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AUDIO TRANSFORMERS 
DO-T Prl. D.C. Ma.t Sec'. Pri. Res. Pri. Res. Mw Dl-T 

No. Imp. in Pri. Imp. DO-T 01-T level No. 
DO-T44 80 CT 12 32 split 9.8 11.5 500 Dl-T44• 

DO-T29 

DO-T12 

DO-T13 

DO-T19 
DO-T30 

DO-T43 

DO-T42 

DO-T41 
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DO-T4 
DO-T14 

DO-T31 

DO·T32 

DO-TlS 

DO-T21 
DO-T3 
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DO-T16 

DO-T33 

DO-TS 
DO-Tl7 

DO-T22 
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*DO-TSl 

DO-T37 
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DO-TlS 

DO-T3S 

*DO-T4S 

•DO-T47 
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DO-TlO 

DO-T2S 

DO-T3S 

DO-TU 

DO-T36 

DO-Tl 

DO-T23 

DO-T39 

DO-T40 

DO-T46 
DO-T7 
DO-T24 

100 CT 10 40 split 
120 CT 10 3.2 
150 CT 10 4 
150 CT 10 12 
200 CT .IO 16 
300 CT 7 12 
400 CT 7 16 
300 CT 7 600 
320 CT 7 3.2 
400 CT 7 4 
400 CT 8 40 split 
500 CT 6 50 split 
400 CT 8 120 split 
500 CT 6 150 split 
400 CT 8 400 split 
500 CT 6 500 split 
500 3 50 
600 3 60 
500 CT 5.5 600 
600 3 
600 CT 5 
800 CT 5 
640 CT 5 
800 CT 5 
800 CT 4 

1000 CT 4 
800 CT 4 

1070 CT 4 
900 CT 4 

1000 3 
1200 3 
1000 CT 3.5 
1250 CT 3.5 
1000 CT 3.5 
1330 CT 3.5 
1060 CT 3.5 
1330 CT 3.5 
1200 2 
1500 CT 3 
2000 CT 3 
1500 CT 3 
1600 CT 3 
2000 CT 3 
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12 
16 
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3.2 
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50 
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20 
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43 
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71 

71 
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86 
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2000 CT 
2500 CT 

3 2000 split 195 

2000 CT 
2500 CT 
4000 CT 
5000 CT 

7500 CT 
10,000 CT 

8000 CT 
10,000 CT 
8,000 CT 

10.000 CT 
9.000 CT 

10.000 CT 
10.000 
10.000 
12.000 
10.000 
12.500 
10.000 CT 
12.000 CT 
10.000 CT 
12.000 CT 
10.000 
12.500 
10.000 CT 
12.000 CT 
20.000 
30.000 
20.000 CT 
30.000 CT 
20.000 CT 
30.000 CT 
40.000 CT 
50.000 CT 

100,000 CT 
200.000 
200.000 CT 

3 2500 split 
3 8000 split 195 
3 10,000 split 
2 8000 CT 320 
2 10,000 CT 
1 12 505 
1 16 
1 3.2 505 
1 4 
1 1200 CT 640 
1 1500 CT 
1 9000 CT 850 
1 10,000 CT 
1 3.2 790 
1 500 CT 780 
1 600 CT 
1 1200 CT 780 
1 1500 CT 
1 1500 CT 780 
1 1800 CT 
1 2000 split 560 
1 2400 split 
1 2000 CT 780 
1 2500 CT 
1 10,000 CT 975 
1 12,000 CT 

.5 800 830 
.5 1200 
.5 800 CT 830 
.5 1200 CT 
.5 1000 split 800 
.5 1500 split 
.25 400 split 1700 
.25 500 split 

0 500 CT 7900 
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0 1000 CT 8500 

20 

50 

50 

65 

32 

53 
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87 
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870 

870 

870 
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870 
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815 
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DO-TSH Drawn Hipermalloy shield and cover 20 /30 db 
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500 Dl-T19 
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500 Dl-T43• 
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500 Dl-T41 * 

100 Dl-T2 

500 DT-T20 
100 
500 

500 

500 

500 

500 Dl-T21 
100 Dl-T3 

100 

500 

500 

100 DI-TS 
500 

500 Dl-T22 
500 

100 Dl-TSl* 

100 Dl-T37* 

100 Dl-TS2* 

100 

100 

100 

100 

100 
100 Dl-T9 

100 Dl-TlO 

100 Dl-T2S 

100 Dl-T3S• 

100 DI-TU 

100 Dl-T36 

50 DI-Tl 

50 Dl-T23 

50 

50 

25 
25 
25 

Dl-TSH 
tDCMA shown is for single ended useage (under 5% distortion-100MW-IKC) .. for 

push pull, DCMA can be any balanced value taken by .5W transistors (under 5 % distor­
tion-500MW-l KC) 00-T & 01-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 
1,300 UTC TOP QUALITY 

STOCK ITEMS 
IMMEDIATELY AVAILABLE 

from your local distributor. 

DO-T 01-T 

DO·TSDl·T 
Transistor TRANSFORMERS. 

and INDUCTORS 
ALL ITEMS SUCCESSFULLY TESTED 

TO COMPLETE MIL-T-278 
ENVIRONMENTAL REQUIREMENTS 

*1 6 New Items Added to Stock L ine 

IMMEDIATE DELIVERY ff3!k 
~ ......... '°°. ""°" 000. ""'"""' " 

~~ , ~ 
; ·

2 

,' 0 114(11 ... 100 ~ ..,., ' ..... . .. 
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TYPICAL OO·T PEftFORMAHCE • 
SClt..-c[, AATEOPAI. IW. AN00.C. 
l..Ori'oD 1RATEOSl:C . W . 

High Power Rating ................................ up to 10 times greater 
Excellent Response ............ .. .. .. ...... .. .. twice as good at low end 
Low Distortion ........ .. .......... .. ........... .. ................... reduced 80% 
High Efficiency ............... up to 30% better ... comoare OCR 
Moisture Proof .... .. ........ .. ...... hermetically sealed to MIL-T-278 
Rugged . .. .................. Grade 4, completely metal cased 
Anchored Leads ...... ...... .... ... . will withstand 10 pound pull test 
Printed Circuit Use .... .... (solder melting) nylon insulated leads 
Suited to Clip Mounting .. ............ .. .. use Augat #6009-BA clip 

OO ·T 
No. 

•DO-TSO 
(2 wdgs.) 

DO-T2S 

DO-T27 

DO-TS 

DO-T26 

*DO-T49 
(2 wdgs.) 

INDUCTORS 
Inductance 
Hys riil ma 

~.075 Hy /10 ma, .06 Hy /30 ma 
§~.018 Hy /20 ma, .015 Hy /60 ma 
.3 Hy /4 ma , .15 Hy /20 ma 
.1 Hy /4 ma, .08 Hy /10 ma 
1.25 Hys /2 ma, .5 Hy /11 ma 
.9 Hy /2 ma, .5 Hy /6 ma 
3.5 Hys /2 ma, 1 Hy /5 ma 
2.5 Hys /2 ma , .9 Hy /4 ma 
6 Hys /2 ma , 1.5 Hys /5 ma 
4.5 Hys /2 ma, 1.2 Hys /4 ma 
~20 Hys /1 ma, 8 Hys /3 ma 

H5 Hys /2 ma, 2 Hys /6 ma 

00 -T 
OCR!} 

10.5 
2.6 
25 

100 

560 

2100 

5100 
1275 

01-T 01-T 
DCR!l No. 

25 Dl-T2S 

105 Dl-T27 

630 DI-TS 

2300 Dl-T26 

POWER TRANSFORMERS 
*DO-T400 Pii 28V 380-1000 cycles, Sec 6.3V ri1l 60 ma 
*DO-T410 Pri 28V 380-1000 cycles, 2-Sec 6.3 ® 30 ma each 
*DO-T420 Pri 28V 380-1000 cycles, Sec 28V <W. 20 ma (lsol. Electrostatic Shld.) 

UNITED® TRANSFORM ER CO. 
DIVISION OF TRW INC. • 150 VARICK STREET, NEW YORK, N. Y. 10012" 

Circle 900 on reader service card 



New hp 651Band652A Test Oscillators: 

FLATNESS, STABILITY and ACCURACY 
from 10 Hz to 10 MHz 

(hp), 6518 TEST OSCIU.ATOR I --F"REQUENCY-----"l 
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AMPUTUOE .... 

10 11 12 13 14 15 16 17 18 19 20 21 22 
(TI ME HOURS) 

Typical Frequency Stability ( ± 0.023) at 5 MHz for 22 Hours. 

eTwo outputs: 200 mW into 50Q, 16mW into 600Q 

APPLICATIONS: Use the new wide-band, solid-state hp 
651B and 652A Test Oscillators for laboratory and pro­
duction applications, in the presence of shock, vibra­
tion or high-frequency radiations. Both models are ideal 
for calibration of voltmeters because of accurate at­
tenuator and output monitor. 

These oscillators are specifically designed for testing 
television amplifiers, audio amplifiers, filter networks, 
tuned circuits, telephone and telegraph carrier equip ­
ment, and for testing audio and video tape. 

PERFORMANCE FEATURES: Oscillator circuitry has hp 
precision tuning capacitor and peak detector automatic 
gain control to insure a flat output throughout the•entire 
frequency range. Solid -state, low-impedance circuitry 
and a shielded power supply transformer reduce out­
put hum and noise to less than 0.05%. 

Output attenuator has a 90 dB range in 10 dB steps, 
with a 20 dB coarse and fine concentric amplitude con­
trol for increased resolution in setting output volta ge. 
Output monitor is calibrated to read volts or dBm into 
a matched load. 

652A: Specifications of two oscillators are identical ex­
cept that the 652A has the ability to monitor output 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
TIME !HOURS! 

Typical Amplitude Stability ( ± 0.13) 
at Mid-Band Frequencies for 17 Hours. 

amplitudes within 0 .25% over the entire frequency range 
of the instrument using 
the X20 expanded scale . 
Readings on the upper­
most scale of the 652A 
are in percent for quick 
reading of frequency re­
sponse measurements . 652A Expanded Scale Monitor 

For full specifications on the new hp 651B and 652A 
Test Oscillators, contact your nearest hp field engineer. 
Or , write to Hewlett -Packard, Palo Alto, California 
94304, Tel. (415) 326-7000; Europe : 54 Route des 
Acacias, Geneva . Price: hp Model 651 B Test Oscillator, 
$590.00; hp Model 652A Test Oscillator, $725.00. 

116A 

Circle 1 on reader service card l 
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HEWLETT-PACKARD 
MAGNETIC RECORDING 
SYSTEMS THRIVE ON 
ANYTHING YOU 
FEED THEM 

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

Circle 2 on reader service card 

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

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

and rack adapter. 

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

HEWLETT fl!p PACKARD 
measuring instrument! ' 
/OT science and indut7'11 

P-450 
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Design theory 88 Computer-aided design, part 4: 
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Readers Comment 

Engineer inertia 

To the Editor: 
In reading the article "Low-fre­

quency noise predicts when a tran­
sistor will fail" [Nov. 28, 1966, p. 
95], I was rather more surpri sed 
than pleased to note the fir st sen­
tence: "A new method for predict­
ing the life expectancy of a tran­
sistor-based on measurin g the 
device's noise at 1,000 hertz-could 
make transistor reliability studies 
simple and more accurate." 'Ve de­
veloped this concept over five years 
ago. 

'Ve are not overly disturbed by 
the fact that credit for the origina­
tion of an important reliability tool 
was given some five years late to 
the wrong source. After all , mis­
takes can b e made with the b es t 
intentions. But we continue to be 
disturbed by the fact that this con­
cept has never b een fully accep ted 
by the engineering public, espe­
cially those who should b e most 
interes ted in th e ultimate in reliabil­
ity, such as the military and aero· 
space agencies. 

Quan-Tech has never claimed 
that noise analysis would suppl ant 
oth er methods of reliability testing. 
'Ve have always proposed it as an 
additional method of weedin g out 
failure-prone components that could 
not be detec ted by any of the more 
commonly accepted mean s. 

It is a sad commentary on the 
rigidity of thinkin g and mental 
inertia of th e majority of reliabili ty 
engineers that they have b een un­
w illing to experiment with a new 
concept. Th eir blind in sistence on 
s ticking to a purely statistical ap­
proach to reliability indicates a lack 
of original thinking and fl exibility. 
After all , the failure of on e tran sis­
tor can endanger the life of an air­
plane or spacecraft pilot; yet most 
of the reliability people were un­
willing even to investigate whether 
noise analysis could possibly elimi­
nate failure-prone components. 

Some two years ago we finall y 
received a XASA contract for a 
statis ti cal analys is of the relation­
ship lwtwcen no ise and reliability 
in sili con planar transistors . Cor­
relation hctwcen excessive noise 
and failu re was excell ent durin g the 
early part of the tes t; however it 
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Did you kno\N 
Sprague makes ... ? 

UNICIRCUIT® mW RTL 
INTEGRATED CIRCUITS 

*SERIES SE100, NE100, US700 
DTL LOGIC (Signetics CS700) 

T0-5 CASE 

Types US-0908 through 
US-0921 ••• Fully inter· 
changeable mW digital 
building blocks featur­
ing power consumption 
of 2 mW/node and prop­
agation delay of 40 nsec 

Check 40 Reader Se1·vice Card 

UNICIRCUIT® CUSTOM 
HYBRID CIRCUITS 

Combine monolithic silicon circuits with 
tantalum or Ni-Cr alloy resistors. Close 
resistance tolerances, low temperature 
coefficient. Resistor matching, ± Yz 3. 

DIGIT AL-TO-ANALOG 
CONVERSION CIRCUITS 

UT-1000-Four-bit ladder network 
UD-4001-Ladder switch for driving 

resistor ladder networks 
UD-4024-Buffer amplifier 

~ 
~Package-

Two operating temperature ranges: 
-55 C to +125 C and 0 C to +70 C. 
NANO/NOR gates, clock and line driv­
ers, gate expanders, RST and J K binary 
elements, one-shot multivibrator. 

Check 4 1 Reader Service Card 

LOW-COST HERMETICALLY­
SEALED PLANAR TRANSISTORS 

TQ SERIES (PNP) 
Low Level Amplifiers 

High Gain Switch/Amplifiers 
High Speed Switches 

TN SERIES (NPN) 
High Voltage Switches 
Low Level Amplifiers 

High Speed Switch/ Amplifiers 
Choppers 

T0 -18 Power Amplifiers T0-5 
CASE Core Drivers CASE 

ctr 

TW-3000 MICROPOWER PNP 
SILICON HIGH-~PEED 

SWITCHING TRANSISTORS 

Vi> 

T0-18 
CASE 

Fastest switching transistor 
available in the 
1 to lOOµA range 

C;b = 0.7 pF typ. , 1.5 pF max. 

Cob= 1.5 pF typ., 2.5 pF max. 

SPRAGUE COMPONENTS 

INTEGRATED CIRCUITS 

THIN-FILM MICROCIRCUITS 

TRANSISTORS 

CAPACITORS 

RESISTORS 
<4 SS·612 BR3 

PULSE TRANSFORMERS 

INTERFERENCE FILTERS 

PULSE-FORMING NETWORKS 

TOROIDAL INDUCTORS 

ELECTRIC WAVE FILTERS 
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CERAMIC-BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES 

BOBBIN and TAPE WOUND MAGNETIC CORES 

SILICON RECTIFIER GATE CONTROLS 

FUNCTIONAL DIGITAL CIRCUITS 

UNICIRCUIT® RCTL 
INTEGRATED CIRCUITS 

(BX actual size) 

Sprague Series US-0100 ... a com­
plete line of monolithic digital build­
ing blocks featuring low power 
consumption (2 mW typ.) 

Check 39 Reader Service Car 

MULTIPLE TRANSISTORS 
(NPN-PNP PAIRS/QUADS) 

fl/I ;#ffJ If 
AMPLIFIERS SWITCHES CHOPPERS 

Pairs 

2 NPN 
2 PNP 
1 NPN-1 PNP 

Quads 

4 NPN 
4 PNP 
2 NPN-2 PNP 

DIFFERENTIAL AMPLIFIER 
TRANSISTOR PAIRS 

T0 -18 
CASE 

~ 
FLAT 
PACK 

NPN or PNP • Matched characteristics. 
hrE = 10-203. ~ VaE = 5-20 mV. 
~ VaE /Temp = 5-20µV /°C. 

* Available from Sprague Electric 
under technology interchange 

with Signetics Corp. 

For complete technical data 
on any of these products, 

write to: 
Technical Literature Service 

Sprague Electric Company 
35 Marshall Street 

North Adams, Mass. 01247 

SPR~GUE® 
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1680-A Triples Output 

Circle 6 on reader service card 

Cardwell Condenser Corporation 
uses the Type 1680-A Automatic 
Capacitance Bridge Assembly to 
test variable air capacitors by 
checking them at more than five 
points across the dial. The 1680-A 
is not only more accurate than the 
bridge it replaced, but the 
remarkable speed with which it 
measures has tripled output and 
eliminated the need to hire 
additional test personnel. 
Gove rnment inspectors find this 
bridge thoroughly acceptable. 

The 1680-A automatically selects 
C and D (or G) ranges, then 
balances and displays measure­
ments in digital form showing 
decimal point and units of 
measurement. Measurement takes 

Photo courtesy of Cardwel I Condenser Corporation 

only 0.5 second at 1 kHz under 
worst conditions. Basic accuracy 
is 0.1 % of reading for C and G, 
1 % ±0.001 of reading for D. 
Measurement range is 0.01 pF to 
1000 µF. The bridge provides BCD 
output; completely automated 
systems can be supplied. Price of 
1680-A: $4975 in U.S.A. 

For complete information, write 
General Radio Company, 22 Baker 
Avenue, W. Concord, Mass. 01781; 
telephone: (617) 369-4400; 
TWX: 710 347-1051. 

GENERAL RADIO 

,. 
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later apparently became masked by 
other failure mechanisms, probably 
due to excessive dissipation during 
aging of the transistors under 
power at high temperatures. To 
date the results of the study have 
not been released by NASA and no 
furth er action has been taken on 
the program. 

Commercial manufacturers were 
much more receptive to our philos­
ophy because they found from ac­
tual experience that it could save 
them money. A major manufacturer 
of automobile radios reduced his in­
Dlant and field failures from annrox­
imately 3% to far less than 0.1 % by 
noise testing all transistors before 
assembly into the radios. A manu­
facturer of electronic organs , after 
having to recall a large percentage 
of his production due to transistor 
failure , instituted 100% noise 
screening of transistors b efore as­
sembly, resulting in an equally im­
press ive reduction in failures . 

John M. van Beuren 
President, 
Quan-Tech Laboratories Inc. 
Whippany, N.J. 

Questioning low-cost voltmeter 

To the Editor: 
The article "Digital meters for 

under $100" [Nov. 28, p. 88] can 
lead users to believe that instru­
ment manufacturers are pricing 
their equipment exorbitantly high 
and that they are not offering good 
dollar value. 

The author is not b eing realistic 
in believing that the described 
voltmeter could be built to sell for 
less than $100. At today's prices, 
the cost alone for the decade coun­
ters and readout is in excess of 
$170. Based on bes t possible fore­
casts, this price can be expected to 

r--- ------- -

remain for some time in excess of 
$80. In addition, such items as 
power supplies, printed-circuit 
boards, package, switches, check­
out, and wiring labor would realis­
tically price the design as shown 
into a range of $600 to $800. 

I have no quarrel with Schmid 
over circuit des ign or details , and 
I agree that multifunction 1c's will 
bring prices down; however, be­
lieving that a greater-than-ten-to­
one price reduction will be achiev­
able in the near future is misleading 
and-at this point in time-wishful 
thinking. 

James Nelson 
Digital Voltmeter Project Manager 
Dana Laboratories Inc. 
Irvine, Calif. 

• The article quite clearly stated 
that a $100 price depended on mass 
production and certain improve­
ments and modifications of the 
prototype. Its purpose was to show 
the kind of savings that are possible 
with integrated electronics, not that 
voltmeter prices were out of line. 
Industry rumors hint that a $200 
voltmeter with re's will be intro­
duced at the IEEE show in New 
York in March. 

Enter the millishift 

To the Editor: 
The milliday [Nov. 14, 1966, p. 

43] is an interesting concept. But 
why not a millishift? Assume an 
8-hour shift plus 10 minutes grace 
for getting from parking lot, plus 
10 more for return. 

Thus a millishift is .00833 1/3 
hours. And conveniently it is half 
a minute. 

Lexington Research 
Lexington, Mass. 

Otis N. Minot 

-------------i 
SUBSCRIPTION SERVICE t--~~~~~~~~~--- 1 

Please include an Electronics Magazine address 
label to insure prompt service whenever you 
write us about your subscription. 

Mail to: Fulfillment Manager 
Electronics 
P.O. Box 430 
Hightstown , N.J. 08520 

To subscribe mail this form with your payment 
and check D new subscription D renew my 
present subscription 

Subscription rates : in the U.S.: 1 year $8; two 
years, $12; three years, $16. Subscri ption rates 
for foreign countries available on request L _________ _ 
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What is this? 
This display is the output of a typi­
cal regulated power supply when 

pulse loaded with the new PM Test 
Set. This waveform gives you a pre­
cise measurement of transient re­
sponse and DC output impedance .. . 
plus a direct indication of proper 
regulation and loop stability. 

What is this? 

.. 
The new Pacifi c Measurements 
Model 1003 Power Supply Test Set 
that contains an electronic load 
capable of pulse loading a power 
supply up to 20A and 70V. The PM 
1003 operates in both the pulse 
and DC mode. Regulated load cur­
rent is continuously adjustable 
and is monitored by a front panel 
meter. A guarded input differential 
amplifier allows measurement of 
microvolt ripple with an ordinary 
oscilloscope. 

If you make, use, or sell regulated 
power supplies, you need this new 
PM Test Set. 

Let us prove it - write or call 

~M~ PACIFIC 
MEASUREMENTS 
INCORPORATED 

940 INDUSTRIAL AVENUE, 
PALO ALTO , CALIFORNIA 

(415) 328-0300 

Circle 7 on reader service card 7 
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What's new 
• 1n 
computer­
grade 
capacitors? 
New ripple ratings­
about 4 times higher 
per unit case size. 

New capacity ratings-
up to 280,000 mfd at 3 volts; 
twice as much rating per case size. 

New lower equivalent series resistance; 
more efficient filtering . 

Get all the news from Mallory. 
Write for Bulletin 4-80. 

Mallory Capacitor Company, 
a division of P. R. Mallory & Co. Inc., 
Indianapolis, Indiana 46206 

MALLORY 
Circle 8 on reader service card 

People 

In his three years at NASA, James 
C. Elms has been far from the basic 
research laboratories; he guided 
operational 
mann e d flight 
programs. Now 
he's b ee n ap­
pointed to direct 
NASA's Elec tron­
ics R e s e a r ch 
Center in Cam­
bridge, Mass., 
and he will use James C. Elms 

this experience to guide the devel­
opment of much of the equipment 
that's used for space flight. 

The 50-year-old physicist suc­
ceeds Winston Kock, who recently 
reh1rned to the Bendix Corp. as di­
rector of research. 

Prior to his appointment as over­
seer of the agency's diversified and 
expanding research program, Elms 
served in v'ilashington as NASA's 
deputy associate administrator for 
manned space flight, and earlier in 
Houston as deputy director of the 
Manned Spacecraft Center. 

Tour of labs. vVhen Elms was ap­
pointed to the Cambridge post, he 
arranged to visit other Government 
laboratories to catch up with re­
search programs, particularly in 
bionics-a favorite of his-and in 
related areas such as real-time 
monitoring of medical data and the 
contributions of aerospace medicine 
to general medicine. 

Elms thinks the product fallout 
from the space program is over­
stressed. H e is more enthusiastic 
about the over-all impetus the space 
program has given the nation's in­
dustrial progress. 

Along with his boss , NASA admin­
istrator James E. Webb, Elms looks 
upon the Cambridge center as an 
experiment in coordinating the ef­
forts of universities, industry and 
Government. New procedures must 
constantly be worked out there to 
handle the flow of information from 
these three sources. 

Differing views. Elms sees the 
center as experimental in another 
sense. "vVe will do research and de­
velopment on the facility itself, as 
well as on devices and systems. It's 
hard to build a flexible facility and 
keep it flexible , but we'll try," he 
reports. 

Electronics J January 9, 1967 
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Adlake Mercury Wetted Relay - Application Data 

Capacitance of Adlake 
Mercury Wetted Contact Relays, 
Applicable for Low Signal Applications 
Typical Capacitance in Picofarads - Graphs 
illustrate typical capacitance values for Adlake 
AWCA-16000 series relays. Fig. I is for un­
shielded relays. Fig. 2: Electro-statically shielded 
switch brought out to a separate pin. Fig. 3: 
Electro-statically shielded switch with case and 
shield tied together at a common pin. lnterelec­
trode capacitance across contacts of a bare 
switch, without external wires, is less than 1.0 
picofarad. 

Abbreviation COMM. 
stands for the Combina· 
tion of the Armature and 
Normally Closed Contact. 
N.O. is the abbreviation for 
Normally Open Contact; where-
as the symbol # is the mean 
average for the 5 relays. Graphs 
are available on other styles of 
Adlake Mercury Wetted Contact Relays 
upon request. (Please state wiring con­
figuration.) 

I·: : :::iJ [ : I AWCA 16011-S 
.__ -------'- Fig . l 

I ·: : 3 i°mE : I AWCA 16016 
--m ....... Fig. 2 I ·: : 3 : .... ~: IAWCA 16018 

---i . '······ Fig. 3 

14 

13 

h: IMM 

12 

++-· 

II 

10 

(RELAY TEST NUMBER) 10 !RELAY TEST NUMBER) II 12 13 14 15 (RELAY TEST NUMBER) 

Dat a w as ob t ai ned us ing a Boonton El ect ro nics Co rporati o n Ca pac itance Br idg e, M odel 75-A·SB at lMH , 

Backed by sound research and disciplined engineering, Adlake applies 
the industry's broadest line of mercury displacement and mercury 
wetted relays to the creative solution of design circuit problems. 
However unique or special your appl icat ion, Adlake can assist you in 

developing it. For prompt, personal and knowledgeable attention to 
your relay needs, contact the one source that is the complete source 
in the mercury relay field. Contact Adlake today for catalog and 
further information. 

THE ADAMS & WESTLAKE COMPANY 
Dept. 2017, Elkhart, Indiana, U.S.A. 46514 • (AC 219) 264-1141 

°TRANSPORTATION EQUIPMENT • ARCHITECTURAL PRODUCTS • MERCURY RELAYS • DOORS AND ENTRANCES • CONTRACT MANUFACTURING. 
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All lrom Sprague! 

ENERGY-STORAGE 
CAPACITORS 

for every type of 

discharge application 

A pioneer in high voltage capac-

itors, Sprague has a broader line of designs 

for energy-storage applications than any other capac-

itor manufacturer. If your project involves lasers, masers , electronic 

photoftash, time-control circui ts, exploding wire, thermonuclear fusion research, 

magnetization of permanent magnets, medical equipment, or similar discharge 

appl ications, Sprague can provide a capacitor to meet your specific needs. 

Light, Moderate, or Heavy Duty Capacitors 
Available types range from small, light-weight 
units for aerospace applications such as satellites, 
missiles, etc., to heavy-duty capacitors for high­
c urrent/high-frequency oscillatory discharges. 

