFM. MOUNTS ON 4%.9" SQUARE 

Greater output, yet costs less than smaller-
• capacity competitive units ($10.75 in 1-10 lots, 

much lower in larger quantities). 

Powered by the Howard Unit Bearing Motor 
• 

(over four million successful installations). 

e Guaranteed for 5 years to require 

no maintenance or re- lubrication. 

Write for Bulletin 9040, describing :he complete line of Howard 
Guaranteed-Performance Air Movement Assemblies. 

HOWARD 

HOWARD INDUSTRIES Inc. 
1760 State Street, Racine, Wisconsin 
Telephone 414-632-2731 — Teletype 414-631-9231 

DIVISIONS: ELECTRIC MOTOR CORP. • CYCLOHM MOTOR 
CORP. • RACINE ELECTRIC PRODUCTS • LOYD SCRUGGS CO. 
MICRO GEAR, INC. • HOWCOR LAMINATIONS 

Circle 70 on Inquiry Card 

ACQUISITIONS (Continued) 

management-type decisions and allocates budget or 

sales dollars to the R & D program on a division or 

product-group basis. 

Gradual Product Phase-In 

Singer Metrics gradually phases in its newly re-

designed instruments. The first new product was 

introduced at the IEEE Show in March, 1963. The 

second was shown at Wescon in August. Others will 

be introduced this month at the IEEE 1964 Show. 

Singer Metrics is trying to have its products re-

flect the market being served. For instance, Sensitive 

Research products have the traditional look of qual-

ity, accuracy, and reliability by use of molded black 

Bakelite panels and varnished wood cabinets. These 

instruments are used in laboratories to calibrate still 
other instruments. 

Panoramic instruments reflect the market for on-

the-line practical measuring instruments for use in 

communications or in design functions. Their panels 

and cabinets are metal for rugged service. 

Singer Metrics aims to give a "new look" to all 

its products in about three years. In so doing, it 

hopes to make equipment easier to build, easier to 

test on-line or in user's labs, and easier to service in 

the field. The firm will make all equipment fully 

transistorized, if feasible, and employ plug-in boards 

and building block modules. It hopes to reduce 

assembly costs and standardize on parts common to 

all instruments, where possible, and assign common 

part numbers to the same part used in various instru-

ments. Operation and maintenance manuals, includ-

ing schematic format and symbols, will be stand-
ardized. 

To avoid interrupting operations, Singer Metrics 

literally stripped down the three companies, crated 
them, and shipped them almost overnight to Bridge-

port. 

A REPRINT OF THIS ARTICLE CAN BE OBTAINED 
by writing on company letterhead to 

The Editor 
ELECTRONIC INDUSTRIES 

Chestnut Cr 56th Sts., Phila., Pa. 19139 

Each company had its own production methods. 

Singer Metrics is analyzing all these methods and 

will choose the best. The division plans to have com-
mon work areas, and use a sequential work and as-

sembly technique, common to all manufacturers. 

There will be a central test area. 

Eventually, separate specialty shops to modify 

standard off-the-shelf, out-of-the-catalog products, or 

to build custom products and equipment, will be 

set up. (Continued on page 132) 
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You couldn't find a finer choice of meters in a month of Sundays 

Meet the Honeywell line. Quality meters. In every shape and size imaginable. Big meters. 
Miniature meters. Edgewise meters. Contemporary-styled, medallion-shaped meters (Medalist). 
New square-shaped meters with uncluttered dial faces for easy readout. Ruggedized meters 
that shrug off vibration, are impervious to moisture, dust, fumes. You can get quick, off-the-
shelf delivery of any standard Honeywell meter by ordering direct from your Honeywell dis-
tributor. For the name of the distributor nearest you (or a copy of our latest catalog) write: 
Honeywell, Precision Meter Division, Manchester, N. H. 03105. In Canada, Toronto 17, Ontario. 

Honeywell 
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ACQUISITIONS (Continued) 

r Why 

MAPICO" 

iron oxides 
for ferrites, above all others? 

Because." Because." 
Mapico pure synthetic There's range . . . a 
iron oxides are un- Mapico iron oxide raw 
matched for uniform- material is available 
ity ... they are for every end use area 
subjected to the most from deflection yokes 
precise production to temperature com-
controls. pensated cores to hard 

ferrites. 

Because." Because." 
Mapico iron oxides are Selection of the right 
made in three typically Mapico iron oxide gives 
different particle controlled electronic 
shapes . . each avail- characteristics and 
able in several ranges shrinkage. 
of particle size. 

MAPICO 
offers a useful, up-to•date chart on these 
many oxides with detailed data on particle 

shapes and other properties. 

WRITE FOR IT TODAY! 

(ID 

MAPICO IRON OXIDES UNIT 

COLUMBIAN CARBON COMPANY 

380 Madison A , New York 17, N. Y. 

BRANCH OFFICES IN PRINCIPAL CITIES 

COLUMBIAN CARBON COMPANY 
380 Madison Avenue, New York 17, N.Y. 
Please send me the new, up-to-date 
chart on » PICO IRON OXIDES FOR FERRITES. 

Name 

Position 

Firm 

Address  

City Zone State  

Marketing now is in flux. Each firm had its own 

manufacturer's representative organizations and fac-

tory sales force. Panoramic had the fewest represen-

tatives, Sensitive Research had the most. Some reps 

had bigger territories than others. Many of the agree-

ments between these firms and their reps were verbal. 

Some product commissions varied by rep, even in the 

same company. 

Commissions Being Honored 

Existing commission arrangements are being hon-

ored, yet the most effective marketing techniques for 

a given product is being studied. Changes in rep 

relations are inevitable. 

Singer Metrics will continue to monitor the rep 

operation to assure itself of the greatest marketing 

strength at the lowest cost. For instance, the division 

will eliminate multiple reps, and have one rep in a 
given sales area to handle all Singer Metrics lines, 

where feasible. Factory direct sales offices may be 
established in certain key industrial centers. 

So far, foreign sales represent 10% of Singer 

Metrics volume, but it is a growing market. The 
company now uses reps abroad. 

William Wu, re-
search director and 
Kenneth Miller com-
pare old (right) with 
new ( left/ labora-

tory standardizing 

test console now in 
production by Singer 

Metrics. 

In the future, Singer Metrics plans to become the 

third largest factor in the electronic laboratory test 

instrument business, after Hewlett-Packard and Tek-

tronix. The Singer division plans to achieve this goal, 

by the end of 1964, with other acquisitions. 

Already, negotiations are in the final stage to 

acquire Gertsch Products, Inc., of Los Angeles. This 

firm has 70,000 square feet of plant space, $4 million 

in sales in fiscal 1963, and post-tax profit of about 

$270,000. Mr. Miller says Gertsch is the first of 

several acquisitions on the West Coast contemplated 

to give Singer Metrics a coast-to-coast potency. Cur-
rent plans call for a West Coast complex with mini-

mum potential sales of about $25 million. 

Cost Many Times Earnings 

Panoramic, acquired as a Singer Metrics corner-

stone, cost 20 times earnings. Empire devices cost 
about 16 times earnings. Gertsch may cost less than 
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"The blood more stirs 
to rouse a lion 

than to start a hare!" 
William Shakespeare 

There are challenges and then there 
are challenges. 
Consider the one that confronts us 

at MITRE. We are responsible for 
the design, development and inte-
gration of the major command and 
control systems that protect the free 
world. 
This involves systems for nuclear 

detection ( NUDETS), long distance 
Air Force communications systems 
(SPACE-COM), ballistic early warn-
ing systems (BMEWS), National 
Military Command Systems (NMCS), 
and many more. 
Working at MITRE, a man may 

think in terms of an overall system 
to provide instant warning in case of 
attack; of a sub-system that might 
be a flock of orbiting satellites; of a 
component that's one of the world's 
largest computers. 

That's the scope of the challenge 
at MITRE. Frankly, it's as big as a 
systems man can tackle. On the other 
hand, it affords an opportunity to ex-
pand your capabilities, to contribute 
to an important science, to mingle 
with a caliber of personnel you 
wouldn't find working on a lesser 
challenge. 
MITRE is located in pleasant, sub-

urban Boston. Openings are also avail-
able in Washington, D.C. and 
Colorado Springs. Rewards are com-
petitive. Engineers and scientists — 
preferably with advanced degrees and 
at least five years' experience in elec-
tronics, mathematics or physics — 
write in confidence to Vice President 
— Technical Operations, The MITRE 
Corporation, P.O. Box 208AN, Bedford, 
Massachusetts. 

THE 

MITRE 
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. An independent nonprofit corporation, MITRE 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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From the very beginning. Motorola has been an "engineer's 
company"—an organization where every consideration was 
secondary to the newest technological development. As a result, 
Motorola has attracted the type of engineer and scientist who is 
noted. not for his ability to conform—but to create. 

In this intellectually rarified atmosphere, the challenges to an 
engineer are great—but, of course, the rewards are commen-
surate. 

Motorola does not need "engineers" per se, but there is always an 
urgent need for really good engineers and scientists—men who 
are inspired by this dynamic environment rather than afraid of 
it—men who shun monotony and search for diversified projects. 
If you are such a man, we would like very much to talk with you. 

LABORATORY MANAGER direct group of 
engineers and support personnel in complex 
R & D communications activities, airborne and 
mobile. 
CRYSTAL ENGINEERS advanced R & D in 
Filter networks, frequency control, phase shift 
networks, involving quartz crystal applications. 
SYSTEMS ENGINEERS advanced R & D in 
radio communications systems related to 
Two-way, portable, mobile and radio-telephone -
equipment. 
CIRCUIT DESIGN ENGINEER advanced R & D 
related to circuit synthesis, Laplace transforms, 

magnetics and solid state Physics. 
SYSTEM DESIGN analysis and synthesis of 
complete systems for operation in airborne, 
missile and spacecraft applications. 
EQUIPMENT DESIGN high performance solid-
state receivers, transmitters, and data proc-
essing equipment for radar, communications, 
command and control, tracking and telemetry. 
FAMILIARITY WITH STATE-OF-THE-ART 
statistical communications theory, advanced 
signa processing techniques, solid state r. f. 
techniques, ultra- reliability, antenna systems, 
advanced structural and thermal designs. 

Excellent opportunities also available in Phoenix, Ariz. 

MR. W. H. HAUSMANN 

Engineering Personnel Mgr. Dept. A 

4545 Augusta Blvd., Chicago 51, III. 

AN EQUAL 

OPPORTUNITY 

EMPLOYER 

MOTOROLA inc. 

ACQUISITIONS (Concluded) 

13 times earnings. Thus, based upon 

experience, and upon market condi-

tions, Singer has been paying a 

lower price/earnings ratio for each 

successive acquisition. This may 

change, however. 

Whenever Singer Metrics buys 

any company at more than 10 times 

earnings, it is not achieving Singer's 

overall objective of more than 10% 

return on invested capital. It now 

remains for Singer Metrics to 

achieve a growth that will allow it 

to "grow back" the profits. As an 

example, if Singer bought a com-

pany at 20 times earnings, it would 

need to double sales at the same per-

centage of profit, or maintain sales 

and double the profit, to achieve a 

10% return. 

Singer Metrics wants to steer a 

course somewhere between these two 

shores. It estimates total sales vol-

ume by the end of 1966 at about 5% 

of the 1962 total Singer sales of 

around $600 million. The sales vol-

ume of Metrics in 1964 is expected 

to top $20 million with acquisition of 

Gertsch Products. The Singer Com-

pany's investment of about $27.5 

millions in Metrics undoubtedly will 

increase by 1966 with continuing 

acquisitions. 

Mr. Miller apparently made a 

minimum number of mistakes. He 

did admit, though: "Although we 

would have bought as we did— 

quickly but deliberately—we would 

have moved the plants to Bridgeport 
more slowly. 

"If we hadn't been under pressure 

to man the plants, we would have 

been wiser to let the plants tempo-

rarily stay where they were to in-
crease our understanding of their 

operations, and then phase them into 

Bridgeport with less upset all 
around." 

He added: "The worst is behind 

us. We have no plan to move any-

thing else to Bridgeport in the near 

future." 
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SEE US AT THE IEEE SHOW! 

Measure and calibrate 
current & voltage-- DC 101000 mc 

Model LTU is illustrative of a unique Metrics Division capability 

in the fabrication of integrated calibration and measuring 
systems. The console consists mostly of Sensitive Research 
catalog items neatly packaged together to meet the specifica-

tions of a major computer manufacturer. Therefore, in spite of 
its special requirements, it is so standard that its cost is com-

parable to the total price of all items ;f purchased separately. 

This efficient, reliable calibration system is ultra modern in 

appearance and function. It was designed and assembled by 
Sensitive Research instrument engineers who have been in 
the business of making respected standards since 1927. The 

only difference is that now they also call upon the considerable 
capabilities of the other product lines within the Metrics family. 

Therefore, since some Panoramic and Empire instrumentation 
was required in the console, it was easy to include. This is 

what makes the Metrics Division capability so unique! 

The console consists essentially of the following self-sufficient 
modules and additional features: 

Model LTC-2, a new -1-0.035% accurate, high speed calibration 
standard covering ranges of 200 0,-1110 y and 0.001 pa- 1I.1 amps 
over a frequency span o, DC and 7 cps- 25 kc/s. Model LIPS-il, a 
new variable frequency (10 CPS —100 kc/s), low distortion (0.05,/o), 
stable (0.005°/e), ac power source that features a noteworthy 200 va 

Sensitive 
Research* 
INSTRUMENTS 

output. Model RES, a new high resolution RF readout system, for 
measuring AC/DC differences and frequency influence. When em-
ployed with micropotentiotneters, coaxial thermal converters, and an 
A-T voltmeter, calibrations can be made from 1 /0v-500 y at ire-
quencIee up 1c 1000 mc.S. A special panel containing 12 precision 
thermoelements enables RE current measurements from 1 ma — 
10 amps. Model FLH-1, ac/dc transfer standard with ranges of 1.5-
1125 v. This unit has never been reported outside the NBS stated 
uncertainty of ---t0.01 0/c up to 30 kc/s and ±0.02% up to 50 kc/s. 

Additional capabilities are incorporated, including a Lindeck 
microvolt source, a micropotentiometer calibrator, 3 signal 

generators, dc power supplies (remotely controlled, and pro-

grammed, and designed with intenocking circuits for overload 
protection), a high sensitivity galvanometer and a multirange 
-±0 5% accurate millivoltmeter. 

A Commander Type MR, -±0.005°/0 accurate dc potentiometer 
system complete with portable saturated standard cells as a 

reference. could readi!y have been included in the console. 
It would have occupied only 19" x 27" of additional panel space. 

More information— Do you require a calibration and/or measur-
ing console tailored to meet a big engineering need and a 
small budget? Contact Sensitive Research instruments... 

a product lirke of The Singer Company, Metrics Division. 

THE SINGER COMPANY 
METRICS DIVISION 
ELECTRICAL AND 

915 PEMBROKE STREET 
BRIDGEPORT, CONNECTICUT 

ELECTRONIC INSTRUMENTS FOR TEST. CALIBRATION. AND MEASUREMENT 

Trademak e THE SINGER COMPANN Circle 80 on Inquiry Cord S.64•2 



LUGS•CLIPS•TERMINALS SMALL BUSINESS (Concluded) 

hundreds 
of 
types! 
LOCKWASHER 
TERMINALS 

THE TERMINAL THAT'S 

A LOCKWASHER . . . 
for permanent con. 
nections that stay 
permanent 
100 types and 
sizes—all 
metals 
Immediate 
dellvery 
from 
stock 

ZIERICK MANUFACTURING CORP. 
106 Beechwood Avenue, New Rochelle, N. Y. • tifw Rochelle 6.8520 

STANDARD ELECTRI-
CAL PARTS delivered 

FAST! 
Lugs • Clips • Terminals 

Wire Forms from Stock 
Send for your copy of the new 

Zierick catalog No. 23 TODAY! 

Circle 72 on Inquiry Cord 

RESINITE 

Nlylar*Tubing 
FOR HIGH DIELECTRIC 

STRENGTH, CORROSION 
AND HEAT RESISTANCE 

Resinite Mylar Tubing provides 2500 v/mil min. ave. 
dielectric strength, continuous heat resistance of 300° F. 
and is impervious to corrosion and fungus. I.D.'s range 
from .040" to 8", wall thicknesses .001" to .050". Tubing 
can be supplied in any length for coils, flyback trans-
formers, capacitor jackets, wire insulation, shafts.. . 
also furnished slotted for iron core coils, etc. 
Send or phone specs, for quote. Request bulletin 

and arbor list. 

*Mylar is a DuPont Trademark 

/EIftJI TE Division of 
PRECISION PAPER CORPORRTION I TUBE COMPANY 

1049R SOUTH NOEL AVE., WHEELING, ILLINOIS (Chicago Suburb) 
Telephone: (Area Code 312)6314445, TWX 537-5202 

Circle 150 on Inquiry Card 

. from page 36 

"We also try to avoid the general manager who is 

a jack of all trades. He tries to do everything him-

self. We hear time and time again that anyone who 

tries to do everything himself and refuses to delegate, 

is a poor manager. As in every other business this 

is an important truism in electronics. 

"Failure comes about by a man's inability to dele-

gate responsibility. A good businessman's ability is 

one of strength and character, of relatively good 

experience, with a good sense of where profits can be 

made without cheating. If he's a conniver, a wheeler 

and dealer, if he's willing to pull fast deals, he will not 

normally attract a high quality person to work with 

him. He will invariably fail. 

Communicating 
When ECC was founded, several of the underwrit-

ers of the original offering of $16 million asked Mr. 

Salik, "How are you going to deal with the cocky 

engineer who started a business, had initial success 
and now needs follow-on capital ?" 

ECC's president answers, "We know it's true. Too 

many technical people who started businesses and 

enjoyed momentary success, are uncommunicative, 

overly cocky and unwilling to listen to ideas. With 

that kind of person, Electronics Capital Corporation 

can do no good. We cannot help them. 

"We have specialists in every field of electronics. 

They all have had a lot of experience. They are not 

better than the applicant but they are able to com-

municate ideas and synthesize. They take informa-

tion not only from the companies we have invested in, 

but also from companies we have turned down. Even 

so, many times they are ignored. If we find this out 

early enough we won't make a deal. 

"We are delighted to make an investment and take 

a high degree of risk if the man is a composite of the 

things I have mentioned. He must be a communi-

cative man, a receptive man, usually technically 

oriented. He must be a man who will accept the ideas 

of others not necessarily in his field but in areas that 

support his field." 

In his concluding remarks Mr. Salik made this 

observation: 

"We have learned from bitter experience that you 

cannot be too exact in your judgment of manage-

ment and its potential. 

"You have to have some broad outlines that you 

think apply in the areas that I have mentioned but 

there is a point at which you have to take a risk. And 

in our case we were, I believe, right seventeen times 

and wrong three times." 
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CLOSE-UP 
of the modern way to make printed circuit masters 

(for a closer view yet, see K&E at the IEEE Show, Booth 4507) 

What you see above is the 
cutting head of a K&E cir-
cuit path cutting tool, shown 
12 times life size. Used with 
STABILENE' Cut 'N' Strip 
film, it will cut a circuit path 
as fast as you can draw a 
pencil Tine. This is the fast, 
accurate, modern way to 
make masters for printed 
circuits, printed wiring, and micro circuit masking. Their pre-
cise spacing can be adjusted in fractions of an inch or decimal 
parts of an inch depending on the set used. 

Cut ' N' Strip is a clear, dimensionally-stable film with a peel. 
able, semi-transparent red coat on the front. Here's how easy 
it is to use: ( 1) Draw your circuit layout on the back of 
Cut ' N' Strip in pencil. (2) Turn over, cut your lands and runs 
in the peelable red coating on the front with K&E cutting tools. 
You just follow your pencil layout, which is visible through the 
film. (3) Peel off the red coating ... inside your outlines for a 
negative master, outside for a positive master. Errors can be 
easily repaired with a special K&E opaquing fluid which can 
be cut and stripped like the original coating. 

That's all there is to it ... you now have a master far more 
clean and precise than one made by other methods. There's 
no ink to run. There's no tape to stretch, pile up, shrink, or 

pull away on curves. And you've made the master far faster, 
eliminating time-consuming photographic steps, in most cases. 
You can use Cut ' N' Strip with a coordinatograph, too. 

K&E supplies everything needed: STABILENE Cut ' N' Strip Film 
with matte back (#44 5525) or non-matte (#44 5545), touch-
up fluid #58 2190, and a complete layout tool kit (decimal: 
#56 1293; fractional: #56 1291). For more complete infor-
mation on making printed circuit masters with Cut 'N' Strip, 
plus a free sample of STABILENE Cut ' N' Strip, clip and mail the 
coupon below .... today. Keuffel & Esser Co., Hoboken, New 
Jersey. Offices in all principal cities. 4719 

KEUFFEL & ESSER CO. r1" 

KEUFFEL & ESSER CO., Dept. El- 3, Hoboken, N. J. 

Please send me a free sample of STABILENE® Cut ' N' Strip Film, 
plus K&E brochure "Designing Electronic Circuitry On Stabilene 
Cut ' N' Strip Film". 

Name & Title 

Company & Addresc 
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Resistance Bridge 

This data sheet describes Model DB-1 
resistance deviation bridge, which pro-
vides a rapid, accurate and economical 
method of grouping resistors into per-
centage classifications. It can also be used 
for comparing resistors with a sample 
resistor and for general resistance meas-
urements by the null method. Complete 
specs., application information, calibra-
tion and operation procedures are given. 
Industrial Instruments Inc., 89 Commerce 
Rd., Cedar Grove, N. J. 

Circle 151 on Inquiry Cord 

Wire Bonder 

Dita is available on a wire bonder, 
Model 403, which produces a somewhat 
larger bond than the ordinary wedge 
bonder. The bond is formed with a car-
bide or glass capillary. Higher speeds are 
possible because a single "chessman" po-
sitioner controls the motion of the wire 
feed and the bonding tool. Accuracies to 
within 20 mils are possible. The scissor 
cutoff leaves a very short tab. Kulicke 
and Soffa, 135 Commerce Dr., Industrial 
Park, Ft. Washington, Pa. 

Circle 152 on Inquiry Card 

". . . STATE-OF-THE-ART information on Components and Equipment." 

Switching System 
Improved control-circuit performance 

from an SCR is possible when a silicon 
tunnel diode is connected between the 
gate and cathode of the SCR. It is now 
possible to buy these components in one 
package. The information contained in 
Bulletin 1-63 gives specs. on the SCR and 
the TD, plus typical characteristic curves 
for the system. These compare firing level 
vs. tulip.; holding current vs. temp.; avg. 
load current vs. conduction angle; and 
temp. and pulse firing characteristics. 
Hoffman Electronics Corp., El Monte, 
Calif. 

Circle 153 on Inquiry Card 

Computer 

Bullctin 4110 describes the Model 420 
System Computer. It gives a description 
of its uses, specs., command list, and 
theory of operation, including a block 
diagram showing computer organization. 
Model 420 is a special-purpose digital 
computer for real-time processing. It has 
a 32,000 word memory, up to 8 input/ 
output channels, and a 3.2p.sec. read/re-
store cycle .time. Beckman Marketing 
Services Dept., 2500 Harbor Blvd., Full-
erton, Calif. 

Circle 154 on Inquiry Card 

march 23-26 
9:45 A.M.-9 P.M. 

Generators/Amplifiers 

This short-form catalog contains de-
scriptions, photos, and operating specs. 
for a line of pulse generators, swept sig-
nal generators, microwave amplifiers, 
electro-meters, and switching-time meters. 
Also offered is a manual with state-of-
the-al t data on pulse-measurement tech-
niques. It treats the subject in depth, 
covers pulse-generator applications, meas-
urement techniques, common pulse cir-
cuitry, and includes definitions. E-H Re-
search Laboratories, Inc., 163 Addine St., 
Oakland, Calif. 

Circle 155 on Inquiry Card 

Pushbutton Switch 

The B5023, a non-snap keyboard-type 
pushbutton switch, is ideal for digital 
computers, program boards, control pan-
els, adding machines and calculators. Re-
movable plastic pushbutton, in variety of 
colors and sizes, may be engraved with a 
letter, number or symbol. It is 3a. re-
sistive at 30vdc. Momentary contact, 2 
circuit break-before-make action. Min. 
life 100,000 operations. Literature and 
specs. from Control Switch Div., 1420 
Delmar Dr., Folcroft, Pa. 

Circle 156 on Inquiry Card 

J 
TWO BIG SECTIONS 

at the 

NEW YORK 
COLISEUM 

all 4 floors! 

• ELECTRONICS EXHIBITS 

• CONVENTION PAPERS 

See the finest products of industry, 
hear famous men speak! Just one entrance 

fee lets you visit both sections. 