Broad Range of Electrlcal Ratings 
Voltages from 2 ki lovolts to 24 kilovolts. Energy 
ratings up to 6700 joules. Self-inductance as low 

. as .0025 microhenry. 

Energy-Storage 
Electrolytic Capacitors 
A •elected line of cylin drical 'lytin for 
indu 1triol applicatio ns re q uirin g maxi· 
mum cop ocitonce in minimum sp ace. 

SPRAGUE COMPONENTS 

CAPACITORS PACKAGED COMPONENT ASSEMBLIES 

TRANSISTORS FUNCTIONAL DIGITAL CIRCUITS 

RESISTORS MAGNETIC COMPONENTS 

THIN-FILM MICROCIRCUITS PULSE TRANSFORMERS 

INTEGRATED CIRCUITS CERAMIC.BASE PRINTED NETWORKS 

INTERFERENCE FILTERS PULSE-FORM ING NETWORKS 

tSC·5171 

10 Circ le 10 on reader service card 

Paper, Metallized Paper, anil Paper/Fiim Designs 
Metallized capacitors intended for light-weight, 
space-saving applications ... one-half the size, one­
third the weight of conventiona l capacitors. Other 
available designs include castor oil impregnation for 
extremely long life (assuri ng a high number of dis­
charges). and non-flammable synthetic askarel im­
pregnation for applications where non-combustibility 
is a prerequisite. 

For complete information or application 
engineering assistance on Sprague Energy­
Storage Capacitors, write to Field Engineer­
ing Department, Sprague Electric Company, 
35 Marshall St., North Adams, Mass. 01248. 

SPRAGUE® 
THE MARK OF RELIABILITY 

~Sp1aaue' and · @· are 1ea1stered trademarks ol lhe Sp1aaue Electric Co. 

People 

The American Telephone & Tele. 
graph Co. has named a 60-year-olcl 
electrical engineer to its top job­
ch air rn an and 
chief executive 
officer . H.I. 
Romnes will 
succeed Fre<l­
erick Kappel on 
Feb. 1. 

In his 40-year­
c are er with 
AT&T, R omnes H.I. Rornnes 

was active in management and 
research operations. In 1927 he 
joined Bell Telephone Laboratories, 
AT&T's research arm , to work on 
circuit design. Eight years later he 
transferred to the parent company 
and advanced through a number of 
engineering management jobs. In 
1950 he became director of opera­
tions of the long lines department 
and two years later was named 
chief engineer of the company. 
Four years later he was electe_d 
president of the \Ves tern Electric 
Co., the manufacturing subsidiary· 
He returned to AT&T as vice-chair­
man in 1964 and a year later was 
elected president. 

Romnes was the drivin g force 
behind -\T&T's decis ion to install a 
direct dialing network. H e is also 
credited with strengthening the tie~ 
between vVes tern Elec tric and B e 
Labs. 

Ralph S. Holmes has b een 
division vice president of 
medical e I ectronics group 
Radio Corp. of 
America. His ap­
pointment, in ef­
fect, implements 
RCA's recent 
agreement with 
Hoffrnann­
La Roche Inc., a 
pharmaceutical 

nan'le d 
a ne'v 
at the 

company. Under , faC 
·11 a,:0'-0. the agreement, RCA w1 r d,e 

hue and service electronic- g~~ :a:O 
veloped by the two cornp:::a.v.:;-~ t:l 
Hoffmann-La Roche wi _ <Y" 

clinical testing and mar ~e 0 =-sl 
Holmes has directed s e.-a r 

cial projects for RCA in a ~ree 
spans more than 40 yea~-

Electronics I JanLI~ 
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-Now from MACHLETT: 
.22 high-precision, low torque, 
vacuum variable capacitors 
for heavy duty 

Each of these 22 ceramic vacuum 
variable capacitors from Machlett offer 
the following advantages: 

•High rf current capability 

• Stable operation at high temperature 

• Structural rigidity 

• Low capacitance variation with 
temperature change 

• Wide capacitance range 

•High Q factor (1000 or greater) 

• Low operating torque 

• High resistance to damage from 
over-voltage. 

Capacitance values from 5-750 pF to 
50-2300 pF; voltage rating to 15 kv; 
current rating to 75A. Custom design 
consultation for special applications is 
available from Machlett. 

For full details on this new line, write tG 
The Machlett Laboratories, Inc., 
Springdafo (Stamford) Conn. 06879 

THE MACHLETT LABORATORIES, INC. 

A SUBSIDIARY OF RAYTHEON COMPANY 

Electronics i January 9 , 1967 Circle 11 on reader service card 11 
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Everything you could ask for 
in production wiring ... 

TERMl-POINT* wiring devices 
For dense point-to-point wiring applications 
TERMl-POINT tooling and products offer you an 
automatic , solderless , wrapless , weldless tech­
nique for wiring computer panels as well as in­
dustrial control and communications equipment. 

This technique consists of a fine grain phosphor 
bronze clip which secures the wire firmly to a 
post, utilizing the spring " memory" of the metal 
clip. Wires can be bulk or pre-cut , sol id or 
stranded-even enameled or tinsel! Best of all, 
the gas-tight , reliable connections may be serv­
iced without electrically disturbing other con­
nections on the same post using only light­
weight hand tools! And the entire wire lead 
need not be replaced, just the clip, saving half 
the servicing time. 

For automated production, you merely program 
the TERMl -POINT automatic wiring machine to 
suit your requirements . This remarkable machine 
routes wires in the pre-set programmed pattern 
and cuts, strips , and terminates both ends of the 
lead in seconds. Programs are punched on eco­
nomical 8-column paper tape. In addition , sev­
eral types of manual TERMl -POINT tools are 
available for servicing, testing or limited produc­
tion. A variety of TERMl-POINT clips and post 
sizes are offered, including .022" x .036" posts 
which provide grid densities of .100". In fact, 
TERMl-POINT products are under development 
which would reduce this grid size even more. 

The complete line of TERMl-POINT products 
includes printed circuit connectors, transition 

Electronics I January 9, 1967 
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blocks, bus bars , cable connectors, junction 
blocks, relay blocks, and other devices. Further­
more, large-scale wiring of these products may 
be accomplished by mounting them on a panel 
and programming the TERM I-POINT machine for 
high -speed automatic wiring. 

Besides the speed , density, and versatility of this 
wiring method , it offers an unusual degree of re­
liability. The reason for this is AMP's special 
post presents relatively large contact surfaces 
which are wiped clean by the wire held by the 
TERMl -POINT clip as the post is terminated . 
The resulting connection is highly resistant to 
the effects of corrosion, vibration , and temper­
ature extremes. It is held with a high retention 
force which exceeds the yield strength of the 
wire itself, yet the post plating remains undam­
aged and the wire may be used again. 

No other wiring method offers this combi'nation 
of advantages! 
With TERMl -POINT clips and tools, your wiring 
facilities will never become outdated , because 
unlike other automated methods, there is no 

Electronics I January 9, 1967 

inherent limitation in density with TERM I-POINT 
wiring devices. In addition , AMP accepts total 
responsibility for the performance of the 
TERMl-POINT products , the technique and your 
completed terminations. You can save consider­
able time and capital investment by allowing 
us to wire your panels or circuit boards to 
your specifications. 

If you plan to enlarge or improve your present wir­
ing facilities , we suggest a comparative study of 
this new technique at your earliest convenience. 
Write or call today for a demonstration ; or ask for 
information about the TERMl-POINT products 
which interest you most . Find out how this versa­
tile new method can boost your future production! 

• Trademark of AM P INCORPORATED 

AMP 
INCORPORATED 
Harrisburg, Pennsylvania 

A-MP* products and engineerin1 assistance are availa ble through subsidiary companies in: 
Australia• Canada • England • France • Holland • Italy • ;apan • Mexico • Spain • West German/ 
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This 
• mixer 

goes up to 

SOOMHz 
But the price 
goes below 

$180 

New production techniques (you'll de­
tect some in the outer case, for example) 
now make possible a lower-priced, high­
performance mixer from HP. 

You can use the 10514A Double Bal­
anced Mixer for extracting the sum or 
difference of two frequencies, or as a 
modulator, spectrum generator, phase 
detector, current-controlled attenuator, 
frequency doubler, or for extending the 
range of spectrum analyzers. 
Features include: range of 200 kHz to 
500 MHz (to de on one port). excellent 
balance, flat response, low noise (7 dB 
max. noise figure to 50 MHz; 9 dB max. 
to 500 MHz) and low intermodulation. 
And the price is low, too: $180 each, and 
even lower in quantity. Printed circuit 
board version (I 0514B) also available . 
For additional information contact your 
local HP field engineer, or write Hewlett­
Packard, Palo Alto, California 94304. 
Tel. (415) 326-7000; Europe: 54 Route 
des Acacias, Geneva. 

HEWLETT ' PACKARD 

An extra measure of quality 
2249 

14 Circle 14 on reader service card 

Meetings 

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

Computer-Aided Circuit Design 
Conference, Engineering Institutes; 
University of Wisconsin, Madison , Wis., 
Jan. 16-18. 

Computer Aid For Reliability Analysis of 
Electronics Conference, Engineering 
Institutes; University of Wisconsin, 
Madison, Wis., Jan. 19-20. 

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

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

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

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

Conference on Color Television 
Broadcasting, Society of Motion Picture 
and Television Engineers; Park Shelton 
Hotel, Detroit, Jan. 27-28. 

Power Meeting, IEEE; Statler Hilton 
Hotel, New York, Jan. 29-Feb. 3. 

Sy"inposium on Nondestructive Testing 
of Welds, Illinois Institute of Technology 
Research Institute: Illinois Institute of 
Technology, Chicago, Jan. 30-Feb. 2. 

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

Winter Convention on Aerospace & 
Electronic Systems, IEEE; International 
Hotel , Los Angeles, Feb. 7-9. 

Electronic Packaging Conference, 
Society of Automotive Engineers; 
Ro:isevelt Hotel, New York, Feb. 14-16. 

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

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

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

Numerical Control Society Conference, 
Statle r Hilton Hotel , Detroit, 
March 1-3. "' 

Particle Accelerator Conference­
Accelerator Engineering and Tech­
nology, IEEE; Shoreham Hotel, 
Washington, March 1-3. 

International Symposium on Residual 
Gases in Electron Tubes and Sorption­
Desorption Phenomena in High 
Vacuum, Italian Society of Physics; 
Rome, March 14-17. 

International Convention, IEEE; New 
York Hilton Hotel and Coliseum, 
March 20-24. 

Symposium on Modern Optics, 
Polytechnic Institute of Brooklyn; 
Waldorf-Astoria Hotel , New 
York, March 22-24. 

Photovoltaic Specialists Conference, 
IEEE; Sheraton Cape Colony Inn , Cocoa 
Beach, Fla., March 28-30. 

Call for papers 

Biomedical Sciences Instrumentation 
Symposium, Instrument Society of 
America; Albuquerque, N.M.; i\lay 
15-17. Jan. 15 is deadline for submis­
sion of abstracts to Robert Allison., 
director, Vascular Laboratories, Scott 
and \Vhite Clinic, Temple, Texas 
76501. 

Symposium on Microwave Power, In­
ternational Microwave Power Insti­
tute; Stanford University, Stanford, 
Calif. , March 29-31. Jan. 16 is dead­
line for submission of abstracts to 
Donald Dunn , chairman, 1967 Sym­
posium on Microwave Power, Inter­
national Microwave Power Institute, 
P.O. Box 2335, Stanford, Calif. 

Conference on Nuclear and Space Ra­
diation Effects, IEEE; Ohio State Uni­
versity, Co lumbus, Ohio, July 10-14. 
March 1 is deadline for submission of 
abstracts to John Wirth, Organization 
5212, Sandia Corp. , Sandia Base, Al­
buquerque, N.M. 

* Meeting preview on page 16 
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THE 
Connector 

\\\\\\~ 
. ,,, 

A periodi cal periodical designed, quite 
frankly, to further the sales of Mi crodot 

connectors and cables. Published 
entirely in the interes t of profit. 

4'1~ . 

IN HONOR OF THIS 

@~~~TI 
~W~[}j~ 

MICRODOT IS HOLDING THREE 
(count 'em, three) 

To be able to enter these contests , you've 
got to know a little something abo t the 
Microdot MARC 53. It's one of the real tars 
in th e Microdot connecto r li ne ... a h h 

CONTEST #l 
Open only lo employees 
of Amphenol, their 
families, friends, reps, 
distributors and 
advertising agencies. 

WIN A REVELL SCALE MODEL KIT 
OF THE GEMINI SPACE CAPSULE 
In twenty-five words or more, tell us why 
the Astra 348 is th e best subminiature 
mu ltip in on the market. Neatness does 
not count. TEN WINNERS ... the pri ze is 
calculated to tantalize you because the 
Microdot MARC 53 is used on the Gemini 
program. So there. 

CONTEST #2 

Open only lo employees, representatives and dis­
tributors of Microdot, their families, friends and 
advertising agencies. 

llt~I~ llltl'I~ 1r~~s~tfo ~~n!o:~aec t e !i 1n four shell s i zes), 
A ~ subminiature, high-

performan ce co nnec-

WIN A REVELL SCALE MODEL KIT OF 
THE U.S.S. MIDWAY. In twenty-five words 
or more, te ll us why the MARC 53 is the 
best subminiature multip in on the market. 
Neatness counts . Ten Winners. 

Open lo everybody except 
mployees of Amphenol, 
icrodol, their families, 

fn nds and advertising \\'l~ l~t~tti\\l~ S tor. The MARC 53 can save as much 
as 61% in weight and 54% in panel 
space. Posi/ock, a push-pull lock 

ll IHl .. 1
, II coupling, mates 

.... ~ eas il y with high Aj I ~I J ~:,~'~: :~~~:: 
of damage. 

The dual locking action eliminates acci ­

' ' ' • • • 

dental disconnect, Posiseal, a mu ltipl e, 
environmental sealing system , guarantees 
an i nterfacial seal. 

MARC 53 is approved to MIL C-38300A 
(USAF) . 

... AND ABOUT AMPHENOL. 

We wish we could also tell you ® 
al l about the high density (two 
insert arrangements of 55 and 

(your ame here) 

from Marcia". 
All you have to o is 
write, in twenty five 
words or moi-e a d -
scription of your 
app lication for the 
MARC 53.You 
noti ce how fast we forget 
the competition when we 
get down to business. 
Remember ... eve ry body 
who enters Contest #3 wins ! 

For over two years now, Microdot has had 
the subminiature, high density mu lti -pin 
connector market to itself. The sensa­
tional Microdot MARC 53 has been used 
on all the Gemini "Walks in Space" plus 
a multitude of military and NASA pro­
grams. Now, however, we've got compe­
tition .. , the brand new Amphenol Astra 
348. Good to have you aboard. 

85 contacts in two shell sizes), TM 

subminiature, high performance, bayonet 
lock, bonded insulator Astra 348's but we're 
afraid that the Microdot officers , directors, 
stockholders, sales engineers and mainte­
nance crew would hang us up by the 
thumbs. To find out more, write Amphenol. 

MICRODOT 
INC. 
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Microdot, Inc., 220 Pasadena Ave. , So. Pasadena, Calif. 91030 
O I want to enter Contest #1. 

My 25 words or more are 
attached. I am an employee 
of Amphenol. 

O I want to enter Contest ,f2. 
Anybody who uses com­
pany postage for this one, 
gets docked . 

O I want to enter Contest · 3. 
My 25 words or more are 
attached. How does one go 
about getting Marcia in a 
sl irihtly larger scale, say 11 l? 

O I don't want to enter any 
contest. Just send specs on 
the MARC 53. 

Title __________________ _ 

Company _________________ _ 

Address _________________ _ 

City ___________________ _ 

State _ ____________ Zip ____ _ 

MARC 53. Posilock anrt Po">i'f·al arr> trademarks of Microdot These contests are not valid in any locale where the local 
Inc. Astro 34A is not. gendarmes lake umbrag e. 
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INSTANT X-RAYS 
Locate, define, modify ... speed 
design, development with clear, 
sharp radiograph prints in 10 sec. 

FAXITRO N 804 
Meet the Faxitron 804, the new personal­
use research-design tool that brings ad­
vanced X-ray capability directly to your 
workbench, lab or production area. 

Now you can look inside-quickly locate, 
define, solve hidden problems within 
metal enclosures, potted circuits, deep in 
solids, etc . Example: the radiograph* of 
an epoxy casting shown above. Note the 
shorted wire, an open circuit , a compo­
nent (coil) that moved during casting. 

With quick-processing Polaroid$ Land 
film , the Faxitron 804 delivers clear, 
sharp radiographic prints on-the-spot in 
minutes or even seconds. No dark room. 
No X-ray room. No X-ray technician. Take 
them yourself when and where you want 
them - at your workbench where your 
problems are . 

You can also use standard wet films and 
cassettes for conventional processing up 
to 14" x 17" in size. At the standard FTSD, 
the X-ray beam covers a circle 15" in 
diameter. With optional accessory exten­
sion collar, this can be increased to pro­
vide beam coverage for the full 14" x 1711 

area and meet MIL specifications, if 
desired. 

Adjustable voltage from 10 to 110 kVP 
assures excellent contrast over a wide 
range of object thicknesses and densi­
ties. Thickness changes of 1 or 2% can 
often be observed. A small X-ray source 
size minimizes penumbra, enhances res­
olution. Operation is as routinely safe 
and simple as a blueprint machine. 

For detailed information, send for 12-
page descriptive catalog. For immediate 
answers to your specific application 
needs, call us collect-Area Code 503, 
472-5101. 

"Polaroid"® by Polaroid Corp, 

VOLTAGE-10 to 110 kVP, adjustable 
CURRENT-3 mA, continuous 
SOURCE SIZE-0.5mm 
FTSD-25.511 standard. (Extension collar 

optional at additional cost.) 
RADIOGRAPHIC COMPARTMENT-

14V211H x 18Y., 11W x 14"D. 
POWER-110-120 Volts ac, 60 Hz, 

400 watts 

$1 ,970.00 
f.o.b. McMinnville, Oregon 

•EXPOSURE DATA: 60 kVP, 2.6 mA 
3 min, FTSD-25.511 
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Pioneers in Pulsed Radiation Sources for Science and Industry 
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Meeting preview 

NC by computer 

Techniques for applying the com­
puter to numerical control will 
highlight the Numerical Control 
Society's technical conference, 
which will he held in D etroit, 
March 1 to 3. 

Bertram H erzog, a professor at 
the University of Michigan , will 
discuss computer-aided design, 
particularly th e relationship of 
computer graphics to numerical 
control. Jay Bender of th e General 
Electric Co. will analyze time shar­
ing for programing and engineerin g 
and will give a demonstration of 
the technique. Other speakers will 
discuss the languages, such as APT 

and ADAPT, used to make computer 
commands understandable to ma­
chinery that is operated by numer­
ical controls. 

Big and small. Generally, initial 
equipment costs limit the use 
of numerical control to large 
companies. However, Charles 
Hutchins, executive vice president 
of the Pontiac Paint & \'arnish Co., 
will present a case study of com­
puter-aided programing for a small 
firm , and a second session will fea­
ture a case history of applications 
of numerical control machinery in 
a small shop. 

On the second day of the con fer­
ence, metalworking experts will ex­
amine the state of th e nnmerical 
control ar t in Europe. Harold Bur­
ton , edi tor of the British magazine 
Metalworking Production, a J\Ic­
Graw-Hill publication, will handle 
the subject from the British view­
point, while Teel Swanson of Inter­
national General Electric, Frank­
furt, \Vest Germany, will disc'll'' S 
the same topic from the UnHccl 
States numerical control builder's 
viewpoint. 

Inspection year. Another session 
will study inspection equipment 
needed for numerical control, and 
a panel will tackle the subject of 
training methods-what is being 
clone at present and what is still 
required. 

The fin al day will in clude a ses­
sion on how to retrofit machin­
ery for numerical control and how 
to adapt elec tronic equipment to 
NC applications. 
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The lasertron™ tube never requires 
adjustment or maintenance of any 
kind. It is virtually a complete instru­
ment in itself and is available as a 
separate unit. 

It incorporates aligned internal reflec­
tors and includes a built-in collimat­
ing lens for minimum beam diver­
gence. The coaxial reservoir and cold 
cathodes insure long life - warranty: 
one year or 1000 hours. $195 

The complete laser contains an 
encased lasertron tube and a labora­
tory grade DC supply, line operated. 

$295 

NEW LASERS FROM UNIVERSITY LABORATORIES INC. rrom $195 
TM 

The lasertron group: an entirely new line of continuous helium-neon gas lasers with these 
key achievements: 

(1) The basic lasertron tube (patents pending) is a fac­

tory sealed unit which requires absolutely no alignment, 

adjustment, maintenance or special procedures to obtain 

full laser output. It is as easy to use as an ordinary light 

bulb. And, by virtue of its sealed construction and integral 

optics, it is ready for immediate operation in almost any 

environment-even under water! 

The output wavelength is 6328A (visible deep red) ; the 

tube automatically operates in the uniphase TEMoo mode 

and produces collimated, unpolarized output power of over 

.3 milliwatts. The tube has no filaments to burn out and 

has no shelf life limitations. 

The lasertron tube is available as a separate item (ready 

to operate with your power supply) or installed in a com· 

plete U LI laser system. 

(2) The complete ULI laser head incorporates the 

lasertron tube in a rugged machined housing provided 

with sturdy legs for table mounting. An accessory optical 

bench mounting rod is available as well as a very conven­

ient tripod which telescopes for either floor or tabletop use. 

The line operated supply provides the lasertron tube with 

regulated, filtered DC. There are no adjustments required 

for this supply, just the ON-OFF switch. The laser head 

and this supply are ideal for most research, educational 

or industrial gas laser applications. The lasertron tube is 

warranted for one year or for 1000 hours of continuous 

operation when used with a ULI supply. 

lasertron Tube™ (U LI 220) $195 

Complete Laser with Line Operated Supply (ULI 230) $295 

Tripod $ 16 

r-
1 

- - - - - - - - - - --, 
00 
; : UNIVERSITY 
I I 

: : LABORATORIES 
I I 

I I INCORPORATED 

1740 University Avenue, 
Berkeley, California 94703 
Phone: (415) 848-0491 
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D Please send technical data on the ULI lasers. 

D Please reserve ( ) lasertron™ tube . . . • , $195 

( ) Complete laser system • $295 

from your current production . My official purchase order and 
shipping instructions will follow. 

Name-----------------------~ 
Organization _ _ _ _ ____________ ____ _ 

Address----------------------~ 

City ___________ state _ _____ Zip ___ _ 

Ter1111 tire 2% di.rrount JO dt1;1, ml )0 d11;s. UL! products returned f or any r ea10 111 

prep11id tmd 1111d111nrJ,l!,i'tl u ithin 30 d11;.r. tl'ill rereire full credit. ----------------
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New Bendix modules can shrink your costs down to size, too. 

These miniaturized Bendix® modules 
are a series of complete DC voltage 
regulators in T0-3, high-dome, tran­
sistor packages. Think of the space 
you can save over the hand-wired 
circuits and card-type units you're 
using now. It's a great way to improve 
your design without compromise­
and cut labor costs as well as com­
ponent costs in the process. 

Each module contains a complete 
silicon, solid state, comparator ampli­
fier assembly that weighs in at only 
one half ounce. These 1-amp modules 
come as series regulators of 5, 6, 12, 
18 and 24 volts or as shunt regulators 
of 5, 6, 9 and 12 volts. Load regula­
tion from no load to full load is ± 1 3 
with a low temperature coefficient of 
0.04 %/°C typical. Maximum power 

dissipation at 25°C case is 25 watts. 
And that's not all. The T0-3 con­
figuration fits all standard sockets and 
heat sinks. 

Call your local Bendix office or 
Bendix Semiconductor Distributor. 
Just ask for more details about the 
incredible shrinking regulator. Or 
write us direct: Bendix Semiconductor 
Division, Holmdel, N. J. 

Baltimore (Towson), Md.-(301) 828-6877; Chicago-(312) 637-6929; Dallas-(214) 357-1972; Detroit-(313) 548-2120; Greenwich, Conn.­
(203~ 869-7797; Holmdel, N. J.-(201) 946-9400; Los Angeles-(213) 776-4100; Minneapolis-(612) 926-4633; Los Altos, Calif.-W. W. Posey 
Co. 415) 948-7771; Seattle-Ray Johnston Co., Inc. (206) LA 4 -5170 ; Syracuse, N. Y.-(315) 474-7531 ; Waltham, Mass.-(617) 899-0770: Export 
-C'a le: "Bendixint," 605 Third Avenue, New York, (212) 973-2121; Ottawa, Ont.-Computing Devices of Canada, P.O. Box 508-(613) TAibot 
8-2711. 
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APPLICATION SCHEMATICS 

..--------4>--C"-1 DC REG. 
MODULE 

.. E 

* For external trim adjustment 

Bendix Semiconductor Division 
HOLMDEL, NEW JERSEY 
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What to look for 
in a good miniature 

rack and panel connector. 

.. 



II• 

Miniaturization. Amphenol can 
give you rack and panel connectors 
with envelope dimensions of less 
than 2%" by %".With positive lock­
ing devices, too. 

More Contact Density .. 100" con­
tact centers to .050" in standard lines 
for 24-, 26- or 28-gauge wire-with 

no loss of dielectric strength. En­
vironmental or non-environmental. 

Greater Shielding Use. To provide 
protection through the connector, 
Amphenol gives you shielded con­
tacts in key product lines. 

Wide Selection-Fast Delivery. 
Chances are most distributors have 

what you need in stock. If not, call 
your Amphenol Sales Engineer or 
write Amphenol Connector Division, 
1830 S. 54th Ave., Chicago, Ill. 60650. 

.@AMPHENOL 

Specify Amphenol ••• the leading name in cable, connectors, assemblies, RF switches, potentiometers, motors, microelectronics 
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~ PROBLEM-SHRINKERS - THE 
UJWj~ APPLICATION-ASSISTANCE PEOPLE 
AT RCA -WENT ON TO DEVELOP AND PR.OVE 
NEW VERTICAL DEFLECTION CIRCUITS, MADE 
POSSIBLE BY THE A40607C, 
FOR BOTH LOW B+ AND HIGH 8+ 
OPERATION. 

~THE CASE OF VfR.TIC~~ION. IT WAS A 
MAJOR PROBLEM- UNTIL THE PROBLEM· 

SHRINKERS AT RCA DESIGNED THE "' 
A40607C. THIS NEW DEVELOPMENTAL 1. 

BEAM POWER TUBE HAS AN INTEGRAL 
DIODE, AND WITH ITS RECOMMENDED "" 
CIRCUITRY PROVIDES A MINIMUM " 

OF INTERACTION BETWEEN THE HEIGHT ~ 
AND LINEARITY CONTROLS IN THE 
VERTICAL DEFLECTION CIRCUIT. 

_Take advantage of RCA's complete package-dependable products and painstaking service-when choosing your color-TV receiving tube components. Get in "' 
touch with your nearest RCA District Office or, for technical information on RCA Receiving Tubes, write to RCA Commercial Engineering, Harrison, N. J . 07029. 