Buses to the N. Y. Hilton every few minutes 

PRODUCTS • PAPERS • PEOPLE • PRODUCTS • PAPERS • PEOPLE 
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Welding Tools 

Data is available on 4 accessory tools 
for small-parts welding. They are used 
for work that is difficult to reach and 
cannot be handled by a standard bench 
welder. The tools are tweezers, pliers, 
pencil and gun. All can be used to weld 
unusually small parts. Brochure is avail-
able from Federal Tool Engineering Co., 
1384 Pompton Ave., Cedar Grove, N. J. 

Circle 178 on Inquiry Card 

Control Systems 

Brochure GED-4930, 16 illustrated 
pages, presents major developments in 
missile control systems. Described are 
systems, subsystems and components for 
missile weapon control, gun-fire control 
and underwater ordnance uses. General 
Electric Co., Ordnance Dept., 100 Plas-
tics Ave., Pittsfield, Mass. 

Circle 157 on Inquiry Card 

Frequency Meters 

This spec. sheet describes 400 cycle and 
60 Cycle freq. meters. Models PFM400-
HRM and PFM6OHRM provide accur-
acy for most commercial and military 
specs. At 25°C and nominal input voltage 
of 115v., they have an accuracy of 0.1% 
at center scale and 0.25% at all other 
scale points. Temp. compensation insures 
accuracy within 0.75% over range of 
—55°C to +55°C. AMF Instrument Div., 
American Machine & Foundry Co., P. 0. 
Box 929, Alexandria, Va. 

Circle 158 on Inquiry Card 

Measurement/Control 

A brochure entitled, "Innovations in 
Instrumentation," describes a line meas-
urement and control equipment. Instru-
ments include bridges and accessories, 
tramistor parameter adaptors, distance 
and vibration instruments, audio and video 
instruments, etc. Each description is ac-
companied with photos, and specs. Wayne 
Kerr Corp., 1633 Race St., Phila. 3, Pa._ 

Circle 179 on Inquiry Card 

Indium Arsenide 

The Indium Arsenide described in this 
data sheet is available in polycrystalline 
form for use in infrared and Hall-effect 
devices. Cominco Products, Inc., 933 W. 
3rd Ave., Spokane 4, Wash. 

Circle 159 on Inquiry Card 

Converter Applications 

Complete specs., prices, and a technical 
description are now available on the DT-
1401 voltage-to-freq. converter. This bro-
chure contains several application notes. 
One describes how the converter is used 
with a counter to make an integrating 
digital voltmeter. Another shows how the 
converter can be used in a system to dis-
play interrelated inputs directly in engi-
neering units. Data Technology Corp., 
P. 0. Box 10935, Palo Alto, Calif. 

Circle 160 on I nquiry Card 

Contact Theory Paper 

"Reliable Electrical Contact Theory 
Applied to RFI Control" is the title of 
this paper. It will benefit design engi-
neers and others concerned with the prob-
lems of RFI filtering and gasketing. Ask 
for bulletin RF-21 from Technical Wire 
Products, Inc., 129 Dermody St., Cran-
ford, N. J. 

Circle 180 on Inquiry Card 

Photo-Conductive Cells 

A 12-page illustrated brochure describes 
the cadmium sulpho - selenide photocell. 
Spectral response, ±-50 A; resistance to 
200f1 at 2 ft. candles. Response is 0.5-
msec. The cells are available in 1/4, 
and V2  in. dia. Angstrom Electronics 
Corp., Box 712, Port Washington, N. Y. 

Circle 161 on Inquiry Card 

Magnetostrictive Lines 

This publication is a refresher or in-
troduction to magnetostrictive delay-line 
fundamentals, theory, and applications. It 
has illustrations and drawings of various 
wave shapes under various operating 
modes. The booklet discusses RZ and 
NRZ recording methods, and includes a 
glossary of magnetostrictive delay-line 
terms and a summary of measurement 
practices. Ferranti Electric, Inc., Light 
Equipment Div., Industrial Park No. 1, 
Plainview, L. I., N. Y. 

Circle 162 on Inquiry Card 

ONE GREAT SHOW! 
at the 

NEW YORK 
HILTON 

2 floors, including Hilton's 
main exhibition area 

• ELECTRICAL EXHIBITS 

• CONVENTION PAPERS 

IEEE Members: $ 1.00 
Non-members: $ 3.00 
Minimum age: 18 

Buses to the N. Y. Coliseum every few minutes 

• PRODUCTS • PAPERS • PEOPLE • PRODUCTS • PAPERS • PEOPLE 

march 23-26 
9:45 A.M.- 9 P.M. 
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New! BUSS SPACE SAVER 
PANEL MOUNTED FUSEHOLDER 

Actual Size 

Holder Extends only 29 32 inch 
behind front of panel. 

• Fuseholder ta e n x 1/4 inch fuse. Converts 
to 9:32 x 11/4 inch fuse simply by changing screw type 
knob. Holder is rated at 30 ampere for any voltage 
up to 250. 
• It is completely water- proof. 
• Holder meets the need for a highly reliable military 
fu Ltt • to mil .., f. ensions for corn-

rite for BUSS 
ulletin SFH-101 

BUSS: 1914-1964 Fift 

Save Assembly Time with 
Quick- Connect Terminals on 
BUSS Fuseholders 

Eliminates soldering. Permits 
use of pre-assembled harness. 
Reduces assembly time. 

rar•I—ang 

1B3111rel 
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Edge Guides 
These printed-circuit edge guides use 

photoelectric sensing. This allows broad 
applications guiding opaque, transparent, 
and open-mesh materials. Control is ac-
complished without touching the web. 
Solid-state, plug-in module design is 
used. Applied Engineering Corp., Wal-
pole, Mass. 

Circle 163 on Inquiry Card 

Selection Guide 

Brochure 07-109 gives detailed proper-
ties on 21 separate electronic products. 
Titled, "Selection Guide to Electronic 
Materials" it summarizes physical, chemi-
cal, mechanical, and electrical properties 
on 3 silicone fluids; 8 potting, sealing 
and encapsulating materials; 4 varnishes 
and coatings; and 6 greases and grease-
like compounds. Dow Corning, Midland, 
Mich. 

Circle 164 on Inquiry Cord 

Capability Brochure 
This 20-page brochure, in color, de-

scribes Varian's capabilities in the field of 
microwave tube research and develop-
ment. Copies available from Varian Asso-
ciates, 611 Hansen Way, Palo Alto, Calif. 

Circle 165 on Inquiry Card 

ears of Pioneerin • • • • 

Pressure-Sensitive Film 
Data is available on a metalized plastic, 

pressure-sensitive material used for name 
plates and labels. Selective processing al-
lows drip and shallow embossing patterns, 
close-tolerance die-cut shapes, and selec-
tion of metallic, transparent, and opaque 
inks. Samples available from Pottersign, 
Inc., 169 Bridge St., Cambridge, Mass. 

Circle 166 on Inquiry Card 

Terminals Catalog 

This fully illustrated, 39-page catalog 
covers a complete line of Press-Fit Teflon 
insulated terminals, and includes compre-
hensive selecting and installing guides. 
Terminal configurations include stand-
offs, feed-thrus, bushings, test-point jacks, 
taper pin receptacles, probes and plugs, 
transistor holders and sockets. They are 
available in 10 ETA colors. Sealectro 
Corp., 225 Hoyt St., Mamaroneck, N. Y. 

Circle 167 on Inquiry Card 

Conductivity Chart 

This 20 x 11 1/4  in. reference chart pro-
vides data on the electrical conductivity 
of aqueous sulphuric acid at 25°C. The 
chart covers the range of specific con-
ductance (mhos/cm) from 0 through 0.85, 
and % }12 SO4 by weight from 0 through 
100. Industrial Instruments Inc., 89 Com-
merce Rd., Cedar Grove, N. J. 

Circle 168 on Inquiry Cord 

Counter Brochure 
"Counters," an illustrated brochure, de-

scribes freq. counters using Numerik 
bright-light indicators. A solld-state data 
printer, a digital-to-analog converter with 
high-speed storage, and a photoelectric 
pickoff designed for direct connection to a 
counter are also described. General Radio 
Co., West Concord, Mass. 

Circle 169 on Inquiry Card 

Plating Rectifiers 

Data is available on a line of silicon 
plating rectifiers, completely seal ed 
against corrosive fumes. SealeD-Cur-
rent', the dc power equipment features 
an intimate cooling system in which water 
flows within the basic components. No 
fans, vents or heat exchangers are need-
ed. The Meaker Co., subs. of Sel-Rex 
Corp.. Nutley 10, N. J. 

Circle 170 on Inquiry Cord 

Plastic Design Ideas 
A 20-page brochure entitled, "14 New 

Design Ideas in Shell Plastics and Res 
ins" is available. This booklet features 14 
original design ideas in polypropylene and 
EPON@ resins. Shell Chemical Co., 
Plastics and Resins Div., 110 NV. 51st St., 
New York 20, N. Y. 

Circle 171 on Inquiry Card 
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Wire and Cable Catalog 

Catalog Section No. 6204, "Underwrit-
ers' Laboratories Approved Wire and 
Cable," lists a large number of U.L. 
thermoplastic appliance wire approvals. 
The catalog describes standards of ap-
proval of Canadian Standards Assoc. and 
Mil-W-16878. The 28-page bound section 
covers appliance hook-up wire and cable, 
business machine and computer wire and 
cable, and appliance wiring. Brand-Rex 
Div., American Enka Corp., 31 Sudbury 
Rd., Concord, Mass. 

Circle 172 on Inquiry Card 

Gases and Equipment 

A broad line of specialty gases, gas 
mixtures, gas-handling equipment and ac-
cessories are described in this 72-page 
catalog. In addition to the common com-
pressed gases and gas mixtures, the prod-
uct line includes rare gases, high-purity 
research gases, fluorine compounds, cali-
bration gas standards, carrier and zero 
gases, and sterilizing gas mixtures. Air 
Products and Chemicals' Specialty Gas 
Dept., Allentown, Pa. 

Circle 173 on Inquiry Card 

for Engineers 

Building- Block Monochromator 

Bulletin 109, 12 pages, describes a 
building-block monochromator for con-
struction of special-purpose analytical 
equipment. The Model 98 features a 
single-pass prism available in 10 differ-
ent materials. It provides a choice of 
wavelength range from 0.2 microns to 45 
microns. It meets the need of those who 
wish to study and use a set of spectral 
conditions, such as extreme resolution 
or optical range, which are not available 
from standard instruments. Accessories 
available, primarily for infrared use, in-
clude gas and liquid cells, cell mounts, 
cell slides, and a 3mm microcell and 
mount. The Perkin-Elmer Corp., Main 
Ave., Norwalk, Conn 

Circle 174 on Inquiry Card 

Microwave Catalog 

Catalog ri.3-A, 40 pages, contains photo, 
specs., and descriptions for a line of 
microwave oscillators, harmonic genera-
tors, amplifiers, and special products. 
Characteristic curves are included. Trak 
Microwave Corp., Tampa, Fla. 

Circle 175 on Inquiry Card 

Zener Diodes 

PD6041-61 are a series of high-per-
formance micro zener diodes. The line 
includes nominal zener voltages (±5%) 
of 2.7 through 18v. Dynamic impedance 
characteristics have been improved from 
30% cn the low-voltage types to 80% 
on the high-voltage types. Tech, details 
are available from TRW Semiconduc-
tors Inc., 14520 Aviation Blvd., Lawn-
dale, Calif. 

Circle 176 on Inquiry Card 

Integrated Circuits 

Data is available on a family of 7 
high-speed clamped DTL integrated cir-
cuits. The A-series offers single power-
supply operation, 18 nsec. propagation 
delay, binary counting rates up to 10mc, 
and 7mw power drain/gate. AO1A-A07A 
in the modified TO-5 and AO1F-A07F in 
a solid alumina-glass FlatPac are design-
ed around the basic NAND gate. Sili-
conix Inc., 1140 W. Evelyn Ave., Sunny-
vale, Calif. 

Circle 177 on Inquiry Card 

... New Developments in Electrical Protection 

BUSS Sub- Miniature 
FUSE- HOLDER COMBINATION 

A light weight, pro ive device for space-
tight applications in multiple circuit apparatus. 
Fuse has transparent window for visual in-
spection of element. Fuse may be mounted alone 
or used in holder on printed circuit boards. 

HWA holder can also be panel mounted 
with or without use of knob. Knob makes holder 

I  For full details 
rite for BUSS 

bulletin SFB 

ison co., St. Louis 7, Mo. 

Circle 75 on Inquiry Card 
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THE NEWEST DEVELOPMENTS 
IN ELECTRICAL PROTECTION 

will be shown at the 

• 

n't make the show, but 

lem in electrical protection, our staff of fuse 

engineers is at your service to help you solve it. 

In any event, be sure to get latest information 

BEFORE final design is crystallized. 

Circle 75 on Inquiry Card 
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HIGH SPEED— LESS THAN 1000 SEC. 

LOW THERMAL— LESS THAN 1 4 VOLT 

HIGH RELIABILITY—OVER 109 OPERATIONS 

LOW CHATTER—BOUNCELESS OPERATION 

LOW COST—AS LOW AS $8.00 FOR A THREE 
WIRE TRANSDUCER CHANNEL 

JAMES 
MICRO-SCAN 
RELAYS ARE 
THE ONLY 

COMPLETE AND 
COMPETITIVE 

SWITCHING FOR 

Data Acquisition 
Process Control 

Analogue Integrators 
Signal Selection 

A MODEL TO FIT 
THE APPLICATION 

AND THE 
ASSEMBLY 

THE 
PROCESS 

FLOW 

TEMP 

PRESSURE 

LOW LEVEL 
MICROSCAN 

MULTI -PL EXER 

AMPL ADC 

COMPUTER AND 
PROGRAM CONTROL 

PROCESS CONTROL 

LIN  OEOUT 

20V. 

2N527 

ANALOGUE INTEGRATOR CIRCUIT 

AIRCRAFT 
OR 

MISSILE 
UNDER 
TEST 

STRAIN 

TEMP 

TORQUE 

PROGRAMMED 
LOW LEVEL 
MULTI-PLEA 

WITH 
MICRO- SCAN 

ANALOGUE 
TO 

FREQUENCY 
CONVERTER 

TAPE STORAGE SYSTEM 

DATA ACQUISITION SYSTEM 

SIGNAL 
STRENGTH 
SELECTOR 

WITH 
MICRO- SCAN 

SIGNAL SELECTION SYSTEM 

ELECTRONICS, INC. 

4050 North Rockwell • Chicago 18, Illinois • 463-6500 

1CX Fi 

Reliability Brochure 
A four-page brochure discussing re-

liability concepts and procedures in the 
manufacture of precision wirewound re-
sistors is available. The brochure includes 
failure rate data and high-reliability 
specifications. Ultronix, Inc., Ill E. 20th 
Ave., San Mateo, Cal. 

Circle 287 on Inquiry Card 

Paper Capacitors 
Technical data on the Type P95ZN 

micro-miniature dipped metallized paper 
capacitors is now available in Bulletin 
131B9. Specifications include a table of 
capacity ratings with case sizes and cata-
log numbers for 200 VDC, 400 VDC and 
600 VDC units. Typical temperature 
characteristic curves cover insulation re-
sistance, capacitance change, and dissipa-
tion factor. Aerovox, New Bedford, 
Mass. 

Circle 288 on Inquiry Card 

Copper Powders 
Data is available on beryllium copper 

powders that can be molded, sintered and 
heat treated to produce parts ha% ing un-
usually high tensile strengths, as well as 
the properties of wrought beryllium cop-
per. Strengths of from 60,000 to 100,000 
psi are possible and the resulting parts 
offer excellent electrical and thermal 
conductivity, good resistance to corrosion 
and non-magnetic characteristics. The 
Brush Beryllium Co., 17876 St. Clair Ave., 
Cleveland, Ohio 

Circle 289 on Inquiry Card 

Memory Drum 
A descriptive brochure on SD-b00 

memory drum is available. Copies of the 
brochure describing the drum, which has 
a large storage capacity and operates re-
liably in severe environments, may be 
obtained by writing to the marketing 
department, Guidance & Control Systems 
Div. Litton Industries, 5500 Canoga Ave., 
Woodland Hills, Cal. 

Circle 290 on Inquiry Card 

Capacitor Assemblies 
Data is available on an expanded line 

of Tantapake capacitor assemblies using 
wet sintered-anode capacitor elements. 
The 'A' revision of Engineering Bulletin 
No. 3705 gives complete details on these 
capacitor assemblies. The new bulletin 
not only contains the original Type 200D 
designs, now identified as the Al case 
code series similar to MIL Style CL55 
units, but also capacitors in a large rec-
tangular case. A total of 165 ratings at 
working voltages ranging from 6 to 500 
volts d-c are listed in the new bulletin. 
Request on company letterhead Technical 
Literature Service, Sprague Electric Co., 
233 Marshall St., North Adams, Mass. 

Circle 291 on Inquiry Card 
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MORE POWER TO YOU 
in Polarad's two newest ....at L and S bands! modular microwave 
signal sources... 

now offering continuous coverage from 0.95 to 21 GC. 

Model 1205 
0.95-2.40 GC 

Model 1206 
1.95-4.20 GC 

Applications 

• Investigation of antenna patterns and characteristics. 
• Measurement of attenuation, gain, insertion loss; Q, 

selectivity, frequency, impedance, image rejection, and 
S/N ratio. 

• Alignment of communication and radar systems and 
components. 
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Plus 
• Accurate to ±O.5% with digital frequency indica-

tion. 

• Internal CW, square wave, and sawtooth FM; can 
be externally pulse, square wave or frequency 
modulated. 

• High spectrum purity and stability. 

• Phase-lock and remote tuning capability. 

• Single-band UNIDIAL® tuning. 

• New compact modular design can be racked or 
stacked with all other Polarad Modules . . . 

Now: L through X bands in only 21" of total rack 
height! 

These are the 9th and 10th major microwave instrumen-
tation advances introduced by Polarad since last March — 
10 months ago, at this writing. 

Have you been keeping up to date on Polarad's " Micro-
wave Masterpiece of the Month" program? If not, turn the 
page for a brief recap of the most remarkable engineering 
performance in the history of the instrument field . . . 

World Leader in Microwave Instrumentation 

aid 
by 

Addressee 

BUSINESS REPLY MAIL 

POLARAD ELECTRONIC INSTRUMENTS 

A Division of Polarad Electronics Corporation 

34-02 Queens Blvd. 

Long Island City N. Y. 11101 



Now there are TEN 
(and soon there'll be TWELVE) 

POLA RAD 
engineering has designed, developed, and produced an amazing average of one 

major new microwave instrument per month since the March 1963 IEEE Show. Two more ad-

vanced families of instruments are in final field trial now. .. Don't miss their introduction at IEEE! 
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Communications Test Instrumentation 

Model 1307 

11 

SEE THESE 
3205..3211 

12 

AT 
AT 

BOOTHS 

IEEE!  

Polarad Electronic Instruments • Division of Polarad Electronics Corporation 
34-02 Queens Blvd. • Long Island City, New York 11101 

Gentlemen: 

Send me literature on: 

1.   1:1 5.   D 9   E 
2.   D 6.   D 10   
3.   D 7.   D 11.  ? t 

4.   D 8.   D 12.  ? 

My application is   

My frequency range of interest is   

NAME   

TITLE  DEPT  

COMPANY   

ADDRESS   

CITY  STATE  ZIP  
B 1234567 

Your Polarad Field Engineer is a microwave expert. He 

is prepared to give you every form of technical assist-

ance, including a live demonstration on every one of 

the instruments listed above, and 87 more . . . Call 

him today. He is listed in the Yellow Pages. 

Here's how to keep up with the dynamic 

growth of microwave instrumentation. Fill 

in this card, and we'll make sure that 

you're the first to know as each innovation 

is announced! 

POLARAD 



WE'D BETTER EXPLAIN WHY 

EQUIPMENT THAT USES 

FC-75 COOLANT 

GETS SO 

DARN... 

small 

Cooling electronic equipment used to be a big job ... 
because of the sheer bulk of the cooling medium. 3M 
Brand Inert Liquid FC-75 (and its companion FC-43) 
changed all that. Why? Volatility. 
Because of its lower boiling point- 100°C, FC-75 re-

moves heat many times faster than non-volatile organic 
liquid coolants. In fact, per gram of coolant, 30 or 40 times 
more heat can be removed with FC-75 than with those less 
volatile media. Same thing goes for FC-43. (Point is, con-
ventional coolants are too "high boiling" to benefit from 
evaporative cooling, besides losing physical and electrical 
properties when they boil.) 

Results in miniaturization are big! Using FC-75, elec-

tronic units have been reduced 4 to 1 in volume, 2 to 1 in 
weight. No small matter where designers must get more 
work out of the same space, or do the same job in much less 
space. Just one example: using FC-75, transformers have 
been reduced in size by 75%. 
Other extras: Both FC -75 and FC-43 are excellent 

dielectrics—strength in excess of 35 KV, dielectric con-
stant of 1.8, dissipation factor less than 0.0005. No elec-
trical or chemical change in contact with various con-
struction materials. Resist radiation. What big job can 
these exceptional fluids do for you? For technical details 
on FC-75 and FC-43, write Chemical Division, Dept. 
KC Q-34, 3M Company, St. Paul 19, Minnesota. 

Chemical Division 31:11 
ELECTRONiC INDUSTRIES • March 
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Shields 

Data Sheet 166 pictures and gives 
technical details on the 2 basic types of 
Netic and Co-Netic magnetic/electro-
static shields. They protect devices from 
interior and exterior magnetic fields. 
Magnetic Shield Div., Perfection Mica 
Co., 1322 No. Elston Ave., Chicago, Ill. 

Circle 181 on Inquiry Card 

Reversing Contactor 

This data sheet gives photos and specs. 
for the FER reversing contactor. Rat-
ings: 3 hp, 220v., 3 phase; PA hp, 110v., 
1 phase; 15a., 250vac; and 10a., 100vdc. 
The contacts are double-break rated. The 
Roman Controller Co., Box 306, Bethel 
Rd., 'Westminster, Md. 

Circle 182 on Inquiry Card 

They are 

IDENTICAL 

Envelopes. .. spacers ... windows 
. . . insulators — whatever your 
requirements for high alumina 
ceramic power tube components, 
you can rely on Alite for exact 
duplication of properties, part after 
part, order after order. 

This repeatability is assured by 
Alite's rigid Quality Control pro-
cedures. For example, accompany-
ing each group of parts through 
production is a card on which is 
kept a record of material lot code 
numbers, process times and tem-
peratures, etc. In-process and final 
inspections are detailed and 
thorough. 

BOX 119 

• Physically 
• Electrically 

As a result, Alite high alumina 
ceramics are perfectly homoge-
neous. Dimensional tolerances are 
strictly held. Several Alite formu-
lations, with differing Ales con-
tent, are available which meet or 
exceed the specifications of our 
most demanding customers. 

Alite parts can be supplied un-
metallized, metallized, or as 
vacuum-tight ceramic-to-metal sub-
assemblies. 

* * * * 
Let us review your specific require-
ments — without obligation: send 
us prints and other pertinent data. 
Or, write for free bulletins giving 
complete information about Alite. 

ORRVILLE, 0. 44667 

Crystal Can Relay 

Literature is available on a 6 PDT re-
lay. Ideally suited to multi-channel sam-
pling and relay matrix-type applications. 
The AR switches a full 2a. resistive load. 
A balanced armature makes the AR use-
ful under high shock and vibration. Dry-
circuit ratings can be provided with ex-
tensive run-in and pre-testing. Branson 
Corp., P. 0. Drawer 160, Whippany, 
N. J. 

Circle 183 on Inquiry Card 

Systems Analyzer 

Model 1980 Servomatic® Analyzer is 
used for fast, accurate testing and an-
alysis of dc control systems and compon-
ents. It generates freqs. from 0.005 CPS 
to 1Kc. Outputs include sine wave, tri-
angular wave, sq. wave, synchronized 
sweep, and sync. pulses. Other specs. 
available in a data sheet from Servo 
Corp. of America, Analog/Digital Prod-
ucts, Ill New South Rd., Hicksville, 
I,. T., N. Y. 

Circle 184 on Inquiry Card 

Phase Meters 

Data sheets are available on Types 405, 
405H and 405L phase meters. Features 
include: meter reading independent of 
the ratio of input-signal amplitudes; di-
rect indication of phase angle from 500Kc 
to 1 CPS; no amplitude adjustment of 
either signal voltage; and provision for 
self-calibration and self-adjustment. Ad-
Yu Electronics Lab., Inc., 249 Terhune 
Ave., Passaic, N. J. 

Circle 185 on Inquiry Card 

Temperature Theory 

Bulletin 7637, 28 pages, includes a gen-
eral discussion of total temp. sensing, in-
cluding performance, error analysis, and 
applications. Data is included on total 
temp. sensors for regular flight service, 
flight-test and high Mach operations 
(both regular and deiced). An appendix 
gives general theory of platinum resis-
tance thermometry. Rosemount Engineer-
ing Co., 4900 W. 78th St., Minneapolis 
24, Minn. 

Circle 186 on Inquiry Card 

Phase-Shift Circulator 

CXH-25 is a high-power, differential 
phase-shift circulator. It can be operated 
at 25kw CW with a 6 :1 load mismatch. 
The circulator operates at 8.35 cc with 
isolation of at least 20db. Full specs. are 
available from Raytheon Co., Special 
Microwave Devices Operation, 130 Sec-
ond Ave.. Waltham, Mass 

Circle 187 on Inquiry Card 
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87 adjustable stop switches 
that replace 2,001 standard types! 

Daven revolutionizes switch availability by putting 
the equivalent of 2,001 standard types as close as 
your telephone. That's 97% of all your switch 
needs brought right to your door— direct from 
Daven within 48 hours! Daven does it by designing 
the characteristics of 2,001 switches into 87 easy-
to-stock, easy-to-use adjustable stop switches. 
The result: instant availability and maximum 
flexibility (you can change the number of switch 
positions at any time). The cost is the same, or 
less, than its standard counterpart. 

Daven adjustable stop switches are built in 

square configuration, in 13/4 " and 21/4 " sizes. Like 
all Daven switches, their metal parts are fab-
ricated from corrosion-resistant materials . . . 
plastics are heavily filled with non-organic fibres 
and are capable of withstanding high temper-
atures . . . switch contacts and rotor arms are 
solid silver alloy. Daven's patented knee action, 
tamper-proof rotor is standard. Designed to meet 
the requirements of MIL-S-3786. 

For your new switch catalog, with details on 
the new adjustable stop switches and a complete 
Replacement List, write today! 

DAVEN 
LIVINGSTON, NEW JERSEY 
(201: WYman 2-4300 • TWX 201 992-7356 • Cable: DAVEN LIVINGSTON N 
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Need ultra pure 
fused quartz components? 

General Electric o ers most 
complete line... pin,s prompt delivery! 

Here's good news for anyone in the 
semi-conductor field making silicon and 
germanium and using ordinary cruci-
bles or thin wall tubing for zone refining. 
General Electric offers the industry's 
most complete line of semi-conductor 
components of extremely High Purity 
Fused quartz. 

Stock items available. General Electric 
now has facilities devoted exclusively 
to making fused quartz products—and 
offers a wide range of stock items for 
immediate delivery. 

Free engineering assistance—with no 
obligation on your part. 

New! 40-page brochure includes full 
technical data and prices. It's yours for 
the asking. Write the " Midwestern" 
address below. 

G-E DISTRICT SALES OFFICES 
New England: 50 Industrial Place 

Newton Upper falls 64, Mass. 
Phone: 332.-6000 

Eastern: 26 Washington Street 
East Orange, New Jersey 
Phone: 673-8882 

Midwestern: Euclid Ave. & Campbell Rd. 
Willoughby, Ohio 
Phone: 942-9300 

Western: 2747 South Malt Avenue 
Los Angeles 22, California 
Phone: 723-2541 

See this new ultra-pure fused quartz at Booth 2924 at the IEEE Show. 

Progress Is Our Most /mponiant Product 

GENERAL ELECTRIC 

Grn 

Planar Epitaxial NPN 
.111 engineering data sheet describes the 

2N2270 Leaf transistor used for HF and 
VHF amplifiers. The Leaf configuration 
offers a typical ft of 180mc, high gain, 
low saturation, and improved Beta lin-
earity at collector currents to la. Bendix 
Corp., Semiconductor Div., Holmdel, 
N. J. 

Circle 188 on Inquiry Card 

High- Frequency Heating 

A copy of "Review," a 12-page pub-
lication that deals with induction heat-
ing, is available. The publication includes 
an article entitled, "Inductive Heating 
for High Temperature Fatigue Testing," 
and four other technical articles. It also 
contains a section on new products and 
shop hints. Lepel High Frequency Labs., 
Inc., Woodside, N. Y. 

Circle 189 on Inquiry Card 

Core Memory 
The Iiiiistore III memory has an access 

time below 4µsec. and a clear/write cycle 
of 10µsec. It contains 1024 discrete ad-
dress locations in which up to 8 bits may 
be stored. Specs., design features, timing 
diagrams, photos, block diagrams, and 
application data are contained in a bul-
letin from Rese Engineering, Inc., A & 
Courtland Sts., Phila., Pa. 

Circle 190 on Inquiry Card 

Silicon in Ribbon Form 
Data is available on hyper-pure silicon 

in ribbon form. It is for use in planai-
and epitaxial transistors and diodes, mi-
croelectronic circuits, radiation detectors, 
and other devices. This new form—de-
scribed as silicon web—is produced in 
widths of 3 to 8mm, thicknesses of 50 to 
250 microns and lengths to 50 cm. Dow 
Corning, Midland. Mich. 

Circle 191 on Inquiry Card 

Core Memories 
Design economies resulting in im-

proved noise rejection for a series of 
magnetic-core memories are described in 
this brochure. The brochure, "EECO 
Magnetic Core Memories" presents tech-
nical features of 3 new memories. De-
scriptions, applications, characteristics and 
specs. are included. Electronic Engineer-
ing Co. of Calif., Box 58, Santa Ana, 
Calif. 

Circle 192 on Inquiry Card 

Fabricating Machine 
Catalog FM describes the Fabrama-

tic', a tape-controlled unit used for 
punching and matching I/1 in. material. 
Resolution and electrical accuracy is 
-±0.0005 in. Wales Strippit Co., Akron, 
N. Y. 

Circle 193 on Inquiry Card 
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Designed for 
printed circuit use! 

MINIATURE 
PUS 
MD JACKS 

Vertical Jack requires 
minimum mounting area. 

a 
Horizontal Jack accepts tip plug in 

N either end or from top or bottom. 

Operating voltages to 1500 V RMS 

Extremely compact—highly resistant to extremes of 
shock, vibration, temperature and moisture, these tiny 
Johnson Tip Plugs and Jacks are ideal for limited 

space applications! Bodies molded of tough, low-loss 
plastic per MIL-P-17091. Available in 10 colors, in-

cluding basic colors for MS16108C coding applica-
tions. Contact resistance: less than 2 milliohms. 
Capacitance between two adjacent jacks: less than 
1 mmf. at 1 Mc. 

up to 5 amps current carrying capacity! 

Series 105-751 Horizontal Jack—Unique design accepts .080" 
diameter tip plug in either end, or from top or bottom. Formed 
silver-plated beryllium copper contact. Two terminals. 

Series 105-851 Vertical Jack—Mounts through single .052" hole, 
requires minimum mounting area. Silver-plated, machined beryllium 
copper contact. 

Series 105-771 Sub- Miniature Tip Plug—For use with minia-
ture jack. .080' diameter tip. Nickel-plated, machined brass body. 
Solder type lead connection. 

Series 105-881 Long Handle Tip Plug—Identical to tip plug 
above, but with 4" molded plastic body for ready access to "hard 
to reach" test points. 

DETAILED COMPONENTS CATALOG AVAILABLE — Write for your free copy today on company letterhead. 

E. F. JOHNSON COMPANY 
3002 TENTH AVENUE S.W. WASECA, MINNESOTA 

CAPACITORS • TUBE SOCKETS • CONNECTORS • PILOT LIGHTS 
INSULATORS • KNOBS AND DIALS • INDUCTORS • HARDWARE 

OTHER CONNECTORS — Johnson also manufactures a complete line 
of standard connectors including Tip Plugs and Jacks; Metal-Clad and 
Rapid-Mount Jacks; Banana Plugs and Jacks; Binding Post. Voltage 
breakdowns to 12,500 volts DC. Jacks designed for fast, easy mount-
ing — plugs for solderless connection — available in 13 colors for 
coded applications. Current components catalog provides full specifi-
cations on complete line — write today for your free copy. 
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DAUM U MODULAR ENCLOSURES 

Why use enclosure design time ... 

EIVICORchas engineered the answer 
That's why we have EMCOR I, a complete line of standard modular enclosures; 
EMCOR II Enclosures designed to give each customer an "individualized custom 
look"; EMCOR III Shielded and Non-Shielded Enclosures for radio frequency 
interference, air, dust and oil shielding protection or for non- shielded high 
strength duty and EMCOR Heavy Duty for rugged enclosure applications. We 
reduce your costly custom enclosure design time, expensive tooling, production 
and intermittent plant operations. Specifying is as easy as catalog ordering. For 
full details, phone your nearest EMCOR Sales Engineering Representative, 
listed below, or clip this ad to your letterhead along with your name and mail to 
us— no obligation. 

Seattle: 722-7800; Los Angeles: 938-2073; Palo Alto: 968-8304; La Jolla, Calif.: 454-2191; Dallas: 631-7450; Houston: 526-2959; Tulsa: 
742-4657; Orlando: 425-5682; Washington, D. C.: 836-1800; Huntsville: 536-8393; Winston-Salem: 725-5384; Ft. Lauderdale: 564-8000; 
Boston: 944-3930; Bridgeport: 368-4582; Albany: 436-9649: Buffalo: 632-2727; Binghamton: 723-9661; Syracuse: 471-7274; Utica: 
732-3775; New York City: 695-0082; Union City, N.J.: 867-3204; King of Prussia, Pa.: 265-3440; Cleveland: 422-8080: Dayton:298-7573; 
Pittsburgh: 884-5515; Chicago: 676-1100; Indianapolis: 356-4249; Minneapolis: 5454481. St. Louis: 647-4350: Kansas City: 444-9494; 
Denver: 934-5505: Albuquerque 265-7766; Centerville, Utah: 295-6521, Montreal: 735-1671, Toronto: 787-5441 

Request 
New 
Literature 

EMCOR-The Original Modular Enclosure System By 

INGERSOLL PRODUCTS 
Division of Borg-Warner Corporation 
1000W. 120th St. • DEPT. 1245 • CHICAGO, ILL. 60643 

BORG-WARNER e 

Most Ingersoll Products Sales Engineers also represent McLean Blowers for enclosures 

Visit us at IEEE—Booth 4211-4213-4215 
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Capacitors 
Bulletin 525 describes the UHF com-

munication capacitors designed for screen-
grid, bypassing, and coupling of tubes. 
Miniaturization offers a volumetric im-
provement. Capacitance up to 10,000pf. 
Erie Technological Products, Inc., 644 
W. 12th St., Erie, Pa. 

Circle 194 on Inquiry Card 

Control Switching 
Two new 6-page bulletins outline op-

erating principles of resonant reed en-
coders and decoders for remote-control 
switching with audio-tone signals. Com-
plete specs., functional block diagrams, 
detailed wiring diagrams and dimensions 
of components and modular assemblies 
are included. Bramco Controls Div., 
Ledex Inc., College and South Sts., 
Piqua, Ohio. 

Circle 195 on Inquiry Card 

Accelerometer 
A data sheet describing a miniature 

piezoelectric accelerometer is now avail-
able. The accelerometer, Model AC-107, 
measures shock and vibration over wide 
freq. and acceleration ranges, and is par-
ticularly applicable in space - restricted 
area. Specs. are included. Massa Div., 
Cohn Electronics, Inc., 280 Lincoln St., 
Hingham, Mass. 

Circle 196 on Inquiry Card 

Transducer-Amplifier Unit 
Bulletin P-63187/290-1 provides pho-

tos, descriptions and specs. of a recently 
developed Teleflight® transducer-ampli-
fier package. It weighs less than 10 oz. 
and is designed for pressure ranges from 
0-15 through 0-200 psia with an operat-
ing temp. range from — 65°F to +225°F. 
Withstands pressure overloads to 500psia. 
Taber Instrument Corp., 107 Goundry 
St., No. Tonawanda, N. Y. 

Circle 197 on Inquiry Card 

Amplifiers/Power Supplies 
A line of amplifiers, power supplies, 

and miscellaneous equipment are contain-
ed in this catalog. The data includes 
photos, specs., features, and applications. 
Listed under miscellaneous products are 
bi-stable trips, which include silicon and 
germanium transistors. California Elec-
tronic Mfg. Co., P. 0. Box 355, Alamo, 
Calif. 

Circle 198 on Inquiry Card 

Mil. Specs. Defined 
Bulletin No. 5 outlines each Mil. Spec. 

that applies to magnetic tape. It ex-
plains the history of the Spec. and the 
latest revision. It also explains how some 
Federal Specs. have replaced Mil. Specs. 
Ampex Corp., 401 Broadway, Redwood 
City, Calif. 

Circle 199 on Inquiry Card 
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Be0, 
the core of reliability 

that saves space, 
improves 

performance 

Designers for M nuteman elected to keep wirewound resistors 

same-size and use Thermalox 998* ( beryllium oxide) cores, 
made by Brush, to get a no-sweat extra margin of performance. 

You may want equal cr better reliability from smaller resistors. 

Whichever advantage you seek, res,stor cores made of Ther-

malox 998 wi'l deliver better performance than any other known 

material. Because: beryllium oxide combines the paradoxical 
properties of electrical insulation and thermal conductivity 
better than any other known material. 

If you want to reduce size, cut total cost, or improve reli-
ability, consider the unique properties of Thermalox. 

We fabricate ceramics in virtually unlimited sizes and con-
figurations, and a wide selection of standard off-the-shelf parts 

are available. Beryllia can be metalized and precision ground. 

For technical service and information about beryllium oxide 

ceramics, write: The Brush Beryllium Company, Ceramics and 
Nonmetallic Products Department, Elmore, Ohio 43416. 

HEAT DISSIPATION PATTERNS 
best nonberybia core smaller beryllia core 

Patterns developed by Dale Electronics show a typical cam-
par son between any Be0 core resistor and any old-style resistor. 
NOTE: if BeC co,e resistors are operated at full power, soldering 
with low temperature solder is not recommended. 

Trademark of the Brush Beryllium Company 

j THE BRUSH BERYLLIUM COMPANY 
Manufacturers of Beryllium Oxide, Chemicals, Alloys and Metal 

Ceramics and Nonmetallic Products Department, 

Elmore, Ohio 43416 
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Corotron actual size; Astronetics 
power supply, showing Corotron 
location, 2/3 size. Courtesy Astro-
netic Research, Inc., Nashua, 
N. H. 

You could string together several hundred zeners. Or you 

could specify one Victoreen Corotron. It is the gaseous equiv-

alent of the zener with all the advantages of an ideal HV zener 

diode. 

For space research and other rugged applications requiring 

absolute power supply stability, GV3S Series, shown, provide 

the ideal reference voltage anywhere in the range of 400 to 3000 

volts. They enable circuitry to maintain constant high voltage 

regardless of battery source voltage or load current variations. 

Cubage and weight (GV3S Corotron weighs only 4 gm.) are 

important considerations. So is temperature variation (Coro-

trons operate from 200°C down to -65°C). Ruggedized versions 

withstand shock to 2000 G, vibration 10 to 2000 cps. 

If you're trying to simplify circuits . . . to cut cost, size and 

weight . . . to upgrade performance—you need Corotron high 

voltage regulators. Models are available now from 400 to 30,000 

volts. A consultation with our Applications Engineering Dept. 

will speed up the countdown. 

VICTOREEN 

VICTOREEN 
THE VICTOREEN INSTRUMENT COMPANY 

5806 Hough Avenue • Cleveland 3, Ohio, U.S.A. 

Victoreen European Office: P.O. Box 654, The Hague 

749.A 

EIMUICNIF8 

Power Units 
Catalog Bulletin RPU-11464 illustrates 

and describes a standard line of silicon and 
selenium rectifier power units. They are 
available in capacities to 1000kw. How-
ever, 5000kw can be supplied. The cat-
alog is profusely illustrated, contains 
considerable data on the construction and 
components used, and includes detailed 
specs. Syntron Co., 263 Lexington Ave., 
Homer City, Pa. 

Circle 200 on Inquiry Card 

Lacing Tapes 

The 4th edition of the Product Data 
Book, 28 pages, includes revised techni-
cal data for each Gudebrod product. Data 
also includes temp. range, finish, dimen-
sions, and packaging. One product de-
scribed is a lacing tool for wire harness 
tying. The tool virtually eliminates har-
ness lacing hazards and increases produc-
tion. Gudebrod Bros. Silk Co., Inc., 12 S. 
12th St., Philadelphia 7, Pa. 

Circle 201 on Inquiry Card 

Photo- Etch Guide 

"Preliminary Cost Estimating Guide 
and Factors Affecting Photo-Etching 
Pricing," is a 2-color brochure. It con-
tains an easy-to-follow guide for estima-
ting the cost of parts when photo-etching 
is used. The brochure also contains many 
factors to reduce parts cost. Photo/Etch 
Co., div. of Industrial Electronic Engi-
neers Inc., 5358 Cartwright St., N. Holly-
wood, Calif. 

Circle 202 on Inquiry Card 

Standards Report 

Reliability statistics for tuning forks 
and freq. standards are now available in 
a report. The report study was conducted 
using Mil-HDBK-217. It shows the 
mean-time-before-failure for the tuning 
fork to be 2,604,166 hrs. at room temp., 
for a typical oscillator circuit and fork it 
was 906,618 hrs. Copies available from 
the Special Products Div., Melpar, Inc., 
Falls Church, Va. 

Circle 203 on Inquiry Card 

Tantalum Capacitors 

Bulletin B 401-1 contains data on per-
formance characteristics and applicable 
test specs. for Type TES solid-electro-
lyte tantalum capacitors. Data includes 
curves showing typical performance, and 
a reference on Mil-C-26655 type num-
bers for ready identification. The capaci-
tors operate at —80°C to +125°C and 
offer a high capacity-to-volume ratio, low 
leakage, high stability, and reliability. 
Astron Corp., 255 Grant Ave., E. New-
ark, N. J. 

Circle 204 on Inquiry Card 

152 Circle 83 on Inquiry Card 
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Armco Steels/ for electronic and electrical apparatus 

Armco Thin Electrical Steels 

Core Loss Limit 
(400 cps) 

Grade 

ORIENTED 

ORIENTED 
TS 

TRAN-COR® 

Thickness Induction Grain of 
mils kilogausses Sample 

1 10 Parallel 

2 15 Parallel 

4 15 Parallel 

5 15 Parallel 

6 15 Parallel 

4 Parallel 

5 

7 

Core Loss 
watts/lb 

6.5 

8.5 

6.5 

7.0 

7.5 

Description 

An oriented type with best perme-
ability in the direction of rolling. 
Recommended for wound cores 
or stacked laminations with flux 
mostly in direction of strip length. 

A super-oriented steel with very 
high permeability in rolling direc-
tion. ( 1800 min. at 10 oersteds) 
Designed for 400 cps service 
above 16 kilogausses. 

10 50-50 6.5 Has good permeability in all direc-

10 50-50 7.5 
tions. Designed for punched lam-

inations in rotating equipment or 
sheared laminations with random 
flux. 

Make cores of 400 and higher cps units lighter and smaller with 

Armco Thin Electrical Steels 

Armco Thin Electrical Steels enable you to produce 
400 cps and higher frequency equipment with these 
advantages: lower core loss— smaller and lighter 
cores—savings in copper. 

Available in three different grades and a wide 
range of thicknesses, they not only provide those 

basic advantages but enable you to design more 
precisely and meet your specific needs at least cost. 

In addition, Armco Thin Electrical Steels offer this 
unusual combination of properties: 

Exceptionally high permeability 
Low hysteresis loss 

Minimum interlaminar loss 
High lamination factor 
Properties fully developed at the mill 
Unexcelled uniformly high quality 

Use the multiple advantages of these special Armco 

Electrical Steels for radio and television transform-
ers, magnetic amplifiers, reactors, pulse generators 
and other components operating at frequencies of 
400 cps and higher. Write us for specific informa-

tion and ask for a copy of the new edition of our 

design manual, "Armco Thin Electrical Steels." 
Armco Division, Armco Steel Corporation, Dept. A-984, 

P. 0. Box 600, Middletown, Ohio, 45042. 

ARMCO Armco Division 

V 
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RADAR BOATS SCOUT 'GITMO' 

TWENTY BILLION 

(20,000,000,000) 

SOLDERLESS CONNECTIONS 

HAVE BEEN MADE 

WITH GARDNER-DENVER 

"WIRE-WRAP"® EQUIPMENT 

WITHOUT A REPORTED 

FIELD FAILURE 

Because "Wire-Wrap" tools make per-
manent solderless terminal connec-
tions. Because operators with little or 
no experience can learn to use "Wire-
Wrap" tools easily and make perfect 
connections right away. Result: High-
est possible reliability—lowest possible 
cost per connection. Send for Bulletin 
14-1. 

KEEP UP-1-0—CIATE WITH 

GARDNER - DENVER 
Gardner- Denver Company, Quincy, Illinois 

Circle 87 on Inquiry Card 

Radar- capped U.S. Navy patrol boats scout the 
waters off Guantanamo Bay, Cuba. A Raythe-
on radar on each boat gives its crew a 12- mile 
electronic view day and night. Like the boats 
carrying them, the Model 1900 radars are "off-
the- shelf" commercial models fishermen use. 

NEMA PUBLISHES FIRST 

SILICON DIODE STANDARDS 

To clear away some mounting con-
fusion in specifying silicon diodes, the 
National Electrical Manufacturers As-
sociation (NEMA) has published a 
set of standards. 

Because of wide variations in test-
ing and rating methods, NEMA's 
Power Semiconductor Component 
Section offers its new 65-page booklet 
as a comprehensive standard. 

Called NEMA -EIA Standards for 
Silicon Rectifier Diodes and Stacks, 
the book contains many useful sec-
tions. Some of them are definitions, 
terminology and letter symbols. 
The book, at five dollars a copy, con-

tains standards on physical shapes and 
markings. It also asks makers to show 
the class of service for which their 
devices are intended. 
A "User's Guide" lists use and en-

gineering data to aid evaluation of de-
sign needs. 

COMPUTING LANGUAGE LAB 

SET UP IN VIENNA BY IBM 

A laboratory for computing lan-
guages has been set up in Vienna. 
Austria, disclosed IBM World Trade 
Corp., subsidiary of IBM Corp. Major 
mission of the lab is advanced work 
in computing languages. 

In theory and automata 
theory will be studied. Techniques 
will be applied to better understanding 
of computing languages. 

Laboratory Manager is Dr. Heinz 

Zemanek, known world wide for his 
work in the field. 
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specify CLARE 
Mercury-Wetted Contact Relays 
for billions of operations with 

Low and Consistent Contact Resistance • No Contact Bounce 
Versatile Load Switching Capabilities • High Power Gain 

As integrated printed circuit board assembly 
with other circuit components 

-cormara 
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In rectangular steel ( or plastic) 
enclosure for printed 
circuit board mounting 

In cylindrical steel enclosure, 
for wired assemblies 

CLARE Mercury-Wetted Contact Relays are fast, 

sensitive and provide high switching capacity. They 

operate with extreme reliability whether billions of 

cycles ... or only one ... are required. Clare provides 

both bridging and non-bridging Mercury-Wetted 

Contact Relays. 

For applications where consistent contact resist-

ance is critical, these relays will hold their original 

resistance within ±2 rnilliohms through life. There 

is no contact bounce which may be misinterpreted 

by electronic circuits. 

With CLARE Mercury-Wetted Contact Relays, 

the same contacts may pass a microvolt analog sig-

nal... or switch a 250 va tape transport reel motor 

up to 100 times a second. These relays can be driven 

at a 40 mw level by diode or transistor logic ... and 

handle a 250 va solenoid load on their contacts. 

For wired assemblies: plug-in, solder terminal, 

or AN connectors in one to four-pole multiples. 

For printed circuit board mounting: modules of 

molded plastic or steel enclosures. As integrated 

printed circuit board assemblies: custom-built 

from your circuits or "black box" requirements. 

Complete informatioc.: Reanew Deiign Manual 201B hi cir-

cling 120 on Reader Service Card • Concise informaiion: 

Requcst Mac/mil 800 hi circling 121 on Readtr Service Card. 

Address: Group 3D8, C. P. Clare & Co., 3101 Pratt Boulevard, 
Chicago 45, Illinois. Cable Address: CLARELAY. In Canada: 
C. P. Clare Canada Ltd., 840 Caledonia Road, Toronto 19, On-
tario. In Europe: C. P. Clare International N.V., 6 Momberstraat, 
Tongeren, Limbourg, Belgium. 