•OA """° O"'"'-NM ~''>• ""· OO» M;"oo'" '"·Moo'•-•« N, , , \. ' 07040, 1201 I 485-3900 • MID-ATLANTIC, 605 Mod ton Pike, Haddonfield. N. J . 08034 . 
(609) 428-4802 • MID-CENTRA L. 251 1 Eas t 46th S1.. Bldg. 02, Atkinson Square. Indian- I 
opolis. Ind. 46205. (317) 546-400 1 • CENTRAL, 446 Eas t Howard Ave., Des Plaines, Ill. • The Most-Trusted Name in Electronics " 
60018, (312) 827-0033 • W EST, 6363 Su nset Blvd .• Hollywood, Col 90028, (213) 461-9171 • 
INTERNAT IO NAL O PERATI ONS, RCA lnternolionol Division: Centrol ond Terminal Aves. , 
C lork , N . J. 07066, (201J485-3900 • 118 Rue du Rhone , G ene, a. Switzerland, 35 75 00. 
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Editorial 

Discovering technology 

Technology, the oft-ignored stepchild of science, 
is coming into its own at last. 

The nonengineering world has finally discovered 
it. Government leaders lament its lack, industrial 
management worries about understanding and us­
ing it, the financial community is anxious to make 
a profit from it. Technology is the hula hoop of 
1967. 

You can see this development in the profusion 
of meetings about technology and the proliferation 
of programs to spread it. In November, for exam­
ple, at the dedication of the National Bureau of 
Standards' new facilities outside 'Vashington, the 
Department of Commerce sponsored a two-day 
symposium on technology. While some technical 
men attended, the :-'rns's resplendent red auditorium 
was filled mainly with diplomats , Government ob­
servers and industrial executives. 

Two weeks later, the management-oriented Na­
tional Industrial Conference Board held a day­
long meeting of top management men in New York 
City to examine what technology can do for the 
nation's industrial concerns. Earlier in the autumn 
British Prime \1inister Wilson proposed that Eu: 
rope share its technology, and the president of Italy 
has proposed a Marshall Plan-type program to help 
expand technology in Europe. 

None of Electronics magazine's readers, of 
course, are surprised to learn there is a technology. 
But ever since the first atom bomb was exploded 
in 1945, there's been a lot of talk about science 
and not much about technology. During descrip­
tions of space shots on television, the "science" 
reporters for the networks wax rapturous about 
the scientific accomplishments that made it all 
possible. Yet there's very little science involved; 
it's almost entirely engineering. The weekly news 
magazines ' science departments rarely write about 
science; nearly every week they write about tech­
nology and engineering and call it science. 

In a recent Defense Department Report"' , the 
myth of the importance of science in the economy 
has been laid to rest once and for all. A study 
of the developmen t of a number of weapon sys tems 
estimates the scientific contribution at only 8% 
and the technological contribution at 92%. "Sci­
ence" is defined in the report as theoretical and/ or 
experimental studies of new, unexplored natural 
phenomena, and "technology" as the conception 
or demonstration of the capability of performing 

• First interim report on Proj ect Hindsight, by C.W. Sherwin, et al. 
30 June 1966; revised 13 October 1966. Office of the Director of 
Defense Research and Engineering; Washington, D.C. 
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a specific function using new or untried theories, 
principles, techniques or materials. 

Under the assumptions of the report, "new" 
means post-1945. And the report also concludes 
significantly that the technical contributions cov­
ered in the study began accumulating 20 years 
before the engineering design dates for the sys­
tems utilizing them. 

Thus, much of the widely publicized new 
"science" is neither new nor science. 

Ibis is what has happened in military weapon 
systems, probably the most sophisticated and 
technically advanced area of electronics endeavor. 
Obviously, engineers in less developed fields , such 
as industrial or consumer electronics, are using 
technology that is even older. 

All this would be just an argument about seman­
tics if the mistaken reverence for science weren't 
having a deleterious effect on companies and coun­
tries. The public overplaying of science has often 
led to the wasting of funds on basic research at 
the expense of sorely needed development work, 
and has lured a lot of young people to pure science 
and away from engineering. It has even encouraged 
some engineering schools to urge the abandonment 
of the study of engineering for a concentration 
on physics and mathematics. 

Yet, time after time, the evidence clearly shows 
the most progress stems from the unique and 
creative application of some old technical idea 
or scientific principle. As we've pointed out before 
on this page, the celebrated technology gap in 
Europe is not really a lag in technology at all, 
but in application. 

The overemphasis on science and theory is start­
ing to hurt the U.S. electronics industry in another 
way: too many young engineers feel theoretical 
work in the research laboratory or the university 
is the only suitable employment for a college­
trained engineer. So most young engineers will not 
work as production engineers or as designers of 
the complex and ingenious equipment required to 
manufacture electronic products automatically. Yet 
some of the most challenging technical problems 
are in this apparently prosaic area. 

Over the next 10 years, the greatest growth in 
electronics will come from the creative applica­
tion to new areas of some developments that are 
now well established, such as integrated electron­
ics, lasers, systems engineering, computers and 
communications-not from radical new develop­
ments that no one can now envis ion. Some very 
prosaic electronics will be applied to education 
and medicine. Systems engineering may show the 
way to solving a lot of nonmilitary problems, 
among them automotive traffic control, air pollu­
tion, juvenile delinquency and highway planning. 

The key man in such developments will be the 
engineer, not the scientist. These are jobs for 
technology, not science. 

23 



Our ferrite division can make that many 
toroids in a month. In sizes as small as 
80 mils, with high temperature stability, 
inductance values within ± 5%, and in a 
wide range of ferrite materials to meet 
practically any pulsing speed. For exam­
ple: for microsecond switching we can 
offer our Ferramic® 0-5, 0-6, and T-1 
ferrites and for nanosecond switching 
there's our Ferramic Hand Q-1 materials. 

This materials capability plus our pro-

duction capacity have made us the 
world's largest supplier of ferrite toroids 
for pulse transformers. But toroids are 
only a part of our business. In total we 
have eleven standard ferrite materials 
right now and will soon introduce a 
twelfth one. A brand new flat tempera­
ture-coefficient ferrite that will make cir­
cuit design news. We are equally big in 
otherferrites for digital applications such 
as square-loop (memory core) ferrites, 

recording head ferrites, and multiaper-
ture devices. ,.. 

So whether you want 2 samples, an , 
order of 10 million, or catalogs and tech­
nical literature, you can get immediate ,,. 
action by writing Mr. Ken Talbot, Mana­
ger of Sales, Indiana General Corpora- )oO 

tion, Electronics Division/Ferrites, ~ 
Keasbey, New Jersey. 

INDIANA GENERAL ri~ ~ 
...... 

• 

Ten million pulse transformer cores 
is peanuts to Indiana General. 

.. 

' 
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Time-sharing­
is it private? 

On-line circuit 
design at MIT 

Firms ready bids 
to supply avionics 
for Boeing SST 

Electronics Newsletter 
January 9, 1967 

Are the memory banks of time-shared computers really 'secure? Or can 
one customer look into the memory banks of another customer-either 
accidentally or deliberately? 

Although the operators of time-shared systems are reluctant to dis­
cuss such matters publicly, there has been evidence of breaches in 
security • 

The home of time-sharing, the Massachusetts Institute of Technology, 
has been having trouble with students who break the elaborate codes 
that are supposed to insure the privacy of the users of its Project MAC 
(machine-aided cognition) computers. On one occasion, it's been re­
ported, students tapped into lines carrying Government data, including 
information from the Strategic Air Command at Omaha. Some of this 
tinkering has had the effect of jamming the lines. 

Last fall, the Federal Communications Commission established a 
panel to explore the question of Federal controls on time-shared opera­
tions; one of the questions to be examined is the privacy afforded users. 

Computer-aided design of electronic circuits today is ahnost exclusively 
a matter of batch-processing. At the Massachusetts Institute of Tech­
nology, however, a program is under way to leapfrog to on-line circuit 
design in a classroom environment. By next fall, says Richard D. Thorn­
ton, an associate professor, work will start on an on-line classroom design 
of integrated circuits. 

By then a joint program of MIT and the Bell Telephone Laboratories, 
called Multics (multiplexed information and computing service), will be 
in operation. Both Bells Labs and MIT are installing General Electric 
645 computers for the timed-shared network. 

Bell Labs is also moving in the direction of on-line circuit simulation 
for its own engineering laboratories, and several areas of cooperative 
effort by Bell and MIT have been opened. 

One of the most pressing needs in this field is for a versatile, low-cost 
terminal capable of generating lines, curves and vectors in addition to . 
numbers and letters. And one of the most promising designs under devel­
opment is Bell Labs' Glance, a terminal driven by a local disk memory 
and using a direct-view cathode-ray tube. 

Although the Boeing Co. has won the competition to build the U.S. 
supersonic transport, many of the electronics designs for the plane haven't 
been specified. Four systems to be included are still in the development 
stage for commercial aircraft: a collision-avoidance system, clear air 
turbulence detectors, all-weather landing equipment and fault-locating 
gear. 

Several manufacturers are preparing to bid on the avionics systems. 
The Airborne Instruments Laboratory has proposed an all-weather land­
ing system, while the Bendix Corp. has offered a complete avionics pack­
age, including an automatic pilot, data instrument display and computer, 
integrated Hight instrument display, inertial navigation and all-weather 
landing equipment. The Sperry Rand Corp.'s Sperry Gyroscope division 
has proposed an inertial navigation system and its Sperry Phoenix 
division expects to bid on an automatic flight control system. 
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NASA consolidates 
support contracts 
at Cape Kennedy 

Surveyor will try 
to upstage Luna 13 

Plans are made 
to live wHh CAT, 
or perhaps bell it 

Addenda 

Electronics Newsletter 

The National Aeronautics and Space Administration is consolidating 
its support-services contracts at Cape Kennedy in an attempt to reduce 
the number of companies it has to deal with and; as a result, several 
major electronics and aerospace concerns may he squeezed out. 

The two major support contracts that will be combined by Jan. 1, 
1968, are those held by Trans World Airlines for general support and 
Ling-Temco-Vought Inc. for information services. TWA's contract is 
valued at $23 million a year and LTVs at $10 million. The new con­
solidated contract will cover five years and he on a cost-plus-incentive-fee 
basis. 

Also, requests for competitive proposals have already been issued 
for a single contractor to combine the instrumentation support cur­
rently being provided by the Radio Corp. of America and the com­
munications support provided by the Federal Electric subsidiary of 
the International Telephone and Telegraph Corp. 

The United States will try to outdo the Soviet Union's Luna 13 in test­
ing the lunar soil when it launches Surveyor 3 to the moon this spring. 
The soft lander will carry a surface sampler to dig a 17-inch-deep trench 
in the lunar soil. One of the spacecraft's television cameras will trans­
mit pictures of the scooped up material to earth for analysis. The Luna 
13 can only stick a probe into the moon to check soil firmness. 

The next Surveyor is scheduled to be launched by March, but a busy 
Hight schedule at Cape Kennedy may force a delay. 

Research into clear air turbulence, or CAT, has largely been a hit-or­
miss affair, with work by universities, industry and the Government 
conducted without coordination. Now the Commerce Department has 
set up a committee to give some direction to these efforts. 

The Government is taking two approaches in its war on CAT, which 
has been blamed for a dozen crashes or near-crashes over the past few 
years. 

The Commerce Department panel will sponsor the development of 
CAT detectors, and the Air Force, apparently prepared to live with 
the menace, has awarded the Boeing Co. a $6 million contract to de­
velop an automatic Hight controller that would sense the turbulence 
and adjust a plane's control gain to withstand it. With aircraft Hying 
higher and faster, the effects of CAT are becoming more pronounced 
and planes' structural metal more quickly fatigued. 

Airborne Instruments Laboratory is developing an uncooled parametric 
ampli.6er that will have a noise temperature of 50°K, a level nearly 
equivalent to that produced by amplifiers operating a~ cryogenic tem­
peratures. The critical elements of the paramps are varactor diodes with 
a 0 bias cutoff frequency in excess of 400 gigahertz, and improved mil­
limeter wave klystrons ...• The Stewart Warner Corp. plans to intro­
duce a new desk-top facsimile machine within the next three months • 
• . . The Federal Aviation Administration is weighing proposals to buy 
solid state equipment for its 900 navigational ground stations around 
the country. The very-high-frequency-omnirange (VOR) stations cur­
rently use 200-watt tube transmitters. 
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from SYLVAN IA Electronic Components Group 

READOUTS 

Breakthrough in EL panel design permits 
greater display flexibility 

• The newest advancement in electro­
,,. luminescent readouts is a panel de­

sign of all-glass construction. Display 
,.. designers and users now have a solid­

state readout with higher reliability 
than ever before which lends itself 
to even greater design flexibility than 

t previously possible with EL. 
Completely engineered by Syl­

~ vania , this new concept actually 
allows both a decrease in readout 
character size (to %-inch) as well as 

w. increased panel size. This means more 
" characters per panel are possible than 

before in hermetically sealed EL de-
'" 

• 

-

signs. 
Designers still get all the inherent 

advantages associated with Sylvania 
EL readouts: solid-state reliability, 

low-power consumption, wide view­
ing angle, light weight, low reflection, 
variety of characters, stable perform­
ance, no catastrophic failure, clear 
readability and rapid information dis­
play. Performance of the all-glass 
units is judged by the same standards 
as the metal-glass devices: brightness, 
spectral emission, contrast, life, etc. 

What does "all-glass" really mean 
in this sense? While metal-glass EL 
panels use metal contact pins and 
metal sealing frames, this new design 
concept is completely of glass con­
struction, with the only metal present 
being the connector pins. Eliminated 
also are conductive rubber contacts. 

The user-benefit of this new con­
struction is a higher degree of lamp 

ALL-GLASS EL PANEL, FRONT AND REAR VIEWS. 

....... 
FACEPLATE ...... -.. 

tandMttal _, 

reliability for the demanding environ­
mental and operational conditions 
encountered in severe aerospace ap­
plications. 

The panels are designed to rigid 
specifications. The glass contact panel 
is molded as a single piece with the 
connector pins in place as integral 
parts of the panel. Combined with 

(continued) 

This issue in capsule 
Integrated Circuits- How 4-bit ar· 
ray registers can reduce package count 
while speeding storage and transfer. 

Photoco n ducto rs-combine 
lamps and photoconductors to get the 
function you need. 

Microwave Diodes-Now your de· 
signs can be taken through Ka-band with 
Sylvania Schottkys. 

Color Television-Rectangular 22" 
color bright 85® tube now available for 
1967 sets. 

Rectifiers-Glass devices from Syl· 
vania can absorb 1000-watt reverse tran­
sients. 

CRTs-New high-brightness, high-reso­
lution tubes can be customed to your 
needs. 



READOUTS (continued from page 1) 
true hermeticity, the result is panels 
which perform reliably at extreme 
changes in altitude, temperature and 
humidity. They are also highly resist­
ant to shocks and vibrations. 

In the new construction, the glass 
contact panel containing sealed con­
nector pins is ground flat on one side. 
The patterned back metallic electrode 
is applied to this glass surface. Thus, 
each active area becomes an integral 
part of its own connector pin, elim­
inating any possibility of registration 
problems. An electrical insulating lay­
er is then applied over the back elec­
trode and covered by a phosphor. A 
transparent conducting electrode put 
over the entire phosphor surface is 
the last electrical layer. 

INTEGRATED CIRCUITS 

To protect the whole assembly, a 
glass front panel is placed on the 
transparent conductor and sealed to 
the contact panel, using a metal-sol­
der technique. For less critical appli­
cations, an epoxy sealant may be used. 

This simple construction process 
makes it easy to mass produce reli­
able and reproducible devices. The 
excellent match of expansion charac­
teristics of faceplate and contact plate 
assemblies minimizes stress on the 
hermetic seal during temperature var­
iations. Elimination of conductive 
rubber contacts provides a significant 
improvement in lamp reliability. 

Standard all-glass units are avail­
able in 115 V and 250 V versions. The 
lower operating level is achieved by 
appropriate reductions in thickness of 
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the EL and dielectric strata. Initial 
brightness is on the order of 25-30 FL .. 
at room temperature and 250 volts, ~ 

400 Hz. Spectral emission, contrast, 
life and half life are comparable to ,. 
that of conventional EL panel design. 1 

~ l 
50 100 I~ 200 250 

LAMP VOLTAGE 

•. 
' .. 

How 4-bit array registers reduce 
IC package count, speed storage and transfer 

Each of Sylvania's integrated four­
bit binary register arrays contains the 
equivalent of at least 87 discrete com­
ponents and the equivalent of 25 IC 
gates used in conventional integrated 
circuits. These monolithic digital 
functional arrays implement parallel 
storage or transfer of four binary bits 
every 15 nanoseconds. Here's how 
they work and how they can be used 
to build a temporary storage memory 
using only five IC packages. 

Series SM-60 and SM-70 four-bit 
storage registers are for use as high­
speed storage elements in control and 
arithmetic sections of digital comput­
ers. The SM-60 series has clocked in­
puts and clocked outputs. Further, 
the SM-60 output has wired OR capa­
bility which means outputs can be 
tied together to provide the logic OR 
function. The SM-70 series is opera­
tionally identical to the SM-60 except 
that it has a SUHL type output net­
work and is not clocked with an en­
able signal. This means information 

set in the device is available at the 
output after a propagation delay of 
20 nanoseconds. 

Figure 1 shows the logical opera­
tion of one of the four flip-flops in a 
storage register. With the data and 
clock inputs both at high (Logic 'T'), 
the output of gate 1 is low (Logic 
"O"). This low condition appears at 
the input to gate 3 and forces the out­
put of gate 3 to go high. The low out­
put of gate 1 also appears at the input 
of gate 2, forcing the output of gate 
2 to go high. Thus, both inputs to 
gate 4 are in the high condition. This 
means output of gate 4 is low. This 
low output appears at the input of 
gate 3, forcing the output of gate 3 
high. The circuit is now latched with 
the output high. Once the circuit is 
latched, the clock input can be re­
moved without disturbing the flip­
flop. 

Where data input is low (Logic 
"O") and clock input is high (Logic 
'T'), the circuit latches the flip-flop 

with its output in the low condition. • 
If the clock input is low, no data is 

~ 
accepted. 

Figure 2 illustrates how to form a 
temporary storage register subsystem 
with common accumulator. Here, reg- '" 
isters 1 through 4 can be enabled 
either separately or jointly. In the lat- ,,.. 
ter case, a logical OR is performed 
allowing masking techniques to be 
used. The SM-70 gives the accumu-

• lator a high fan-out. Only five pack-
ages are required and the number of .. 
external connections are cut to Ys of ~ 

those required when conventional in­
tegrated circuits are used. 

The SM-60 and SM-70 series oper- ;..o 

ate over a temperature range of --55° 
to + 125°C. Both these monolithic • 
digital functional arrays are available ,. 
in Sylvania's standard 14-lead dual 
in-line plug-in package and the TO- ,.. 
85 flat pack. They are completely • 
compatible with the SUHL line of in-
tegrated circuits. .... 
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RECTIFIERS 

Absorb 1000-watt reverse transients 
with Sylvania's glass devices 

't Circuit designers are finding that Syl­
' vania' s glass rectifiers are better than 

other glass rectifiers. In this instance, 
>- the improved characteristics result in 
.... enhanced circuit performance and in­

creased device reliability. Sylvania 
" has coupled the inherent advantages 
~ of glass encapsulation with superior 

device design to make these glass 
diodes rugged enough for military ap­

> plications. This designed-in depend-
ability also makes this line of glass 

r> units an excellent choice for many 
, other uses in computer, industrial and 

communications equipment. It is the 
improvements in device design that 

.... make Sylvania's glass silicon rectifier 
line stand out from other glass units. 

"' In the improved devices, a large 
.., double diffused junction allows 
... handling of 1000-watt reverse power 

transients while still maintaining the 
P. standard 50-amp forward surge capa­

bility. Sylvania's first glass rectifiers, .... 
can take outputs of up to 1 amp at 
reverse working voltage of 1000 volts 

-t without damage. 
Heat dissipation is aided by weld­

' ing a solid high conduction power 
lead to an oversized heat conduction 

} 

stud. This enhances power handling 
" capability while extending device life 
, by keeping the unit cooler. The glass 

package is electrically neutral and 
smaller than many metal rectifiers, 

.... ~~~~~ 
(Operating in 60 - half wave rectifier circuit ::t:==;t: 

at rated reverse voltage) Lead length • "inch. i=:::L::Z .... 

,: 

r~ 

(Operating in 60 - half wave rectifier circuit 
at rated reverse voltage) lead length = ,_ inch. 
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thus permitting greater stacking and high reverse pulses, these rectifiers 
card densities. With Sylvania's seal- have low reverse leakage current. 
ing techniques, the designer gets the Typical rating is 10 na at 25°C am-
benefits of improved device design bient and rated reverse voltage. The 
without sacrificing any of the advan- high voltage rating and wide temper-
tages of glass encapsulation. Use of a ature operating range (-65°C to 
glass package means not only im- 175°C) capability of these units can't 
proved insulating characteristics but be matched by ordinary non-hermet-
units that can be hermetically sealed. ically sealed devices. 
Radiflo leakage rate for these de- All units in the Sylvania series are 
vices is less than 1 x 10-10 cc/sec. Low packaged in the conventional D0-29 
leak rates extend life and increase re- outline. They are replacing existing 
liability. The glass body also enhances glass, epoxy or top hat types in appli-
the thoroughness of in-process qual- cations which demand higher relia-
ity control by allowing visual inspec- bility levels. These devices meet or 
tion during production. exceed all the standard life and de-

In addition to the ability to handle sign requirements of MIL-S-19500. 
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ABSOLUTE MAXIMUM RATINGS: 
-65'C to+ 175'C- Resistive and Inductive Loads -Single Phase, half wave at 60 cps . 

Units 1N4383 1N4384 1N4385 1N4585 1N4586 
Continuous Reverse Working Voltage, VR volts 200 400 600 800 1000 
RMS Input Voltage, Vrms volts 140 280 420 560 710 
Avera~e Forward Current, I, amps 

5o•c 1.0 1.0 1.0 1.0 1.0 
@ lOO'C 1.0 1.0 1.0 0.6 0.6 
@ 150'C 0.3 0.3 0.3 0.2 0.2 

Forward Surge Current, 1 cycle - IF sur amps 50 50 50 50 50 
Forward Surge Current, Recurrent, IF sur amps 6 6 6 6 6 

ELECTRICAL CHARACTERISTICS: 

Typ. Dynamic Forward Voltage Drop, VF@ 1.0 amp volts 
@ 5o·c .56 .56 
@ lOO'C .52 .52 .52 

Typ. Dynamic Reverse Current, IR@ VR µa @ 1.0 amps 
@ 50'C .55 .55 
@ lOO'C 8 8 8 

Typ. Reverse Current, IR@ VR and +25'C na 10 10 10 10 10 
Typical Junction Capacitance-All Types- @ 0 V 80 picofarads 

@ 10 V 21 picofarads 
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Sylvania's Schottkys can take your designs 
through Ka-band ... reliably 

In last November's IDEAS, we an­
nounced MQM -packaged Schottky 
Barrier diodes that operate at fre­
quencies through X-band. We have 
now extended the operating range of 
available Schottky Barrier diodes to 
include Ku-, K-, and even Ka-band. 
These newest diodes are also in the 
MQM package, and feature an even 
lower function capacitance than their 
L-, S-, and X-band counterparts. 

Effective coverage through the Ka­
band ( 26.5 to 40.0 GHz) is only one 
of the outstanding features of Syl­
vania's Series D-5509 Schottky Bar­
rier mixer diodes. To fully describe 
these new devices, one must combine 
the operating frequency performance 
with the extreme broadband capabil­
ity having good burnout character­
istics, and with an inherently low l/F 
noise characteristic. 

To get all this improved perform­
ance in one device means there must 
be not only an optimized semicon­
ductor, but also an optimized pack­
age. The performance level of the 
D-5509 units shows they have both. 

Sylvania's MQM package is the key 
to the broadband capability of these 
new units. Measuring only 0.08" x 
0.20" overall, this package utilizes a 
low dielectric glass body hermetically 
sealed to precision mounting pins. 
The result is a package capacitance 

of only 0.08 pf allowing operation of 
a wide frequency spectrum. 

In addition to its low capacitance, 
the MQM package features precise 
axial alignment of the mounting pins 
allowing precision design of minia­
ture holders. Easy insertion and posi­
tive RF contact in holders are assured 
by a package design which has over 
50% of its length devoted to circuit 
contact area. 

Low junction capacitance of the 
diode permits operation in the Ka 
region. This low junction capacitance 
is the result of the superior alignment 
methods used in new Schottky Bar­
rier diode processing techniques. The 
process employs epitaxial silicon to 
make devices with precisely con-

013P•ckage 

trolled impurity distribution. In this ~ 
improved method, a thin insulating 
layer and a relatively thick metallic ~ 
contact layer over the barrier are _ 
used. The insulating layer and the su­
perior mask alignment methods com- -
bine to produce the precise etching .. 
needed to make barrier regions of ,, 
low capacitance. The metallic con-
tact and pinpoint mask alignment 
maintain tight registration during 
metallization to give a reliable con­
tact without increasing barrier region , . 
capacitance. 

The low noise figures exhibited by 
the units in the D-5509 series (D-5509 ~ 
= 10.0 db, D-5509A = 9.0 db, D- .. 
5509C = 8.0 db) result from the low 
series resistance of the diode. This " 
low series resistance is obtained by ~ 
keeping the epitaxial layer extremely 
thin, on the order of 1 micron. Be- _. 
cause of the low l/F noise character- ,,. 
istics of these units, they are ideal for 
doppler applications including police• 
radar, proximity fusing, and traffic ~ 
monitoring systems. 

frtllUlnCJ 
l1nd 

SYLVANIA'S SCHOTTKY BARRIER 
MIXER DIODES IN MQM PACKAGE 

SlC Ku Ka 

Sylvania 
Serles 0-5503 C 0-5506 C 0-5507 C 0-5508 B D-5509 B ~ 

Minimum ONF 6.0 db 6.5 db 7.0 db 7.5 db 8.0 db 
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OTOCONDUCTORS 

Combine lamps and photoconductors 
to get the function you need 

perhaps none of Sylvania's standard 
p hotoconductor-lamp (PL) assemblies 
fills your specific circuit requirement. 
perhaps the new units that are com­
iri& don't include one that's f ust the 
right device. What do you do? Look 

f0 ,,,- Sylvania's custom PL capability , . 
to get what you need, whether it be 
a simple detector unit or a combina­

~ tion of PL devices in one package. 
Custom PL assemblies from Syl­

vania now allow circuit designers to 
.., irriplement many additional poten­

tial applications of photoconductor­
latnP assemblies. A wide variety of 

,.. possible photoconductor and lamp 
combinations means special assem­
blies can be designed to meet the 

~ rnost exacting requirements. 
These custom assemblies take de­

; signers beyond the standard single­
tbrow single-pole or double-pole 

~ types. Typical of one such custom de­
sign is an assembly containing two 

,. NE23 neon lamps optically coupled 
,.. to three cadmium sulfide photocon-

Dissipation Light 
Voltage at 25°C Resistance 

(Volts)l.2 (MW)l (Ohms)l 

PL-466E 400 300 35 
PL-lBlOC 300 75 BOO 
PL-8212E 300 75 700 
PL-B224C 300 75 1500 

PL-1823P 300 75 2750 

NOTES: 1. Absolute maximum rat ing system. 

I 
I 

ductors. The photoconductors are en­
closed in a lightproof metal cylinder 
and mounted perpendicular to the 
neon lamps. 