CLARE 
Relays and related 
control components 

ELECTRONIC INDUSTRIES • March 1964 155 



ILIUMM0 
Ulei` .M 

(- 1 

PROGRAMMER-SELECTOR 

Ten select stations provide 
200 switching combinations. 

The CIO-01A is a manual switch mea-
suring 2 x 3,/2 x 6 in. Each module has 
20 PC contact strips and 10 dual-purpose 
transverse rails. The unit is well suited 
for programming, circuit design, and 
sequencing of automatic equipment. Wir-
ing connections are made with Q. C. ter-
minals. Current-carrying capacity is la, 
15vdc; 150ma, 125vac make and break; 
or 3a, 125vac/dc current-carrying only. 
Cherry Electrical Products Corp., P. 0. 
Box 438, Highland Park, Ill. 

Circle 212 on Inquiry Card 

DC AMPLIFIER 

Transducer excitation supply is 10v.; 
less than 0.39 output impedance. 

The Type 1-360 amplifier has a fixed 

gain of 100-175. Output impedance be-

low 50ft. Temp. effects are within 0.002% 

/°F over range of 0° to 200°F. Can be 

mated with almost any transducer. Con-
solidated Electrodynamics, a sub. of Bell 

& Howell, 360 Sierra Madre Villa, Pasa-

dena, Calif. 

Circle 213 on Inquiry Card 

Pre, RWO 
"... advancing the STATE-OF-THE-ART in Components & Equipment. 

CONNECTORS 

The 5011 coaxial connectors features 
low VSWR. For four cable sizes. 

These connectors have an integral her-
metic seal. Existing designs are for cables 
with dia. of 0.092, 0.216, 0.500, and 0.140 
in. This series are push-on and slip-on 
types for bulkhead mounting, using high-
temp. metal 0-ring flange seals. Metals, 
dielectric materials, plating, and mechan-
ical configuration are selected to meet 
physical and environmental needs of space 
applications. Stoddard Aircraft Radio 
Co., Inc., 6644 Santa Monica Blvd., Holly-
wood 38, Calif. 

Circle 214 on Inquiry Card 

SUPPRESSION CAPACITORS 

Ratings from 1.0-4.0uf in 25, 50 and 
100a groups. Exceed Mil-C-11693-B. 

These r-f components work at high 
amperages on voltages of 100vdc and be-
low. This rating provides ample safety 
factors for transients and other over-
voltage conditions on 28 and 50vdc lines. 
Rugged design makes them ideally suited 
for use in extreme environmental condi-
tions. Genistron, Inc., 6320 W. Arizona 
Circle, Los Angeles 45, Calif. 

Circle 215 on Inquiry Card 

AC LINE REGULATOR 

Features 500 to 1 transient rejection 
and 250 to 1 harmonic attenuation. 

Model LC-1000 ( Dynamic Line Cor-
rector) uses solid-state circuitry. Power 
output is 1 kva, and derating or power 
factor corrections are not required. Load 
regulation is 0.02%. Recovery time is less 
than 50µsec. The LC-1000 is designed for 
precision test and measurement operations 
where even minor variations or distor-
tions in the ac line cannot be tolerated. 
Elin Div., International Electronic Re-
search Corp., 135 W. Magnolia Blvd., 
Burbank, Calif. 

Circle 216 on Inquiry Cord 

ZENER DIODES 

.`;hock-proof construction 
,liminates glass-to-metal seal. 

3 Watt 1 Watt 

15 Watt 

These diodes are available in power 

ratings of 1, 3, 10 and 50w, and are 

guaranteed to surpass any existing Mil 

specs. It uses a solid-mass construction 

technique that guarantees immunity to any 

amount of shock, vibration and stress. 

American Semiconductor Corp., 3940 N. 

Kilpatrick, Chicago 41, III. 

Circle 217 on Inquiry Card 
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three 
hundred 
million 
diodes 

later 

Twelve years have passed since Hughes Semiconductor 
Division introduced the first hermetically sealed sub— 
miniature glass diode. This remarkable development led 
to the reliable volume production of the glass diode. 
To date, 300 miliion diodes have been produced and 
shipped by Hughes, each a quality product, each with 
a built-in reliability unsurpassed in the industry. 

In the germanium diode field alone, Hughes currently 
is shipping well over a million diodes a week. Of the 
millions of germanium diodes shipped during 1963 only 
0.6% were returned by customers because they did not 
meet final tests. And the silicon diode story is even better. 

As any production engineer will tell you, that's an ex— 
cellent record. And it is very important to you. It means 
that you can depend upon Hughes for diodes that will 
stand up under your most exacting requirements. It 
means that you won't have to spend extra time and 
money because of production delays caused by defec-
tive diodes. It means that no matter how large or small 
your order, you can be assured that you will meet your 
production schedules. 

Three hundred million diodes and twelve years after pioneer-
ing with the subminiature glass diode, Hughes is again 
ready to launch what may become the ultimate diode. 

Creating a new norld with electronics 

HUGHES 

elt1G1IF, Allt‘ RAFT COMPANY 

SEMICONDUCTOR DIVISION 

NEWPORT BEACH, CALIFORNIA 
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DIALC®0 

SINGLE PLANE 

NUMERIC READOUT* 
FOR 12 TO 160 VOLT SUPPLY 

• 

Exceptionally bright, crisp, easy to 
read digits are produced by an ex-
clusive DIALCO light cell system. Nu-
merals lie in a single plane—can be 
seen at extremely wide angles. 
The availability of plus-minus mod-
ule, optional colon, or floating deci-
mal point offer flexibility in readout 
presentation. 

DIALCb 

A choice of long-life incandescent 
lamps for operation on low voltages, 
or seasoned and selected neon lamps 
for use at 100 to 160 volts, is avail-
able. DIALCO readouts are adaptable 
to all power supply voltages. 

Transistorized translators can be pro-
vided on application. 

FOR COMPLETE DATA, REQUEST CATALOG L- 171A. 

*PATENT APPLIED FOR 

FOREMOST MANUFACTURER OF PILOT LIGHTS 

DIALIGHT CORPORATION 

60 STEWART AVENUE, BROOKLYN, N.Y. 11237 212 HYACINTH 7 7600 

Booths 2729-31 at the IEEE Show 
Circle 95 on Inquiry Card 

ARE YOU PAYING TOO MUCH FOR FABRICATED BOXES? 
THIS PART COST THIS PART COST 

870 $1.90 

, 

(Both made from . 064" aluminum in lots of 1,000) 

THIS PART is made by the Zero deep draw proc-
ess. It costs less than the fabricated part and 
offers these additional advantages: Uniformity; 
close tolerances; straight side walls; excellent 
surface finish; work-hardened side walls. Be-
cause it was made from stock tooling, there 
was no tooling or set-up charge. 

THIS PART was fabricated by the conventional 
notch-fold-weld method. In addition to a higher 
cost it has these disadvantages: Measurements 
vary; welds are subject to porosity and failure; 
warpage caused by weld heat must be straight-
ened. Fixtures and tools must be charged for 
with a set-up charge for every order. 

NEW 38 PAGE CATALOG LISTS 20,000 STOCK SIZES 
Send today for the Zero Deep Drawn Aluminum catalog...lists 
more than 20,000 sizes and shapes available without tooling costs 
... quantities of 100 or less shipped in one week from stock! 

Write to: 

ZERO MANUFACTURING CO. 
1121 Chestnut Street • Burbank, California 91503 
Factories in Burbank, California and Monson, Massachusetts 
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rime 
to the Editor 

"Technical Translations 

By Computer" 

Editor, ELECTRONIC INDUSTRIES: 
The cover article "Technical Trans-

lations by Computer" which appeared 
in the December issue of "Electronic 
Industries" was read with consider-

able interest and satisfaction by our 
staff engaged in language processing 
research. The description of a rather 
involved procedure was presented in a 
clear and informative manner. 
The comment — "while machine 

translation is rough—much rougher 

than the human translation—it is still 
understandable,"—is an accurate as-
sessment of the status of the opera-
tional MT program at IBM Research 

and also testifies to its usefulness. 
However, the concluding statement in 
the article, "It appears that our prob-
lems in snaking technical translations 
have been solved. Further refinement 
should only add icing to the cake," is 

much too general. While it is true 
that further improvements to a par-
ticular, operational MT system may 
contribute little to its translations, re-

searchers in this field still face the 
considerable task of conceiving and 
perfecting an acceptable grammar 
which will support smooth transla-
tions, free of ambiguities. Intuitively, 
the prospect of realizing such a gram-
mar appears favorable, but we must 
finish the cake before adding the icing. 
The prominent and timely reporting 

of this MT program in Electronic In-

dustries is considerably appreciated by 
our staff. We share your interest in 

portraying a completely accurate sta-
tus of this important aspect of data 
processing. 

W. B. Strohm 
International Business Machines 

Corp. 
Thomas J. Watson Research Center 
Yorktown Heights, New York 

What is a Writer?—Pt. III 

Editor, ELECTRONIC INDUSTRIES: 
I have read with interest Roger M. 

D'Aprix's article on technical writing 

(ELECTRONIC INDUSTRIES, Oc-

tober 1963) as well as Stephen E. Mc-
Callum's letter regarding his "What-

is - my - occupation ?" quandary ( EI, 
January 1964). (Continued) 

160 
Circle 96 on Inquiry Card 
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POTENTIOMETER 

Power rating: 2w. Qr) 40°C *rated to Ow. 
@ 125°C. Temp. range —55° to 125°C. 

Model MDU is a wirewound unit with 
a total resistance of 25012 to 150K9. Up to 
200K12 available. The potentiometer is V2 
in. long from mounting flange. A new 
wiper assembly eliminates backlash. Re-
sistance tolerance is -±-5% and -±0.1%. 
Noise at 10 RPM is 100S2 max. std, but 
2512 is available. Insulation resistance is 
500 meg min. at 500vdc. Potentiometer 
Div., Litton Precision Products, Mt. 
Vernon, N. Y. 

Circle 210 on Inquiry Card 

CONTROL DEVICE 

Provddes automatic On-Off operation 
for vacuum pumps, pump heater, etc. 

This auxiliary control device is sensitive 
to pressure changes in high-vacuum sys-
tems used for thin-film deposition, tube 
processing, space research, etc. The de-
vice functions on the principle that cur-
rent in an ion-pumped vacuum system 
bears a linear relationship to the pres-
sure ( or vacuum) within the system. 
Thus in a high vacuum bakeout operation 
the auxiliary control is set to turn on the 
heaters when suitable pressures are reach-
ed. When outgassing is completed, a 
lowering of the pressure and a conse-
quent increase in ion pump current turns 
off the heaters. Ultek Corp., Box 10920, 
Palo Alto, Calif. 

Circle 211 on Inquiry Card 

Are we being fair to the Man in the Lab? Will he feel Left Out? 
Unwanted? Will his Life be Empty without the Vernier? With 
AUTOBALANCEe, you see, the vernier on our B221A Universal 
Bridge becomes a useless ornament. 

The principle is simple.* Any bridge unbalance is fed to an oper-
ational amplifier, which furnishes a proportional "re-balance" 
voltage. Two phase-sensitive detectors give readings of the in-phase 
and quadrature components of the rebalance signal, (directly, on 
meters). Add these to the decade settings and you have the resistive 
and reactive answers—without touching the vernier .... electronic, 
automatic, and terribly modern. 

Think of batch-lot- checking to four digits, without touching a 
knob (once the decades are set at the start). Think of automatically 
recording component drift! The question is, is the Game worth the 
Candle? 

Help us! Tell us you care more for efficiency than for tradition! 
Buy the AA221 and write us admiring and forgiving letters. ( If 
you're not all that impulsive, at least ask for the literature.**) 

One last word—if you ever feel sickeningly "over-automated" with 
the AA22I, you can always pull out the adapter cable and "go 
native" with the raw B221A. 

B221AQ SPECIFICATIONS 
Capacitance: 0.0002 NiF to 100,000 µF Frequency Range: IWO or 1592 cps Internal; 
Resistance: 25itohms to 50,000 megohms 20 cps to AMC External 
Inductance: 5rrutH to 10'H Accuracy: ±- 0.I% 

AUTOBALANCE is a registered trademark of Wayne-Kerr 
*And patented 

**While you're at it, go all the way, and ask about the 8541, a 1:0.25% Capacitance 
Bridge with built-in AUTOBALANCE! 

WAYNE KERR 
CORPORATION 
1633 RACE STREET, PHILADELPHIA 3, PA. LOCUST 3-6820 

INNOVATIONS in INSTRUMENTATION 

Booths 3834 mid 3836 at 
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See it at I.E.E.E.—Booths 3015-3019 

NOW- 0.01% 

with automa 

DATA LOGGING 

MODEL 701 

DATA LOGGING SYSTEM 

ESI's state-of-the-art Model 701 Capacitance Measuring System 
with data logging capabilities to record automatically the nominal 
value of a capacitor being measured; deviation from nominal; and 
the dissipation factor. All values recorded to the nearest dial di-
vision. Dates, control numbers, serial numbers, temperature and 
similar information may also be programmed and recorded simul-
taneously. 

Ideal for use in capacitor-oriented studies, repeated operational 
testing, studying environmental effects on stability and reliabil-
ity and for recording data for historical entry or historical files. 
Direct-reading accuracy of the basic 701 system ±(0.01% + one 
dial division) except on the highest range where it is accurate to 
±(0.02% one dial division). 

Output device may be any of a variety of standard machines, in-
cluding card punches, tape punches or electric typewriters. Illus-
trated with IBM 526 Summary Punch. 

For additional information, send for Catalog Sheet C-53, '' Model 
701 Data Logging System;" Catalog Sheet C-51, " Model 701 Ca-
pacitance Measuring System." 

AT YOUR SERVICE—toll•free telephone network direct to the factory. Check your local directory—call us 
direct at no cost to you. If we are not listed in your local exchange, call collect 646-4141, Area Code 503. 

we catalog in EEM, VSMF 

1.ii„ia,:, _ •• : : . 
I.,. •• 
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es 
SYSTEMS 

DECADE 
VOLTAGE 
DIVIDERS 

DECADE 
RESISTORS and 
CAPACITORS ,i, COrd; 'eERS 'enUgel'idS 

Electro Scientific Industries, Inc. 
13900 NAA/.Science Park Drive • Portland, Oregon 97229 

MEN Ml Urg 

CRYSTAL SOCKET 

.III-inoldi'li unit meditates as-
sembly by , liminating breakage. 

Socket No. 9748-16 is suited for use 

where mechanical shock and vibration are 
problems. It is available in mica-filled 
phenolic with phosphor! bronze contacts, 
or in general-purpose phenolic with 

brass/cadmium contacts. Overall dimen-
sions: 0.859 x 0.312 x 0.375 in. Dielectric 
withstands 1200v. RMS; individual contact 
resistance, not greater than 0.039; cur-
rent-carrying capacity, la. Hugh H. Eby 
Co., 4701 Germantown Ave., Phila., Pa. 

Circle 292 on Inquiry Cord 

OSCILLOSCOPE 

Sweep range: 0.1gsec. to 0.1 sec. Accur-
acy, 3%. l'crtical bandwidth, dc-6mc. 

Model K-106 is an all transistor os-
cilloscope which meets environmental tests 
of Mil-E-16400. The 18 lb. unit draws 
25w. and can be readily adapted for bat-
tery use. DC and ac coupling are pro-
vided. Horizontal bandwidth is dc to 
500xc-3db. General Atronics Corp., 1200 
E. Mermaid Lane, Phila. 18, Pa. 

Circle 205 on Inquiry Card 

THERMOPILES 

Shozes i•-.t dissipated by con-
verting differences into voltage. 

The 389A and 189A differential ther-
inopiles have output voltages of 3.7mv/°C 
and lmv/°C respectively. For lower pow-
er levels, several thermopiles can be con-
nected in series. Pressure drop/side for 
the 389A is 10 psi for 2.0 gpm; for the 
189A, 10 psi for 1.4 gpm. Max. pressure 
and temp. is 75 psig and 95°C. Sierra 
Electronic Operation, Philco Corp., 3885 
Bohannon Dr., Menlo Park, Calif. 

Circle 206 on Inquiry Card 

SERVO ACCELEROMETER 

Withstands shock and meas-
ures acceleration to .500G. 

The Model 5310 flexure accelerometer 
measures acceleration to an accuracy of 
0.1% over the range of -± 10G to ± 100G. 
Extended range are available to a high 
range of 500G and a low range of 1.0G. 
Standard modification are offered to 

adapt the unit to special requirements. 
The new flexure design is almost en-
tirely solid state—free of pivots and 
jewels. Systron-Donner Corp., 888 Gal-

indo St., Concord, Calif. 

Circle 207 on Inquiry Card 
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A-iner'i-can Beauty 
n. Brand of electric soldering irons used 

in most U.S. industrial soldering depart-
ments. Manufactured since 1894 by 
American Electrical Heater Company. 

a-vail'a-ble adj. fteady; 
handy. Example: A. B. Soldering Irons 
—available from qualified distributors 

throughout civilized world. (You can 
always get genuine A. B. replacement 

one adj. Single in kind. As in parts.) 

American Beauty's motto, "Made in 

one quality only— the best". 
va-ri'e-ty n. A varied assort-

ment. As in 
American 

Beauty Irons, 

available in 
dozens of dif-
ferent models, 

sizes and types. 
in'de-struelq-ble 

IA), adj. Not Dozens of A. B. models 

destructible. For example, it is com-
mon for A. B. Irons to give 100% 

service after decades of daily use. 

using-a-lure n. On small 

irons developed by American Beauty 

scale; as in B-Series electric soldering 

for electronics and missiles industries. 

(Illustrated on facing page.) 

par'a-gon (A P5.1type of perfectio as 

in American Beauty's 

4-en) , n. 
n;  

"Paragon" Quality Sol-

dering Tips; outlast pre-
vious tips up to 10 to 1; "Paragon" Quality Tips 

mg, 
spec' tion n. De-
signation of particulars; such as -COO. 
tract specifications" in electronics 
dustry. Soldering "specs" are often so. 

high that equipment of American Beauty 
quality is used to keep rejects at 

m inimum. 
feel (fel), n.Feel-
ing; perception 
by sensations. 
An important 
factor in choos-
ing soldering 
irons, some of 
which are used Miniature souiering iron 

delicately as a writing pen, often under 

magnification. 
com'fort n. Freedom from 

pain or trouble. For example, among 
so . ldering workers, those using A. B 
Irons, which are scientifically balanced 

heat insulated, comfort contoured. 
au-thor'i-ty (5-threT-t1). n. One appealed 

to in support of opinions, actions. A. 
thority for authentic, technical informa-

tion on soldering equipment is your 
American Beauty Distributor. 

dem'on-atra'tion n. 
Showing of product's merits. As, dem-
onstration of any American Beauty 
product; available immediately by con 

tacting your A.B. 

distributor. 
c5t'a-log (Irat'è.-1-6g), 
n. Articles arranged 

in order; as in Ameri-
can Beauty's new 24- 
page catalog. (For 

yours, write American 
Electrical Heater 

Company, 6110 Cass 
Avenue, Detroit 2, Michigan.) 

retin themselves; no seal- 
Modern soldering iron is a precision instrument. Shown: American 
Beauty B-2000; 7' long; weighs 3 oz.; produces 750°F. heat at 22 1/2 S:e 

watts. (Resistance wire in heating element is finer than human hair.) 
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WRAP-AROUND 
MAGNETIC SHIELDS 
APPLIED IN SECONDS (1,(s) 

Cut to any size or outline 

with ordinary scissors 

Co-Netic and Netic foils are ideal for initial labora-
toryor experimental evaluation ... also for produc-
tion applications and automated operations. Dra-
matically enhance component performance by 
stopping degradation from unpredictable magne-
tic fields. When grounded, foils also shield electro-
statically. They are not significantly affected by 
dropoing, vibration or shock, and do not require 
periodic annealing. Available in thicknesses from 
.002" ;n rolls 4", 15", and 19-3/8" wide. High atten-
uation to weight ratio possibilities. Every satellite 
and virtually all guidance devices increase reliability 
with Netic and Co-Netic alloys, saving valuable 
space, weight, time, and money. Printed Circuit 

Module 
Automated 
Operation 

Audio Transformer Cable Shielding 

MAGNETIC SHIELD DIVISION 
Perfection Mica Company 

1322 N. ELSTON AVENUE, CHICAGO 22:ILLINOIS 

ORIGINATORS OF PERMANENTLY EFFECTIVE PIETIC CO-NETIC MAGNETIC SHIELDING 
Circle 101 on Inquiry Card 

Now ! RBIVI CONTROLS 
STANDARD 
CATALOG SC-1 
OVER 30 TYPES 

Relays • Contactors • Timing Devices 

POWER RATINGS 

AC to 30 Amp. 600 V. 
50 Amp. 477 V. 

DC to 80 Amp. 12 V. 
50 Amp. 32 V. 

Available from Industrial 
Electronic Distributors in 
major marketing areas* 
*with back-up warehouse 

stock in Chicago 

, 

suirOnit SC 

ceN-rettql- ' 

ele  

EJOICNIC MARKMar,0„et 

See us at the IEEE Show — Booth 1216 

ELECTRONIC MARKETING DIVISION 

Write for 
FREE COPY 
today! 

ESSEX WIRE CORPORATION 
3501 WEST ADDISON, CHICAGO, ILL., 60615 

J e 
to the Editor 

(Continued from page 165) 

but price. A general distribution of 
prices leads to price cutting wars. 

2. Mr. Jenkins indicates another 
reason for not publishing price. Our 
most technically advanced products 
typically have higher price tags. If 
the competition is bidding on less 
sophisticated items and price is the 
deciding factor, we are bidding at a 
disadvantage. Unless the systems en-
gineer specifies what he can afford or 
indicates all the systems parameters 
including price factors, he will not 
receive two quotes alike—even from 
the same component manufacturer. 

3. Most reader service card inquir-
ies are of a general nature and most 
manufacturers consider these inquir-
ies as an indication of interest in the 
product line. Pricing information for 
this type of inquiry is usually not war-
ranted. 

4. Most manufacturers or sales rep-

resentatives are as close as the nearest 
phone. Our items sell for several hun-
dred dollars each and if a customer 
does not feel justified in calling long-
distance for this information, most 
component manufacturers will accept 
a reversal of charges. 

Although the above reasons do not 
solve Mr. Jenkins problems, perhaps 
they will help him in sympathizing 
with our position and will indicate 
methods for overcoming his problem. 

Irving Hirsch 

Business Manager 
E & M Laboratories 
15145 Califa St. 
Van Nuys, Calif. 

Editor, ELECTRONIC INDUSTRIES: 
Permit me to strongly second the 

plea of Mr. Richard Jenkins ( EI, 
Jan. '64, page 135) for price infor-
mation. Even when price and delivery 
are requested by letter, the request is 
often ( usually?) ignored. Are manu-
facturers ashamed to put the price ( of 
typical quantities) in their magazine 
ads, or is it an unwritten rule? 

Scott Nevin 
ITT Industrial Laboratories 
Div. of International Tel. & Tel. Corp. 
3700 East Pontiac St. 
Ft. Wayne, Ind. 
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202-5C Oblique Cutting Plier with 
narrow nose. Available with coil 
spring. 5%-, and 6- in. sizes. 

KLEIN PLIERS 
When the crystal set was a seven-day wonder, Klein 
long nose pliers were used to adjust the cat's whisker. 
Through the era of B and C battery sets, Klein kept 
pace by providing pliers specially adapted for elec-
tronic wiring. 

Today, more than 100 different styles and sizes of 
Klein pliers are available to provide the exact tools 
needed for any job. Klein engineers have developed a 
special plier for wiring printed circuits; a high hardness 

203-5C Long Nose Side Cutting 
Plier. Available in 5%, 64'- and 7-
in. sizes. Supplied with coil spring. 

Speed up electronic wiring 

plier for cutting nickel ribbon wire; a transverse end 
cutting plier for cutting closely in confined spaces; ex-
tremely small pliers for wiring midget assemblies—and 
many others. 

Klein has also developed special pliers to do special 
jobs requested by electronic manufacturers. 

For better work done more quickly and at lower cost, 
be sure the pliers you use are exactly suited to the job 
. . . made by Klein, of course, "Since 1857." 

D209-5C Lightweight, Pointed Nose, 
Flush Cutting Plier. Supplied with 
coil spring to hold jaws open. 

204-6C Transverse End Cutting Pli-
er, 6-in. long. Supplied with coil 
spring to hold jaws open. 

301-5C Long Nose Plier. 
Available in 5%,-, 6%- and 
7-in. lengths. Coil spring. 

D310-6C Slim Long Nose Plier. Handles are yellow plastisol covered, 
Supplied with coil spring to keep jaws open. 