Because Sylvania custom-designs, 
the company can offer PL combina­
tions which more closely match the 
impedance level of the circuit they 
will be used in. For instance, with 
many entertainment manufacturers 
now becoming interested in all solid­
state construction, Sylvania can de­
liver PL units that match impedance 
levels of solid-state circuits. 

Availability of a wide variety of 
standard (shown in the table) and 
custom units erases limitations on the 
applications of PL assemblies. Be­
cause they have the characteristics 
of both a switch and a potentiometer 
and a response time in the millisec­
ond range, they are unrivaled in many 
areas of remote control, low-level 
switching or potentiometry. 

For example, for minimum hum 
pickup, the photoconductor can be 

PHOTOCONDUCTOR 

Dark Ascent Descent Shunt 
Resistance Time Time Capacitance 
(Megohms)4 (MS)l.S (M5)4.6 (pf)7 

0 .3 55 17 4.944 
10.0 75 20 0 .550 
10.0 55 17 0 .960 
10.0 55 17 0 .740 (case 

grounded) 
1.141 (case 
not grounded) 

10.0 50 12 0 .700 (case 
grounded) 
1.030 (case 
not grounded) 

AMBIENT OPERATING TEMPERATURE RANGE: - 40° to +1o·c 

LAMP VOLTAGE (All Elcrpl PL-1823P) 

000 200 300 400 600 
LAMP CURRENT- JU (PL-1823P Onl1) 

soldered directly into an audio circuit 
to be controlled. Control can be 
achieved by varying PL lamp voltage 
from a remote location. PLs can di­
rectly replace switches and relays in 
any application within their power 
handling capabilities. Indirectly they 
can be used as triggering devices for 
higher power components. 

Because of their time delay, PL 
assemblies are used extensively in the 
entertainment field to produce special 
musical effects such as tremolo and 
vibrato. Also, they may be used to 
regulate high voltage in color tele­
vision receivers and for remote vol­
ume control in broadcast studio con­
soles. Industrial applications include 
performing AND and OR logic func­
tions and the voltage control of time 
delay and frequency in monostable 
and astable multivibrators. Used with 
silicon controlled rectifiers, they can 
provide low-voltage isolated control 
for high-voltage loads. 
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LAMP 

Coupling Rated Rated 
Capacitance Voltage Current 

(pf)S (Volts) (MA) 

0 .433 6 35-45 
0 .264 10 15-20 
0 .229 12 35-45 

0 .017 (case 24 15-20 
grounded) 
1.070 (case 
not grounded) 
0.025 (case 90 (Break- 0 .3 
grounded) down), 59 
0 .905 (case (Operating) 
not grounded) 

2. Measured with photoconductor in complete darkness at a 
pulse rate of 120 pps, 50 µ s duration . Voltage in excess 

5. Time to reach 63.2% of illuminated photoconductor 
current after application of rated lamp voltage. 

6. Time to reach 36.8% of illuminated photoconductor 
current after removal of rated lamp voltage. of rated may damage the photoconductor. Max imum DC voltage 

is limited by maximum dissipation and minimum dark 
resistance rating. 

3. Measured at rated lamp voltage. 
4. Measured 10 seconds after removal of rated lamp voltage. 

7. Measured across photoconductor leads (leads 
parallel to major axis) at frequency of 456 kc . 

8. Measured between photoconductor and lamp leads (photoconductor leads 
tied together- lamp leads tied together) at frequency of 456 kc . 



PRODUCTION MANAGER'S CORNER 

How a philosophy breeds IC reliability 
As an engineering manager on the 
production side of integrated circuits, 
I'm necessarily involved in every facet 
of IC manufacturing and quality con­
trol. Occasionally, though, I'm asked 
to squeeze extra time into the day's 
occupation for, what is to me, an en­
joyable diversion-showing and ex­
plaining our Woburn, Massachusetts, 
facilities to people who have a pro­
fessional interest in ICs. 

I'd like to comment on a couple of 
points that frequently come up in our 
discussions. The first is on reliability 
through hermeticity, especially as it 
relates to the dual in-line plug-in 
package. The second point deals with 
what we at Sylvania feel is a unique 
IC manufacturing philosophy. 

The Sylvania dual in-line plug-in 
package was designed and con­
structed with the same reliability cri­
teria in mind as the Sylvania flat pack. 
It is understood, then, that the cross­
sectional appearance of the dual in­
line package is very similar (except 
in size) to the flat pack. 

The dual in-line (DIP) features a 
kovar bottom sealed to an alumina­
filled glass construction in which the 
kovar leads have also been sealed. All 
of these seals take advantage of the 
technology gained from the kovar-to­
glass seal originally developed for 
transistors. This is the classic kovar­
oxide-glass combination. The package 
integrity that is achievable with this 
technology has been an established 
fact for many years. 

The high degree of hermeticity that 
has become standard in the industry 

for such older packages as the T0-18 
and T0-5, is now being achieved 
with the Sylvania DIP construction. 
The one significant difference be­
tween the older transistor metal pack­
ages and the DIP is the fact that the 
seal length (a possible leak path) is 
much longer than that encountered 
in the metal package. If anything, 
this would seem to lead to an even 
greater hermeticity capability. 

The cover of the DIP is made out 
of the same material as the body with 
the seal being a pyroceram frit. As a 
result of the use of these materials, 
the Sylvania dual in-line package is 
composed of thermally matched seals 
throughout its construction. 

The integrated circuits manufac­
turing philosophy at Sylvania has al­
ways been to manufacture all circuits 
with identical care and a high degree 
of workmanship. Therefore, in the 
final analysis, Sylvania circuits need 
only be graded by their industrial or 
military capabilities as determined in 
the 100% final test. All Sylvania inte­
grated circuits go through a sequence 
of reliability tests during their manu­
facture. These tests are applied after 
sealing the package in the following 
order. 

First, each IC package is subjected 
to five cycles of -65°C to +200°C 
thermal cycling with fifteen-minute 
soak times at each of the temperature 
extremes. This test is assurance to 
both Sylvania and its customers that 
the package will withstand demand­
ing stresses after sealing. Second, all 
packages are subjected to a 20,000 G 

r-- 0.700 =0.015 .. , 
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centrifuge test while tl::::iey are in the 
Y 1 plane. This test inss. ures that the 
wire bonds have also b. .:en subjected 
to a mechanical stress t:'.::iest. Third, all 
packages are bubble-te:s ted in 150°C 
glycerine for any leak.s that might 
have come about as a -=-:-esult of defi­
cient sealing or due t <:::> the package 
stress tests discussed a o ove. Fourth, 
all integrated circuits ar~ stabilization­
baked at 300°C for 48 to 60 hours. 
Fifth, all Sylvania circuts are sub­
jected to the worst-cas e DC tests at 
the temperature extremes guaranteed 
and also for all paramet::ers which are 
called for on the Sylvan ia data sheet 
or in the customer's specifications. 
The ultimate electrical capability of 
each and every integrated circuit is 
tested at 75°C, 125°C ,, -55°C and 
0°C for DC parameters. Following 
that, every unit is tested for all dy­
namic characteristics at switching. 
This is done in Sylvania's fully auto­
matic test equipment at the rate of 
one circuit every two seconds. This 
equipment has been dubbed "Mr. 
Atomic" Multiple Rapid Automatic 
!est Qf Monolithic !ntegrated Cir- • 
cuits). It is only as a result of the test 
performance in "Mr. Atomic" that any 
differentiation between military and " 
industrial capability is made. 

Each lot of integrated circuits is 
then held in quarantine for quality 
audit of the capability of the lot. Dur-
ing this audit, random samples are " 
drawn for electrical parameter check 
and also for a hermeticity check. The .. 
latter is performed with Sylvania's 
radiflo equipment. This equipment .. 
uses radioactive krypton for a tracer "' 
gas and is the most efficient means 
available today for determining the "" 
fine leak rate of hermetically sealed -. 
packages with sensitivity to at least 
lxl0- 12 cc/sec/standard atmosphere. "' 

It is only after the complete circuit • 
tests and package mechanical and 
hermeticity tests described above 
have been performed that Sylvania • 
integrated circuits are shipped to our 
customers. 

HENRY STYSKAL 



CRTs 

New high-brightness, high-resolution 
tubes customed to your needs 

What size high-brightness, high-reso­
lution CRTs do you require for your 

- aerospace equipment? Now, chances 
are you can get precisely the right 
devices to fulfill this need. You can, 

., that is, if you consider Sylvania's new 
family of customized high-brightness, 
high-resolution CRTs. We've already 

' made many variations of the basic 
., unit. Each still retains the superior 

performance characteristics of the 
basic design. We'll use this same cus-

• tom capability to build you a CRT 
tailored to meet your specific needs. 

Sylvania's new family of custom 

high-resolution, high-brightness 
CRTs makes possible displays which 
are clearly visible even in ambients 
of high light levels. Combine this 
high-brightness, high-resolution ca­
pability with the ability to stand high 
altitudes and you get an ideal aero­
space display device. 

Other high-brightness tubes in this 
line can enhance quality of displays 
used in shipboard command systems, 
battlefield surveillance equipment, tv 
monitors or just about anywhere con­
ventional CRT displays are washed 
out by high reflected or direct am-

bient light. 
One important use of this new type 

tube has been in fighter aircraft for 
Vietnam. In the aircraft, a high­
brightness cockpit display uses an 8" 
version of the tube to get an electronic 
photograph of the horizon. The pic­
ture the pilot sees is computer-gen­
erated by radar to give him a fix on 
the terrain. 

Other customized versions of this 
tube may be the answer to your dis­
play problems. While usual applica­
tions for this family range from 3" to 
8" screens, Sylvania will design and . 
build tubes to your specific require- / 
ment. 

Typical of these new tubes is type 
SC-4649A, with a rectangular screen 
having useful dimensions of 4% x 5% 
inches. Key features of this unit in­
clude a high voltage gun of improved 
design and a neck diameter of 0.870 
inches. Encapsulated leads insure re­
liable operation at high altitudes. 
Typical operating conditions show a 
brightness of 1.000 foot-lamberts min­
imum at 225 µ.a of anode current. 

The SC-4649 series uses high volt­
age electrostatic focus and magnetic 
deflection with deflection angles of 
70 degrees. An aluminized P31 phos­
phor gives a green fluorescence with 
a medium short persistence. 

In addition to the SC-4649A, other 
versions of this series ( SC-4649B 
through F) are available with various 
combinations of faceplates and 
bonded shield cover panel. 
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COLOR TELEVISION 

Now available for '67 sets, 
rectangular 22" 

Even though most other color tube 
manufacturers now use rare earth 
phosphors, color bright 85 picture 
tubes by Sylvania are still brighter. 
This has been true since we first 
coupled Sylvania-developed rare 
earth phosphors with exclusive phos­
phor dusting and glass panel stabiliz­
ing techniques. It's still true with the 
latest addition to our color picture 
tube line. 

Availability of production quanti­
ties of Sylvania's 22" color bright 85 
tube gives TV set manufacturers five 
different extra bright tubes from 
which to choose. Other tubes in the 
color bright 85 line include 19" and 
25" rectangular types. Sylvania uses 

FEATURES 

Minimum useful screen dimension 

Minimum useful screen area 

17.446 x 13.640" 

227 sq. in. 

Overall length (non-bonded tube) 19.012 ± .375" 

Neck length 6.693 ± .188" 

Weight (approximate) (non-bonded tube) 28 pounds 

Deflection angle (diagonal) 90 degrees 

Maximum anode voltage 

Construction 

Phosphor 

20,000V to 27,500V 

Bonded-etched and 
unetched, unbonded 

Sylvania rare-earth Europium 

an exclusive dusting process with 
each of these types to make them as 
much as 15 percent brighter than 
units from other manufacturers. 

The new 22" tube has minimum 
useful screen dimensions of 17.446" 
by 13.640", producing a minimum 
projected area of 227 square inches. 
Because of new FTC labeling require­
ments, this tube will be used in sets 
marketed as 20" units. 

Three versions of the tube are 
available. The RE-22KP22 is the non­
bond ed configuration. Both the 
RE-22JP22 and RE-22LP22 have an 
integral protective window sealed to 
the faceplate. They require no sepa­
rate safety glass window. Surface of 

the protective window of the RE-
22JP22 is treated to minimize specu­
lar reflection. 

All versions are manufactured to 
the same high standards which char­
acterize the color bright 85 line. Pre­
stabilization of the tube's glass face 
panel permits near-perfect alignment 
between phosphor dots and shadow 
mask holes. Cross hair indexed elec­
tron guns provide positive alignment 
of the electron beam and the phos­
phor dots. And the mask and the face 
panel are aligned automatically by a 
computerized process which precisely ;. 
establishes optimized relationship. 
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SYLVANIA 
This Information in Sylvania Ideas Is furnished 

without assuming any obligations. 

SUBSIOIARY OF G'TI E 
GENERAL TELEPHONE & ELECTRONICS . .1.& 
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COMPANY~~~~~~~~~~~~~~~~~~~~~~­

ADDRESS~~~~~~~~~~~~~~~~~~~~~~-

Circle Numbers Corresponding to Product Item 

c 300 301 302 303 304 ) 305 306 

D Please have a Sales Engineer call 

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

You can also get information 
using the publication's card 
elsewhere in this issue. Use of 
the card shown here will sim­
plify handling and save time. 
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You didn't have to make 
it so soft on our account. 

Our Kemet solid tantalum capaci­
tors were among the least delicate 
components to soft-land on the 
moon. And, though the lunar night 
is -254° F ... we survived. 

Kemet capacitors have such 
sturdy reliability you can trust 
them on any project. They're also 
the only solid tantalums available 
graded as to failure rates. 

This is why Kemet capacitors 
blast off with just about every 
American rocket - and why 
they're key components in so 
many earthbound products. 

But capacitors are only one of 
the activities that keep Union 
Carbide up front, on the frontiers 
of electronics. Among other 
things, we're also leaders in re­
search, development and produc­
tion of single crystals and crystal 
products; laser systems; solid 
state devices; fuel cells. 

They're reasons to keep Union 
Carbide in mind before your proj­
ects reach the breadboard stage. 

• 

Union Carbide 
Corporation, Elec­
tronics Division, 
270 Park Avenue, 

ELECTRONICS NewYork10017. 

KEM ET 1s a registered trade mark of Union Carbide Corporation 
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Guess how many 
different JT Pancake 

connectors 
Bendix makes. 

36 Circle 36 on reader service card 

Guess again. It's closer to 
1,000,000 in all-and increasing 
every day. Bendix makes 
crimp, solder, grommetted, 
potted and hermetic versions. 
In eight different shell types 
and nine shell sizes-8 through 
24. You can choose from 40 
different insert patterns in 16-, 
20-, 22- and 22M-contact sizes, 
that will accept a wire range 
of 16 through 28 gage. And 
they feature temperature 
capabilities that range to 
392°F. continuous operation. 

Somewhere in all that, 
there's bound to be the Bendix® 
JT Pancake connector that's 
right for you. (Especially if 
you're concerned with aircraft, 
rockets, missiles, submarines, 
torpedoes or ground support 
equipment.) 

Why the wide acceptance 
of Bendix JT Pancake 
connectors? They cut weight 
up to 603 , length up to 503 . 
They're the smallest, lightest 
of their type in the industry. 
They're readily available from 
our jobbers or the plant. 
They're loaded with the latest 
connector innovations, many 
of which are sure to become 
industry standards. Like more 
information? Just contact us in 
Sidney, New York. 

Scintilla Division 

,~nw/ 
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CONTROL KNOBS 
FROM RAYTHEON 

~ 

Military knobs, aluminum cap knobs, color knobs 
for every panel requirement 

You can meet military specs, select styles and 
colors that harmonize or contrast with any panel 
design and decor - when you specify Raytheon 
control knobs. 

Because, Raytheon offers the largest selection of 
military and commercial knobs. And makes them 
promptly available to you through distributors 
from coast to coast. 

Meet MS91528C Military Specifications from more 
than 300 standard types. Raytheon has custom de­
signed over 2,000 "specials." 

Every knob in the Standard Series is functionally 
designed. All styles have an integrated design to 
give uniformity to your panel. And each knob 
meets MS91528C for resistance to flame, torque, 
temperature and humidity extremes, salt spray and 

ultraviolet radiation. Colors include black, red, 
gray or to your special order. 

Or, specify aluminum-cap knobs. These handsome 
knobs are made of strong plastic with satin finish 
aluminum caps. Raytheon aluminum caps are 
treated with an epoxy coating for corrosion resist­
ance. Colors: black, gray, or to your order. 

Color knobs highlight panels. Choose from eight 
colors plus black - in ten styles - to harmonize 
or contrast with commercial equipment design. 
Raytheon makes these 400 Series Knobs of dura­
ble high-impact ABS. 

Call your distributor or nearest Raytheon regional 
sales office for catalogs and data sheets. Or, circle 
the reader service card. Raytheon Company, Com­
ponents Division, Lexington, Mass. 02173. 

Roytheo" Compooe"" o;,;,;o" -A ,; "•'· ••••ce lo• r ... ,;,, ... ; o;ode•/I "........ (RAYTHEON j 
Circuits/Industrial Tubes/Control Knobs/Panel Hardware/Circuit Modules/Display Devices _ _ 
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FOR FASTER ROTARY SWITCH DELIVERY ... TRY THESE: 
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IF YOU DO, you ' ll find that Shallcross 
Series 1, 2 and 4 precision rotary switch 

, lines offer: 
LOWER TOTAL COST- INITIAL COSTS 
ARE NORMALLY LOWER (often 25 per· 
cent or more) than those for rotary 

... switch counterparts claiming comparable 
quality. INSTALLATION COSTS ARE RE­
DUCED by easily wired flared terminals 

\T (identified for location) and rugged con­
struction features that virtually elimi­
nate switch damage during harnessing. 
MAINTENANCE AND REPLACEMENT 
COSTS ARE REDUCED to the vanish ing 
point by: (1) 50 in/lb stop strength rat -

~ ings, (2) multiple contact wipers (for 
reliable circuit "making"), (3) positive 

<"I action long life detents, (4) dust protec· 
tion for internal switch parts, and (5) 

;; material-design combinations that re­
duce volta ge breakdown and insulation 

Electronics I January 9, 1967 

I~ ; i ; ; ; I I 
· I I I I I I I 

1 I I II I II 
I I I I I I I ~~ ' -

(\j 

Cf) 
w 
0:: 
w 
en 

resistance failures . Add these cost 
"savers " to lower specification costs 
(below), and you'll see why Shallcross 
has the most economical top quality ro· 
tary switch line in the industry - as a 
matter of fact, an investigation will prove 
that Shallcross switches are often less in 
total cost than the lowest priced "clip 
types." 

OUTSTANDING DRY CIRCUIT SWITCH­
ING - Negligible " thermals," low con ­
tact resistances (1 ·2 milliohms typical 
from input to output), and low switching 
noise provide ideal dry circuit switching. 

EASIER SPECIFICATION - Comprehen­
sive cataloging, reproducible specifica · 
tion sheets (for easier drawing creation), 
and easily used part number systems 
expedite specification . 

FASTER DELIVERY - Day-in-day-out 
deliveries for standard Shallcross 
switches equal any in the industry (eight 
distributors stock 1-3 deck " standards" 
- production quantit ies are normally 
shipped in two to three weeks). 

The best values in quality rotary switch· 
ing wear this brand-try them. ........ 

sh al/cross 
SUBSIDIARY OF CUTLER•HAMMER 

SHALLCROSS MANUFACTURING COMPANY, SELMA, N. C, 
ZIP CODE 27576 •TEL. 919 965·2341 • TWX 919 770-7839 
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The Model CW-1 Boxcar Integrator is 
a gated signal averaging device useful 
for the recovery of either complete re­
petitive waveforms or incremental por­
tions thereof from noise. The input to 
the Boxcar Integrator is sampled by 
a variable width, variable delay gate 
which can be fixed at any point on, 
or slowly scanned across, the repeti ­
tive waveform. The sampled portion 
of the input waveform is averaged by 
a variable time constant integrator, 
displayed on the panel meter, and 
made available for external record ing 
or other use. Because the mean value 
of random noise is zero, the output of 
the integrator wi II asymptotically ap­
proach the average value of that por­
tion of the input waveform being 
sampled at any moment, with a cor­
responding suppression of the accom­
panying noise. The Model CW-1 may 
be used in 'such widely varied appl i­
cations as pulsed nuclear resonance, 
laser excitation decay, and biological 
evoked response experiments. In gen­
eral , this instrument should be of 
value in any application where noise 
int2rferes with the recovery of repeti­
t iv':! waveforms. 

40 Circ le 264 on reader service card 

SPECIFICATIONS 
SIGNAL CHANNEL -
Input Sensitivity: ± .2 volt to ± 100 
volts in 1, 2, 5, sequence for ± 10 volts 
output. 
Dynamic Range: Will accept inputs 15 
times full scale requirement without 
overloading. 
Integration Time Constants: 100 micro­
seconds to 100 seconds in 1, 3, 10 
sequence. 
Holding Time: At least 106 times inte­
grat ion time constant for 10% F.S. 
change in output, up to 105 sec. 

Output: (a) V2% Panel Meter, ± 10 
volts. 
(b) ± 10 volts provided at front panel 
at an impedance of 1 K. 
(c) Recorder Output - suitable for 
most galvanometric and servo 
recorders. 

GATE TIMING CIRCUITS -
Operating Modes: (a) Ext. Trigger 
(b) Ext. Gate 
(c) Recurrent: Time Base triggered au­
tomatically and repetitively. 
(d) Continuous: Gate on continuously. 

Time Base Widths: 10 microseconds 
to 1 second in 1, 2, 5 sequence. 

Gate Pulse Width: Continuously ad­
justable from 1 microsecond to .11 ..,. 
second. 

Delay: (a) Manual adjustment from 0% '" 
to 100% of Time Base Width. 
(b) Automatic scanning from 0% to 
that % of Time Base Width selected .­
by setting the Manual Delay Dial. 

i. 
Automatic Delay Scan Periods: 1, 2, 5, 
10, 20, 50, and 100 minutes. 

GENERAL -
Power Requirements: 105-125 volts or 
210-250 volts; 50-60 Hz; approximately -
15 watts. 

Size: 19"W x 5"H x 14" D. 
Price: $1,950.00. Export prices approx- \-" 
imately 5 per cent higher (except 
Canada). Request Bulletin No. 127. 

PRINCETON 
PPLIED RESEARCH CORP. 
Dept. D 
Box 565, Princeton, N. J., Tel. (609) 924-6835 
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Manufacturing 

The perfect bond 

Three years ago, Honeywell Inc. 
tantalized other producers of in­
tegrated electronics systems by 
claiming it could get perfect molec­
ular-diffusion bonds between an in­
tegrated-circuit chip and its leads. 
But Honeywell wouldn't say how it 
performed the trick [Electronics, 
F eb . 14, 1964, p. 70] . 

Now, one of Honeywell's rivals 
in aerospace electronics, \Vesting­
house Electric Corp., shares the 
secret and plans to use it to pre-
pare multifunction assemblies of IC 

chips for military systems. 
Whether vVestinghou se puts the 

technique into production depends 
on whether it receives military 
fu nding for furth er development, 
according to Charles Denton, man­
ager of the mechanical design 
group of the \i\Tes tinghouse Aero­
space division in Baltimore. H e 
says that a proposal for a military 
contract has not ye t b een made, but 
that discuss ions are b eing held with 
the Naval Air Development Center 
in Johnsville, Pa. , and with the 
Rome Air D evelopment Center, 
Rome, N.Y. 

The bonding method eliminates 
the usual interface b etween chip 
and lead materials and allows face 

~ bonding without the usual raised 
bump, ball or pad contacts . Any IC 

,... chip can b e used, as long as the 
'7 thin-film terminals on the chip are 

aluminum. The leads applied to the 
chip are fingers of nickel, coated 
with an aluminum film that fu ses ,,. 
into the film on the chip. 

(T' Finger frame. The nickel fingers, 
2 mils thick, support a 10,000-ang­
s trom aluminum film that is the 
actu al lead conductor. 

To make them, sulfo mate nickel 
• is deposi ted 2 mils thick on a pol­

ished pla te of stainless steel and 
..., then e tch ed into the des ired lead 
'1 pattern held together b y a fr ame of 
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nickel. After the aluminum is de­
posited on the nickel and heat­
treated to make it adhere, the fin­
gers and frame are stripped off the 
plate. 

The fin gers are positioned on the 
chip and bonded with a special 
parallel-gap welder. The assembly 
is heated to 300° C. Current from 
a programed weldin g supply is 
passed through a fin gertip, h eating 
the joint to 600° C as the welding 
electrodes press the two aluminum 
surfaces together. A 2-millisecond 
surge of current h eats the joint 
above 600° C and the bond is made. 
Finally, the current is gradually 

eased down until the assembly has 
cooled to 300° C again. It all takes 
150 milliseconds. 

To make the bonding electrodes, 
a thoria ted tungs ten rod is ground 
into two identical halves with a tip 
radius of 2 to 6 mils. The gap b e­
tween the electrodes is set b y in­
serting a sheet of split mica, about 
% mil thick. between the two 
halves. 

Bonds as small as 2 mils in di­
ameter have been made, and b e­
cause the bond has no interface, the 
fin gers will break b efore the bonds 
fail. One reason the bonds are so 
effective is the half-moon cross-

41 



Electronics Review 

section of the fingers, seen in the 
diagram. As the round side presses 
down, surface gases and oxides are 
squeezed aside while diffusion of 
the aluminum is aided by plastic 
flow and some evaporation and con­
densation. 

Silicon wiring . .After the fingers 
are bonded to the chip, the other 
ends of the fingers can be bonded 

ALUMINUM 
CONDUCTOR 

STEP t 

STEP 2 

to aluminum wiring on a substrate 
that interconnects many such chips. 
The chips can be placed face-down 
on a flat substrate, or into channels 
in the substrate alongside the 
wiring. 

Such assemblies are used by 
Honeywell in its Micpak packag­
ing system. Honeywell has also 
demonstrated the bonding of 

NICKEL 
SUPPORT 

SI LICON 
SUBSTRATE 

Interface-free bond is formed when molecules of aluminum film on the chip d: ttuse 
with those in the film on the substrate. The diagrams are before (top) and after 
views and cross-sections along the finger (left) and through the fi ngertip. 

Chip and finger subassembly, ready for bond ing t he finger ends to an 
interconnect ing substrate. The chip ca n be bonded face-down to the substrate 
or be inserted in channels in t he substrat e. 
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groups of chips to a silicon-crystal 
equivalent of a multilayer circuit 
board. The substrate, processed 
like an IC but without devices, con­
tains a low-resistivity ground plane 
of p-type silicon, a high-resistivity 
p-type epitaxial layer with n-type 
diffused crossover conductors and 
thin-film surface bonding pads and 
conductors joined to the crossovers 
through w.indows in an oxide layer. 

Big little packages. Westinghouse 
plans to use miniahue multilayer 
ceramic boards for IC in terconnec­
tion. These will be sealed, along 
with discrete devices, in a 1-inch­
square package with 68 leads. The 
bonding is being done one finger at 
a time ·on a pilot line, but We~ting­
house plans to qualify the process 
for military systems and install 
automatic production equipment. It 
hopes to develop simultaneous 
bonding of many leads. 