D307-5'/C Slim Long Nose Plier for reaching into confined spaces. Yel-
low plastisol handles. Supplied with coil spring to hold jaws oper. 

Mathias KLEIN Sons 
Established UST Ckleade,M.E.S.A. 

INCORPORATLD 

7200 McCORMICK ROAD, CHICAGO 45, ILL. 

314-8 8-in. Long Nose Plier. 
Jaws have knurl. 

See Your Distributor 

Foreign Distributor: ITT Export 

Corporation, New York 
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Low Cost/ High Quality Ratio 

Model TRO4OM 

New ERA highly regulated DC power source 

provides continuously variable output, 

0-40 VDC @ 0-500 ma for only $99 

Compare the price of the new ERA all-solid state Model TR 040 
with other make power supplies providing the features and specs 
shown below. You'll agree that here is a truly unique power supply 
whose cost/quality ratio makes it ideal for the broadest possible 
range of applications, from laboratory to equipment-component use. 

FEATURES 

• Compact, Lightweight 
• Highly Stable 
• Tight Regulation 
• Low Ripple Content 
• Constant Current Operation 
• Short Circuit Proof— 

Automatic Recovery 
• Automatic Current Limiting 
• Vernier Control for Fine 

Adjustment 
• Remote Programming Provision 
• Remote Sensing Provision 
• Isolated Outputs 
• Front Panel Metering (Optional) 
• Fully Repairable 
• Relay Rack or Bench Mounting 
• For Laboratory or System Use 

SPECIFICATIONS 
Input: 105-125 VAC, 50-1000 cps 
Output: 0-40 VDC at 0-500 ma 
Line Regulation: Within ±-0.015% or 5 mv, whichever 

is greater 
Load Regulation: Within 0.03% or 5 mv, whichever is 

greater for 0-100% load change 
Ripple: Less than 800 j.iv RMS 
Operating Temp. Range: —20°C to +55°C free air, 

full rating 
Constant Current Operation: 0-500 ma 
Remote Programming Constant: 500 ohms per volt 
Remote Sensing: Connections provided 
Short Circuit Protection: Automatic current limiting 
Thermal Protection: Automatic thermostat operation 
Series or Parallel Operation: Connections provided 
Output Terminals: Ungrounded, either positive or 

negative terminals may be grounded 
Cooling: Internal convection-cooled 
Panel Size: 31/2 " x 7V2" (designed for bench or half 

relay rack mounting. Two units may be mounted 
side- by-side in a 19" standard rack dimension 
for dual outputs.) 

Price: $99.00 (for current'voltage metering, add 
$15.00 and suffix M. Relay Rack Mounting Kit— 
single or dual mounting, add $5.00.) 

Write for ERA's new complete 
catalog #131 today! 

ELECTRONIC RESEARCH ASSOCIATES, INC. 
Dept El- 3, 67 Factory Place • Cedar Grove, N.J. 07009 • (201) CEnter 9-3000 

SUBSIDIARIES: ERA Electric Co. • Advanced Acoustics Co. • ERA Dynamics Corp. • ERA Pacific, Inc. 

See Us of The IEEE Shove, Booth No. 2628-2630 

Min D' 

SCHOOL TELEVISION can also 
teach teachers. Student teachers can 
watch from training college while 
pupils are taught in their own class-
rooms. Closed-circuit TV, by EMI 
Electronics Ltd., has been put in a 
Kidbrooke School in London. Systems 
are connected by leased co-axial land-
line to TV sets in Avery Hill Training 
College in Eltham. Cameras can also 
be used for teaching parallel classes in 
five classrooms at Kidbrooke, a 2000-
girl comprehensive school. Pupils ig-
nore TV cameras and student teachers 
are able to see special techniques. 

DOOR AJAR JARS JETS. Radio in-

terference between Air Force jets was 
reported to FCC Dallas. Control tower 
reported the stray signals were not 
heard there. The outlaws were de-
tected near Big Springs, Tex. When 
search on foot proved fruitless, FCC 
sleuths hired two helicopters to direct 

a mobile search posse. The trail led 
across prairie, through draw and can-
yon to a driveway and a faulty elec-
tronic garage door opener. Though 
radiating 2V2 miles into the sky, the 
culprit transmitter was barely detect-
able 200 feet from the door. 

ATOM-POWERED FOGHORN 
AND BEACON to run continuously 
for ten years are in test at Baltimore 
for the U.S. Coast Guard. If success-
ful, unit will displace a four-man crew 
and a diesel-powered lighthouse. Built 
by Martin Company, the size of a 
trash can, the 60-watt nuclear-powered 
generator converts heat from strontium 
titanate ( safe strontium-90) into elec-
tricity by thermocouples. The SNAP 

(Systems for Nuclear Auxiliary Pow-
ers) generator weighs 4600 lbs. About 
20 lbs. of the chemically-tamed stron-
tium titanate are used. 

SCIENCE OF TELECHIRICS will 
take care of design and making of re-
mote-controlled gear needed in any-
thing from collecting ocean floor sam-

ples to building a space station. Tele-
chirics—from the Greek meaning dis-
tant and hands—was coined by Dr. 
John W. Clark of Batelle Memorial 
Institute. Telechiric systems are not 
the same as automatic systems, Dr. 
Clark said. Automatic systems displace 
man and do predetermined operations. 
Telechiric systems allow man to op-
erate tools remotely, as if by hand. 

(Continued on page 170) 
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Hollow, cylindrical design of the RCA-8462 
mesh filament offeri greater emitting surface 
as well as built-In mechanical strength. 

New RCA-8462 with Mesh Filament Achieves 

70% of Rated Power Output Within 1 Second 
A warm-up time of less than 1 second without exter-
nal circuitry provides the new RCA-8462 conduction-
cooled Beam Power Tube with a heating capability so 
quick that standby power can be eliminated in "push-
to-talk" emergency equipment. In a suitably-designed 
filament over-voltage pulse ("hot-shot") circuit, this 
ceramic-metal tube achieves warm-up in less than 
100 milliseconds. 
The thermal capabilities of the mechanically-

rugged mesh filament were proved in a 100,000-cycle 
"hot-shot" test. The only commercially available 
"Quick-Heat" tube in its frequency-power range, the 
RCA-8462 is designed for use in inexpensive, 11-pin 

sockets answering many communications needs. 
In CW operation with a plate voltage of only 700 

volts, the RCA-8462 provides 110 watts power output 
at 50 Mc, 105 watts at 175 Mc, and 85 watts at 470 Mc. 
It can be used as an RF amplifier, oscillator, regula-
tor, distributed amplifier, or linear RF amplifier in 
both mobile and stationary equipment. 
For more information on the RCA-8462 and other 

RCA tubes with ceramic-metal construction, see your 
RCA Representative. For technical data, write: Com-
mercial Engineering, Section C-50-DE, RCA Elec-
tronic Components and Devices, Harrison, N. J. 
AVAILABLE THROUGH YOUR AUTHORIZED RCA INDUSTRIAL TUBE DISTRIBUTOR 

The Most Trusted Name in Fectronics 
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YOKE SPECIFYING PROBLEM? D 
=Me—CI re 

s ntronic 

ASK AN 
EXPERT... 

A SYNTRONIC 
DEFLECTION 

YOKE SPECIALIST 
Since we make more types of yokes than anyone else, it's natural enough for 
our team of experts to know more about yoke design, application engineering, 
and quality control. 

Specifying can be a challenging problem, and with this in mind, we put our 
experience at your disposal. Don't hesitate to call or write us when you're 
puzzled as to the right deflection yoke for your display. 

• INSTRUMENTS, INC. 
100 Industrial Road, Addison, Illinois 

Phone: Area 312, 543-6444 

Circle 106 on Inquiry Card 

The Right 

Rubber Part 
TO FIT YOUR PRODUCT 

Must be: 1. Custom made. 2. The product of a 
carefully designed die or mold. 3. Developed from 
properly compounded rubber stocks. 4. Backed 
by ability and experience gained through a 
wide variety of industrial applications. 

Western serves such diverse industries as commu-
nications, electronics, transportation, farming, 
plumbing, heating, chemistry and pharmaceuticals. 

Why not let Western's proven success in these and 
allied fields help to produce the rubber part you need. 

Write or phone for 

information. literature 

or a visit by our sales 

engineer in your area. 

MOLDED AND LATHE- CUT RUBBER PARTS FOR ALL INDUSTRIES 

SINCE 1902 

WESTERN RUBBER CO. 
GOSHEN 8, INDIANA 

(Continued from page 168) 

AIR-RENEWAL SYSTEMS for 
space flight are being studied at Bat-
telle Memorial Institute based on un-
usual electrolytic cells. They will 
operate in any position in weightless 
conditions. One cell contains phos-
phoric acid. The other uses palladium-
silver foil. Cabin air may be passed 
through cells. Water vapor, product 
of breathing and perspiring, is ab-

sorbed. Air is replenished by released 
oxygen. The phosphoric acid cell may 
also serve as a dehumidifier. 

SALESMEN AND TOURISTS may 
fly through space and sub-orbital areas 
by the early 1970s, according to Dr. 
Ernest H. Planck, industrial physician 
for The B. F. Goodrich Company. Air-
craft that will take civilians through 
space on commercial business are 
feasible today, he said. But, space 
salesmen, Dr. Planck cautions, may 
find that a 2,000-mile-per-hour or more 
trip upsets the physiological day-night 
cycle. In effect, a traveler might taste 
his spinach in Los Angeles and swal-
low it in Rome, but it may take a 
week to readjust to eating habits after 
such a trip—both ways. 

EDUCATIONAL TELEVISION is 
being introduced in Colombia through 
the American Peace Corps. The U.S. 
General Services Administration au-
thorized purchase of 1,500 23-inch 
table model TV sets from Admiral 
International. The first 400 of the 
special high-performance TV sets has 
already been shipped by air to Bogota. 
The others will follow. A television 
relay network covering Bogota and re-
mote mountain areas will be used by 
Corps volunteers to help reduce il-
literacy. 

ARE BRAIN WAVE RESPONSES 
from specific stimuli good indicators 
of the human brain's overall state or 
condition at any given time? Honey-
well research men are now looking 
around in the brain's billions of elec-
trical impulses for a group of re-
sponses which are reliable monitors of 
mental state or responsiveness. If 
Honeywell can achieve this goal, it 
will mean a big step toward a means 
of predicting and controlling human be-
havior. We might one day be able to 
monitor the mental state of astronauts 
millions of miles out in space. 
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MRCHETICS inc. 
„DIN 

New, M-Stabilized Powder Core 
First to Meet Higher Temperature 
Requirements of Military Specs 

Now you can guarantee temperature stabilization ranges 
on filters, chokes, and inductors used in military com-
munication and control equipment. The new M-Sta-
bilized core limits inductance change to -±-.25% from 
—65 to + 125°C. Available in inside diameters from .110 
to 1.400"; in standard permeability levels from 60 
through 200. Check the Inductance vs. Temperature 
graph, then write for the full story. 

New "M" Stabilized Temperature/Inductance Characteristic 
(Compared to "D" and "W" Stabilized) 

I 

{6W11   

—65 —;15 —25 - 5 + 15 -135 -1-55 

TEMPERATURE °C. 

, 1 
+75 +95 +115 +135 

NOTE: "M" Stabilization extends the guaranteed range of -±.25% change of 
inductance to cover MIL Specs. specifying —65°C. It also exceeds the tempera-
ture range of Class A insulation (105°C) allowing stable inductors to be designed 
to the limit of Formvar type film insulated magnet wire. 

New, Miniature Permalloy Powder Cores Offer 
Guaranteed Temperature Stabilization Properties 
Need miniature cores for ultra-stable inductors? Now 
available, for the first time in the industry, temperature 
stabilized powder cores down to 0.110" I.D. Three minia-
ture sizes in "D", "W", and the new "M" stabilized 
toroids have been added to the line. The "D" limits the 
change in inductance to -±0.1% from 0° to +55°C. The 
"W" limits the change to ±0.25% from —55 to +85'C. 
The "M" limits the change to -±0.25% from —65 to 
+125°C. The new miniature stabilized sizes have I.D.'s 
of 0.20, 0.156, and 0.110". Add these size features to 
guaranteed temperature stabilization properties, and 

you've got a winner in miniaturized circuitry demanding 
extremely stable inductance properties. And all these 
sizes were designed so they could be wound on present 
miniature torodial winding equipment. 

New, too... 
Four Large Size Permalloy Powder Cores 

Magnetics Inc. is now producing four additional larger 
size Permalloy Powder Cores. Their inside diameters 
measure 0.95, 1.13, 1.25, and 1.40". All available in per-
meability levels of 60 through 200... and can be supplied 
either unstabilized or in "D", "W", or the new "M" 
temperature stabilization ranges. Your choice of 68 dif-
ferent combinations of stabilizations and permeabilities 
for such applications as capacitance compensation in 
telephone circuitry; frequency selection or control fil-
ters; chokes in certain high frequency power supplies; 
and inductors to provide phase shift. A proper match for 
every job. 

For complete new technical data, write Dept. EI-20, 
Magnetics Inc., Butler, Pennsylvania. 
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HIGH RELIABILITY 
e 

COLD WELD TECHNIQUE 

EXPLOSION TESTS RUPTURE THE HOLDER, 
NOT THE SEAL 
Explosion tests, designed to determine the reli-
ability of the cold weld, consistently result in rupture 
of the holder, not the seal. Tests were photo-
graphed (as shown in center and right photos 
above) with a high speed movie camera at 3000 
frames per second. 

HIGH RELIABILITY, MINIATURE FILTER 

is actually two units in one. Each can be used in-
dependently and is controlled by two crystals in 

cold-welded holders. Each has a center frequency 
in the 500 kc region. This filter, designed to cus-
tomer requirements, has the following approxi-

mate characteristics: bandwidth at 3 db is 0.1% 
of center frequency—at 20 db, 0.3%— at 30 db, 
0.5%. 

Reeves-Hoffman's new cold welding process provides crystal 
holder seals with a leak rate reliability of more than 100,000 
times better than the requirement of MIL Spec 3098. Elimina-
tion of solder, and attendant flux and heat, removes undesir-
able damping and corrosion ... solve problems of thermal 

isolation. The result: substantial increases in the reliability and 
stability of crystal units, oscillators and filters ... further 
opportunity for miniaturization ... faster delivery. .. lower 
cost. 

Cold-welded holders have enabled Reeves-Hoffman to produce 
precision crystals no larger than power transistors. These units 
are much more rugged, many times lighter, and much smaller 
than their glass-enclosed equivalents. As proof of their ability 
to withstand severe environmental conditions, Reeves-Hoffman 
crystal units in cold-welded holders are being used in the 
Mariner space probe that will soon be on its way to Mars. 

Reeves-Hoffman production crystals, from 1 kc to 100 mc, are 

available in cold-welded holders for use in networks of your 
own manufacture, or as components of Reeves-Hoffman filters, 

oscillators or standards. 

SEE COLD WELDING AT IEEE BOOTH 1202 

-R 

It 

REEVES-
i-icy FFIV1JNJ 

CARLISLE, PENNSYLVANIA 

DIVISION OF DYNAMICS CORPORATION OF AMERICA 
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The Systems 

Engineering 

Section 

MhUgUI 

A Rixon Sebit 36 data system will provide a data-com-
munication link for the Canadian Pacific Railway. The data 
link will initially operate at 2400 bps to handle accounting 
data. The system is capable of 3600 bps. It has modular 

construction and operates SSB. 

NURSES AID 

The Executone-Gul-
ton Physiological 
Monitoring aids in 
maintaining close 
vigil over post- op-
erative and inten-
sive- care patients. 
The system includes 
3 portable monitor-
ing units. Each bed-
side unit measures 
pulse, respiration, 
systolic and diastolic 
blood pressure. 

A tropospheric-scatter system that achieves fourth-order 
diversity by using a single transmitter, receiver, and an-
tenna/terminal is practical and economical, according to 
Martin, Orlando. A combination which uses time-delayed 
digital modulation with 4 frequencies spaced 1MC apart 
on an 8MC band—which requires no external multiplexing 
—seems ideal. The system would be capable of simultane-
ous voice-data transmissions. Twenty-four voice channels 
and one supervisory channel could be provided. 

A system, which simulates the effects of low-freq. noise 
created by large rockets, is being built for the Air Force by 
MB Electronics. At the freq involved, 1-30 CPS, the test 
subject will feel, rather than hear, much of the noise in the 
form of pressure changes. With the system, scientists will 
be able to determine how long a man can tolerate these 
sound pressures. 

MIT and three Boston hospitals are using remote electronic 
medical diagnostic and data-processing systems. A GE 225 
is linked by telephone lines with the three hospitals. The 
computer, in the MIT neurological laboratory, processes data 
from electrocardiograms as well as from eye movement and 
hand motor coordination studies. Data is analyzed and re-
turned to the hospitals, where it is presented in graphs and 
other forms. 

An in-flight electromc system will help astronauts trouble 
shoot malfunctions. It is being developed for Apollo by 
ITT Chicago. The 36 lb. system monitors 150 key para-
meters. It allows the astronaut to decide if the systems are 
with operating margins. Some spare parts will be carried 
and can be installed by crew members. 

U 

The general condition of the electronic systems aboard 
Relay II will be determined by Thompson Ramo Wooldridge 
Space Technology Laboratories. The STL designed equip-
ment is pre-programmed to perform a series of 5 to 7 com-
munications experiments on the system's black boxes. The 
results of these tests determine to what extent TV and 
telephone communications may be made. 

Data-Line Terminal, Type 2 ( DLT-2) allows data to be 
exchanged rapidly between magnetic-tape terminals and 
Univac 1004 Card- Processor Systems. It enables the Uni-
vac 1004 to communicate over conventional telephone lines 
with magnetic-tape terminals located around the corner or 
thousands of miles away. Through the medium of magnetic 
tape, the Univac 1004 and the DLT-2 can be a remote 
originating or terminating point for data processed by other 
computers. 

General Tire & Rubber has added an RCA Speed-Pak en-
hancement package to an RCA 501 system and increased the 
work time 20. The Speed-Pak offers four advantages: 
increase the memory cycle from 15 to 12,usec.; a 3-character 
adder enables common operation for a number of related 
records on a single command; left-to-right comparison in-
creases speed; it can read, write, and compute at the same 
time. 

SHAKE DOWN 

A vibration testing system, which produces 200,000 force- pounds 
horizontally or vertically, has been built by Wyle Laboratories. Hydrau-
lically- powered exciters are used. A state-of-the-art advancement is 
represented in the capability for random and sinusoidal vibration. 



The increasing use of high speed digi-

tal computers has created a demand for 

high speed readout. This demand has 

stimulated the development of methods 

for generating alpha- numeric and sym-

bolic information from coded digital in-

puts. An economical, high speed gener-

ator with good legibility is described here. 

THE CHARACTER GENERATOR described here is in-

tended to be an economical, high speed device. It can 

generate alpha-numeric and symbolic information 

with good legibility. Character information obtained 

from the described "Aperture Plate Character Gen-

erator (APcG)" may be displayed on a cathode-ray 

tube ( cirr) and viewed directly or photographed. 

It could also be printed on paper by electrographic 

printing methods. 

Fig. 1: Typical characters by various techniques are shown below. 

• •• 
• • 

• • ••••• 
• • 

• • 

• 
• • 
• • 
• • 

• • 
• • 

(1) (2) 

ffl 

IM 

(I) (2) 

For Computers .... 

A HIGH SPEED 

CHARACTER 

GENERATOR 

tially positioning the CRT writing beam to various 

x-y coordinates and unblanking the beam. The x-y 

coordinate and unblanking information for individual 

characters is stored in the character generator. 

Beam Shaping—Characters are formed by passing 

the CRT writing beam through a stencil mask. The 

mask contains all characters to be generated. The 

desired character is selected by x-y beam deflection. 

Typical characters generated by the above meth-

ods are shown in Fig. 1. The number of dots or 

„ARA 
•I 

IM 

o. Dot pattern b. Scanning 

To evaluate the capabilities of the proposed gener-

ator, we must be familiar with methods now available 
for generating alpha-numeric and symbolic informa-

tion capable of being displayed on a CRT. Although 

there are many generators of this type available, most 

of them use one of the following character generat-

ing methods: 

Scanning — Character information stored in the 

generator is sequentially sampled in a predetermined 

order to obtain intensity signals for modulating the 

display generator output. The appropriate area of 

the display must be scanned in sync with the char-

acter generator. 
Waveforms or Strokes—Characters are stored in 

the generator as x and y deflection and intensity in-

formation. This information is simultaneously sam-
pled to form 3 parametric analog waveforms. These 

are used by the display generator to draw out char-

acters much as a pencil is used. 
Dot Pattern—Characters are formed by sequen-

(1) (2) 

c. Waveforms or strokes d. Shoped beam 

scanning lines contained in the individual characters 

of Fig. la and lb can be increased to improve reso-

lution. But, such an increase will increase cost and 

size and decrease reliability and writing speed. 

Proposed Generator 

The "APCG" uses the scanning method described 

above. However, a unique method of storing the 

alpha-numeric and symbolic information in the char-

acter generator is used. This information is stored 

in aperture plates of a special purpose CRT as shown 

in Fig. 2. Two plates are used, one behind the other, 

to provide separate video and sync output infor-

mation. 

By WILLIAM R. SLOAN 
Senior Engineeri ng Specialist 

Department 83450 

ITT Federa I Laboratories 

3301 Wayne Trace 

Ft, Wayne 1. Indiana 
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Fig. 2: A special purpose CRT is used to store 
information in the Aperture Plate Character 
Generator. Two plates are used to provide 
separate video and sync output information. 

All information needed to generate 

FOCUS 
ELECTRODE 

CATHODE 

a character is 
contained in a single row of apertures across the 

width of the plates. A row of apertures is provided 
for each alpha-numeric or symbolic character to be 

generated. Fig. 3 is a view of the character aperture 

plate ( showing a row of aperatures for the char-

acter "I") as seen from the cathode end of the tube. 

Sync apertures are also provided in the character 

aperture plate to allow the electron beam to reach 

the sync collector. 

Fig. 4 is a simplified diagram of the character 

generator. It shows the input and output signals 

and the various sub-units needed for the generation 

of the character video and sync information. 

Operation 

The generator can be operated either at a fixed 

clock rate or asynchronously. Maximum character 

generation rate will depend on the display device ( s) 

used and the bandpass of the video and horizontal 
deflection amplifiers in the system. 

A digital code to identify the desired character (or 

symbol) to be generated is applied to the digital/ 

analog ( D/A) converter. The converter generates 

an analog voltage in response to the input code. It 

then applies it to the vertical deflection plates of the 

character generating tube to position the electron 
beam to the desired row of apertures. 

When the character selection analog voltage has 
stabilized, a character read signal is applied to the 

character generating tube to unblank the character 

video output. At the same time, a signal is applied 

to the character read sweep generator, from the DIA 

converter, to start a linear horizontal deflection volt-

age. This voltage is applied to the horizontal deflec-

tion plates of the generator tube and causes the elec-

tron beam to scan across the apertures of the selected 
character. 

ELECTRON 
BEAM--\  

e 

HORIZONTAL 
DEFLECTION 
PLATES 

VERTICAL 
DEFLECTION 
PLATES 

ià (2 

Co cloo 00 cs 0 - - - - - 

- - - - - - -------- - 

CHARACTER 
APERTURE 
PLATE 

SYNC 
APERTURE 
PLATE 

ANODE 

The character read sweep generator also provides 
a vertical sync ( or trigger) pulse to the display gen-
erator to start a vertical character scan voltage at 

the display. 

As the electron beam of the character generator 

tube scans across the apertures, horizontal sync and 
video pulses are generated and applied to the hori-

zontal deflection generator and video amplifier of 

the display generator, respectively. 

Time relationship of the vertical drive, horizontal 
drive and video signals from the character generator 

is as shown in Fig. 5. The display generator uses 

Fig. 3: Character aperture plate as seen from the cathode 
end of the tube. Apertures shown are for the character -I-. 
Sync apertures are also provided in the aperture plate to 

allow the electron beam to reach the sync collector. 

SYNC 
/APERTURES 

/(EOUALLY SPACED 
ACROSS PLATE 
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CHARACTER GENERATOR (Continued) 

these signals to scan out the selected character, Fig. 

6a. Size of the displayed character is found by the 
amplitude of the horizontal and vertical deflection 

signals generated by the display unit. 
Spot wobble may be used in the display unit to fill 

in the area between the horizontal character scan 

lines, Fig. 6b. This is done by adding an h-f sine wave 

deflection component to the vertical deflection gen-

erator output of the display. Required amplitude of 

the spot wobble voltage is a function of the character 

height of the display, and the spot size of the display 

generating tube electron beam. 

Raster lines ( Fig. 6), that are outside the char-

acter area are normally not visible at the display. But, 

they can be made visible on an individual character 
basis to call attention to specific information. 

Positioning of the individual characters on the 
display device is normally determined from a digital 

position code. If the display device is a direct view 

CRT, both x and y position information must be given. 

But, if the information is to be printed on paper (or 

other material) by photography or electrographic 

printing methods, it is sometimes better to move the 

material in the y direction and only provide digital 

position code for the x direction. This, of course, is 

not practical when the information is to be randomly 

positioned in the y direction. 
X and y position information to the display device 

is not needed when the character information to be 

shown is received in a character sequential, line 
sequential manner. Certain instruction signals, such 

as "begin page," "line reset," "end page," etc., must 

be provided, however to sync the display device with 

the input information. The display device must also 

contain the necessary counter ( s) and logic circuits 

to correctly reposition the CRT electron beam after 

each character has been printed. 

It is sometimes necessary for the character gen-

erator to be separated from the display device by 

1,000 ft. or more. If so, it may be desirable to mix 

the horizontal sync and video information at the 

generator, transmit the composite information over a 

single coax cable, and separate it at the display 

device. This can easily be done by making the sync 
amplitude of the composite signal greater than the 

character video amplitude, Fig. 7. 

Advantages 

The "APCG" has several basic characteristics that 

make its use attractive in display generating systems 

needing characters with good legibility accur.ately po-

sitioned on the display device. Some of these char-

acteristics are: 

a. High signal-to-noise ( S/N) ratio. 
b. Positioning of the character generating tube 

electron beam to select the desired character is 

not critical. 
c. Repeatability of the individual characters is 

good. 
cl. Position of the characters at the display is not 

affected by the generator character selection 

voltage. 
e. Separate or composite sync and video can be 

provided. 
f. Only one character selection D/A converter is 

needed. 

g. Locations along the character scan line at which 

the video output is switched on or off is not 

limited to discrete points. 

All character generators possess some of the above 

characteristics; but it is believed that no other gen-

erator now available possesses all of them. 

Since only black and white (no intermediate 

shades of gray) information is needed from a gen-

erator, S/N ratio of the generated signal is normally 

not a problem. With this type of signal, clamping, 

etc., can be used to improve the S/N ratio if needed. 
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Fig. 4: Character generator block diagram. 
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Tailor-made nerve systems for sale 

Your cable assembly may have 

to fit a 3-inch junction box, or stretch 

out 2,000 feet on a launch pad. 

Maybe you're faced with linking 
40,000 volts for 88,000 hours inside a 

radar system. Or how to keep a cable 
assembly intact despite high altitudes 
and contact with fuels and oils. We've 

already solved these problems at 
Amphenol. And more. 

Like the complex interstage 
harness assemblies that are the back-

bone of Minuteman. Like shear-off 

disconnect assemblies on interceptor 

missiles. And cost-saving plug-in as-
semblies for communications systems. 

Almost all of today's cable assem-
blies are tailor-made, specially engi-

neered, individually tested. What 
makes one different from another? 

Your Amphenol Sales Engineer 

can show you with a 10-minute photo 
presentation that may be extremely 

useful if you have a cable assembly 

or other wired product requirement. 

Call your Amphenol Sales Engineer. 
Or, if you prefer, write directly to: 

Dick Hall, Vice President, Marketing, 
Amphenol, 1830 South 54th Avenue, 

Chicago 50, Illinois. 

e mphEno> 
8 

A DIVISION OF AMPHENOL-BORG ELECTRONICS CORPORATION 
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But, the "APCG" has an inherently high s/N ratio 

because the output current varies from zero between 

apertures to full cathode current at the apertures. 

In most generators that scan the selected char-
acter with an electron or light beam to obtain char-

acter video information ( such as the monoscope 
tube) it is necessary for the character selection 

voltage(s) to be very accurate. This problem is 

eliminated in the "APCG" by making the height of 

the apertures ( Fig. 2) only slightly less than the 

spacing between rows of apertures. 

Lateral displacement of the scanning beam, by as 

little as one line width, will cause a variation in the 
video output of generators using a TV like raster 

scan. With the "APCG" the video output is not 

affected by lateral displacement of the scanning beam 

by several scan line widths. This is due to the char-

acter aperture height being large in relation to the 

diameter of the electron scanning beam. 

Since the video output is not affected by up to 

-±-4 or 5% lateral displacement of the generator scan-
ning beam, and the horizontal sync for the display 

device is generated by this beam, the position of 

the character at the display is not affected by gen-

erator character selection voltage. This is an im-

portant advantage over character generators, such as 

the monoscope. 

Many generators can provide separate or com-

posite sync and video. Thus, the capability is thought 

to be relatively unimportant in connection with 

the "APCG" advantages. 

The need for only one D/A converter is also 

rather unimportant; since the same number of binary 

bits must be handled whether one or two converters 
are used. 

Scanning type generators using core storage as 

the method of storing the character (or symbol) 

data can't produce many of the diagonal lines needed, 

without irregularities, Fig. lb ( 1). Theoretically, 

such a generator could provide all diagonal lines 

without irregularities; but an infinite number of 

cores would be needed. Thus, it is impractical. 

Since the characters are stored as apertures in a 

metal plate in the generator discussed here, the 

start and end of a character segment can occur on 

any point. Thus, irregularities inherent in the core 

storage type of generator are non-existent in the 

"APCG." 

Fig. 5: Time relationship of sync and video 
information from the character generator. 

Fig. 6: Characters as generated at the dis-
play—without and with spot wobble. 

Disadvantages 

Although the advantages of the "APCG" are be-

lieved to outweigh the disadvantages, for many uses, 

it does have some disadvantages that must be con-

sidered. Some of these that are overcome by some 

other types of generators are: 

Method of changing symbols. 

Need for a CRT. 

Physical size. 

Only one character can be generated at a time. 

Ratio of active to inactive time during a character 

generation period. 

In many generators it is possible to change symbols 

by rewiring a memory, replacing a mask, replacing 

core planes, replacing resistor cards, etc. In the 

"APCG," as in a monoscope type, the character 

generating tube must be replaced. This somewhat 

limits the use of special symbols, due to economics, 

unless several identical generators are needed. 

The use of CRT as the character storage device 

in the "APCG" limits its reliability, in general, to less 

than that obtainable with solid state type generators. 

This also limits minimum physical space needs for 

the generator. 

Some generators, such as those using core stor-

age, are able to generate all characters simultane-
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EL readout and translator sandwiched into 1/2 inch 

The problem: design a 4-digit readout to 
operate from binary coded or decimal out-

put, with readout  and integral translator 
measuring only 4" by 2" by 1/2 " deep. Make 

it rugged, lightweight, reliable, dimmable, 
and operable from batteries— it will go into 

a portable laser range finder for field use. 

Sylvania has developed just such a unit, 
using PANELESCENT" EL display and a new 

sandwich construction.This is how it looks: 
in front is the display panel with phos-
phored segments which light up to form 
numerals. The back layer is an electro-
luminescent- photoconductive switching 

matrix, and in between is a flexible Mylar* 

*Registered Du Pont Trademark 

sheet with printed wiring, connecting ma-

trix outputs to the corresponding display 

segments. Total thickness, only 1/2 inch! 
A neat, compact construction — made 

possible by still another Sylvania develop-

ment, a new low-voltage device for switch-

ing the high-voltage AC of the electrolumi-
nescent trigger lamps. Our gate is a tiny 

incandescent lamp encapsulated with a 
photocell, measuring overall less than 0.1 
inch and weighing less than 0.01 gram. It 
also serves as an ideally simple dimming 
mechanism, with a life- equal to the EL 

segments themselves. 
Life, reliability, compactness, readabil-

SYLVAN 

ity, low power consumption— Sylvania EL 

has all this and more. Whether you want 
to discuss existing EL devices, or our 
capability to meet your special design 

problem— contact your Sylvania sales en-

gineer or write to Display Products Man-
ager, Sylvania Electric Products Inc. 

Seneca Falls, New York 13148. 

SOME FACTS OF LIFE 

In plant tests, 4,648 Sylvania EL segments 
have been in a constant lighted condition for 
more than 220,000 hours. That's more than 
one billion segment hours without a single 
catastrophic failure— and they're still going 
strong. •Regioered nu Pont Trodemork 
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CHARACTER GENERATOR (Continued) 

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 

Q.DEALD CUSTOM 
MM 

Strip solid or stranded wire easily—with 

no wire nicks, insulation scratches—ao 

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 and 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-C Becker Pl., Sycamore, Ill. 

Please send me my free copy of Prcduction Wire Strippers Catalog 

Name   

Company   

Address  

City  Zone State  

SOLD THRLI AMERICA'S LEADING DISTRIMORS 
In Canada.- ID( Flectric (Canada) Ltd., Ajax, Ontario 

MIL._ • 
... from page 182 

ously. In such cases the desired character is obtained 

by selecting the appropriate character generator out-

put line. This is sometimes advantageous when two 

or more display devices can be driven by a common 

character generator. The "APCG" cannot generate 

more than one character at a time. 

In generators that draw out the characters and sym-

bols, using the electron beam of the display device 

much as a pencil is used, the active character writing 

time approaches 80 or 90% of the character gen-

eration period. In the "APCG" the active character 

writing time, in relation to the generation period, 

is much less. This is due to the fact that the entire 

rectangular area within which the displayed char-

acter is contained must be scanned. Thus, the rela-

tive energy that can be used for actual character 

generation is much less for the "APCG." 

Remarks 

The generator described here can generate 20,000 

characters/sec. It can be operated synchronously 

or asynchronously at any rate up to its maximum. 

No cost figures are available on this generator 

at present. But, its cost should be about the same 

as the monoscope generator. ( Between $5,000 and 
$7,000.) 

The video bandwith of display generators to be 

used with the "APCG" should be about 10 Mc. 

Fig. 7: Composite character video and sync information. 
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83-85; May 29, 1959. 
"New Character Generator," Jour. Frank-

lin Inst., Vol. 268, pp. 135-136; Aug., 1959. 
Loewe, Sisson and Horowitz, "Computer 

Generated Displays" IRE, pp. 185-195; 
Jan., 1961. 
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a man 
likes to 
know 
where he's 
headed 

You are che best judge of your own 

talents, your ability, your job interests. 

Collins offers you an opportunity to 

grow in the areas of engineering which 

best match your capabilities and which 
will give you the most satisfaction and 

sense of accomplishment. 

It isn't always easy to find oppor-

tunities like this. Perhaps you've felt 

restlessness from not being able to make 

full use of your talents. Maybe you.ve 
found yourself going off in a direction 

which held no particular interest for 

you. Or which didn't challenge your 
ability. Or spark your imagination. Or 

get you excited over the potential and 

possibilities. 

Whatever your engineering interest 

might be, we'd like to talk with you. 

We make this broad statement because 

the scope of our work is broad. The 
challenges presented in such diverse 

fields as Space Communication, Data 

Processing, Avionics, Microwave, An-

tenna Systems and HF, VHF and UHF 

Communication to mention a few, offer 

you creative opportunities in every area 

of engineering activity. 

If you'd like to get your career back 

on course, or if you'd like to be assured 

of heading in the direction you've 

already chosen, Collins offers you an 

opportunity to do so. Write in confi-

dence to our manager of professional 
employment Dept. 120. 

COLLINS RADIO COMPANY 
Cedar Rapids, Iowa • Dallas, Texas 

Newport Beach, California 

COLLINS 

An equal opportunity employer 

ELECTRONIC INDUSTRIES • March 1964 Circle Number 800 Professional Prof le, page 120 185 



EPDXY 

CilEt> 
NNN, 

OUR GIANT STOCKS 
SAVE YOU TIME AND MONEY 
• Most sizes available for immediate delivery 
• Stock sizes in any diameter from 1/22" to Yes' 
• Increments of . 001" at no extra charge 
• Unsurpassed accuracy guaranteed to .001"* 

Atlas guarantees unequalled accuracy in 
the precision fabrication of parts from 
any of these materials. Send your blue-
prints and specifications for a prompt 
quote without any obligation. 

Larger sizes and closer tolerances quoted or request. 

SEND FOR COMPLETE PRICE LIST 

Turned and 
Precision Ground 

PHENOLIC 
RODS 
STOCK SIZES 

OR 
CUSTOM-MADE 

COMPLETE 

FACILITIES 

FOR 

FABRICATION 

See in Booth 4232—IEEE Show—March 23-26 
Circle 117 on Inquiry Cord 
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ATLAS FIBRE COMPANY 
6970 N. Central Park Avenue 

Chicago, Illinois 60645 
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WIRE 
ASSEMBLY 

KINGSLEY 
Wire and Tube 

Marking Machine 

Now you can mark each wire or piece of 
plastic tubing with its own individual circuit 
number.. quickly.. economically — right in 
your own plant! 
Cut costs and speed production with the same 
machine that has proved so successful in the 
aircraft/missile field. 

Write for details. 

KINGSLEY MACHINES 
850 Cahuenga • Hollywood 38, Calif. 

us 

IEEE (Continued) 

stable states is oscillatory and conductive while the 

other is cutoff. The circuit can be triggered alter-

nately on and off by a stream of unipolarity pulse 

applied to a common input. This paper will be given 

at Session 18. 
"Simple Su bai icr o second Transient Sampling 

Technique," also given at Session 18, will describe a 

technique which allows samples to be taken every 

10 nsec., with sample aperatures on the order of 2 
to 5 nsec. This allows reconstruction of a pulse 

about 1 p.sec. long. Samples may be accurate to 1% 

or more in amplitude. The technique uses no gating 

or timing circuits. 

The design of a spacecraft for an unmanned scien-

tific fly-by mission to the vicinity of near planets 

places severe requirements on system design. Inter-

agation of spacecraft scientific instruments places 

additional constraints on design because of the nature 
of the instruments themselves. This paper, "Incorpo-

ration of Scientific Instruments in Deep Space 

Probes," given at Session 19, discusses a method for 

resolving the conflicts between spacecraft and instru-

ments without sacrificing reliability or weight. 

A new method for microcircuit fabrication, de-

Any style, shape or 
size delivered in 
3 weeks or less at 
off-the-shelf savings! 

FREE! 
TA'S New 

Hot off the press! 

it's all here! Everything you need to know about selecting a case for 

your particular military or commercial packaging requirement. Contains 

28 pages of valuable reference data that can help you save your com-
pany hundreds, if not thousands of dollars. 

Easy to read, easy to understand. Illustrates TA's broad line of cases 
including the various hardware components obtainable. All TA cases 

are designed to surpass Mil-Spec requirements ... completely dust and 

water proof. Can be painted or finished to enhance the appearance of 

any instrument or product. Huge warehouse stock insures you delivery 

within three weeks at the lowest prices imaginable. No tooling charges. 

Free vellum service and panel templates. Write, wire, or phone today for 

a quotation and let us put our staff of case engineers to work for you. 

Send for the latest new 1964 CASE MANUAL now! 

(-) TA Mfg. Corp. 4607 Alger Street, Los Angeles 39, Calif. 
PHONE: (213) CH 5-3748 • TWX 213-240-2118 L.A. OR WUX CAT. L.A., CALIF. 
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scribed in "Projection Photolithographic Technique 

for Use in the Fabrication of Microcircuits," will be 

given at 'Session 31. The projection technique uses 

conventional photographic emulsions, registration by 
ground-glass screen or binocular viewer, and very 

high ultraviolet light concentrations. The technique 

has produced photo-mask patterns similar to those 

used in current microcircuit fabrication. 

A single-function wafer, capable of many diverse 
logic functions, will be discussed in "A Universal 

Logic Function Wafer." The paper, presented at 

Session 31, will describe a production process that 

uses titanium thin-film circuits and a layered inter-

connection matrix. This matrix permits a connection 

between any pair of appropriate component terminals 

after the initial wafer fabrication. 

The advantages of the non-reciprocal parametric 

amplifier over conventional types are many. Pertur-

bations in signal source characteristics no longer 

degrade stability and power gain. For this reason 

conventional preamps require circulators, which tend 

to be noisy and temperature sensitive. In "Non-Re-

ciprocal Parametric Amplifiers: Theory and Instru-

mentation," Session 34, the theory of non-reciprocity 
and applications are discussed. 

The Triac is a three-electrode semiconductor for 

(Continued on page 188) 

The DECI-DUCTOR 
new subminiature molded inductor — 24 Hour Delivery 

up to 1000 uH in 1110" die. x 114" lg. envelope 
10X the inductance available in the same size 

4-4/7 

if '7 '! 

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-50, 
or phone 201-464-9300. 

.1Vir.st a AN .r cs.xmc. 
550 Springfield Ave., Berkeley Heights. N.J. 

Design Leaders STANDARD components to meet CUSTOM requirements 

Circle 122 on Inquiry Card 

Vlchek offers polystyrene or polypropylene boxes 
to meet every storage or packaging need.* 51 stand-
ard sizes... 1,000 compartment arrangements. 
Crystal clear, tinted transparent or solid colors. 
Plain or imprinted. 

... and, we will gladly design and manufacture 
custom boxes to your special requirements. 

*good for fishing tackle, too. 

VLCHEK  

IYAPLASTICS 
Vlchek Plastics Co. 
Middlefield, Ohio 

SUBSIDIARY or 

Circle 119 on Inquiry Card 
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When you need INTERCHANGEABLE 

thermistors or thermistor probes... 

...Check F.E.I. 

ISO-CURVE Thermistors 
(the only thermistors with identical characteristics) 

• Standardized resistance/ 
temperature characteristics 

• Completely interchangeable 
no calibration or compensation 

• Direct readout of absolute 
temperature 

• High sensitivity 
• Fast response 
• Broad resistance range 

GET THE FACTS — send 
for this new brochure which gives 
complete specifications, selection, 
and application 
data on the only 
available line of 
completely in-
terchangeable 
thermistors 
and thermistor 
probes. 
'Made under Pat. 3109227 and others. 

ISO-CURVE is a trademark of F.E.I. 

 enufal 

electronic 

41-
FENWAL ELECTRONICS, INC. 

Dept. B,63 Fountain St., Framingham, Mass. 
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PROVEN RELIABILITY-
SOLID-STATE POWER INVERTERS, 

over 260,000 logged operational hours— 
voltage-regulated, frequency-controlled, 
for missile, telemeter, ground support, 
1350C all-silicon units available now— 

Interelectronics all-silicon thyratron-like gat-
ing elements and cubic-grain toroidal magnetic 
components convert DC to any desired number 
of AC or DC outputs from 1 to 10,000 watts. 

Ultra-reliable in operation (over 260,000 
logged hours), no moving parts, unharmed by 
shorting output or reversing input polarity. 
High conversion efficiency (to 92%, including 
voltage regulation by Interelectronic: patented 
reflex high-efficiency magnetic amplifier cir-
cuitry.) 

tight weight (to 6 watts/oz.), compact (to 
8 watts/cu. in.), low ripple (to 0.01 mv. p-p), 
excellent voltage regulation (to 0.1%), precise 
frequency control (to 0.2% with Interelectronics 
extreme environment magnetostrictive stand-
ards or to 0.0001% with fork or piezoelectric 
standards.) 

Complies with MIL specs. for shock ( 100G 
11 misc.), acceleration ( 100G 15 min.), vibra-
tion ( 100G 5 to 5,000 cps.), temperature (to 
150 degrees C), RF noise ( 1-26600). 

AC single and polyphase units supply sine 
waveform output (to 2% harmonics), will 
deliver up to ten times rated line current into 
a short circuit or actuate MIL type magnetic 
circuit breakers or fuses, will start gyros and 
motors with starting current surges up to ten 
times normal operating line current. 

Now in use in major missiles, powering 
telemeter transmitters, radar beacons, elec-
tronic equipment. Single and polyphase units 
now power airborne and marine missile gyros, 
synchros, servos, magnetic amplifiers. 

Interelectronics—first and most experienced 
in the solid-state power supply field produces 
its own all-silicon solid-state gating elements, 
all high flux density magnetic components, 
high temperature ultra-reliable film capacitors 
and components, has complete facilities and 
know how—has designed and delivered more 
working KVA than any other firm! 

For complete engineering data, write Inter-
electronics today, or call 914 Elmwood 8-
8000 in New York. 

INTERELECTRONICS CORP. 
600 U. S. Route 303, Congers, N. Y. 
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IEEE (Concluded) 
ac power control. Its ability to perform bidirectional 

switching in response to small gate signals makes it 

a contender for present SCR uses. The paper, "The 

Triac-Gate-Controlled Silicon AC Switch," in Ses-

sion 36, tells how the unit combines the function of 

a pair of SCR's in a single silicon wafer package. 

Long range radio communications using orbiting 

dipoles as microwave scattering medium will be dis-

cussed in the "West Ford System Concept" at Ses-

sion 41. Continuous global communications can be 

achieved with two rings of dipoles—one polar and 

one equatorial. 
A new technique which allows interconnecting of 

integrated circuits with printed wiring will be pre-
sented at Session 46. The technique allows the use 

of conventional resistance welding equipment and 

does not require bending the module leads in flat or 

wafer packages. 
If you aspire to go into management, you'll be 

very interested in "Engineers as Managers: Good or 

No Good?" According to some industrialists, engi-

neers do not make good managers because they are 

'thing-minded' rather than 'people-minded'. They say 
the engineers are too rigid in their thinking and too 

dependent on details for high-level decision making. 

For more on this subject, attend Session 59. 

NOW 
AVAILABLE 

SPOT . DPDT 

3 

4PDT 

A COMPLETE LINE OF 

TOGGLE SWITCHES 

UNITIZED 

BODY 

ULTRA-TINY 

1/2" SIZE 

5 AMPS @ 
115 VAC 

IMMEDIATE 

DELIVERY 

LOWEST 
COST 

One-piece " uniticed body — reduces ports, weight, 
site to o minimum for ultra•mini uuuuu space 
requirements — maintains good specs. 

Supplied with miniature bot handles or plastic 
color- coded caps. Solid silver contacts ond ter-
minals. Easy wiring, good soldering ability. 

Overload over 100% Insulation over 100 megs 
Breakdown over 1000V Oyer, 80,000 on/off cycles 

Available immediately from ALCO stock and thru 
your locol distributor in SPDT. DPDT, 3PDT, 
4PDT, momentary and center- off configurations. 

SPOT $1.65 — DPDT 82.15 — 3 POT $3.85 — 
4PDT 84.85. Ask for O.E.M. quantity price 
schedule on the complete line of ALCO switches. 

ALCOSINITCH 
SEND FOR FREE 

CATALOG 
Lawrence, Mass. Dept. C46 
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design simplicity 

25 mw 
sensitivity 

COIL RESISTANCE ( qi 25« C) 6250 ohms 10% 

MAXIMUM PULUIN CURRENT 2  0 ma DC 

MINIMUM DROP-OUT CURRENT 02 ma DC 

NOMINAL OPERATING VOLTAGE   26.5 VDC 

CONTACTS 2 POT (2 FORM C) 10 amp (M30 VDC 

Write for Data Sheet No. 8 

/71164C /?(ITAIlr R11413 A t Dynamic»), if« Stec.* goidocel 

COUCH ORDNANCE INC. 
3 Arlington Street, North Quincy 71, 'Vaso., Area Code 617, 

CYpress 8-4147 • A suliodiart of S. H. COUCH COMPANY, INC. 

'TYPEWRITER WITH A MEMORY' 

ititttilLit 
111111.1Lilt 
ttlItlIIIII 

1 1111 

LLLItli1111 

// 
Honeywell's "versatile electronic console' 

developed to speed preparation, editing and 
updating of standard - format reports. The 
unit — " Report Composer" — is said to be 
suited for many uses in military and com-
mercial fields. Shown is the input - output 
keyboard. The Composer also has paper tape 
reader and punch units, a page - printed dis-
play, all around a digital control system. 

FAA URGES TAPE RECORDERS 

FOR ALL COMMERCIAL CRAFT 

Proposed FAA rule would require 
cockpit voice recorders on all com-
mercial airplanes by July 1, 1966. 
George S. Moore, Director of FAA's 
Flight Standards Service, said voice 
recorders would be a valuable tool in 
probing air mishaps. 

Recorders would provide firsthand 
knowledge on flight crew talk during 
emergencies. This knowledge could 

lead to better flight safety through 
corrective action. 

Recorders would run continuously. 
Talk would be picked up by open 
mikes or by headset boom-mounted 
mikes, depending on the plane and the 
noise level. The recording would have 
to stand an impact force of 100 G 
1100°C, plus immersion in sea water 
for 48 hours. 
The FAA now requires flight data 

recorders on all turbine-powered and 
other large commercial airplanes fly-
ing above 25,000 feet. 