The two companies are not alone 
on the chip and finger trail. Inter­
national Telephone and Telegraph 
Corp. has been developing a similar 
lead-bonding technique [Electron­
ics, July 12, 1965, p. 98]. And 
Bell Telephone Laboratories Inc.'s 
beam-lead technique fabricates lead 
fingers as part of the chip-metalliza­
tion process [Electronics , June 28, 
1965, p. 68, Nov. 16, 1964, p. 114, 
and Dec. 26, 1966, p. 111]. Bell's 
technique is being adopted by sev­
eral firms. 

Military electronics 

Litton's loss 
A nearly $20 million program to 
modernize the Air Force's ground­
to-air communications network, 
495L, has been termina ted sud­
denly and without explanation. 
Late in December the Air Force 
said that as of Nov. 9, 1966, the 
contract with the 'i\Testrex Com­
munications division of Litton In­
dustries Inc. had been ended "by 
default.'' 

The move apparently didn't 
catch vVestrex by surprise. Only a 
month earlier, the division under­
went a major overhaul: the top 
man, general manager Charles T. 
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Johnson, left the company. Litton 
brought in a new man, Joseph 
Smith, and upgraded the post to 
president of the division. 

No de·tails. Smith himself de­
clines to elaborate on the reason for 
the conh·act cancellation, explain­
ing that it would be inappropriate 
to discuss th e details prior to an 
appeal that Litton has filed. 

The cancellation is the second 
within three months involving a 
major contract for an L program­
the designation given to command 
and control systems under develop­
ment. The earlier termination in­
volved the 473L program, an Air 
Force command information sys­
tem [Electronics, Sept. 19, 1966, 
p. 201]. 

The decision to junk the 495L 
program reportedly wasn' t made 
by the program director, Electronic 
Systems Division at Hanscom 
Field, Mass., but at a high Penta­
gon level. According to one indus­
try source, the Air Force division 
commander, Gen. John W. O'Neill , 
was ordered to cut off the program. 

Apparently by coincidence, the 
'Ves trex cancellation occurred at 
about the same time an Air Force 
evaluation team at Hanscom Field 
was completing work on contract­
definition proposals of Litton and 
the Hughes Aircraft Co. for data­
collection centers to be used in the 
tactical air control system, the 
407L. Hughes eventually won the 
$68.5 million production contract 
[Electronics, Dec. 26, 1966, p. 26]. 

On schedule. Smith said W es t­
trex has an $12 million contract 
with the Army for delivery of 
equipment similar to that of the 
495L and that this job is proceed­
ing "pretty much on schedule." 

'Vestrex's president conceded 
that during the negotiations for the 
data centers the "495L question 
was raised," but he asserted that 
the military "specifically assured 
Litton that there was no prejudice" 
in the case. 

The 495L program relies heavily 
on high-frequency, single-sideband 
as a primary mode of air-to-ground 
links. The original order, placed 
with 'Ves trex two years ago, was 
for about $9 million. This was sub­
sequently raised to about $15.5 
million and would have gone to 
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more than $19 million, Smith ex­
plained. 

The goal of the 495L program 
was to upgrade the technical capa­
bility of the existing communica­
tions system, particularly for bet­
ter control of the worldwide air­
borne fleet and to provide digital 
data communications. Also in­
cluded were plans to ex tend cov­
erage of the network to additional 
military users and expand the mun­
ber of stations to serve additional 
areas of the world. The prime con­
tractor was to equip at leas t one 
new ground sta tion for the network, 
install additional equipment at 
existing stations and provide for 
integration of the existing and new 
subsystems. 

A spokesman for Hanscom Field 
declined to disclose how much 
money has been paid to vVes trex 
under the program. 

The information officer for the 
user command, the Air Force Com·· 
munications Service at Scott Field, 
Illinois, said that none of the sys­
tems developed under 495L has 
been turned over for operational 
use. He said the Air Force now 
plans to upgrade the worldwide 
ground-air system by procuring off­
the-shelf hardware as needed. 

Inventory gear. ' Vestrex presi­
dent Smith said he understood the 
Air Force will use "inventory gear" 
and this, he said, will mean "less 
capability by a long shot in sensi­
tivity, tuning and in overcoming 
intermodulation loss." 

According to Smith, the Air 
Force is buying some of the mate­
rials, such as antennas. from sys­
tem subcontractors. 

Smith said the first of 20 sub­
systems was to have been delivered 
in March with deliveries of two per 
month after that, and contract com­
pletion by the spring of 1968. In 
each case, he said, the equipment 
would have been unique. 

Service rivalry 
Ask an Air Force electronics pro­
curement officer what he thinks of 
TX, or "testing extra," and he no 
doubt will tell you it's one of the 
most efficient and economical pro­
cedures around for assuring semi­
conductor reliability. Ask his Army 
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or Navy counterpart the same ques­
tion and,,1rn'll probably say, "It's ok, 
but ... 

The Air Force, which has been 
pushing the concept of TX for the 
past four years, maintains that it 
provides a tenfold improvement 
over conventional sample-tes ting 
methods and costs only a little bit 
more. 

Reluctant move. At the persistent 
urging of the Air Force, the other 
two military services have reluct­
antly gone along with TX, but only 
for a few selected orders for tran­
sistors, diodes and rec tifiers. The 
Air Force, on the other hand, has 
applied the tes ting technique to 
major orders: the F-111 and G-5A 
aircraft and the 487L communica­
tions system. (For more on the his­
tory of TX, see the panel below.) 

Tx specs, the Air Force says, 
fill the gap between the loosely 
regulated but inexpensive sample­
testing procedures, and the expen-
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sive ER, or established reliability, 
method. Tx standards require that 
all components survive from 72 
hours to a week of burn-in before 
shipment, while ER standards pro­
vide for a complex series of trials, 
including lifetime sample tests that 
may last as long as three months. 
Under the TX procedure, an entire 
batch of components is thrown out 
if 10% or more fail the "infant mor­
tality" burn-in. 

The Army and the Navy gener­
ally view the TX concept as just 
another test procedure in a field 
already crowded with some 213,000 
reliability specs. But proponents of 
TX contend that the method is more 
logical than ER because components 
are most likely to fail in the early 
stages of use. Generally, reliability 
statistics bear out this contention. 

Dollars and cents. The most strik­
ing argument offered by TX sup­
porters is the Air Force's experience 
with it on the F-111 program. Con­
ventional testing of a resistor for 
this program would have cost 53 
cents, they say, whereas TX testing 
produced a reliability level nearly 
on a par with ER at a cost of 4 
cents a component. 

Further, says the Air Force, one 
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subsystem in the F-111 has already 
exceeded a mean-time-between­
failure of more than 4,000 hours, 
though the specs called for only 
150 hours. 

The Air Force wants to establish 
TX not just to assert itself but to 
cut costs. It holds that if all the 
services adopt TX standards, drop­
ping many of the other specs, man­
ufacturers will be able to plan 
longer production runs, reduce in­
ventories and, therefore, sharply 
cut component prices. 

Communications 

Touch and go 
The major obstacle to rapid con­
secutive missile launches has been 
the tangle in communications. It 
takes several technicians four or 
five hours to manually patch cir­
cuits for communications between 
the control center and different 
launch pads. Now, the Air Force 
has installed a push-button switch-

Manually patching 
complex 
communication 
lines for a missile 
launch is tedious. 
A technician 
(above) spends 
hours connecting 
circuits to 
establish com· 
munications be· 
tween a launch 
control center and 
a launch pad. 
However, in a 
system designed 
by Western 
Electric (left), 
push buttons and 
punch cards 
switch all com· 
munications in 
less than five 
minutes. 
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ing system at the Western Test 
Range at Vandenberg Air Force 
Base, that cuts the time between 
shots to under 5 minutes. 

Eventually the switching system, 
built by the Western Electric Co. 
for $6 million, will enable the range 
to monitor simultaneously four 
countdowns instead of the two it 
can handle at present. "The rapid 
turnaround and improved com­
munications osc department. 

The system consists of five 
switching matrixes that link the 
control center to 30 launch pads, 
radio facilities, telephone lines and 
range instrumentation. This is in 
addition to existing telephone com­
munications and data links. Lines 
are immediately ready to use when 
switched. For every link there are 
alternate routes. 

Far ranging. Two sets of 260-line 
switches provide separate voice 
links for controllers and such range 
users as the Air Force Systems 
Command, the Strategic Air Com­
mand and the National Aeronautics 
and Space Administration. Another 
100-line switch connects radio 
links, es tablishing communications 
with downrange sites on Hawaii 
and ships and planes in the South 
Pacifi c. One switch interconnects 
about 30 sky screens to monitor the 
initial phases of liftoff. 

All switches are controlled by 
push buttons at the control center. 
Telephone communications can 
also be switched by inserting a pre­
punched IBM card into a desk-top 
multiple contact reader. Holes in 
the card permit contacts to close 
various points on the switching 
matrix, making the desired connec­
tion s. These telephone switches 
can make 40 connections at one 
time- either point-to-point or con­
ference calls. If necessary, all 260 
lines can be linked in a conference 
call. Because technicians don't 
patch manually, communications 
are more reliable. "The cos ts of a 
missile program make it imperative 
to have satisfactory communica­
tions ," says Charles Edmondson, 
an engineering supervisor at the 
Vandenberg range. " It doesn't mat­
ter how good the missile is, if you 
can't talk, you're dead," he asserts. 

No punch. A similar sys tem-
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built by the Westrex Communica­
tions division of Litton Industries 
Inc.-is in operation at Cape Ken­
nedy. The system consists of two 
switching matrixes-one 300-line 
matrix for two-wire communica­
tions and a 600-line matrix for 
four-wire communications. The 
matrixes are independent and can­
not be interconnected. The 600-
line matrix contains provisions for 
conference calls and is completely 
nonblocking, that is, a connection 
can always be made. Punched 
cards can switch the entire system 
in about 30 minutes. 

However, Robert Smith, project 
manager in V/es trex's sys tems en­
gineering department, says that in 
a typical launch it would take about 
10 minutes to switch the lines since 
only 200 to 300 lines have to be 
connected. 

In the 'i\Tes trex system, the 300-
line matrix is used for base com­
munications and also serves as an 
emergency backup if regular com­
munica tions fail. The 600-line 
phone system is the normal equip­
ment for range and down-range 
communications. 

Medical electronics 

Heartfelt power 
Were it not for the fact that the 
batteries of cardiac pacemakers 

BRIDGE 
RECTIFIER 
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require replacement every few 
months, the tiny implanted instru­
ments could go on steadily trigger­
ing the beat of a sick heart for years 
without adjustment. To get around 
the power-source problem, re­
searchers have experimented with 
a dozen or so techniques to convert 
kinetic energy-of either the lungs 
or the heart itself-into electricity 
to run the pacemaker, but each at­
tempt has run into fundamental 
problems. Now two researchers at 
the Case Institute of Technology in 
Cleveland have developed a tech­
nique that appears to sidestep these 
problems. 

Power converter. The medical 
elec tronics engineers, W en H. Ko 
and Michael Neuman, have bor­
rowed one of the basic elements of 
the motion-to-electricity conversion 
technique: the piezoelectric wafer. 
But instead of physically attaching 
one end of the wafer to the moving 
heart, they have simply placed it 
near the organ. In essence, the 
wafer, built into an enclosure 
forms a resonant chamber much 
like the inside of a drum. H ence, 
steady motions of the heart are 
converted into sound waves that 
drive the wafer and produce a small 
current. The technique has already 
been successfully tested in two 
dogs . 

'i\' hat is particularly attractive 
about this process is that the wafer 
doesn't make contact with the 
heart. In earlier experiments in 
which contact was made, the heart 

Sound waves generated by the beating heart provide enough power 
to generate a current to operate a cardiac pacemaker. 
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eventually adjusted itself at the 
point of contact until the wafer was 
no longer deflected. In the Ko­
N euman technique, the natural 
movement of the organ isn't af­
fected. In addition, the instrument 
used can be made so small that it 
can be implanted directly inside the 
heart, the researchers say. 

Beam shaped. In the unit, a ce­
ramic wafer shaped like a canti­
lever beam is housed in a small en­
closure. The enclosure prevents 
body fluids from shorting out the 
high-impedance crystal; the beam 
is weighted at one end and an­
chored at the other. The impact of 
the heartbeat causes the weighted 
beam to resonate, or vibrate, at a 
frequency that corresponds to the 
mechanical driving source, produc­
ing a train of electrical pulses. 

The researchers have made use 
of the crystal's capacitance by add­
ing a voltage doubler circuit ex­
ternally. The energy converter, con­
structed of Clevite PZT-5H crystal, 
measures only 2 by 5 by 1 centi­
meters. At a 80 pulse-per-minute­
rate, the maximum output is 4 volts 
into a 105-ohm load. This power-
160 microwatts-is more than 
enough to drive a pacemaker. 

Avionics 

Only make believe 
The obvious way to test the experi­
mental design of an airplane is to 
build a prototype and fly it. That's 
the expensive way. A much cheaper 
method is to work out a mathe­
matical model of the design and 

crank the information into a com­
puter for simulation. The one draw­
back here is that the results are 
totally dependent on the assump­
tions made in the mathematical 
model. North American Aviation 
Inc. has just won a $5.6 million Air 
Force contract for a design that 
combines the two techniques: it 
will develop what's called a vari­
able stability system ( vss) for a 
test plane that, in effect, makes it 
act like any other. 

Specifically, the North American 
contract calls for a control system 
for a vertical takeoff and landing 
(VTOL) aircraft, a modified Hum­
mingbird 2. About 250 controls in 
the system will be adjustable, so 
that by flipping a few switches and 
dials, the Hummingbird can be con­
verted into any number of other 
experimental planes. Further, any 
combination of designs for such 
parts as wings, tails, or fuselage 
can be tested in flight. 

Changing response. According to 
\rVilliam T. Barker, program man­
ager at the Los Angeles division of 
North American, the 250 adjustable 
variables will integrate 5° of free­
dom: roll, yaw, pitch, lift and 
thrust. Adjusting the variables al­
ters the response of the aircraft, 
causing the handling characteristics 
to change. 

The ultimale purpose of the vss 
installation in the Hummingbird is 
to generate data for writing a com­
prehensive military specification for 
VTOL aircraft, provide a test bed for 
design theories and to provide de­
sign information on aerodynamics 
and controls. The VTOL specifica­
tion will describe flight character­
istics and define the limiting de­
sign. 

It looks like a Hummingbird but it'll act like any VTOL plane. 
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Fly by wire. The modified Hum­
mingbird is a two-pilot airplane. 
The evaluation pilot will always 
"fly by wire"-that is, he will con­
trol the aircraft through the vss 
with no mechanical connection to 
the controls. The other pilot, for 
the sake of safety, will have direct 
access to the controls in the con­
ventional manner and will be able 
to take over in the event of vss 
failure. 

With more than 250 variable 
flight parameters, and with many 
additional fixed parameters, man­
aging the interaction among these 
obviously will require a computer. 
North American engineers have 
not yet decided on the type of com­
puter they will develop for the vss, 
but it will probably be an analog­
digital design. 

Collision course 

A multimillion-dollar contest is 
shaping up as several avionics com­
panies compete to build collision 
avoidance systems for commercial 
airlines. Experimental systems have 
already been built by the Collins 
Radio Co., the Bendix Corp. and 
the McDonnell Co. And two other 
avionics concerns-TRG Inc. and 
the National Co.-are working on 
collision avoidance systems. None 
of the systems are compatible. 

In an effort to pressure the com­
peting avionics companies to either 
redesign their systems, or to find 
ways to make them compatible, the 
airlines' industry group, the Air 
Transport Association, is trying to 
establish standards for the design 
of the avionics gear. A technical 
committee of the association, set 
up for that purpose, will begin a 
series of meetings this month. 

Time basis. Both the Collins and 
the McDonnell systems use time­
frequency as the basis for warning 
pilots that they are approaching 
another craft and what evasive ac­
tion should be taken. McDonnell's 
design uses ground stations. 

But in the Collins system, air-to­
air synchronization and time-aver­
aging techniques, using accurate 
atomic clocks, eliminate the need 
for the ground stations. 

Both the Collins and the McDon-
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35% efficiency ... 5dB gain! 

TRW breaks the Gigahertz barrier 

with this new family of Ultra High 

Frequency communication transis­

tors! They are the finest broad-band 

transistors you can buy-the only 

power transistors capable of 1 GHz 

operation in simple, straight 

through circuits. 
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As doublers or triplers they'll reach 

3 GHz with cool efficiency. In the 

600 to 700 MHz range their gain and 

efficiency is phenomenal! 

And there's more-you get this 

remarkable performance from a 28 

volt power source ... 35% efficiency 

and 5d B gain! 

Contact any TRW distributor or 

TRW Semiconductors Inc., 14520 

Aviation Blvd ., Lawndale, Calif. 

90260. Phone: 213-679-4561. TWX 

910-325-6206. TRW Semiconductors 

is a subsidiary of TRW INC. 

TRW 
Circle 265 on reader servi ce ca rd 47 



Electronics Review 

nell designs have h een outlined be­
fore the industry group. The Ben­
dix system hasn't been presented 
and little is known about how it 
operates, except it's a cooperative 
system and it needs neither atomic 
clocks nor ground stations. 

After the industry group de­
cides on a standard, the Federal 
Aviation Administration gets into 
the act. It's the FAA which makes 
the final ruling on what systems 
can be installed in airlines, and a 
spokesman for the agency concedes 
that will probably take years be­
fore agreement will be reached. 

Computer-aided design 

Circuit course 
The infant field of computer-aided 
design (CAD) is beginning to gen-

erate broad interest among elec­
tronics engineers. This is evidenced 
by the number of public and pri­
vate courses, workshops and sym­
posiums listed for this year. 

Last month three CAD sessions 
were announced, one by a private 
consultant and two by schools. This 
brings to almost a dozen the num­
ber of technical sessions already 
scheduled. 

From Jan. 24 to 26 Design Auto­
mation Inc. of Lexington, Mass., 
will give a course in Palo Alto, 
Calif. , on computer-aided analysis 
of circuits. Specifically, it will cover 
the use of the NET-1 computer pro­
gram. The course will be repeated 
in Los Angeles, starting on Jan. 31. 
Tuition is $275. The company, 
headed by Nathan 0. Sokal, was 
the firs t to be established for CAD 

consulting. 
Cosponsors. At New York Uni­

versity's School of Engineering and 

Designing circuits by computer. Eng ineer at IBM lab 
experiments wit h various pat terns fo r a circuit . 
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Science, a three-day class on circuit 
design by computer will be held 
from Jan. 31 to Feb. 2. The program 
is cosponsored by the ational 
Aeronautics and Space Administra­
tion and the Office of Naval Re­
search. 

And at the University of Mis­
souri, College of Engineering, a 
summer institute is planned that 
will devote time to CAD. The work­
shop program will be in three sec­
tions. The first , from Aug. 7 to 12, 
will include an intensive course in 
Fortran 4 programing, with em­
phasis on electronic circuit design. 
The second, from Aug. 14 to 18, 
will deal with analysis and design 
of electronic circuits by computer. 
And the third, from Aug. 21 to 25, 
will consist of eight concurrent ses­
sions: time domain techniques, op­
timization techniques , filter design , 
nonlinear circuits, biomedical data 
processing, biomedical transducer 
design, digital logic design ancl 
digital simulation. 

At the University of Missouri the 
fee per workshop is $150. 

Instrumentation 

Giant capacitors for Apollo 
The National Aeronautics and 
Space Administration will use the 
world's largest balanced capaci-

.. 

tance bridges to monitor fuel con- r 
sumption during the 1 %-minute 
flight of the Apollo launch vehicle's 
initial Saturn stage. During that 
period, liquid oxygen and propel-
lant fuel will slosh back and forth I"' 

in the craft's tanks, with waves 
reaching four feet at times. 

To cope with this sloshing, four 
49-foot-long capacitance bridges 
are to be installed in the Saturn 
vehicle at a cost of $10,000 each, 
including associated electronics. 
Built by Trans-Sonics Inc. of Bur­
lington, Mass. , the capacitors will 
each consist of 12 segments of 
aluminum tubing functioning as 
electrodes; the liquid flowing be­
tween the tubing will act as a 
dielectric. 

Finding its level. Each segment 
of tubing is a 49-inch continuous 
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A Tektronix 
HiDh Resolution 
Measurement 

Package: 
•Type 5458 Oscilloscope 

with Advanced CRT 

•Accurate Horizontal 
Delayed Sweep 

• Type W Plug-In for 
Accurate Voltage 

Measurements 
Small spot size - uniform focus 

The cathode ray tube and the delayed 
sweep of the Tektronix Type 5458 
Oscill oscope, plus the voltage meas­
urement capabilities of the Type W 
Plug-In Unit, combine to make an idea l 
package for high resolution measure­
ments. Even greater versatility is then 
available because the Type 5458 is 
compatible with all Tektroni x letter and 
1-series plug-ins. 

Precision CRT 
The Type545B uses the advanced T5470 
cathode ray tu be that provides smal l 
spot size and permits uniform focus 
over its entire 6 x 10 cm display area. 
The illuminated, no-parallax internal 
graticule lets the operator make full use 
of the measurement capabilities of the 
oscilloscope. Risetime and falltime 
measurements (10 to 90%) are made 
using the dashed graticule lines, and 
the illuminated graticule simplifies 
photographic recording. 

The waveform demonstrates the small 
spot size and uniform focus which pro­
vides fine trace definition. 

Horizontal Delayed Sweep 
The delayed sweep capability of the 
Type 5458 gives you the ability to make 
very accurate time measurements. The 
incremental accuracy (0.2%) of the 
delay-time multiplier provides a cali­
brated delay range which is continu­
ously variable from 1 µs to 10 s with an 
accuracy within 1 %. The Type 5458 
provides stable triggering on small 
signals. It triggers internally with AC 
coupling from 150 Hz to 10 MHz on 
2-mm deflection, increasing to 1 cm at 
30 MHz. 

Accurate Voltage 
Measurements­
DC to 23 MHz 
The high resolution Type W Plug-In 
Unit (illustrated) can measure voltages 
with an accuracy of ±0.2% V c· It pro­
vides an effective CRT height of 

±11,000 cm, permitting evaluation of 
1 mV pulses riding on signals up to 
±11 V (10 mV evaluation to ±110V). 
The common mode rejection ratio of 
the Type 5458 is at least 20,000 :1 on 
signals from DC to 20 kHz. Bandwidth 
of the instrument is DC to 23 MHz at 
50mV/cma nd DCtoBMHzat1 mV/cm. 

The Type 5458 vertical amplifier is easy 
to maintain and calibrate w~h a hybrid 
circuit design and a compact delay line 
that requires no adjustments. Among 
the letter and 1-series plug-ins avail­
able for use with the Type 5458 are 
spectrum analyzer units covering the 
spectrum from 50 Hz to 10.5 GHz, and 
sampling units with 90 ps risetime and 
TDR capabilities. With the Type 1 A2 
Dual Trace Plug-In , DC to 33 MHz 
measurements may be made with 10.5 
ns Tr and 50 mV/cm deflection factor. 
Type 5458 (complete with 

probes and accessories) . . . . . $1550 
Type W Plug-In Unit . 575 
Type 1 A2 Dual Trace Plug-In Unit . 325 

U.S . Sales Prices FOB Beaverton, Oregon 

Tektronix, Inc. 
For complete information , contact your 

nearby Tektronix field engineer or write : 

Tektronix, Inc., P.O. Box 500, Beaverton, Oregon 97005 
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measuring sensor and each has a 
discrete sensor. The segments are 
designed so that alternate sensors 
are connected to the opposite phase 
of the drive signal. The capaci­
tance bridge is maintained at null 
by a 10-bit digital servo system. 
As liquid fills the first sensing unit, 
the output increases in value until 
the second sensor is reached. vVhen 
the liquid is at the second sensor, 
the output decreases until the third 
is reached and so on. Discrete sen­
sors at the interfaces identify the 
segment being reached. The con­
tinuous output increases on all odd­
numbered segments and decreases 
on even-numbered segments. 

The lightweight, rugged, self­
calibrating system measures the 
liquid level to a resolution of 0.1 
inch over a height of 588 inches. 

The electronic unit provides a 
digital output with an updating 
time of 280 microseconds. The 
level, and thereby the remaining 
quantity of propellant, is monitored 
continuously from the loading of 
the fuel until burnout and stage 
separation. The information is 
gathered in digital form, updated 
3,600 times per second and h·ans­
mitted to the ground via the launch 
vehicle's telemetry system. 

Computers 

Another Sigma 
The first computer with a memory 
cycle of less than one microsecond 
that sells for below $500,000 was 
announced last week. The com­
puter, the Sigma 5, has a memory 
cycle of 850 nanoseconds and a 
typical configuration costs about 
$300,000. 

The computer is the third in the 
Sigma series built by Scientific 
Data Systems Inc. Its predecessors 
are the Sigma 7, announced last 
March, and the Sigma 2, which 
came out in September. Bryan 
Middleditch, manager of product 
marketing, says the new computer 
is designed primarily for scientific 
applications; it can also be used for 
commercial data processing, but 
decimal arithmetic is more awk-
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Memory module containi ng 4.096 eight·bit bytes. Up t o 32 
of these modu les may be instal led in t he new Sigma 5 compute r. 

ward to handle and therefore re­
quires more time than on the Sigma 
7. 

Speed second. Except for time­
sharing ability, the Sigma 5 is iden­
tical to the Sigma 7 from the pro­
gramer' s point of view. "In the 
Sigma 5, when trade offs were 
made, the designers favored cost 
rather than speed," says Dan Cota, 
a member of the product planning 
staff at sos. The Sigma 7 required 
additional hardware for effi cient 
decimal arithmetic, for juggling 
many time-sharing inputs at high 
speed and for other tasks. 

The Sigma 5 can execute several 
programs at once; it works on a 
high-priority foreground program 
as long as possible, then switches 
to a background program kept in its 
memory until it is interrupted by 
another foreground task. 

The fast 850-µ,s ec memory cycle 
is possible because the memory 
organization is 21/2-dimensional, as 
in the other Sigmas. The 21/2-di­
mensional organization uses only 
three wires threading each ferrite 
core instead of four, reducing 
propagation delay and noise [Elec­
tronics, Oct. 31, 1966, p . 83] . 

Interleaving. One feature of the 
new machine, common in larger 
and more expensive systems, is the 
modular organization of the memo­
ry, with interleaving. Modular or­
ganization permits overlapping of 
memory cycles; a memory cycle 
may be started in one module while 
a cycle is under way in another. 
This results in an effective cycle 
time of 600 nsec. 'Vith interleaving, 
one module may contain only odd­
numbered addresses and another 
only even-numbered addresses. 
H ence operations that refer to se­
quential locations in conventional 
memories refer instead to alternate 
modules whose cycles may b e over­
lapped. Groups of four or eight 
modules may also b e interleaved in 
the Sigma 5. 

The low price was attained, says 
Paul Lebowitz, product manager 
for the Sigma 5 and 7, by keeping 
down the total number of basic 
components. Only 437 different 
parts are used, compared with 
about 1,000 for comparable ma­
chines. This permits the company 
to buy fewer parts in higher volume 
at lower cost. Software develop­
ment cost also was low because the 
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IRON POWDER COREi 
From 5" dia. to Subminiature Toroids 

Arnold has total capability across all design configurations-toroids, insert 
cores, threaded cores, plain cores, bobbin cores, sleeve and hollow cores, 
cup cores and subminiature toroids. All the necessary raw materials are 
carried in stock to provide optimum performance over the specified fre­
quency spectrum. Our facilities include the most modern powder processing, 
pressing, quality control and final test equipment available in the industry. 