TWA PIONEERS MAINTENANCE 
MONITORING 
A new and highly advanced system 

of airline maintenance, one which will 
monitor the vital systems of a jet air-
liner as often as ten times a minute, is 

being used by Trans World Airlines. 
Called the "Lockheed Maintenance 
Recording System," it furnishes, on 
magnetic tape, up to 315 "status re-
ports" on the condition of the en-
gines, instruments or complex systems 

of a jet aircraft every 6 sec. 

. • 

• MIL specs 
: place a 

shields! 

The JAN-S-28A 

cancellation notice 

and revisions to 

general equipment 

specifications now 

require heat-dissipat-

ing electron 

tube shields. 

Meet these specs 
with shields from 
IERC's complete 

line of MIL types. 

IERC 
IM) 0 CD 

INTERNATIONAL ELECTRONIC 

RESEARCH CORPORATION 

WRITE 
IERC Division, 

135 West Magnolia 
Blvd., Burbank, Calif. 
for helpful digest of 
MIL spec references 
to tube shields — 

TODAY 

• 
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SPECIAL MRS FOR 
SPECIAL PROBLEMS 

Odd as they look, these are actual pro-

auction tools. They were manufactured 
by Xcelite to increase efficiency on 

special assembly work where conven-
tional hand tools proved inadequate. 

Chances are that " special function" 

tools con speed your production. Supply 
prints ( model if available) of part on 

which tool will be used. Prototype 

designed and tooled for your approval. 

Any quantity ... to meet your produc-
tion schedule. Contact factory direct. 

Complete information in new 

"Custom-made Tool" Brochure No. 660. 
Request on your letterhead. 

INDUSTRIAL 
HAND TOOLS 
XCEUTE, INC. • 28 BANK ST., ORCHARD PARK, N. Y. 
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AUTO TEST SIMULATOR 

Automotive engineers were introduced to 
systems and methods designed fer testing 
vehicles using magnetic tape as the program 
source, at a meeting sponsored by Perfect 
Circle Corp. Electronics Divi:ion. Dr. Vern C. 
Vanderbilt ( left), Division General Manager, 
explains HyTReSS ( Hyway Test Recorder and 
Simulator System) a magnctic-tape program 
laboratory that simulates varied field tests. 

FLEA-POWER RADIO BUOYS 
SEND OCEAN DATA 600-MILES 

ITT engineers announced success 
of some 280 tests in sending signals 
from flea-powered transmitters M ra-
dio equipped buoys anchored off Ber-

muda. 
Operating at less than one watt, the 

buoyed radios transmitted oceano-
graphic data over a 600-mile path to 
Southampton, New York. The buoys 
were turned on by a command signal 
from a station at the Oceanographic 
Institute at Woods Hole, Mass. They 
transmitted very-narrow band telem-
etry data on 6970 kc, under uf propa-

gation conditions. 
Working with the Institute. ITT en-

gineers made tests in winter and sum-
mer. They found only small season 
variations in signal strength over the 

Bermuda-Long Island path. 
Ronald H. Taplin, senior scientist 

at ITT, said that the buoys were de-
signed by the Woods Hole Oceano-
graphic Institute. The program is 
sponsored by the Office of Naval Re-
search. They are equipped with very-
low-power transmitters and batteries. 
They also contain special oceano-

graphic data-sensing gear. The buoys 
may soon feed data directly into com-

puters. 
Data received covered size, course 

and depth of ocean currents. State of 
the sea, temperature, water salinity 
and weather are also data that can be 
collected from a network of ocean 
buoy data stations. They would serve 
weather research devices and mid-

ocean radio beacons. 

‘.,—emogegmummeic 

LDR-25 

AVAILABLE AT THESE DISTRIBUTORS 

EAST 
Binghamton, N. Y.—Federal Electronics 

P. 0. Box 208 PI 8-8211 
Philadelphia 23, Penn. 

Almo Industrial Electronics, Inc. 
412 North 6th Street/WA 2-5918 

Pittsburgh 6, Penn.— Radio Parts Company, Inc. 
6401 Penn Avenue/EM 1-4600 

Newton 58, Mass.—Greene-Shaw Co. 
341 Watertown Street, WO 9-8900 

New York 36, N. Y.—Harvey Radio Company, Inc. 
103 West 43rd Streeti1U 2-1500 

Baltimore 1, Md.—Radio Electric Service Company 
5 North Howard Street, LE 9-3835 

SOUTH 
Birmingham 5, Ala.— Forbes Distributing Company, Inc. 

2610 Third Avenue, South/AL 1-4104 
West Palm Beach, Fla.—Goddard, Inc. 

1309 North Dixie/7E 3-5701 
Richmond 20, Va.—Meridian Electronics, Inc. 

1001 West Broad Street/353-6648 

MIDWEST 
Detroit 3, Mich.—Glendale Electronic Supply Company 

12530 Hamilton Avenue/TU 3-1500 
Minneapolis 16, Minn.— Admiral Distributors, Inc. 
5305 Cedar Lake Road, St. Louis Park/LI 5-8811 

Indianapolis 25, Ind.— Graham Electronics Supply, Inc. 
122 South Senate Avenue/ME 4-8486 

Cleveland 1, Ohio—Pattison Supply Company 
Main Line Electronics Division 

777 Rockwell Avenue EX 1-4944 
Chicago 30, III.—Merquip Electronics, Inc. 

4939 North Elston Avenue AV 2-5400 
Cincinnati 10, Ohio— United Radio. Inc. 

1308 Vine Street CH 1-6530 
Kansas City 11, Mo.—Walters Radio Supply, Inc. 

3635 Main Street VA 1-8058 
St. Louis 44, Mo.—Electric Components for 

Industry Co., Inc. 
2605 Henley Road/MI 7-5505 

WEST 
Dallas 1, Texas—Adleta Company 
1907 McKinney Ave./RI 1-3151 

Houston 1, Texas— Harrison Equipment Company, Inc. 
1422 San Jacinto Street/CA 4-9131 

San Diego 1, Calif.— Radio Parts Company 
Division of E.C.I., 2060 India Street/232-8951 

Los Angeles 15, Cal.— Radio Products Sales, Inc. 
1501 South Hill Street/RI 8-1271 

Los Angeles, Cal. 90022— Kierulff Electronics 
2585 Commerce Way, OV 5-5511 

Mountain View, Cal.—Kierulff Electronics 
2484 Middlefield Road/968-6292 

Denver, Colo.— L. B. Walker Radio Company 
300 Bryant Street WE 5-2401 

Seattle 1, Wash.—C & G Electronics Company 
2221- 3rd Avenue Main 4-4355 

Albuquerque, N.M.—Midland Specialty Co., Inc. 
1712 Loma Blvd., N.E./247-2486 

Phoenix, Ariz.— Midland Specialty Co., Inc. 
1930 North 22nd Ave. 258-4531 

Tucson, Ariz.— Midland Specialty Co., Inc. 
951 South Park Ave. MA 4-2315 

Ask for a complete catalog 

DELCO 
DIO 

ELIABILITY 

Division of General Motors, Kokomo. Indiana 
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new 
power photocell 

from Delco  

25 watts 
•  

Here's a cadmium sulphide photocell with 
muscle. It's Delco Radio's new LDR-25— a 
light dependent resistor equipped to dissipate 
25 watts at AJ ampere and with a 200 DC or 
peak AC voltage capability.* Dark resistance 

LDR-25 

value of the device exceeds .5 megohm while 
1,000 foot candles of illumination will reduce 
its resistance to 15 ohms. 

Characteristics of the LDR-25 make it ideally 
suited for direct-to-line control of 115 VAC 
powered appliances. It can be used as a "variable 
relay" in series with an inductive load operating 

LDR-25 in series motor control using potentiometer controlled light source. 

*When properly mounted on heat sink. 

• 

LDR-25 in series control circuit using foot operated mechanical vane to 
regulate light—eliminates need for moving contacts. Dual light source pro-
vides feedback for constant motor speed under varying loads. 

at power levels up to 100 watts. Its medium and 
high power switching abilities are ideal for in-
ductive loads where voltage surge from breaker 
points or junction devices is a problem. 

Flasher circuit in which chain of lamps and LDR-25s provide power amplifi-
cation with a gain of 100. 

The amazingly low-priced LDR-25 is avail-
able now. 

Contact any of our sales offices listed below 
for more information. 

Union. New Jersey' Palo Alto, California Syracuse, New York 
324 Chestnut Street 201 Town & Country Village 1054 James Street 
MUrdock 7-3770 DAvenport 6-0365 GRanite 2-2668 
AREA CODE 201 AREA CODE 415 • AREA CODE 315 

Detroit, Michigan Santa Monica, California. Chicago, IllInols• 
57 Harper Avenue 726 Santa Monica Blvd. 5151 N. Harlem Ave. 
TRInity 3-6560 UPton 0-8807 775-5411 
AREA CODE 313 AREA CODE 213 AREA CODE 312 

General sales Office.: 700 E. Firmin, Kokomo, Ind., Gladstone 2-8211—Ent. 500 • Area Code 317 

*Office includes field lab and resident engineer for applications assistance. 

ELCO 
RADIO 

Li 
Division of General Motors, Kokomo, Indiana 

SEE OUR EXHIBIT AT I.E.E.E. SHOW—BOOTHS 1522-1524 
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v.11•FS. 

Technically unique, ultra sensitive 

11001 , 1111 

ELE(TRONI( GALVANOMETER 

OPEN 300NA 
31.1A 

OPEN 

30NA 
CHECK 

OFF 

MO MI 

win 
*0 ROIL emcee 
now ...I. 

2 nanoamperes/ 
scale division 

New FLUKE Model 840A 

ELECTRONIC GALVANOMETER 

Model 840A is a solid state electronic galvanometer of 
unique design, with 2 nanoamperes per scale division 
sensitivity. 

Operable in any position, the Model 840A has better 
than 50 times the power sensitivity of the most sensitive 
light-beam galvanometer it is designed to replace in OEM 
applications. Current overloads of more than 110 db on the most sensitive 
range cause no damage. 

Separate mounting case, mercury battery kit, or AC power pack are 
optional accessories. The instrument has passed rugged environmental 
tests; mechanical design includes flow-soldered glass-epoxy PCB's. Con-
venient recorder output provides 100 mv DC full scale on all ranges. 

BRIEF SPECIFICATIONS 

DC CURRENT SENSITIVITY: 
30-0-30 nanoamperes, full scale (2 na/scale 

div.) 
300-0-300 nanoamperes, full scale (20 na/scale 

div.) 
3-0-3 microamperes, full scale (200 na/scale 

div.) 

INPUT IMPEDANCE: 
Approximately 150 ohms, all ranges 

INPUT ISOLATION FROM CHASSIS: 
Greater than 10 10 ohms ( 100V maximum po-

tential between chassis and input) 

TEMPERATURE RANGE: 
Operating: 0 C to 50'C 
Storage: —40 C to 85•C 

HUMIDITY: 
0 to 90% 

SIZE: 
51/2" high x 3" wide x 43/4" behind panel 

PRICE: $175.00 
A84-1 metal instrument case $ 20.00 
A84-2 mercury battery kit $ 5.00 
A84-3 AC power pack $ 25.00 

Prices and specifications subject 
to change without notice. 

John Fluke Mfg. Co., Inc., Box 7428 

Seattle, Wash. 98133. Tel. 206-776-1171 

CATA LOG 
DIGEST 

Send for complete specifi-
cation data on Model 840A 
and new Catalog Digest 
64A. Describes over 40 
models of differentia/ volt-

• meters, power supplies, 
• voltage calibrators, micro-
• volt potentiometers and 
• other Fluke precision test 
▪ and measurement instru-
• ments. Lists nearest Fluke 
• sales representative. 
• 

FLUKE 

MECHANICAL SPACEMEN 

Robot astronauts being built by ITT Research 
Institute for NASA Manned Spacecraft Center 
to use in designing of space suits. Remote-
controlled, robots will have actuators for 
muscles, servo valves as nervous systems, and 
mechanical joints, as shown in drawing. They 
will also grow or shrink to match the stature 
of the average man in U.S. military service. 

NEW AERIAL SCANNER SIGHTS 

GROUND TARGETS IN 3-D 

A research mathematician at HRB-

Singer, Inc., and two former officers 

of the firm, have developed an im-

proved aerial reconnaissance stereo 
scanning unit. 

Most current systems produce only 

a single image of an area or installa-
tion, limiting their value. The new 
system allows interpreters to view a 

scanned area in 3-D and recognize ob-

jects moving on the ground. 

Part of the system is a pair of scan-
ning faces which operate at oblique 

angles from the aircraft. As the recon 

plane flies over target, a rear scan-
ning face scans the target previously 

covered by the forward face. The tar-
get is viewed from two different an-

gles at different times. 
Any movement of ground objects is 

easily detected. 

JOHN SODOLSKI HEADS EIA 

SYSTEMS REQUIREMENT UNIT 

John Sodolski has been named staff 
manager of the Electronic Industries 

Association Systems Requirements 

Committee, ETA disclosed. Mr. Sodol-
ski, 32, joined ETA in 1962 as military 

economist for the Committee. 
The Committee is made up of mar-

keting and planning officers of EIA-
member firms. Committee provides 

defense-space industry with special 

marketing and planning data. 
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COMPACT MEMORY 

See it at the 
IEEE Show 

Booth No. 1105 

A SINGLE 34:113 

HYBRID 
COUPLER 
COVERS A 5:1 BAND 

NOW ... FOR THE FIRST TIME ... a single 
AEL model HCN, 100 Series, 3db HYBRID 
COUPLER can be used to cover an extremely 
wide band, and completely eliminates the 
need for additional intermediate couplers. 

SPECIFICATIONS 

o e Q, Q., • 

‘zie 

HCN10/A 0.1-0.5 3+0.5 30 1.15 

HCN102A 0.2-1.0 3 + 0.5 30 1.15 

HCN103A 0.4-2.0 3+0.5 25 1.15 

HCN104A 1.0-5.0 3±0.5 20 1.25 

Maximum insertion loss-0.1 db. Phase dif-
ference at output-90° at all frequencies. 

Let us consult with you on producing HYBRID 
COUPLERS for use in other bands than are 
listed above. Contact your AEL Product Sales 
Representative . . . or write directly to AEL, 
stating your requirements. Your inquiry will 
receive prompt attention! 

..Élk.rnerican lec ironic 

X_aaboratories, Inc. 
P. 0. BOX 552C, LANSDALE, PENNA. 19446 
(215) 922-2929 Suburban Philadelphia 

Electronic memory of the new Burroughs 
E2100 is in compact circuit unit. Tiny ferrite 
cores woven by intricate wi ,ing provide capa-
city to store 100 words in low-cost compu-
ter's magnetic core memory. No internal 
memory is needed for programming storage. 

NEW BURROUGHS UNIT AIMED 

AT OFFICE MACHINE MARKET 

A new EDP unit aimed at the broad 
middle range of the billion-a-year 
business machine market was an-

nounced by Burroughs Corp. 
The new unit is called E2100 Direct 

Accounting Computer. Priced under 
$20,000, it is a general purpose unit 
designed for both "low end" data 
processing and for accounting machine 
uses, according to Ken T. Renient, 
vice president of marketing. 

Features of five models presented 
include ability to read and write alpha-
numeric data on magnetic striped 
ledgers. There is a choice of punched 
card or punched paper tape output. 
The E2100 conies with either 40 or 

100 words of magnetic core internal 
memory, none of which is needed for 
program storage. All memory ad-

dresses may be chosen automatically 
or at random from keyboard. 

SOUTHERN RESEARCH GROUP 
FORMED IN MISSISSIPPI 

Engineers and scientists from the 
University of Southern Mississippi 
have formed the South Mississippi 
Association for Research and Tech-
nology, it was disclosed by Dr. Charles 

Brent, executive secretary. 
The Association, formed at Hatties-

burg, Miss., in January, will make 
new product and process studies for 

firms in the Gulf Coast area. The 
group lists Ph.D's in mathematics, 
chemistry, physics, biology and geol-
ogy. EDP programming and opera-
tions research are some capabilities. 
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MUST SEE 
AT IEEE 

Booths 3233-3235 

NEW MODEL 

8314 

MICROVOLT POTENTIOMETER 

Brings high accuracy, 

infinite input impedonc, 

fo voltage measurement 

from 0.2 uy to 50 mv. 

MEASURES MINUTE POTENTIALS 

SOLID STATE 

3824, 3834 
FI_LJKE 

VOLTAGE CALIBRATORS 

Voltage calibration 0.01% 
Current calibration • 0.02% 

5 ppm LINE & LOAD REGULATION! 

NEW MODEL 

8404 

ELECTRONIC GALVANOMETER 

Unique solid state design. 

Sensitive to 2 na. 

Panel mount, or in 

51/2 "03"5 'A' metal cose. 

TECHNICALLY UNIQUE, LOW COST 

tNow, linearity of - 0.0025% available in Fluke 

precision decode pots, 

commercial and military! 

PROVED IN PERFORMANCE 

FI_LJKE NEW 50A, 60A 

MIL-SPEC 

DECADE POTENTIOMETERS 

FI_LJKE MONTRONICS 

New 302-303 

FREQUENCY SYNTHESIZERS 

DECIMAL 
READOUT 

Simplified design, improved performance 

COST DOWN, PERFORMANCE UP 

÷ Full line 
showing 

DIFFERENTIAL VOLTMETERS 

THERMAL CONVERTERS 

IMPEDANCE BRIDGE 

POWER SUPPLIES 
and other precision 

test and measurement instruments. 

'FLUKE" 

John Fluke Mfg. Co., Inc. 
Box 7428, Seattle, Wash. 98/33 
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makes 
more kinds of 
mercury relays 
than anybody 

Send 
for a 
free 
catalog. 
A recent addition to the 

Adlake line: the polarized bi-

stable mercury wetted contact 

relay, pictured above, which 

delivers speeds up to 100 

operations per second. Others 

include:time delay; load (con-

tacts open or closed); wetted 

contact ( including epoxy en-

capsulated and sensitive non-

bridging). 

THE ADAMS & 
WESTLAKE COMPANY 

Elkhart, Indiana 

Dept. P-8803 Relay Division 

Dial Area 219 COngress 4-1141 
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BRITISH AIR CRASH MONITOR 
STANDS 1000 G IMPACTS 

An aircraft accident data recorder 
has been developed in Britain. The re-
corder gives a monitored account of 
the last 15 minutes of flight on con-
tinuous loop. It can withstand impact 
shocks of 1000 G. 

Designed to British Ministry of 
Aviation specs, the recorder will be 
installed on supersonic military air-
craft. The recorder will be installed 
in all TSR 2, Britain's low-flying 
tactical strike reconnaissance plane. 

Data is recorded on tape. Six chan-
nels are available for data fed through 
a signal multiplexer, one for speech 
and one for reference frequency. 

NEW UNIVAC PROGRAM MAKES 
TAPES TO RUN MACHINE TOOLS 
A new program to prepare perfo-

rated tapes to machine metal parts 
was announced by UNIVAC. 
The tapes used to direct numerically 

controlled machine tools may be pre-
pared on the UNIVAC III System, 
the firm disclosed. The new program 
is expected to broaden the use for 
EDP-assisted machine tools through-
out the U. S. and Europe. 

Specifically Engineered for 
RF COMPONENTS 

111 A-27 Superfine 

ax 
EXTREMELY LOW-LOSS 

RF LACQUER 
.111  . 

717, g-max 
A- 2 7 

RADIO FREQUENCY 
LACQUER 

- ..... 

Q-MAX impregnating and coating 
composition penetrates deeply, 
seals out moisture, provides a 
surface finish. Q-MAX imparts ri-
gidity and promotes stability of the 
electrical constants of high fre-
quency 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) 
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muumuu. 
Small... 

but, oh my! 

CEC's mighty 
miniature 

d-c amplifiers 
These "famous four" from CEC are 
the most advanced, reliable minia-
ture differential d-c amplifiers ever 
designed. 

They easily withstand extreme 
acceleration, vibration and shock— 
yet provide outstanding stability, 
low output impedance, high input 
impedance and wideband frequency 
response. Plus ... superior linearity 
and hysteresis effects, excellent iso-
lation and common mode rejection. 

As miniature, direct-coupled, true 
differential amplifiers, they are ideal 
for amplification of low-level signals 
in general radio telemetry equipment 
and airborne tape systems. 

1-350 d-c Amplifier 

li Input Impedance-1 megohm h, min. • Full Scale Output—±5 

e• volts into 50,000-ohm load • .- Output Impedance-250 chins 
max. • Output Isolation- 100 megohms 
min. at 50v. d-c 

3-351 Power Supply 
Full Scale Output- 40-48 
volts cl-c, 10 ma max. • 
Excitation Voltage — Fixed 
6.2v ± 5% at 8 ma nom. • 
Regulation— ±0.2% max. 
for + 2 volts, d-c to 400 cps 
100 meg min. at 50 volts d-c 

1-360 d-c Amplifier 
Input Impedance — 100,000 
ohms +10% • Full Scale Out-
put— + 5 volts into 50,000-ohm 

load • Output Impedance-50 ohms max, • 
Output Isolation- 100 megohms min. at 
50 v. d-c - -

1-363 d-c Amplifier .--.1---
Input Impedance- 1 
megohm min. • Full 
Scale Output— + 5 volts 
into 50,000-ohm load • te, 
Output Impedance- 250 ohms max. • Out-
put Isolation-100 megohms min. at 50 v. d-c 

For all the facts, which we believe you'll 
find most impressive, call or write for 
Bulletins in CEC Kit 5034-X4. 

• Isolation 

ECC Tr‘inscluter Division 

CONSOLIDATED ELECTRODYNAMICS 
A SUBSIDIARY OF BELL 8. HOWELL/PASADENA, CALIF. 91109 

INTERNATIONAL SUBSIDIARIES, WOKING, SURREY, ENGLAND 
AND FRANKFURT/MAIN, GERMANY 
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MOBILE MEDICAL RECORDER 

A new 22- inch wide hospital version of 
AMPEX DAS-100 data acquisition system 
moves easily into hospital rooms and between 
beds. System has complete facilities for re-
cording a wide range of physiological data 
for analysis by conventional or advanced 
methods. DAS-100 has magnetic tape trans-
port, record/reproduce amplifiers, low-level 
pre-amps and input couplers plus an oscillo-
scope monitor. Simple master control panel 
controls calibration, record and reproduce, 
event marking. voice annotation functions. 

SUPERSONIC AIRLINER TO BE 
OWN 'NOTCH' RADIO ANTENNA 
The new 1,500 mph Anglo-French 

supersonic airliner—the Concorde— 
set for service in 1967, will be its own 
antenna. 
ITT disclosed the fact with Sud 

Aviation of Paris naming ITT's affili-
ate, Standard Telephones and Cables 
Ltd., of London, to do a study on a 
"notch" antenna system. The system 
would use the wings, tail, and 180-foot 
fuselage of the Mach 2 plane as a 
long-range antenna system. 
STC's "notch" system has been 

used with success in the British Tri-
dent and Vanguard airliners and in 
military aircraft. "Notch" antennas 
are fitted below the skin of the craft 
and covered with glass fiber to restore 
skin contour and eliminate friction 
heat at supersonic speeds. 
The design is expected to cover the 

whole high frequency band with a 
broad radiation pattern. 

ASTM FORMS NEW COMMITTEE 
TO SEEK DIELECTRIC TESTS 
A sub-committee to aid in finding a 

standard test for dielectrics in new 
environments has been formed by the 
American Society for Testing and 
Materials (ASTM). 

The Committee, designated D-9 
Sub-Committee IV, will deal with 
problems in making electrical tests 
and measurements under space-like 
and cryogenic conditions. 

fe, 

CHICAGO Industrial 
STANCOR Transformers 
IttiM 

litAtiSfORMERS air=ma 
CHOKES 
FILTERS 

Booth 1216 — IEEE Show 

Immediate availability from 

over 150 Authorized Stancor 

Industrial Distributors* 

*With back-up stock in depth 

at Chicago, Dallas, Los Angeles, 

New York 

WRITE 
FOR 

CATALOG 
AND NAME OF 

YOUR NEAREST 

DISTRIBUTOR 

ELECTRONIC MARKETING DIVISION 
ESSEX WIRE CORPORA-T-10N 
3501 WEST ADDISON, CHICAGO, ILL., 60618 
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COST 
» RTIONAL 
Qt. OVEN 

J KO-44 Proportional Oven: 
A compact, plug-in oven 
designed for use with both 
crystals and components re-
quiring precise temperature 
control. Advanced circuit de-
sign, excellent performance 
at modest cost. Utilizes a 
thermistor sensing unit fol-
lowed by a high gain DC 
amplifier. Ideal where switch-
ing action of a thermostat 
cannot be tolerated and 
where high stability is a must. 
For specification and per-
formance data, write today. 