Call us, write us, TWX us, we can handle any problem. 

Arnold is also • Permanent Magnets • Tape Wound Cores • MPP Cores 
• Magnetic Shielding • Electrical Alloy Transformer Laminations • Trans­
former Cans and Hardware • Silectron Cores • Special Magnetic Materials . 

THE AINOlD EfrfGINHIUNG COMPA NY, Moon Ofti<" : MARENCO, Ill . 
IRAHCH OfftCfS a"4 RfPRfSEHTATIVlS ift 'RINCIPAl CITifS 
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JllPERITE 
GLASS ENCLOSED 

Thermostatic 
DELAY RELAYS 

Offer true 
hermetic 
sealing-

BALLAST 
REGULATORS 
Hermetically sealed, they are 

' not affected by changes in 
altitude, ambient temperature 

-as~ure i 
maximum I 
stability 1 

and life! 

(-50° to + 70° C.), or humid· l!li'-lliMI 
ity ... Rugged, light, compact, 
most inexpensive. 
List Price, $3.00 ..,.....,,----~ 
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Sigma 5 is program-compatible 
with the Sigma 7. 

Space electronics 

High marks for ATS 
Except for a few minor hitches, the 
first Applications Technology Satel­
lite (ATS-1) and its ground stations 
are performing to specifications. 
The "engineer's satellite" is already 
proving several design concepts 
that will go into future hardware 
such as the Communications Satel­
lite Corp.'s proposed Aeronautical 
Services Satellite. 

Built by the Hughes Aircraft Co. 
[Electronics, Nov. 28, 1966, p. 121], 
the spin-stabilized, stationary satel­
lite was launched on schedule D ec. 
6 and is now on station over the 
equator east of Christmas Island in 
the Pacific. 

It has relayed very-high-fre­
quency voice transmissions from 
aircraft in flight to ground stations 
with fair success; it has successfully 
despun its phased-array antennas to 
put more energy into ground re­
ceivers; it has relayed color tele­
vision via its wideband frequency­
modulation circuitry, and it has 
sent back pictures of one-third of 
the earth's surface over a new spin­
scan tv system. 

Still to be accomplished, how­
ever, is a single-sideband multiple­
access experiment to enable several 
ground stations to transmit through 
the satellite simultaneously. 

On schedule. Operation of ATs-1 
is going "pretty much on schedule, 
although we would like to get back 
a little more data," says one engi­
neer at the Goddard Space Flight 
Center, Greenbelt, Md., which is 
running the project for the Na­
tional Aeronautics and Space Ad­
ministration. 

The satellite's 6-gigahertz an­
tenna is passing its first flight test 
with high marks, putting out about 
10 decibels more gain than pos­
sible with a spun array. 

The multiple-access experiment, 
in which the satellite receives fre­
quency-division SSB transmissions 

from ground stations and transmits 
them as a single phase-modulated 
carrier, is scheduled for this month. 

Relay test. The preliminary tests 
of voice relay from aircraft to 
ground were generally successful 
although they did show some sig­
nal fading. They were performed 
with makeshift vhf aircraft anten­
nas designed for vertically polar­
ized line-of-sight signals. 

Circularly polarized aircraft an­
tennas, insensitive to the signal 
polarization resulting from such 
phenomena as Faraday rotation, 
are currently being built at Dorne 
& Margolin Inc. and the Bendix 
Corp. They will be installed on 
commercial planes from seven air­
lines for further ATS experiments. 
Originally slated to begin this 
month, these tests may not get 
under way until next spring-or 
February at the very earliest. 

Industrial electronics 

Market view 
About 18 months ago a Dallas 
company, Recognition Equipment 
Inc., developed a 45-foot-long elec­
tronic panel for the New York Stock 
ExchangP- for displaying market 
transactions. Now, Trans-Lux Corp. 
of New York has relied heavily on 
semiconductors to shrink the panel 
down to eight feet-a more con­
venient size for most stock broker­
age houses [Electronics, Sept. 6, 
1965, p. 36]. Both designs use a 
continuous belt of plastic disks that 
are flipped into position by jets of 
air to spell out the numbers and 
letters reporting market movement. 

Called Trans-Jet, the system is 
tied to the Big Board's nationwide 
stock exchange communications 
network to display market quota­
tions instantly. It would replace the 
displays found in most brokers' of­
fices which project the market 
ticker tape onto a viewing screen. 
The new display requires consid­
erably less maintenance and can be 
placed overhead in the center of a 
room instead of against a wall. 

Time circuits. The moving belt 
of the quote board is made up of 
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We have 47 Semiconductor Application Notes 
that tell you how to apply Integrated Circuits 
in all types of equipment. 

I 

IC APPLICATION NOTE INDEX 

0 I. AN 187 MECL IC Line Driver AN 265 Choos ing Very Htgh·Speed ICs 

CURRENT- AN 194 De signing Integrated Serial Counters (ECL and T•L) 

MOOE AN 195 Designing Integrated Clocked Counters AN 266 MECL IC Flip-Flops 
LOGIC AN 202 Noise Margins of MECL ICs AN 274 MECL IC Shift Registers 
SYSTEMS AN 233 Design of Monostable Multivibrators AN 277 Overshoot and Ringi ng in Using MECL ICs High-Speed Digital Systems 

AN 239 MECL IC Schmitt Triggers 
AN 244 The MECL Line of Dig ital ICs AN 278 Using Shift Registe rs as 

AN 257 Decade Counters Using Pulse Delay Networks 

MECL J-K Fl ip-Flops AN 280 MECL 70 MHz J-K Flip-Flop 

0 II. AN 234 MRTL Family of ICs AN 253 An Analysis of MRTL 

RESISTOR- AN 236 Using Motorola Mill iwatt MRTL Integrated Logic 

TRANSISTOR IC Family AN 254 Using MRTL IC Flip-FIJ>ps 

LOGIC AN 251 Decade Counters Usi ng MRTL ICs AN 264 MRTL IC Shift Registers 
SYSTEMS AN 252 Choosing MRTL Integrated AN 279 Se tup and Release Times 

Logic Circuits in the MRTL J-K Flip-Flop 

0 Ill . 
DIODE· AN 200 Variab le Threshold log ic Fam ily 

AN 262 Decade Counters Using MOTL !Cs 

TRANSISTOR AN 235 Using Motorola MOTL line ICs 
AN 263 Choosing DTL Integrated 

LOGIC Logi c Circuits 
SYSTEMS 

0 IV. AN 148 IC Rel iabili ty AN 256 Examining Ultra High-Speed 

GENERAL AN 245 An Integrated Core Memory IC System Inter-Connections 

DIGITAL Sense Amplifier AN 270 Nanosecond Pulse Handling 
APPLICATIONS AN 255 Comparison of Seven Digital Techniques 

IC Logic lines 

0 v . AN 204 High-Performance Integrated AN 273 More Value Out of Integrated 

OPERATIONAL 
Operat ional Amplif iers Operational Amplifier Data Sheets 

AN 248 A High-·Voltage Monolithic 
AMPLI FIERS Operational Amplif ie r AN 275 Aud io Power Generation Usi ng 

AN 258 Monostable Mult iv1brator Design IC Operational Amplifie rs 
Using An IC Operational Amplifier 

AN 276 Useful Frequency Range Extension AN 261 Trans is tor Logarithmi c Conversion 
Using An Integrated Operational for MC1530 Operat ional Amplifiers 
Amplifier 

0 VI. AN 160 App licat ion of Mi cro-Electron ics AN 247 An IC RF-IF Amplif ier 

RF-IF 
t o IF Ampl ifiers 

AN 259 Using ICs in a Stagger Tuned AN 203 Tuned Ampl if ier Des ign With An AMPLIFIERS Emitter-Coupled Integrated l·F Strip 
RF Amplifier 

0 VII. AN 148 IC Reliab ili ty AN 233 Cascade Noise Figure 

GENERAL AN 154 An Integrated Harmonic Mixer for IC Trans is tors 

LINEAR AN 162 Audio Power Appl ications Using ICs AN 271 Breadboard Techniques for low 
APPLICATIONS AN 164 Designing-In Integrated Frequency IC Feedback Amplifiers 

Differential Amplifiers 

They'll help you learn how to use I C's in a Hurry! Send for them. 
To receive the application notes in the Groups in which you are interested, 
write on your company letterhead indicating " Group 1, Group 2, etc." to 
Motorola Semiconductor Products Inc. , Technical Information Center, Box 
955, Phoenix, Arizona 85001. We'll have them in the mail to you right away, 

MOTOROLA 
Serniconduc"tors 
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Etch your own 
PC boards 
automatically! 

(In less than five minutes!) 

from this­
to 11" x 14" 

Shown 
actual 
size! 

CYCLO-TRONICS 
"fine-line" etcher 

for prototypes-limited runs 

No cooling or venting required! 

Etches as fine as .001 " ! 

Cuts costs in half-saves time! 

Complete photo processing instructions! 

Work is illuminated while etching! 
Not patterning . . . minimum undercutting! 

Mod et No. 201 (illus.), etches two 11 "xl4" 

one-sided boards or one $ 6 9 5 
11 "x14" two sided board: 

Pat. applied for 

-NOW IN USE BY: -
Univ. of Chicago / Univ. of Colo./Univ. of Georgia/ 
Grad. Res. Center of the S.W./Univ. of Penn. / Okla­
homa State Univ. / Washington Univ. / AMP, Inc. / 
Bendix / Beta Corp. / Charles Bruning Co. / (. G. Conn / 
Esso Research / General Dynamics / I BM / Jordan Elect./ 
ITT Gilfillan / Keesler AFB / Lear Siegler / Micro Switch 
Div. Honeywell / Microwave tlect. / Sonotone / Varo 
Jnc. / Westronics / Whi rlpool / Woodward Governor 

Representatives: Some Territories Still Available. 

Send l or complete information 

CYCLO-TRONICS, INC. 
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3858 N. CICERO-CHICAGO, ILL. 60641 
TELEPHONE: (312)·282-6141 
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%-inch panels, luminescent plastic 
disks that are black on one side and 
yellow on the other. Semiconductor 
timing circuits synchronize the 
belt's speed with actual market ac­
tivity. Other circuits convert the 
serial signals coming from the stock 
exchange into a parallel digital 
code and also set up logic "quota­
tion commands" for the 23 air jets, 
which control a single vertical col­
umn of disks. Each column is eight 
inches high. 

According to the commands, the 
disks are flipped from their black 
to their colored sides. Up to 900 
characters per minute can be dis­
played. 

In developing the display, Trans­
Lux used nearly every type of solid 
state component: 

• Integrated circuits decode the 
input from the ticker tape and syn­
chronize its speed to the speed of 
the display. 

• Small-signal discrete transistors 
drive ferrite core pulse transform­
ers used for buffering. 

• Silicon controlled rectifiers and 
power transistors control the air 
jets and drive the d-c motors which 
move the display. 

• Photocells help synchronize the 
mechanical position of the moving 
frame to the electrical position sig­
nals. 

• Diodes and unijunction transis­
tors receive the signals from the 
ticker tape and act as a master 
clock for the system. 

These components are all from 
Texas Instruments Incorporated's 
Silect line-plastic packaged low­
priced units for industrial applica­
tions. The 1c's are series 73 units in 
dual-inline packages. An order for 
more than $1 million worth of semi­
conductors has already been 
placed, according to Trans-Lux. 

The over-all size reduction of the 
electronics obtained by Trans-Lux 
is impressive. The earlier 45-foot 
display required 75 plug-in printed­
circuit boards housed in a separate 
cabinet. Trans-Lux's display needs 
only five plug-in boards and a mo­
tor-control board placed at one end 
of the moving belt. Additional size 
reduction is probable in the next 
few years when the electronics is 
redesigned to use metal-oxide semi­
conductor arrays. 

For the record 

Profit sharing. The Radio Corp. 
of America says sales and profits 
rose to a record in 1966. The com­
pany reports that sales will sur­
pass $2.5 billion and profits $130 
million. Color television manufac­
turing and broadcasting contrib­
uted the lion's share to the com­
pany's over-all gains. For 1967 
RCA anticipates more of the same. 
On the other hand, the \Vesting­
house Electric Corp. reports that 
fourth quarter earnings will fall be­
low the figures for the like period 
a year ago despite an increase in 
sales. " ' idesprcad strikes caused 
the decline. Nevertheless, the com­
pany expects the earnings for the 
entire year to top those of 1965. 
And the General Electric Co. ex­
pects 1966 earnings to be less than 
1965's because of strikes during the 
final quarter. 

Tape measure. The Nortronics 
division of the Northrop Corp. is 
selling a crash recorder that can 
record a 10-hour plane flight. Pres­
ent recorders generally record only 
the last 15 minutes. The new unit 
weighs 2% pounds and occupies 
less than 61 cubic inches; its out­
side diameter is slightly more than 
4 inches. Compressed time-record­
ing techniques result in smaller 
tape reel requirements. It is be­
lieved that the amount of data 
recorded depends on the speed of 
the tape. Inputs include flight crew 
intercom conversations, instrumen­
tation data and a time signal code. 
Frequency response is in the 400-
hertz to 3-kilohertz range. 

Spl it decision. By a close vote of 
four to three, the Federal Com­
munications Commission has ap­
proved the merger of the American 
Broadcasting Co. and the Interna­
tional Telephone and Telegraph 
Corp. The Justice Department 
warned of possible antitrust viola­
tions but said it planned no move 
to block the merger. 

Ersatz quartz. The Bell Tele­
phone Laboratories and the \Vest­
ern Electric Co. have developed a 
way to grow quartz crystals that 
will replace natural quartz crystals 
in stable, high-frequency applica-
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When tiny parts are important in your plans, you need the 

oo~~ rn~~~~oo~~©~ 
you get with uniformly precise small die castings and 
plastic moldings by 

® 

GRC made this possible ... ~ 
for Westinghouse, a 1/300 ounce d ie casting wi th 
the smallest ho le ev\>r cast (0.009-in.) anchors ex­
t remely f ine metal ribbon in their new taut band 
meters. 

and this ... and this ... and this ... 

for Ingraham, tiniest gear ever 
molded . 60,000 acetal parts make 
one pound! Has 0.007-in. thick 
teeth , 0.005- in. rad ius at tooth 
root and 0.0186 center hole. 

Willson eyeglass hinges d iecast 
in a single automatic operation. 
Moveable elements cast assem· 
bled by Gries high speed , low 
cost " lntercast " method. 

Indiana General ' s cup core has 
#1-64 polypropy lene sc rews au­
tomat ically inse rt -mol d ed into 
delicate ferr i te tubes by GRC's 
exclusive process . 

The difference in Gries techniques, skills and ma­
chines made the big difference in solving problems 
for Westinghouse, Ingraham, Willson and Indiana 
General- and hundreds of other companies. Intri­
cate, tiny, zinc alloy die castings or engineering 
thermoplastic moldings by GRC were the optimum 
value solution in each case. Do you have a small 
parts problem? Your products and your profits will 
benefit when you specify GRC. We're ready to go 
to work for you. 

GRC SPECIAL METHODS give optimum value in tiny 
zinc alloy die castings and engineering thermoplast ic 

moldings. Exclusive, patented automatic limited-cavity 

techniques , developed and perfected over 30 years, de­

l iver parts in volume with highest uniforlj'lity and pre­

cision . There's a big difference when you specify GRC 

tiny parts . 

No minimum size. Maximum : Zinc alloy-2" long; •r. oz. 

- Plastics-1'/•" long; .05 oz. 

Write for hel?1ful guides to achieving higher 'V alue 1·n. small 11arts .•. full 
fr1formation . demonatration samples . . . send uou.r pr ints for prom1>t quotation. 

World 's foremost producer of small 
die castings & plast ic mo ldings 

GRIES REP R 0 DUCE R CO. •lillliililm~iifl 
D iv ision o f Coats & Clark Inc. 

151 Beechwood Ave. , New Rochelle, N.Y. 10802 • (914) • 633-8600 Plants in NEW ROC HEL LE, N.Y.; WARREN , R.I. ; TOCCOA, GA. 
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ANGLE' ~SITlON INDICATOR 

"""; Jo 2 o-~ ., ,.,. 
111-ms 

DEG MIN 

how to measure resolver 
or synchro position 

with 30 second repeatability 
In both production test and ground checkout systems, North Atlantic's high per­
formance Angle Position Indicators provide exceptional operator ease and precision 
in the measurement of synchro and resolver position. Features include · digital 
readout in degrees and minutes, 30 second resolut ion, continuous rotation, plug-in 
solid-state amplifier and power supply modules. Due to the des ign flexibility of 
these units, they can be read i ly provided with a variety of features for specific 
requ irements. Typ ical units in th is line incorporate combinations of the following 
features: 

56 

• Single Synchro or Resolver Input 

•Dual Synchro or Resolver Inputs 

• Retransmit Synchro, Resolver, 
Potentiometer, or Encoder 

• 2-Speed Synchro Input 

•Multi-frequency Inputs 

• DC Input 
• 0-999 Counter 

BASIC SPECIFICATION S 

Range 
Accuracy .... ... ..... .. .. . 
Repeatability ... 

Slew Speed . 

Power .. 

Size . .APl-8025 .. 

APl-8027 .. 

0°-360° continuous rotation 
. 6 minutes (standard) 

.. 30 seconds 
. .... 25°/second 

. ... ...... .. ..... .... .... .... . 115 volts, 400 cps 

. l3/4" h x 91h"w x 9"d 

. .. ... ... 31h"h x 47/il'w x 93f.i"d 

Your local North Atla nt ic representat ive has complete data on the API 
line. Call him today or write direct fo r technical literatu re. 

NORTH ATLANTIC industries, inc. 
TERMINAL DRIVE, PLAINVIEW, L. I. , NEW YORK• OVerbrook 1-8600 
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tions. Synthetic quartz crystals are 
cheaper and can be used in virtu­
ally all communications devices. 
By adding lithium nitrite to sodium 
hydroxide, researchers found they 
could in crease the Q of th e crystals 
10 times to about 1 million. Lith­
ium nitrite is believed to keep 
water from forming in the grown 
crystal. Under certain conditions 
quartz crystals with Q's of 2 mil­
lion have been grown , making them 
equivalent in Q value to natural 
quartz crystals. 

Data key. The Keydata Corp ., a 
Cambridge, Mass., company that 
offered one of th e fir st commercial 
time-sharing services, [Electronics, 
Feb. 22, 1965, p. 17] will soon buy 
20 DDF-516 computers from the 
Computer Control division of 
Honeywell Inc. 

Sound technique. W est Virginia 
University researchers have de­
veloped a meth od using sound 
waves to dry fi1w particles of coal 
that were form erly dis carded b e­
cause conventional drying tech­
niques were considered un econom­
ical and dangerous. The high tem­
peratures required to remove 
moisture from coal particles in­
creased the threat of coal dust ex­
plosion or fire. 

Bit by bit. Th e W estern Union 
Telegraph Co. will soon be using 
the Milgo E lectronics Corp.'s nar­
row-band modem to send 2.400 bits 
per second over an 800-hertz band­
width [Electronics, Nov. 28, 1966, 
p. 46]. M ilgo expects to deliver 
more than $600,000 in moderns to 
' Vestern Union by mid-year but 
will not say how many moderns are 
involved in th e two-year contract. 
The manufacturer says th e modern 
will transmit digital data from com­
puters or related devices at high 
speed over " ' estern Union 's ex­
panding communications network. 
[Elec tronics, Nov. 28, 1966, pp. 
128-131] . 

System link. The Collins Radio 
Co. has completed the first step 
in the construction of a $9.5 million 
communications network for the 
Air Force. Voice communications 
via the new high-frequ ency link 
were established recently between 
Clark Air Force Base in the Phil­
ippines, Scott Air Force Base in 
Illinois and the Pentagon. 
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300v 350v 

with these NEW 

4oov 450v 500v 
HIGH VOLTAGE 
NPN Silicon Power 
TRANSISTORS 

from E3olitron 
These new silicon power transistor families, offering VcEO(sus) up to 500-Volts, replace* similar 

higher priced units now on the market. A few of their many applications include vertical and hori­

zontal TV circu its, audio amplifiers, inverters, converters and relay drivers. Priced low, they are avail­

able in the standard T0-3 package. 

All of these devices are associated with the high reliability standards of Solitron! 

~:E- SDT1003· 1007 and SDT1013-1017 replace: 
DTS413, 423, 430, 431 ; MJ413, 423, 431; 
8176007, 176011, 176015, 176025, 176027, 
176029; and many others. 

SDT1003-1007 SDT1013-1017 
Vceo (sus) 300V, 350V, 400V, 450V, SOOY 

Gain 20-80 @ 1.0A 
VcE (sat) O.BV Max @ 1.0A 
VBE (sat) 1.5V Max @ 1.0A 
Power 100 watts @ 75° C 
fT 5.0 MH:z 

Gain 15-90 @ 3.0A 
VcE (sat) O.SV Max @ 3.0A 
VBE (sat) 1.5V Max @ 3.0A 
Power 100 watts @ 75° C 
ff 5.0 MH:z 

~~l?~ E3olitronT·:~~:·c
0

~~
1

•
0

;Nc. 
1177 BLUE HERON BLVD. / RIVIERA BEACH, FLORIDA I (305) 848-4311 I TWX: (510) 952-6676 

Leader in Germanium and Silicon Power Transistors, Cryogenic Thermometers, High Voltage Rectifiers, Hot Carrier Diodes, Temperature Compensated 
Zeners, Voltage Variable Capacitors, Random /White Noise Components, Microelectronic Circuits, and Power-Sink Interconnection Systems. 
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The only test a Unitrode diode 
Well, almost the only test. 
Because there are lots of tests that Unitrode 

diodes can't pass, but the only ones we've found 
are about as reasonable as the hack-saw kind. 

Of course you may not need that kind of reliabil­
ity in what you make. 

Depends on whether or not you've had problems 
with unavoidable high surges. On whether you 
need diodes that have to withstand temperatures 
as low as -195°C and as high as 300°C. On whether 

58 Circle 58 on reader service card 

you need diodes that are capable of handling as 
much energy in the avalanche as in the forward 
direction. On whether you need diodes that will 
last virtually forever, with no change in electrical 
characteristics. If you don't, you may very well 
find cheaper components that will get by. 

But if you do, the fact that we fuse all our 
components in hard glass at over 800°C could make 
a big difference in your life. That makes them 
voidless, so they're free of contamination. It's one 
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:can't pass. 
- 7 

.... of the reasons Unitrode components can do all the 
things mentioned above. 

_.... Another reason is that the silicon is joined 
-.-. solidly to the terminal pins with a solid state bond 

that is stronger than the silicon itself. 
"'( r Still another reason is that the pins are bonded 
~ over the full face of the silicon die, so that heat due 
, to surge is carried away quickly from the silicon 

to the pins. · ...., 
Essentially, all Unitrode components are based 

• 

Electronics I January 9, 1967 

upon an entirely new concept in semi-conductor 
design. That new concept can mean a lot to you if 
you need the characteristics it provides. If you do, 
why not get in touch with us? We'll be glad to 
send you complete information and samples. We're 
at 580 Pleasant Street, Watertown, Mass. 02172. 
Telephone (617) 926-0404. 

WNITRDDE® 
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Then Corning changed the rules. 

G® C-style Resistors handle 
precision, semi-precision and general 
purpose applications. What could be easier? 
They off er precision stability and 
reliability at far less than precision prices. 

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

. New C-Style Resistors come with 1/10, 1/8, 1/4, 
1/2 watt ratings, in the 10 ohm to 499K range. 
Samples and complete data for the asking. 

· Meanwhile, we're looking for more 
changes that will improve resistors. 
That's how we've earned our qualifications 
for exceptional stability and for reliability. 
That's how our line of glass tin oxide film 
resistors has grown to be one of the most extensive. 
Including precision, high reliability, low power, 
high power and water cooled types. 
Corning Glass Works, 3901 Electronics Drive, 
Raleigh, North Carolina. 

CORNING 
ELECTRONICS 
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Unitized approach to 

microwave source solves 

multiple system proble111s 

Microwave system designers are 
discovering a remarkable new work­
saving technique - a way to get a 
lot of answers by asking just one 
question. They are asking Sperry to 
supply a microwave oscillator, its 
solid-state power supply, and associ­
ated stalo cavities and isolators (as 
required) , in a single, fully- inte­
grated package. 

System designers simply specify a 
single voltage input and the micro­
wave output characteristics they de­
sire. Sperry does the rest. 

Sperry accomplishes this by start­
ing with a fixed reflector voltage 
reflex klystron. They add "instant" 
temperature compensation and hook 
up a solid-state power supply that 
has been specially designed to match 

Don't fight the interface prob­
lems inherent in microwave 
source design - let Sperry 
solve them for you. Put the 
Sperry "Storehouse of Knowl­
edge" to work on your system. 
It wi 11 give you predictable 
source performance at pre­
dictable cost, while freeing 
you to concentrate on other 
aspects of the system design. 

D I V ISI ON OF 
S PERRY RAN D 
CQR PORA TION 

the characteristics of the tube. Next 
the required stalos and isolators are 
added, and the entire microwave 
source is packaged as a unit. 

With the proper mix of solid-state 
and tube techniques, Sperry is able 
to produce desirable secondary 
characteristics-such as outstanding 
frequency stability, low FM noise 
level and precise RFI control- that 
are beyond the reach of either tech­
nology alone. 

Learn how Sperry's unitized ap­
proach to microwave sources can 
simplify your design problem. For 
your free copy of a new technical 
paper on the subject, contact your 
Cain & Co. man or write Sperry, 
Gainesville, Florida. 

SPERRY ELECTRONIC TUBE DIVISION, Gainesville, Fla. 
National Representatives: Cain & Co., Los Angeles, 783-4700; Boston, 665-8600; Arlington Heights, 253-3578; Dallas, 369-2897; Dayton, 
228-2433; Eastchester, 337-3445; Philadelphia, 828-3861; San Francisco, 948-6533; Syracuse, 437-2933; Washington, 296-8265; South Amboy, 

727-1900; Huntsville, 859-3410; Orlando, 422-3460; Montreal, 844-0089. 
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Webb brings back 
$5 billion budget 
from Texas ••• 

••• that boosts 
electronics center's 
fiscal '68 outlay ••• 

••. and includes 
added space shots 

Avionics contracts 
for manned bomber 

Independence of 
new Congress will 
affect electronics 

Electronics I January 9, 1967 

Washington Newsletter 

January 9, 1967 

The National Aeronautics and Space Administration's chief, James E. 
Webb, made a profitable hip to the LBJ Ranch last month. What he 
brought back from Texas was a $5 billion NASA budget for the year end­
ing June 30, 1968. Webb did better than many people, including some at 
NASA, had expected. Some had predicted a drop from the current fiscal 
year's $5 billion to $4.7 billion or even $4 billion. 

Included in the NASA budget to be sent to Congress this month will 
be $400 million to start the Apollo applications program, but the fate 
of the space agency's request for funds to start the Voyager unmanned 
planetary exploration program remains extremely doubtful. 