THE 
JAMES 
KNIGHTS 
COMPANY 

SANDWICH, ILLINOIS 
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MILLIOHMMETER 
The Model 503 provides fast, ac-

curate direct- readings from 10 

micro-ohms to 1000 ohms. The 

measurement technique involves a 

four terminal ammeter-voltmeter 

method. By using an ac test current 

maximum power dissipation through 

the sample is 10 microwatts. Thus, 

the 503 is useful in dry-circuit test-

ing of contact resistance and safe 

measurement of fuses and squibs. 

• Range: 0.001 to 1000 ohms fs on lin-

ear scales with 13 overlapping ranges 

• Accuracy: 1% of fs on all ranges 

• Output: 100 millivolts 

• Line Operated 

• Max. Sample Dissipation: 10 microwatts 

• Price: $ 675 

also available 

MODEL 502 Milltohmmeter: 

Battery operated ... $390 

Send for catalog giving full details 

I r 1 I—I 

I IV S 1R.„rj Tv1 NrT 

12415 Euclid Avenue • Cleveland 6. Ohio 
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XENON TUBE FLASH OUTPUT 

650 TIMES BRIGHT AS SUN 

A xenon flash tube producing light 
650 tintes brighter than the sun for 
1 msec. is operating at Marshall Space 
Flight Center in Huntsville, Ala. 
The tube has an 11-turn helix of 

optically clear quartz 12 inches long 
‘vith an inside diameter of three 
inches. It is believed to be the most 
powerful xenon flash tube in the 
world. It uses 240,000,000 watts for 
its 1/1000th sec. flash, the power 
needed to run a 60-watt 1)011) for one 
hour. 

Robert J. Schwinghamer, research 
team leader, said that the tube will be 
u,ed to supply needed light to "pump" 
a ruby rod in a powerful laser being 
built by the team. The laser rod is 
about a foot long and 3/4" wide. 
The tube has been flashed a number 

of times, power increased for each 

"shot." When the entire 240.000-joule 
load from a bank of capacitors was 

dumped into the tube, the flash in-
stantly bleached black paper white, a 
sharp report shook the building and 
the flash tube's wooden base was left 
charred and smoking. 

HEATH SERVO PEN 
RECORDER...TYPICAL 
VALUE IN A NEW 
RESEARCH AND TEACH-
ING LAB INSTRUMENTA-
TION SERIES! '4.4.4›.1.-** 

FEATURES AND 

PERFORMANCE WORTH 
FIVE TIMES ITS LOW PRICE! 

Unbeatable value! True potentiometric input. Five 
adjustable ranges: 10, 25, 50, 100 & 250 mv plus 
plug-in 5- pin connectors for special ranges. Rapid 
chart advance; pen lift; paper tear-off guide; option-
al motor speeds; 10" chart; 1 sec. response. Fac-
tory assembled 8. tested. Write for details on entire 
Malmstadt-Enke Lab series! 
Assembled EUW-20A . . 20 lbs. . 
$19 mo $195.00 

L. 

HEATH COMPANY 53-3-1 
Benton Harbor , Michigan 49023 
13 Please send free folder on Lab Series Equipment, 

(3 Please send Free Heathkit catalog. 

Name  

Address  

City Zone State  

(please print) 
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rieFREE I 
THE NEW 

/4 EWARK 
INDUSTRIAL ELECTRONICS 

1964 CATAIOC 
LISTING ALL 

TEXAS 
INSTRUMENTS 
CARBON- FILM AND 

METAL- FILM RESISTORS 

This comparison shows the 
unusual resistance to short-term 
overloads exhibited by TI hard-
glass hermetic resistors. While 
dissipating 40 times its rated load, 
the hard-glass resistor remains 
undamaged while a nonhermetic-
ally sealed resistor has suffered 
catastrophic failure. 

• Immediate Delivery from Stock 

• Factory OEM Prices 

NEWARK CATALOG 75 

• Industry's Most Complete Catalog 
• 628 Pages • Over 70,000 Items 

• Over 600 Standard Brand Lines 
• Seven Stocking Warehouses 
• Over 56,000,000 Industrial 

Electronics Industry 

NEWARK ELECTRONICS CORPORATION 
Main office and warehouse • Dept. El 
223 West Madison • Chicago, Ill. 60606 

Authorized TI Warehouses in: 
CHICAGO, ILL. 

Phone: ST 2-2944 

DENVER, COLORADO 
Phone: SK 7-3351 

GRAND RAPIDS, MICHIGAN 
Phone: 452-1411 

CINCINNATI, OHIO 
Phone: 421-5282 

DETROIT, MICHIGAN 
Phone: JO 4-5490 

LOS ANGELES AREA 
Phone: OR 8-0441 

Other Newark Warehouses in: 
NEW YORK CITY 
Phone: AL 5-4600 
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FREE 
Reprints available 

of this 

8 Page 

REVIEW AND FORECAST 
FOR THE 

ELECTRONIC INDUSTRY 
Article appeared January 1964 

HARDLY MORE THAN A STRIPLING, the electronic in-
dustry already ranks fifth among the nation s leading 
industries. Still another leading industry—aerospace--is 
also largely electronic. 

Other front- rank industries are also supplied to a 
large extent by the electronic industry, including auto 
and chemical industries. There is, in fact, hardly an area 
of our industrial and national economy that has not been 
influenced in some way by the growth of electronics. 

To be sure, the electronic industry is growing. But, 
there may be just a few less Federal dollars to go 
around as we go on toward the next decade. We may 
actually find a completely different market facing us by 
1970. 

GENERAL MARKET ROUND-UP 

Total electronic factory sales for 1963 have been 
charted at about $ 15.3 billion. This figure includes every-
thing in electronics from a Tiros antenna to a personal 
transistor radio. 

We will see another record year in 1964, though per-
haps a bit lower in growth rate. We can look for a record 
16- billion-dollar- plus market in electronics by next Christ-
mas. With some imagination, we can even look ahead 
and see a string of record years to and beyond 1970. 

Still the biggest plunger of the electronic market is 
Uncle Sam. The Federal Government paid out about $9.2 
billion to industry for its electronic products in 1963. It 

REVIEW 
AND 
FORECAST 
FOR THE 
LECTRONIC 
DUSTRY 

From an estimated total output 
of $ 15.3 billion in 1963, 
the electronic industry may rise to 
a total of $22 billion or more by 1970. 
The industry's growth rate 
may begin to recede slightly 
as we near the end of the sixties, 
but there should be record sales years 
up to and beyond 1970. 

also spent nearly $2 billion for electronic research and 
development (R&D). 

Aside from anticipated cutbacks in defense spending, 
military and space contracts wiJI continue as the major 
spending for electronic hardware in 1964. The figure for 
aerospace and defense, plus NASA and FAA, is expected 
to exceed $ 10 billion this year. Of this figure, DOD may 
spend $8.3 billion, and NASA $ 1.6 billion. 

U. S. industry itself took up about $2.7 billion of our 
electronic market in 1963 to help lift the nation's gross 
national product (GNP) to nearly 600 billion. The in-
dustry market was mostly computers, industrial controls, 
and communications equipment throughout all industry. 

Sales of industrial electronic products have by-passed 
consumer sales. The industry market should bring about 
$3 billion for 1964. up about $300 million over 1963. 
By far the largest share-70% to 80%—will continue 
to go into the pockets of computer makers. 

While industry was buying its electronic systems, U. S. 
families from some 60,000,000 homes went out and 
bought about $2.5 billion in TV sets, radios, phonographs, 

A REPRINT OF THIS ARTICLE—CAN BE OBTAINED 
by writing on company letterhead to 

The Editor 
ELECTRONIC INDUSTRIES 

Chestnut & 56th Sts., Phila, 39, Pa. 
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IS YOUR 

BEST SOURCE 
FOR 

SOLDERING LUGS 

TERMINALS 

PRINTED CIRCUIT 
HARDWARE 

sCIstce_* 

çNk, ';k7 I 1 Sb‘d1/4 

› SaetZ\9 
1016._ 

4) k*> 

let> (1 ,4% te 
‘SII41‘te c;lel:111 I) 1/4 %  

HERE'S WHY: 

• Specialized high production 
techniques afford lowest possible 
unit cost. 

• Precision tooling, rigid quality 
control assure tolerances to critical 
specifications. 

• Ample stocks of over 1000 differ-
ent parts permit prompt delivery. 

• Maleo specializes in a complete 
line of small stampings for Radio-
TV, electrical/electronic and auto-
motive industries. 

• Our line includes terminals and 
printed circuit hardware in loose 
or in chain form for automatic 
insert ion 
Let Malco show you how you can save 

on production time and costs Contact 

us today. 

REQUEST 

CATALOG 

NO. 10 

IiiMBRamm> 

MANUFACTURING CO. 

4037 W. Lake St Chicago 24. ;ii. 
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IEEE ELECTS 1964 OFFICERS 

Clarence fl. Linder, a retired Vice 
President of General Electric Co., has 
been elected President of the Institute 
of Electric and Electronic Engineers 
(IEEE), reports the Institute's Board 
nf Directors. Mr. Linder is former 
President of the American Institute of 
Electrical Engineers ( AIEE) merged 
last year with Institute of Radio Engi-
neers ( IRE) to form IEEE. 
Among 26 other officers elected for 

IEEE office in 1964 was Walter E. 
Peterson, President of Automation 
Development Corp., who was elected 

Vice President. 

RCA MASS MEMORY STORES, 

RECALLS 5.4 BILLION DIGITS 

.\ new RCA computer mass memory 
system has "the world's greatest data 
capacity—some 5.4 billion characters 

—at one-tenth the cost of previous 
devices.-

Called RACE ( Random Access 
Computer Equipment) the system 
permits random or " direct" access to 
specific data without searching serially 
through a file; it can be several hun-
dred times faster than magnetic tape. 

Miniature Pre-Amplifiers 
Size 27." x P/2" 

Distortion less than 1% 
Self Powered, Completely Transistorized 

Type A102 
Pre-Amplifier: 
Frequency response 
1 cps to 100 kc. 
Maximum output 4v 
rms. Output imped-
ance 5k. 

A8‘1111 ir•-• 

Type A102M 
Video Amplifier: 
Frequency response 
500 cps to 17 mc. 
Maximum output 3.2v 
rms. Output imped-
ance 86 ohms. 

Type A102E 
Wide Band 
Amplifier: 
Frequency response 
1 cps to 5 roc. Max, 
mum output 4 y 
Output impedance 
250 ohms. 

AD-Yu ELECTRONICS INC 
A AIC N. 1. 

Visit our Booth No. 3105-3106 
at the IEEE Show 
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NEW HUBBELL 

HEX 

POINT 

THREAD 

FORMING 

SCREWS 
• START FASTER 
• DRIVE STRAIGHTER 

• HOLD TIGHTER 

New, Hubbell Hex Point Screws 
answer every thread forming re-
quirement. 

1. They start fast; drive straight. 
2. They require minimum driving 

torque. 

3. They form threads cleanly without 
chips. 

4. They maintain close thread tol-
erances. 

5. They seat securely and resist 
loosening. 

6. They can replace machine screws 
for many applications. 

7. They accept machine screw nuts. 

By standardizing on Hubbell Hex 
Point Screws you can simplify 
screw inventories and reduce assem-
bly costs. They are available in 
most head styles and in all stand-
ard finishes. 

HARVEY 

HUBBELL 
iNCORPORATED 

MACHINE SCREW DEPARTMENT 

Bridgeport, Connecticut 
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KRS Electronics   21 

Licon. Division Illinois Tool Works, Incorporated 75 

Mac Panel Company   51 
Magnetics Incorporated   171 
Malco Manufacturing Company     198 
Minnesota Mining and Manufacturing Co. 

Chemical Division   145 
Mitre Corporation, The   133 
Mobay Chemical Company   73 
Motorola I ncorporated 

Recruitment Division   134 
Precision Instruments   40 
Semiconductor Products, Inc.   114, 115 

N 

Newark Electronics Corporation   196 
Nytronics, Incorporated   187 

o 
Ohmite Manufacturing Company   71 

Perfection Mica Company 
Magnetic Shield Division   166 

Philco, Subsidiary of Ford Motor Co. 
Lansdale Division   113 
Sierra Electronic Division   7 

Polarad Electronic Instruments .. Insert Fol. p. 142 
Potter & Brumfield 

Division of Machine & Foundry Company 26, 27 
Power Designs, Inc.   42 
Pyle- National Company, The   32 

Q 
Q- Max Corporation   194 

R 

Radio Corporation of America 
Electronic Components and Devices 169, Back Cover 

Radio Materials Company   158 
Reeves.Hoff man 

Division of Dynamics Corporation of America 172 
Reeves Instrument Company   68 
Resinite Corporation   136 
Resistance Products Company   77 

S 
187 Sigma Division 

Sigma Instruments, Inc.   87, 89 
Signalite Incorporated   58 
Siliconix Incorporated   10 
Singer Company Metrics Division, The   135 

154 Sola Electric Company   Insert Fol. p. 52 
Sperry Semiconductor 

148 Division of Sperry Rand Corporation   60 
6 Sprague Electric Company  2, 4 
50 Standard Condenser Corporation   130 

123 Stevens Manufacturing Company, Inc.   24 
126 Stoddart Aircraft Radio, Subsidiary of 
159 Tamar Electronics, Incorporated   66 

Sylvania Electric Products, Inc. 
Electronic Tube Division   183 
Semiconductor Division   22, 23 

84 Syntronic Instruments, Inc.   170 

T 
131 TA Manufacturing Corp.   186 
130 Tektronix, Inc.   106 107 
198 Telex/Acoustic Products   165 

Trak Microwave Corporation   200 
86 Triad Distributor Division   124 
157 Trygon Electronics, Inc.   93 

196 

U 

United Transformer Corporation Inside Front Cover 
U. S. Stoneware, Alite Division   146 

Victoreen Instrument Company, The   152 
VIchek Plastics Company   187 

Wayne Kerr Corporation   
Western Rubber Company, The 

161 
170 

X 

Xcelite Incorporated   190 
Xerox Corporation   85 

Zero Manufacturing Company   160 
Zierick Manufacturing Corp.   136 
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REGIONAL SALES MANAGERS 

Philadelphia 19139-56th & Chestnut Sts. 
(Area Code 215) SHenvood 8-2000 
JOSEPH DRUCKER 
ROBERT Q. HINCKLE, Jr. 

New York 17-100 East 42nd St. 
(Area Code 212) OXford 7-3400 
GERRY PELISSIER 
HUGH ROBINSON 

W. Hartford, Conn.-62 LaSalle Rd. 
(Area Code 203) 2364237 
AL KAISER 

Boston (10), Mass.-10 High St. 
(Area Code 617) Llberty 2-4460 
ROBERT G. SMITH 

Chicago (11)-540 N. Michigan Ave. 
(Area Code 312) 467-9660 
JOHN W. BERNHARDT 
PHILIP T. CLARK 

Cleveland (15)-601 Rockwell Ave. 
(Area Code 216) SUperior 1-2860 
ROBERT COBURN 

Los Angeles (57)-198 S. Alvarado St. 
(Area Code 213) DUnkirk 7-1271 
GEORGE F. KELLEY 
BURT UNDERWOOD 

San Francisco (3)-1355 Market St. 
(Area Code 415) 861-7107 
DON MAY 

Atlanta (9)-1776 Peachtree St. N.W. 
(Area Code 415) 861-7107 
JOHN W. SANGSTON 

Dallas (6)—Meadows Bldg. 
Expressway at Milton 
(Area Code 214) EMerson 3-6426 
HAROLD E. MOTT 

EUROPEAN SALES OFFICES 

London, S. W. (1)-67/68 Jermyn St. 
St. James 
MAX F. HOLSINGER 

Dusseldorf—Huttenstrasse 17 
Am Ernst-Reuter-Platz 
MAX F. HOLSINGER 

FAR EAST SALES OFFICE 

Tokio Marunouchi, Japan 
C. P. 0. Box #1572, Room 814 
Tel.: 211-3506-3509 
login Bldg. 
CLARENCE T. SAKAGUCHI 
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miummimm 
Master 
Eraser 

CEC's high 
performance 

Automatic Tape 
Degausser 

The CEC TD-2903 Automatic Tape 
Degausser has set a new standard 
of efficiency for the erasure of all 
types of magnetic tape. 

Here are some of the TD- 2903's 
significant advantages: 

• Degausses magnetic tapes a nom-
inal 90 db below saturation level 
in only 120 seconds. 

• Accepts all reel sizes; tape widths 
from Vs" to 2",including video tape. 

• Anyone can operate it. Just press 
a button, and the tape is auto-
matically erased. 

• Weighs only 90 lbs. (15" x 12" 
x 23') so will fit a bench top, 
RETMA rack or cabinet. 
• Virtually maintenance-free due 
to superior components and 
simplicity of design. 

Add up the reasons for selecting 
CEC's TD-2903, and you can under-
stand why it is becoming so popular 
with both the electronics and 
broadcasting industries. 

For further information, call or write 

for Bulletin CEC 2903-X8. 

CEC 
Data Recorders Division 

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

AND FRANKFURT/MAIN, GERMANY 

Circle 145 on Inquiry Card 

EIA ENGINEERING DEPT. 

FORMS SPARK GAP GROUP 

Electronic Industries Association 
has announced a new Committee to 
look into standardization of spark 
gaps in electronic equipment used in 
military, industrial and commercial 
systems. 

EQUIPMENT, MATERIALS, 

PARTS & COMPONENTS 

' 

I METROPOLITAN SUPPLY CORP. 
443 PARK AVE SOUTH • NEW YORK 16. N. Y. 

212- MU 6-2834 

.r.............em.r.rme. 

TOP BRAND ELECTRON TUBES 

* TERRIFIC SAVINGS * 

• FREE BUYERS' GUIDE • 

WE PAY 

TOP DOLLAR 
FOR YOUR 

ELECTRONIC SCRAP 
• Precious & Semi- Precious Metals 

• Alloys 

• Electronic parts of all types 

Submit samples for analysis 

MAX ZUCKERMAN & SONS 
Dept. El, Music Fair Road, Owings Mills, Md. 

Tel. 484-0400 (Area Code 301) 

POWER MODULE 

• Outputs from 5 volts to 10 KV 
• Power range 5 to 240 watts 
• Designed to 
MIL SPECS 

These miniature, solid state modules 
convert 115 watts 400 cps power to 
any DC voltage from 5 to 3650 VDC 
on standard models, with up to 10KV 
available on "specials." Units are 
regulated to a close 0.5% for an 
input change of 105 to 125 VAC. 
Ripple is only 0.2% RMS. True her-
metic sealing is provided to meet the 
MIL-E-5272C missile environment. 

Prices begin as low as $170.00 
Smallest size: 23/4" x 23/4" x 3" high 

Delivery: most units from stock 
Send for complete 20 page catalog— 

or see LEM pgs. 1255-1259. 

abbott transistor 

1-" ORATORIES. 11.• CON POR•TED 

3055 Buckingham Rd. • Los Angeles 16 

Direct Dial 213 • REpublic 1-9331 

Circle 146 on Inquiry Card 

NOW 
PULSE 
SERVICE 
at X-Band! 

For more than a year Irak Microwave 
has been making news with o growing 
family of triode oscillators at X-Band. 
First the 9170 CW oscillator announced 
a year ago which is now an off-the-
shelf production item. Then electronic 

tuning capability and now pulse service, 
plate or grid, for use as transmitter 
oscillators in X-8and bepcorts, high 
altitude sounding rockets and other 
applications. These oscillators cover 
X.Band from 8.5 to 9.6 Oc. An out-

standing feature is that 500 Mc con-
tinous manual • tuning range can be 
provided in any one device by opti-
mizing the coupling of the output con-
nector for the desired frequency range. 
Send for full information. 
If you're in a hurry PHONE COLLECT — 

TAMPA 877-6735 or TELEX 052827. 

TYPICAL SPECIFICATIONS 
FREQUENCY: 8.5 to 9.6 Oc. 
TUNING: 500 Mc continuous by optimizing 
the coupling of output connector for the 
desired frequency range. 
PHYSICAL DIMENSIONS: Size, 2 3/16" 
long, 11 16" dia., excluding grid and 
output protrusions; weight, 3 ozs.; mount-
ing, customer requirements. 
FREQUENCY STABILITY: vs. temperature, 

Mc - 55 to - 100'C. 
SHOCK: 100 G. 
VIBRATION: 15 G 20-2000 cps. 
OUTPUT CONNECTOR TYPE: TNC. 
OUTPUT COUPLING: Inductive, adjustable• 
GRID PULSE SERVICE 
PART NO: 9170-1017. 
POWER OUTPUT: 2 watts minimum from 
8.5-9.4 Go 1 watt minimum, 9.4-9.6 Gc, 
POWER INPUT REQUIREMENT: Ep=350 V, 
EN!. 6.3 @ . 30 nominal. Bias-20 V nom. 
PULSE WIDTH: Min. 40 nanoseconds. 
RISE TIME: 16 nanoseconds. 
DUTY CYCLE: .005. 
PLATE PULSE SERVICE 
PART NO: 9170-1018. 
POWER OUTPUT: 25 watts minimum from 
8.5-9.4 Ge; 10 watts minimum from 9.4 to 
9.6 Gc. 
POWER INPUT REQUIREMENT: Modulator 
1200 V @ .60 peak nominal; fil. 6.3 v 

.3a nominal. 
PULSE WIDTH: .5 microseconds. 
RISE TIME: 25 nanoseconds. 
DUTY CYCLE: . 001. 

EE US AT IEEE 

— AMERICANA 

TRAK 
Microwave 

SHOW — TRAK SUITE 

HOTEL. 

TRAK 
MICROWAVE 
CORPORATION 

5006 N. Coolidge Ave 
Tampa 3, Florida 

Specialists In Miniature 
Microwave Energy Sources 
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New!    
Brush    

 ,  

  records   
35 cps  .-

full scale --.,  
-  on 80mm ---

«MM«  

The new portable Mark 280 doubles resolution of traces without sacrificing frequency response! And . . . 

you get instantaneous rectilinear ink records of unparalleled accuracy and clarity. Forced fluid writing 

presents traces, at frequencies to 35 cps full scale, on low cost chart paper. Dual channels each have 50 

divisions in an 80 mm width, with trace width constant at one-tenth of a chart division. So now, you can 

easily detect minute signal variations and take full advantage of a system accuracy. Matched solid-

state amplifiers provide a sensitivity of 0.5 millivolts/div. Operating controls include attenuator, pen-

speeds. No other recorder can match the total 
position, variable gain and 12 push-button chart 

rush INSTRum ENTS 
capability of the Mark 280. Write for details. DIVISION OF ICI-ENZITE  I 37,H AND PERKINS, CLEVELAND 14 OHIO 

Circle 148 on Inquiry Card 



This circuit... 

with these two low-cost output transistors 
gives you audio power output like this 

(25 watts—virtual y flat from 8 to 30,000 cps!) 

+5 

DB 0 

—5 

100n, 1000% IOKC 100KC 
FREQUENCY 

with total harmonic distortion like this 
(less than 1% from 11 cps to 15,000 cps at 25 watts) 

1.5% 

O 
10nr 100,u 1000,u IOKC 100KC 

FREQUENCY 

...plus the magic of "Transistor Sound" 
Hard to believe.., but true! RCA Drift-Field High-Power Audio Transistors can put the difference 
of "transistor sound" into your high-fidelity amplifiers— at low, low cost! Two RCA 2N2147 Drift-

Field germanium P-N-P transistors can deliver 25 watts audio output with less than 1% inter-
modulation distortion and with essentially flat frequency response from 8 cps to 30 Kc. 

Low cost is only part of the story. 
Additional benefits— as in all RCA germanium audio transistors— include exceptional uniformity, 

high linearity, excellent stability, broad frequency response and high beta. 
Positive proof: most of the originators of quality solid-state hi-fi units use RCA audio transistors. 

And the "new generation" of RCA audio transistors now available deliver still better performance 

at lower cost. 
RCA Top Value transistors and silicon rectifiers include all the solid-state devices you need to 

design virtually anything from a 1.0-watt-per-channe F commercial phonograph to a 35-watt-per-
channel professional stereo amplifier. For information oil specific types or the complete line, see 

your RCA Field Representative. Or write: Commercial Engineering, Dept. E J3, RCA Electronic 

Components and Devices, Harrison, N. J. 

AVAILABLE THROUGH YOUR RCA DISTRIBUTOR 

RCA ELECTRONIC COMPONENTS AND DEVICES, HARRISON, N.J. 

The Most Trusted Name 
in Electronics 
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