Getting a bigger piece of the NASA budget in fiscal 1968 is the Elec­
tronics Research Center in Cambridge, Mass. This outlay is expected to 
rise 67% in fiscal 1968 to $20 million from this year's $12 million. The 
total staff at one center is slated to reach 750 by mid-June and nearly 
1,000 in fiscal 1968. Heading the center's priority list of research projects 
are laser and optical systems for communications and astronomy. An 
expanded effort to develop transmitter arrays radiating 10 to 20 kilowatts 
for such applications as direct broadcast satellites is also in the works. 

Additional space flights are also covered by the new NASA budget. Two 
more Applications Technology Satellites equipped with 30-foot antennas 
[Electronics, Nov. 28, 1966, p. 52] are to be added to the currently 
approved program of five flights. Spacecraft shots to be added to the 
Mariner program include missions to Mars in 1971 [Electronics, Aug. 22, 
1966, p. 69] and to Venus in 1970 and possibly 1972, all carrying probes 
to launch into the planets' atmospheres. 

The Air Force continues to back research and development on the 
avionics for its proposed advanced manned strategic aircraft, although 
Defense Secretary Robert S. McNamara has refused to give the program 
a green light. The Aerospace Systems division of General Precision Inc. 
is getting $2 million to evaluate techniques for obtaining precise naviga­
tion fixes and transferring this data to the inertial systems of the plane's 
weapons. 

Also, the Autonetics division of North American Aviation Inc. has a 
$1.1 million contract to develop an advanced forward-looking radar to 

-locate and identify ground targets under varying conditions. 

President Johnson's unchallenged rule in Washington seems ended 
and the change will affect many of the programs in which electronics 
companies are involved, from space exploration to Government efforts 
in the fields of medicine, education and air and water pollution control. 

The President is on the defensive. His leadership is being questioned 
within his own party. This new atmosphere in the Capital will be most 
apparent in the new Congress convening this week. 

The 90th Congress will be more conservative than its predecessor 



Senate to study 
spinoff of Federal 

research data 

Switch to Centaur 
means more NASA 

electronics spending 

Cost of world 

weather watch 

put at $1 billion 

Washington Newsletter 

and far more difficult for Johnson to work with. Committee chairmen 
and senior members, whose authority was undermined in the 89th ses­
sion by the voting strength of freshmen Democrats loyal to the President, 
are back in their traditional positions of power and influence. This will 
a~ have its effect as Congress considers, and possibly reshapes, programs 
cntical to the electronics industry. 

Additionally, there is a growing belief among Congressmen that the 
Government must seek more help and suggestions from industry in 
undertaking such massive projects as improving the quality of the 
natural environment, providing adequate housing and waging its war 
on poverty. 

The Senate Small Business Committee's subcommittee on science and 
technology will hold hearings on the effectiveness of the Government's 
efforts to disseminate research and development information to industry 
and schools. One possibility that will he discussed is the establishment 
of a Federally chartered corporation similar to the Communications 
Satellite Corp. to coordinate these efforts. Another will be the feasibility 
of combining the technological information centers now operated by 
NASA, the Atomic Energy Commission and the Commerce Department. 

A decision by NASA to switch to the Atlas-Centaur launch vehicle after 
1968 means more dollars for electronics subsystems. The electronics for 
each Centaur will cost approximately $6 million, equal to the total cost 
of the Agena -stage of the agency's present launch vehicle, the At:Jas.. 
Agena. 

Dividing up the contracts for the Centaur second stage will be the 
prime contractor, the General Dynamics Corp.'s Convair division, the 
guidance contractor, Honeywell Inc.'s Aeronautical division, and the 
computer subcontractor, General Precision Inc.'s Librascope group. 

The change to the powerful Atlas-Centaur was dictated by NASA's 
plans for heavier satellites. For instance, the Centaur will launch the 
sixth and seventh Advanced Technological Satellites, each weighing 
about 1,200 pounds, or about 50% more than the first ATS satellite. 

Interest is increasing in the effort to establish a worldwide network of 
weather stations compatible with a computerized reporting, analysis 
and forecast system. To meet the cost-estimated at $1 billion by some 
sources-the United States in April will seek a financial commitment 
for each nation of the World Meteorological Organization sponsored by 
the United Nations. 

Construction and installation of the system is scheduled for the period 
from 1968 to 1971. Much of the outlay will go for electronics gear on 
ships, buoys, anchored barges, balloons and second-generation meteoro­
logical satellites. 

Robert M. White, the administrator of the Environmental Science 
Services Administration, refuses to comment on initial cost of the net­
work. But he points out that the present world weather system costs $1 
billion a year to run, and that it will cost each participating nation 
another $150 million annually to operate the expanded system. 

The goal of a world weather watch is to provide daily weather fore­
casts with 90% accuracy two weeks in advance. 
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What cleans parts 20 times faster? 

Consolidated Electrodynamics says: 
[?~[§@~®Solvents and a 
Baron-Blakeslee degreaser 

Consolidated Electrodynamics' Transducer Division in Monrovia, Calif., 
cleans with FREON TMC solvent in a Baron-Blakeslee Model M degreaser. 
FREON TM C is a patented azeotrope of FREON TF and methylene chloride .• •. 
another tailored solvent from Du Pont. All kinds of components-from 
transistors to terminal boards, from subassemblies to complete chassis-are 
cleaned faster, better, at lower cost than ever before. For example, hand­
cleaning one part used to take more than an hour. With FREON it takes just 
three minutes! 
Besides requiring high labor costs, hand cleaning failed to do the job 
completely. Hidden corners and crevices went untouched. Solvent residues 
remained after drying. Brushes damaged delicate components. But FREON is a 
selective solvent-it cleans entire assemblies without harming commonly used 
components. And FREON has low surface tension to penetrate the smallest 
pores ... high density to float away even microscopic particles. It dries 
quickly, leaving no residue. 
Because FREON can be used over and over again, it helped cut CEC's solvent 
costs in half. And because FREON is nonflammable and relatively nontoxic, no 
special exhaust systems are needed . 
FREON solvents are used for cleaning in many of CEC's divisions. Chances 
are FREON can give you faster, better, less costly cleaning, too. For more 
information, write Du Pont Co., Room 4868, Wilmington, Delaware 19898. 
(In Europe, write: Du Pont de Nemours International S.A., 
FREON Products Div., 81 Route de !'Aire, 
1211Geneva24, Switzerland.) I 
~ Better Things for ~etter Living ~ .•11 

.. 

~ . •• through Chemistry . 
•••"• ..... ,.or,. 
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There's a G-E silicone 

Bonding 

;'P--......;;:;; 

Laminated layers of mica sheeting are 
securely bonded with G-E RTV silicone 
sealant. Ready to use, it bonds to most 
materials, forming heat-resistant rubber. 

Screws and drilling are eliminated by 
adhering identification plates with RTV 
adhesive sealant. It won't harden, soften, 
crack or shrink. 
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Insulating 

G-E RTV translucent sealant provides 
excellent see-thru insulation instantly. 
UL-recognized, the sealant also comes 
in colors. 

Silicone rubber wire and cable insulation 
passes UL vertical flame tests and is fre- ' 
quently used in high-voltage circuits. 

G-E silicone dielectric greases, ideal heat 
transfer media, are easily brushed, 
painted, sprayed, dip-coated or applied 
directly from tube. 

Damping 

• 

G-E RTV-7 silicone rubber foams on the 
spot to provide mechanical support, ~ ­
shock and vibration damping, and light 
weight electrical insulation. · 

Sealing 

G-E two-part RTV, available in a range of 
viscosities, seals filament condenser 
plate in dielectric heater. Also protects 
against vibration. 

G-E RTV is ideal for high temperature 
moisture sealing of heating elements. It ;-
withstands temperatures as high as 
600°F, as low as -75°F. ~ 
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design solution for: 

Moldmaking 

Tough, flexible G-E RTV silicone for mold-
- ,. making reproduces detail accurately and 

minimizes tooling costs. 

-

..... 

.. 

For prototypes or short-run parts produc­
tion, G-E RTV is an excellent flexible 
moldmaking material. And it needs no 
release agent. 

Potting and Encapsulating 

Many G-E RTV silicone compounds are 
available-all with good strength, out­
standing electrical properties and resist­
ance to temperature extremes. 

Impregnation of transformer coils with 
G-E RTV provides electrical insulation 
and environmental protection at high 
temperatures. 

G-E RTV provides attractive, protective 
packaging for components. Each unit is 
encapsulated in a different color RTV for 
easy identification. 

Fluids Applications 

G-E silicone dielectric fluids provide ex­
cellent electrical properties and thermal 
stability for many types of components. 

Fabricating 

G-E silicone elastomers are easily used to 
make numerous silicone rubber parts by 
standard rubber fabricating techniques. 

If you can't find it 
here, write for our 
Silicone Selector 
Guide: 
Section N1254R Silicone Products Dept., 
General Electric Company, Waterford, 
New York 12188. 

GENERAL fj ELECTRIC 
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the Nexus 
ultra-stable 
USL-1 
An unprecedented breakthrough 
in operational amplifier technology 
The USL-1 is a designer's dream ... a high-per­
formance operational amplifier which can operate 
from almost any existing power source, and which 
provides stability and common mode rejection or­
ders of magnitude better than any prior state-of­
the-art amplifier. 

Because this new unit provides virtual immunity 
from input power variations, it can be operated 
from dry or wet batteries, automobile or aircraft 
electrical systems, digital equipment and compu­
ter power supplies, or any other convenient source 
of power providing between -8 and -25 Volts 
and +8 and +25 Volts. It is not even necessary 
that the two input voltages track each other. 

The USL-1 is so nearly universal in application 
that it could readily replace over 70% of the op­
erational amplifiers currently in use ... and do a 
better job. It frees the designer from the power 
supply restrictions normally imposed by conven­
tional amplifiers, and offers him greatly improved 
performance in many applications. For example, 
because of its extremely high common mode re­
jection, it functions more accurately than other op 
amps when used as a voltage follower, subtractor, 
non-inverting amplifier, etc. 

The USL-1 is a premium, encapsulated unit, in­
corporating high-reliability military-type compo­
nents and all-silicon semiconductors. A lower-cost 
commercial version (ESL-1) is also available for 
shipment. The latter, developed for use in less de­
manding applications, also uses all-silicon semi­
conductors, and provides specifications which are 
extraordinary compared with conventional units. 

USL-1 & ESL-1 TYPICAL SPECIFICATIONS 

Supply voltage (USL-1) • • . • • . • • ±8 to ±25 volts 
Supply voltage (ESL-1) • • . • • • • ±8 to ±16 volts 
Output voltage & (USL-1) ±20 volts from ±25 V supply 
common-mode voltage • ±10 volts from ±15 V supply 

± 3 volts from ± 8 V supply 
Output current • • • . ± 5 mA at any supply 

voltage within range 
Overload protection Fully protected against short-

circuits, overload, overdrive 
Common-mode rejection • • • • • • • . . • . 130dB 
Input impedance . . • • • • • • , • • 0.3 megohm 
Power supply rejection • • 3µV /Volt (0.3 na/V) 
Gain (into lOK load) (USL-1) 100,000 
Gain (into lOK load) (ESL-1) 50,000 
Temperature coefficient (USL-1) 3 µV/"C 
Temperature coefficient (ESL-1) • • • • • • • • 10 µV ;•c 
Slewing rate . • • • • • • • • • • . 1.5 V/ µsec. 
Common-mode stability . • • . . • • 3µV / Volt (0.3 na/V) 
Case size . • 2.02" (I) x 1.14" (w) x 0.62" (h) 
Price (USL-1) • • • • • • • . . • . . • • $75 (1-9) 
Price (ESL-1) . • . • • • . . • . . . . . $35 (1-9) 

Send today for full details on this exciting new 
operational amplifier 

•NEXUS 
R ES EA A C H LAB 0 A AT 0 A Y, I N C. 
480 NeponHt Street, C•nton, MHs. 02021-TEL: 16171828-9000-TWX16171 828-1022 

Prices F.O. B. Canton, Massachusetts. 
,!'rices slightly higher outside North America. 
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WIRE HARNESS LACING, like most 
manual jobs-costs money! 

/ 

• Saving by using low cost lacing material ,~ 
-+-

seems good economy .•• 

• •.• until production lag~ and rejects pile up! 
,.. 

GUARANTEE 
of Quality 

• For real economy you need the uniformity, the ~­

high_quality of GUDEBROD LACING TAPE1 
This GUDEBROD Lacing 
Tape is Manufactured 
under strict Quality' 
Control. Complete test 
data is on file for your 

protection under 
Lot :ffl886t 

You owe it to your zero defects program to investigate Gudebrod lacing 
tape. Its guaranteed quality and its constant uniformity are important 
to you-and to your harnessing operation. Why? Because Gudebrod 
smooths and speeds the hand operation of lacing and knot tying. 
There's no need for readjusting or retying. Rejects are minimal. The 
result? You save time-and that saves money and hastens delivery. 
Gudebrod sets its manufacturing standards high and adheres to them. 
When you use Gudebrod tapes you can set production goals and 
achieve them. This is the combination that saves you money in your 
harness department. Ask for the Gudebrod Product Data Book. 

• That's why this guarantee 
can help_you cut costs in 

cable harnessing! -<~ 

GUDEBROD CABLE-LACER 
The first hand tool engineered for wire harnessing. 
Handle holds bobbins, feeds tape as needed, 
grips tape for knotting. Speeds, eases 
harnessing. Pays for ~ 
itself in time saving. \ ~ 

Area Code 21 5 , WA 2-1122 

~!!!!!l!! 
UDEBRDD BROS. SILK CD.1 INC. 

~~~ 
12 SOUTH 12th STREET, PHIL A DELPHIA, PENNSYLVANIA 19107 
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in 

integrated 

sub-systems: 

Signetics 

puts 

two 

within 

your grasp. 

Signetics has two new monolithic sub-systems that can be used for innumerable cost savings. The S1280A, for example, is 
a 4-Bit Decade Counter/ Storage Register that can be used in either the familiar BCD mode, or, if you want a square wave 
output for frequency synthesis and similar applications, in the Bi-Quinary mode. The S1281A is a 4-Bit Binary Counter/ Storage 
Register that can be set up to divide by 2, 4, 8 or 16 just by making simple external connections. Each sub-system has four J-K 
flip-flops and 13 gates on a single chip, or an equivalent discrete component count of 160. If you want the full story on the 
most flex ible monolith ic sub-systems available, just unbend and write : Signetics, 811 E. Arques Ave., Sunnyvale , California . 
• At the IEEE Show, be sure to check into rooms 3000A & B at the New York Coliseum, for the latest Signetics news. 

1280 Decade Cou nter/ Storage Register 1281 Binary Counter/ Sto rage Registe r 

Featu res : 
• Cou nt in g Rate : 25MHz • St robed Single-Ended Presets 
• Powe r Consumption: 100 mW • Common Clear Line 

Electronics \ January 9, 1967 
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Symphonic Television needed a battery to trim 
pounds and dollars off its new portable 11Minni TV.'' 

Mallory made it. 

What can we do for you? 
Symphonic Television needed a 
battery. A battery for the world 's 
smallest TV set with a self­
contained, rechargeable power 
source. A battery so light you 
can hold the entire set- batteries 

and all- in one hand while you watch it. Yet 
a battery that would bring the price of the 
set well below that of other less-portable 
portables. 
Mallory made it - a Duracell® rechargeable 
alkaline battery that costs less than half the 
price of other rechargeables. It's good for 
many rechargings. It's so light that 9 "C" 
cells are included in the total 51/2 lb. weight 
of the set. 

THE RECHARGEABLE BATTERIES 
YOU CAN AFFORD 

Duracell rechargeable alkaline batteries. 
These are the batteries that will make a new 
generation of battery-operated devices prac-

® Registered trademark of P. R. Mallory & Co. Inc. 

72 Circle 72 on reader service card 

tical: inexpensive TV sets; AC-DC radios; 
tape recorders; portable phonographs; trans­
ceivers. 

The low initial cost of these batteries is one 
reason. The unique exposed band contact is 
another. It lets you design battery-operated 
equipment wjth built-in rechargers that au­
tomatically prevent charging when a primary 
cell is in the circuit. (See schematic) 

That's not all. Duracell rechargeable alkaline 
batteries are lighter than most other re­
chargeables. They come fully charged. And 
one glance at the discharge-cycles graph 
tells you how little they cost to operate. 

;;; 
~-----~ 

VOl.TAGE OISCHARGE CURVE S 

(PC V0t.T 4 GI: V$ Tl..,£ A T 70FJ 

:5.A-l•C 

OVER 1000 DIFFERENT TYPES 

Mallory currently makes over 1000 batteries 
of all sizes and capacities. If we're not 
actually producing the battery you need, 
we 'll be happy to work with you in designing 
a new one. Please write the Technical Sales 
Department, Mallory Battery Company, a 
division of P. R. Mallory & Co. Inc., South 
Broadway, Tarrytown, New York 10591. Or 
call 914- 591-7000. (In Canada: Mallory Bat­
tery Company of Canada Limited, Sheridan 
Park, Ontario.) . 

It's good business to do business with Mallory 
MALLORY 
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new disciplines in DC 

take the all-silicon models 
with more power, 

less weight & volume 

20 SCR supplies provide 

Constant Voltage/Constant Current operation 

with automatic crossover 

Many applications require a DC power source without need­
ing full transistor regulation or laboratory-type performance. 
For such requirements, Hewlett-Packard/ Harrison Division 
now offers an unusually wide selection of SCR regulated 
supplies. All are characterized by moderate regulation, high 
efficiency, low ripple, and size and weight smaller than 
competitive magamp and SCR supplies . All models are fully 
adjustable from zero to full rated output. Inherent protec­
tion assures that no damage will be caused by any overload , 
including a short circuit, regardless of how long imposed. 
Remote programming is accomplished using either resistance 
or voltage control. 

- '- Remote Error Sensing • No Overshoot on Turn-On, Turn-Off, or AC Power 
Removal • 50 MS Transient Load Recovery • Excellent line Transient Jm .. 
munity - No "Poke-Through" lasting 5-10 Hz: • AC line Dropout Protec­
tion Circuit on Three-Phase Supplies Turns Off Unit if Any or All Input AC 
Lines Lose Voltage • Overvoltage "Crowbar" Protection Option Available 
on All Models • Auto-Series , -Parallel, -Tracking 

Contact your nearest Hewlett-Packard Soles Office for full specifications. 

HEWLETT 
PACKARD HARRISON 

DIVISION 

100 Locust Ave., Berkeley Heights, New Jersey 07922 

Telephone 201-464-1234 TWX 710-984-7972 

HOGA 
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4V, 0-2000A 261/4" 6463A 

0- av, 0-lOOOA 261/4" 6464A 

0- 15V, Q. 200A 14" 6453A 

0- 16V, 0- 600A 261/4 " 6466A 0- 18V, 0- 500A 

0- 20V , 0- 15A 3112" 64276 

45A 51/4" 64286 

lOA 31/2" 64336 

25A 7" 520A 

lOOA 14" 64566 

0- 36V, 0- 300A 261/4" 6469A 

5A 31/2" 64386 

51/4" 64396 

14" 6459A 

150A 261/4" 6472A 

!DOA 261/4" 6475A 

2.5A 31/2" 64436 

0·220V, 0- 50A 261/4" 6477A 

35A 261/4" 6479A 

25A 
20A 261/4" 64836 
15A 



COMPLETE COVERAGE 
FROM AUDIO THROUGH X-BAND 

with 

NEW FAMILY 
of 

BROADBAND 
HYBRID JUNCTIONS 

Merrimac's new family of broad­
band hybrid junctions covers the 
frequency range from 10 KHz 
(Audio) to 12.4 GHz (X-Band). Ap­
plications include in-phase or out­
of-phase signal dividers, signal 
combiners, phase comparators, an­
tenna steering and tracking sys­
tems, impedance comparators, re­
flectometers and balanced mixers. 
Inquiries on other impedance 
levels, frequency ranges, and other 
requirements are invited. 

The latest additions to this group 
include the HJ and HJ-K Series. 
The HJ Series covers 10 KHz to 
400 MHz; the HJ-K Series covers 
200-2000 MHz; both are four-port 
broadband networks featuring high 
isolation, low VSWR, and low in­
sertion loss. Filling out coverage 
to 12.4 GHz is Merrimac's estab­
lished line of CHT·K Magic Tees. 

For furth er in form ati on, write or phone: 

MODEL HJ-0.75K 

500-1000 MHz 
Isolation 30 db 

(40-50 db Typical) 
Amplitude Balance 

-t- 0.15 db 
VSWR 1.35:1 (E Arm); 

1.25:1 (H Arm) 
Impedance 50 ohms 
Insertion Loss 0.3 db 
Power to 100 Watts 

Average 

MODEL CHT-6K MAGIC TEE 

4000-8000 MHz 
Isolation 30 db 

(35-45 db Typical) 
VSWR 1.75: 1 (E Arm Max); 

1.50:1 (H Arm Max) 
Impedance 50 ohms 
Insertion Loss 0.5 db 
Equality of Split 

-+- 0.2 db Max 
U.S. Patent # 2,935,702 

MODEL HJ-55 

10-100 MHz 
Isolation· 30 db 
Amplitude Balance 0.2 db 
Phase Equality 

0 /180° -t- 1° 
VSWR" 1.3:1 (All Ports) 
Impedance 50 ohms 
Insertion Loss 0.5 db 
Power to 5 Watts Average 

Each of the above hybrid junctions is typical of its series. 

MERRIMAC RESEARCH AND DEVELOPMENT, INC. 
41 FAIRFIELD PLACE, WEST CALDWELL, N. J. 07006 • 201-228-3890 
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Across the spectrum ... all your filter needs 
Only Collins offers Mechanical, Crystal and LC Filters covering the practical spectrum from 1 kHz to 100 MHz. 
At Collins, you get the filter best suited to your need - you're not limited to the best available from a single 
product line. The diagram defines the areas served by Collins' computer-design program. This program means 
accelerated deliveries at product line prices. Hundreds of design combinations are available immediately. Take 
advantage of Collins' quality and reliability - and its capability of delivering large quantities on schedule. 

Crystal Filters 
Collins Crystal Filters meet most nar­
row band needs (from 5 kHz to 20 
MHz) in designs such as Butterworth, 
Tchebycheff and Linear Phase. Proto­
types to your specifications are gener­
ally available in four to six weeks. 
Collins Crystal Filter capability is ex­
panding rapidly. Even if your require­
ment appears to fall outside the defined 
area, send your specifications for de­
sign analysis. As one of the largest 
suppliers, Collins satisfies delivery re­
quirements for all major programs. 

Send or call your performance require­
ments to Components Division, Collins 
Radio Company, Newport Beach, Cali­
fornia 92663. Phone: (714) 833-0600. 

Mechanical Filters • 
Collins has sold more than a million 
Mechanical Filters since introducing 
them to the communications industry. 
Hundreds of designs are available 
from stock in frequencies from 60 to 
600 kHz , and with 60-db to 6-db shape 
factors as low as 1.2 to 1. The filters 
tolerate extreme temperature changes 
and long, continuous service without 
ageing, breakdown or drift. They're 
smaller in size and less expensive than 
other filters covering their spectrum. 

LC Filters 
Collins toroidal coil capabilities led to 
development of an extensive line of 
LC Wave Filters covering the sub­
audio to 100-MHz range. These in­
clude low-pass, high-pass, band-pass , 
band-rejection, and other phase or 
amplitude responsive networks. Mod­
ern synthesis design techniques pro­
duce high performance units in small 
packages. Collins is one of the world's 
largest suppliers of LC Filters and 
precision inductors. 

COMMUNICATION I COMPUTATION I CONTROL 

~ 
COLU:\'S 

~ 
COLLINS RADIO COMPANY I DALLAS, TEXAS • CEDAR RAPIDS, IOWA • NEWPORT BEACH, CALIFORNIA • TORONTO, ONTARIO 
Bangkok • Beirut • Frankfurt • Hong Kong • Kuala Lumpur • Los Angeles • London • Melbourne • Mexico Ci ty • New York • Pari s • Rome • Washington • Wellington 
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EMCOR® I -tough, beautiful protection 

EMCOR I cabinets guard your valuable 
instrumentation. They're hard, tough, 
long-lasting steel. The beauty of form 
and the color, or colors, of your choice 

mask the toughness underneath. 
Beauty, yes! When you see EMCOR I 

cabinets, you'll appreciate that they are 
sleek, beautiful pieces of craftsmanship. 

EMCOR created the concept of the 

modular enclosure system, and we've 

EMCOR/ distinguished cabinetry 

refined it to the point where EMCOR 
cabinetry is an art ... the closest thing to 

perfection in electronic cabinetry. Of 
course, there's a shape and size to 
house any instrumentation. 

When you need strong, beautiful pro­
tection for your equipment, call your 
local EMCOR Sales and Service Engin­

eer. Or write for our EMCOR I catalog. 

Albany: 436-9649; Al buque rque: 265-7766; Alex­
andria: 836-1800; Binghamton: 723-9661; Bridge­
port: 368-4582; Buffalo: 632-2727; Chicago: 
676-1100; Cleveland : 442-0080; Dallas: 631-7450; 
Dayton: 298-7573; Del Mar: 454-2191; Denver: 
934-S505; Detroit : 357-3700; Fort Laude rdale: 
564-8000; Ft. Walton Beach: 243-6424; Housto n: 
526-2959; Huntsville: 539-6884; Ind ianapolis: 
356-4249; Kansas City: 444-9494; Los Angeles: 
938-2073 ; Minneapolis: 545-4481; Newport 
News: 245-8272; N.Y.C. a rea : 695-0082; O rl ando: 
425-5505; Pal o Alto : 968-8304; Pittsburgh : 884-
5515; Ph oenix: 273-1673; St. Louis: 647-4350; 
Seatt le : 762-7800; Tucker (At lan ta Office): 939-
1674; Tu Isa : 742-4657; Utica 732-3775;Va I ley Forge: 
265-5800;Wi lm ingto n, Mass.: 944-3930; Winston­
Salem: 725-5384. EMCOR Reg. U.S. Pat. Off. 

Ingersoll Products 1002 West 120th St. Chicago. Illinois 60643 OIVISION OF BORG-WARNER CORPORATION 
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ILLUMINATED 
READOUT 

DECADE 
TUNING 

300 Hz TO 31 MHz 

METERED OUTPUT 

TYPE ND 30M 

IMMEDIATE DELIVERY 
FROM STOCK 

$5,900* 

"FAD" 
INTERPOLATION 

OSCILLATOR 

FREQUENCY SYNTHESIZER 

FEATURES 

• Built-in 1 MHz crystal has pro-
portional oven and 5 x 1 o-• re 
stability 

• Spurious and noise suppression 
better than 80 dB 

• All solid state design 

• Modular construction 

• High resolution search oscilla-
tor • • • 130 divisions 

• AC or battery operated 

FNA-SPEKTROGRAMM 
db 

10 

20 

30 

40 

50 

60 

70 

p 80 

-.,10.00 MHz £teq._-< 

SPECTRAL PURITY OF ND 30M 
FREQUENCY SYNTHESIZER 

Type ND 30M is the latest in a 
line of Frequency Synthesizers 
providing unusually high accuracy 
and ease of operation. Continu­
ously variable over its range, each 
model provides a direct digital 
readout, with no tuning required. 
Perfect for bridge measurement, 
work with filters, networks, nuclear 
magnetic resonance, and as a 
source of reference frequencies 
for standards labs. These units can 
also be supplied in 19" rack 
mountings. 

*Type ND 30M 
without crystal $5,290 

Other ranges start at $3, 180 
Type ND JM (300Hz to 1.1MHz) 
Type ND99K (0 to 110kHz) 

Get The Extra Capabil ity, 
Greater Rel iab i l ity, and 
Longer Useful Life Of .• • 

~oo"''":•:::'~ew~10:CHWARZ 
~ 111 LEX INGTON AVENUE, PASSAIC, N. J. 07055 • (201) 773-8010 

Inquiries outside the U.S.A. should be directed to : Rohde & Schwarz, Muehldorfstrasse 15, Munchen a, West Germany. 
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TABLES AND GRAPHS ARE INTERESTING DON'T YOU THINK ? 

Condition of Measurment 
3SK 20 ® 3SK 21 ® 

min. typ. max. min. typ. max. 
lv=lOµA, V,;,s= -6V 

lv=lOµA, Vns=6V 
V vs=6V, VG1s=O 
Vvs=6V, ln=lnss, f=lkHz 
Vns=6V, ln=lnss, f=lMHz 
V vs=6V, ln=ImA 
f=lkHz, R9 =1Mf2 
V vs=lOOmV, VG1s=O 
Vns=lOOmV, Vr;,s=-6V 

Did you find all this informative? If you would like to know more we'll be only too 
pleased to let you have more details. Why not write us soon. 

@!:t!!.~£~! 
HITACHI SALES CORPORATION: 333 N. Michigan Avenue, Chicago, Ill. 60601 , U.S.A. Tel: 726·4572/ 4 I 666, 5th Avenue, New York , N.Y. 
10019, U.S.A. Tel : 581·8844 I HITACHI, LTD., DUESSELDORF OFFICE: 4 Duesseldorf, Graf Adolf Strasse 37, West Germany Tel: 10846 
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If you know Control Switch just for ..• 

pushbuttons, 

or toggle switches, 

or hermetics, 

or industrial switches, 

you haven't begun to know Control Switch! 
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We have news for you! 

Control Switch makes: 

1. More types of switches than any other man­
ufacturer. Including those mentioned above, 
plus RFl-shielded types, Switchlites with 1 to 
4 lamps and colors, basic precision switches, 
as well as indicator lights. 

2. Many switches that others don't make at 
all. 

3. Many switches of advanced design. Like the 
world's smallest toggle switches. And the 
smallest indicator lights with RFI shielding. 

® 

CONTROLS 
COMPANY 
OF AMERICA 

CONTROL SWITCH DIVISION 
1420 Delmar Onve, Folcroft. Pennsylvania 19032 

4. Above all, quality switches. For applications 
where a switch must not fail! 

Why not send for all the Control Switch cata­
logs listed below. You'll have the best switch 
reference file available from any source! 

Just check numbers on the Reader Service 
Card corresponding to those on the left below 
for any of the Control Switch catalogs you 
want. Better yet, get 'em all. If Service Card 
is missing, write us direct. 

# 497 Basic Precision Switch Catalog 110 
# 498 Toggle Switch Catalog 180 
# 499 Indicator Light Catalog 120 
# 500 Hermetically-Sealed Switch Catalog 130 
# 501 Switchlite Catalog 220 
# 502 Pushbutton Switch Catalog 190 
# 503 RFJ-Shielded Component Bulletin 62 
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Another 
Z992B Wide-Dispersion 
Spectrum Analyzer from 

World Leader in 
Microwave Instrumentation 

34 02 Queens Boulevard 
- . Ny 11101 

Long Island City, · · 

BUSINESS REPLY MAIL 
Postage Will Be Paid by Addressee 

WHAT? 
Turn the page ... 

First Class 
Permit No. 18 
Long Island City, N.Y. 

No Postage Stamp Necessary If Mailed In The United States 

POLARAD ELECTRONIC INSTRUMENTS 
A Division of Palarad Electron ics Corporation 

34-02 Queens Blvd. 

Long Island City, N.Y. 11101 



immediate availability 

Pick up the phone and order one 
on approval-we'll ship it within 24 
hours. (Call before 10:00 a.m., 
for same-day shipment.) Choose the 
29928, and you get the benefit of 
immediate availability . . . 

Plus all the features you expect 
from a 2 GHz-dispersion Analyzer­
some of them exclusively Polarad's. 
Check over these key specifications 
and features- you' ll agree that the 
Model 29928 is the all-around 
best buy! 

Widest Frequency Range: 
10 MHz to 91 GHz 

Widest Dispersion: 10 KHz to 
2 GHz in l / 3/ 10 calibrated steps, 
continuously variable between steps. 

Widest Resolution: 1 KHz to 
1 MHz in l / 3/10 calibrated steps, 
continuously variable to 100 KHz. 

... that's what! 

Continuous Phase-Lock Frequency 
Stabilization .. . permits narrow­
dispersion analysis down to l KHz/ cm . 
Lowest Noise and drift in its class! 

Completely Image-Free Display 
2 high Ifs (l 000 & 2260 MHz) . 

Maximum Readout Flexibility: 
Linear, Log, or Power Plot on big 
4W' x 5W' rectangular CRT. 
Proper scale automatically illuminated. 
Use with any standard 'scope camera . 

POLARAD ELECTRONIC INSTRUMENTS/ A Division of Pola rod Electronics Corp. 
34-02 Queens Boulevard, long Island City, New York 11101 • (212) EX 2-4500 

Gentlemen: 

D Please have your field representative 
arrange for a demonstration of the 

Model 2992B Spectrum Analyzer. 

Please send me: 

D My free copy of Bulletin ESA-662, 
"How to Select a Microwave Spec­

trum Analyzer" 

D My free copy of Bu lletin EIS-663, 
"Selecting the best Microwave Signal 

Instrumentation" 

D My free "Mix and Match" Kit-with 
complete set of adhesive-backed PEI 

" Module Stamps" for pasting up my own 
systems. 

I am interested in the following kinds of appli-
cations: 

and frequency ranges: 

Title ______________ _ 

Company _____________ _ 

Address _____________ _ 

City _______ State ___ Zip __ _ 

Tel e phon., ______ Ext. _____ _ 

0123456789 

Model 29928 

Calibrated IF Attenuator- 0-81 db 
in l db steps for precision 
measurements. 

Foolproof, Convenient 
Harmonic-Identification Pushbutton 
Positive and instantaneous! 

Wide-Range Quantitative 
Measurements internal 60 db RF 
Attenuator- flat response to 12.4 GHz. 

Polarad Model 29928 2 GHz­
Dispersion Microwave Spectrum 
Analyzer Completely Modular­
Add other modules as needed, 
assemble as many as 17 different 
combinations-the most complete 
Spectrum Analyzer Capability 
ever offered. 

Got your Copy Yet? 
Send for it today! 
(If the adjacent card has been used, 
please circle reader inquiry card.) 

"How to Select 
a Microwave S 
A pectrum 

na/yzer." 
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want a custom-designed 
electronic power supply1 

call 312 439-2800 

Sola answers you r tough ones .. 

We're geared to handle them with a 
team of electron ic engineers and vol­
ume product ion facilities. High- and 
low-voltage trans istorized power sup­
plies, or ent ire power systems. For elec­
t rostatic copiers to process control , 

' 

SOLA ELECTRIC 

optical readers to radar. 
Tell us your specs; we'll design to meet 
them. 
Want to know more? Call Phil Snyder 
at 312/ 439-2800, or write him for catalog 
PS-100: 1717 Busse Road, Elk Grove 
Village, Ill inois 60007. 

DIVIBIDN DF &DLA BASIC INDUSTRIES 

OTHER D IV IS IONS: ANCHOR ELECTRIC• ENGINEERED CERAM ICS • HEVl·DUTY ELECTRIC • LINDBERG HEVl·OUTY •NELS O N E LE C TRIC 
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What marking job can we help you do better? 

Circle 84 on reader service card 

These are only a few of hundreds of marking jobs you can do more 
efficiently and more economically with Markem machines. So why waste 
time improvising and experimenting? 
Call in a Markem man and get acquainted with today's broadest line of 
marking equipment. New high-speed color banding machines - some 
capable of putting three tiny bands on a miniature diode. Machines that 
combine sequential numbering with identification. Type so small you can 
print 14 characters plus trademark in an 0.125" diameter area. Quick­
change type for short or pilot runs. New techniques combining special 
ink with flash-curing to help you meet severe durability specs. A produc­
tion-speed imprinter so gentle you can safely mark flat pack ceramic com­
ponents. And many other machines, specialty inks and printing elements. 
Right now our research engineers and chemists are working on even 
better ways to mark components. We'd like to be working with you. 
Markem Machine Company, 305 Congress St., Keene, N.H. 

/tllARl<EJtll® 
HELPING YOUR PRODUCT SPEAK FOR ITSELF 
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With our custom recording systems 
one of a kind beats a full house 

This satellite recorder, for example. 
-ro date, we've built 24 variations of it. 
- Each was a special. No production-line 

unit will solve the tough recording 
--\ 
problems we take on. 

-<( Of course, a lot of our custom 
..J'}·ojects are under tight security wraps, 
and we can't talk about them. But we 

Electronics : January 9, 1967: 

can show you part of our hand. 
We've put together a catalog 

of recorder applications that aren't 
classified. It's called, "Technical 
Abstracts on Record/Reproduce 
Systems." Programs like LEM, Apollo, 
the Prime re-entry vehicle, and a 
host of satellites are all in it. 

Ask for a free copy. It shows you why 
our recorders don't have to be 
classified to have class. 
Leach Corporation, Controls Division, 
717 No. Coney Ave., Azusa, California; 

LEACH 
Phone (213)334-8211 
Export: Leach 
International, S.A. 
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The most popular readout ever made­
Type 8422. Combines readability (maxi­
mum viewing distance of 30 feet), com­
pact size (0.6" character in a 1.0" x 0.8" 
end-reading rectangular envelope) and 
high reliability (MTBF of l million hours 
at 90% confidence level) . Also available 
in a decimal-point version, Type B-59956. 
For high-density packaging (0.7 cu. in.) 
and minimal instrument height, it's the 
choice of virtually every important manu­
facturer of digital instrumentation. 

Small wonder this readout (Type B-4998) 
is chosen when a combination of compact 
size (0 .3" character in a 0.47" x 0.63" 
rectangular envelope), long life (200,000 
hours dynamic life) and readability (max­
imum viewing distance of 14 feet) are 
needed. For the smallest electronic read­
out with BCD decoding and memory, use 
the B-4998 with the Burroughs BIP-9401A 
module. Small wonder, indeed! 

(and we've got the 
NIXIE tubes for that 
other 20%, too!) 

Only Burroughs 111a1111/act11res N IXIE Tubes 

Our new side-viewing NIXIE tube, Type 
B-5440. Combines /011g-life (average life 
of 600,000 hours) with low cost ($4.95 
in 1000 quantity) . Tube has low profile 
and narrow width for minimum panel­
area opening (you can line them up on 
Jess than 0.80" centers), and its new 
socket is especially designed for pc-board 
mounting . Independently-operable deci­
mal points are optional at slight extra 
cost (Type B-5441). 
Call or write for full information, 

Burrou!lhs Corporation/ E LE CT RO NOC C O MPONENTS o •vm o N 
Circle 86 on reader service card PLAINFIELD , N EW JERSEY 07061 
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January 9, 1967 I Highlights of this issue 

Technical Articles 

Computer-aided design: 
part 4, Analyzing 

circuits with numbers 
page 88 

Electronic navigator 
charts man's path to 

the moon, 
page 109 

1967 Electronics markets 
page 123 

Coming 

January 23 
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In the end, the computer-aided designer has to put numbers 
and equations into the computer. The more complex the 
network the more data required and the more sets of simul­
taneous equations. To handle such data and equations as 
easily as possible, the engineer can use matrix algebra. In 
this article, an expert on numerical processing for computer­
aided design explains how to get the most out of matrix 
algebra in the design process. 

'When man embarks on the first truly extraterresh·ial trip, 
the Apollo voyage to the moon, he will be guided by a box 
not much bigger than an unabridged dictionary. Its design , 
simplified to make it more reliable, is built around direct 
coupled transistor logic and a single integrated logic circuit. 

For 1967, marketing managers are opti­
mistic after enjoying the best sales year 
in history. Electronics' annual survey pre­
dicts industry sales will rise a whopping 
10% to $21.8 billion. Military spending, 
fueled by even larger increases for Vietnam 
will rise sharply. Vietnam may cost as 
much as $25 billion. On the technical front, 
the stream of integrated circuits into com­

mercial products will turn into a flood. For the cover, art 
director Saul Sussman illustrated this trend by superimposing 
a silhouette of the United States on an integrated circuit 
background. 

• Integrated electronics for microwaves 

•Computer-aided design, part 5: modeling 

• Radar sensor for Apollo 
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Circuit design 

Computer-aided design: part 4 
Analyzing circuits by the numbers 

Most computer-aided designs are accomplished numerically 

with matrix algebra, a technique still unsurpassed in solving 

complex network problems 

By Frank Branin 
International Business Machines Corp., Poughkeepsie, N.Y. 

In the final analysis the computer-aided designer 
must feed numbers into the computer to check 
the performance of his design. These numbers are 
related to the equations that describe a given net­
work. Since deriving the equations manually is 
tedious and error-prone, this approach has been 
abandoned in general purpose network analysis 
programs. Instead, the computer is exploited to 
derive the network equations automatically from 
simple input data that describes the network par­
ameters and configuration. 

Fortunately, matrix algebra, a technique which 
dates back to 1850, sets up these equations in a 
procedural form that is easy to program. ~Tith 
matrix algebra it is possible to handle d-c, a-c 
and transient network analysis problems, and the 
des igner can derive the network equations accord­
ing to the mesh, node, cutset and mixed (state­
variable) methods of analysis. 

~Ioreover, matrix algebra is a convenient short­
hand that simplifies and organizes the mathematics 
of network analysis, making it easier to discern re­
lationships that might otherwise be lost in details. 
Thus, matrix algebra is a valuable tool in computer­
aided design. 

1\ brief review of matrix algebra is given in "Un­
derstanding matrix notation" on p. 91. For clarity, 
the term "problem" refers to d-c, a-c or transient 
analysis, "method" refers to mesh, node, cutset or 
mixed approaches and "technique" refers to the 
specific steps that are applied to solve the problem 
such as Gaussian eliminations. 

Forming a matrix of the network problem 

'Vhether the designer must perform an a-c, d-c 
01; transient analysis the problem is the same-to 
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predict the behavior of a system of interconnected 
elements. The physical properties of a network are 
completely determined by the element characteris­
tics and how the elements are connected. Mathe­
matically, the network problem involves the prop­
erties of an underlying topological structure called 
a linear graph and a superimposed algebraic struc­
ture of variables associated with the nodes , 
branches and meshes of the graph. The linear graph 
for a 'Vlrnatstone bridge, as shown, top p. 90, rep­
resents its branch-node connection pattern. The 
direction chosen for each branch is arbitrary. The 
graph is formed by replacing each branch of the 
network with a line connecting the same nodes . 
These lines are numbered arbih·arily. 

'Vhen the elements of a network are intercon­
nected, its physical variables are constrained as de­
scribed by Kirchhoff's current and voltage laws. 
These laws are conveniently expressed in terms of 
topological matrixes that specify how the network 
is connected. 

ABCD's of network topology 

Four different topological rnatrixes, designated 
A, B·r, C and D, are used for obtaining the network 
equations. Not all the matrixes need be derived for 
every problem since the matrixes required are de­
pendent on the method of analysis chosen. The flow 
chart, bottom p. 89, makes clear how these mat­
rixes may be derived in sequence, starting with a 
table of interconnections. The table is obtained 
from input data that describes the network config­
uration. For the Wheatstone bridge, the following 
table contains the information from which all four 
topological rnatrixes can be derived. 

The computer first converts this connection table 
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into a branch-node incidence matrix A, as incli­
cated. Each column of A indicates which branches 
are connected to a particular node-a + 1 indicates 
that the node is an initial node, and a-1 identifies 
a final node. If the branch is not connected, a 0 is 
entered. 

Connection table 

Branch Initial node Final node 
1 g f 
2 b f 
3 f c 
4 c b 
5 b g 
6 c g 

The distinctive feature of the A matrix is that 
each column is the negative sum of all the other 
columns. H ence, the matrix contains redundant in­
formation which can b e removed by deleting the 
column corresponding to the ground or datum 
(reference) .node. The matrix that results is called 
A, as shown on p. 90. 1n this example, node g 
is the reference node. Therefore, striking out column 
g in the A matrix results in the A matrix. 

It is always possible for a designer to select a 
tree in the graph. A tree is a connected set of 
branches that includes all nodes of the graph 
and does not form any closed paths or meshes. 
There are many ways to choose such a tree: for 
example, branches 1, 2 and 3 in the Wheatstone 
bridge network represents one tree of the network. 
The remaining branches are called links ; each link, 
when added to the tree, forms a uniqu e closed path 
called a basic mesh or loop. An algorithm is avail­
able for classifying the branches as tree bran ches 
or links on the computer1 . 

If the A matrix is then partitioned into submat­
rixes Ar and Ar. that relate to tree-branches and 
links , respectively, as illustrated, the submatrix 
AT is always square. The inverse of Ar is related to 
BT, another topological matrix associated with the 
tree. Matrix BT is called the node-to-dah1m path 
matrix. 

Its columns show which branches are positively, 
negatively or not included in the corresponding 
node-to-datum path. 

The relation between BT and the inverse of Ar 
is given by 

AT-l = BTt (1) 
where BTt is the transpose of BT. An algorithm for 
determining the BT matrix from the A matrix is 
available for the computer1 . 

If the des igner chooses to solve a network from 
mesh equations he will need C, the branch-mesh 
matrix, top p. 92. In forming the C matrix, the 
convention is adopted that each link together with 
the adjoining tree-branches defines a basic mesh. 
Thus, each basic mesh will contain only one link. 
The direction of each link defines the positive 
direction of the corresponding mesh. 

Mesh 4 is formed with link 4 and branches 2 
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Steps in numerical network analysis 

GRAPH THE 
NETWORK . 

CHOOSE METHOD : MESH, NODE, CU TSET 
OR MIXED. (CHOICE IS ARBITRARY .I 

FORM MATRIXES 
A, B, C AND D. 

CHOOSE TECHNIQUE FOR SOLUTION . (C HOI CE 
IS BASED ON PROBLEM TO BE SO LVED-­
SEE TECHNIQUES - COMPARISON CHART.) 

SOLV E WITH THE DEFINING MATRI X EQUATION FOR 
THE METHOD SELECTED-- AS IN METHODS­
CO MPARISON CHART. 

Developing the major matrixes 

CONNECTION TABLE 

NODE 
METHOD 

-
A 

A 

MESH 
METHOD 

c 

MIXED 
METHOD 

D 

CUTS ET 
METHOD 
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By replacing each of the elements in the circuit at the left with a line that connects between the same node 
points, a graph of the network is formed (center). To form the A matrix the branches are given arbitrary 
directions and sequential numbers. If the arrow leaves a node a +1 is entered in the column, if the arrow 
enters a .node, a -1 is tabulated, and if a branch does not connect to a node a 0 is recorded. 

A MATRIX 

NODE 
p q r 

NCH 

1 0 0 -1 

2 1 0 -1 

6 
3 0 -1 1 

----------
4 -1 1 0 

5 1 0 0 

6 0 1 0 

The A matrix is formed by selecting a reference node, 
in this case node g, and deleting that column from the 
A matrix . By selecting a tree of the graph, shown 
in color, the network can be resolved into 
two parts. The second part is the link structure of 
of graph, shown with black lines. Submatrixes A,. 
and AL are then tabulated for the tree and links 
by relating the arrow directions for their respective 
branches to the nodes of the graph. 

8 MATRIX 

q NODE 
p q 

-1 -1 

2 0 0 

r 
3 0 -I 0 

p 

· 4 0 0 

5 0 0 

6 0 0 

~· 
~' 

Matrix BT is related to the tree structure of the graph 
and is obtained from the A matrix. The transpose of -BT 
is equal to the inverse of A,·. Matrix BT is called the node· 
to-datum path matrix. Its columns indicate how the 
branches are included in the node-to.datum path. 
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and 3 included positively; mesh 5 is formed with 
link 5 and branch 1 included positively and 2 in­
cluded negatively; mesh 6 is formed with link 6 and 
branches 1 and 3 included positively. Thus, each 
column of the C matrix shows which branches are 
positively, negatively or not included in the cor­
responding mesh. The C matrix, like the A matrix, 
can be partitioned-in this case into CT and CL 
submatrixes, referring to the tree-branches and 
links, respectively. Submatrix CL is a unit matrix 
and does not have to be stored explicitly in the 
computer. Only the submatrix CT is needed and 
this may be obtained with the aid of a theorem 
which states that for any linear graph, the branch­
node and branch-mesh matrixes obey the funda­
mental relations: 

At(' = 0 
and 

CtA = 0 

(2) 

where the product is a null matrix; therefore, from 
the first of these expressions and with the aid of 
equation 1, the equation for computing Gr is 

CT = -BTALt (3) 
If the designer chooses to analyze a network 

from the cutset equations he will need the basic 
cutset matrix, D. A cutset is any set of branches 
which, when removed, separates the graph into 
two disconnected subgraphs-one of which may 
consist of a single node. Each basic cutset is 
uniquely associated with a single tree-branch just 
as each basic mesh is uniquely associated with a 
single link. As illustrated, each basic cutset may 
be identified by passing a closed circular surface 
through the graph so as to cut a single tree branch. 

Any link cut by the surface belongs to the same 
basic cutset. The link is oriented positively or 
negatively depending on whether it passes through 
this surface in the same direction as the b·ee­
branch or in an opposite direc tion. The D matrix 
may also be partitioned into submatrixes D1• and 
DL, referring to the tree branches and links. Each 
column of the D matrix shows which branches are 
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Understanding matrix notation 
Matrix notation is a valuable tool for manipulating 
many variables without being swamped by clerical 
details. It enables the engineer to detect relation­
ships between systems of equations which would 
be obscure in conventional notation. 

The idea of representing an entire array or matrix 
of numbers by a single symbol leads to a shorthand 
notation even more powerful than ordinary algebra. 
This idea evolved from the studv of simultaneous 
equations as outlined in the foll~wing three steps. 
Consider the equations: 

a, 1 x, + a12 x2 + a13 X3 = b, 
a21 x, + 822 x2 + a23 X3 = b2 
a31 x, + 832 x2 + a33 X3 = b3 

Step 1. Since it is a nuisance to write the symbols 
x1 , x2, X3 and the arithmetic operators repeatedly, 
the designer may write these equations in the form 
of a tableau , thus: 

[x, X2 x~J 

,a,, a12 
a13l _ ,b,l l a21 a22 
a23J - l b2J 

a31 a32 a33 b3 

Step 2. The x's are written in a column to the 
right of the matrix of coefficients ai i· The result 
resembles the fonnat in which we write algebraic 
quantities to be multiplied. 

Step 3. Finally, the entire coefficient matrix and 
the columns of x's and h's are symbolized by the 
letters A, x, and b so that the matrix equation is 
expressed in shorthand form. 

Ax= b 

All these steps symbolize the original system of 
equations and the rule for multiplication of the mat­
rix A by the vector x is expressed in steps 2 and 3. 
Thus, the equation Ax = b can represent a system 
of any number of equations in any number of vari­
ables. Also, when the numbers of equations and vari-

positively, negatively or not included in the cor­
responding basic cutset. 

Since each tree-branch is assumed to be oriented 
positively in its own basic cutset, the submatrix 
DT is a unit matrix. The submatrix D1., which 
refers to the links, is the negative transpose of CT. 
Thus, 

DL = -CTt 
H ence, all of the topological matrixes A, BT, C , 
and D can be derived, step by step, starting with 
the connection table. These matrixes can now be 
used in expressing Kirchhoff's laws. 
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ables are equal, x may be written as 

x = A- 1 b 
Here, the symbol A- 1 stands for another matrix­
the inverse of A-which, when multiplied by the 
vector b, gives the unknown vector x. Standard 
procedures exist for computing such an inverse 
matrix. 

The operations of addition , subtraction, multipli­
cation and inversion of matrixes are well-defined, 
but division is not. Addition and subtraction re­
quire operations on corresponding terms of the 
matrixes that are involved and commutative. Multi­
plication, conversely, is not usually commutative. 
Hence, the order of multiplication of matrixes must 
be respected. 

Two other operations peculiar to matrixes are 
transposition and partitioning. A matrix is trans­
posed by interchanging its rows and columns and 
this operation is indicated on A by the symbol At. 
A matrix may be partitioned either horizontally or 
vertically or both, producing submatrixes in the 
process. 

There are three special types of matrixes: the 
null matrix, all of whose elements are zero; the unit 
matrix, whose diagonal elements are all I's and 
whose off-diagonal elements are zero; and the di­
agonal matrix. which has nonzero elements only on 
the diagonal. The null matrix is the counterpart of 
the algebraic zero (under addition) while the unit 
matrix is the counterpart of 1 (under multiplication). 

The most difficult-and fundamental-problem 
in matrix theory is to compute the eigenvalues Ai and 
eigenvectors Xi of a matrix. The object of this par­
ticn lar game-called "solving the eigenproblem"­
is to solve the equation 

A Xi = X,x;; i = 1.2, ... , n 
where n is the dimension of the (square) matrix A. 
That is, a vector Xi is desired such that when multi­
plied by A, produces another vector Ai times as 
large. Here Ai is a scalar which may be real or 
complex and which multiplies each element of the 
vector Xi Usually, there will be as many Ai's as 
there are rows and columns in A, but sometimes, 
several of these Ai's may have the same value. 

Solving the eigenproblem may not interest all 
readers. However. the solution to this problem re­
veals much about the mathematical properties of 
the matrix A. 

Electrical network laws 

In addition to Kirchhoff's current and voltage 
laws, electrical networks obey Ohm's law-or a 
generalized version for nonlinear networks. Before 
programing the computer to derive these laws in 
equations, it is helpful to express these laws in 
matrix form. To accomplish this , it is necessary to 
identify certain current and voltage variables as­
sociated with a typical branch of an electrical 
network shown , bottom p. 92. The r111 branch is de­
picted as an impedance or admittance element z .... or 
Yrr in series with a voltage source E,. and in parallel 
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C MATRIX 

MESH 

4 5 6 

~" 
0 

6 
2 -1 0 

3 0 

---------
® 4 0 0 ~c, 5 0 0 

-=- 6 0 0 

Basic meshes of the graph are selected by closing each 
link. The positive direction of the mesh is then 
determined by the direction of the link. Circled 
numbers inside of loops refer to the meshes. To form 
the C matrix the following convention is applied: a 
+1 is entered if the branch follows the same direction 
as a mesh, a -1 if it does not, and a 0 if a branch 
does not contact a mesh . 

with a current source I, .. Either of the sources may 
have any value. There are three distinct current and 
voltage variables to identify in this branch. Branch 
current i .. enters at its initial node, but the element 
current J,., that passes throu gh Z .. r, is defined by, 

Jr = Ir + ir (5) 

according to the sign conventions shown. Simi­
larly, although the branch voltage, measured from 
initial to final node, is e,., the element voltage Vr 
that actually appears across Zn· is expressed by, 

~=&+~ ~ 
with the sign conventions taken as noted in the 
diagram. 

Since E .. and I .. may be other than zero, Ohm's 
law for this branch must be written in terms of the 
element voltage and current variables Vr and J, .. 
Accordingly, Ohm's law for the entire network may 
be expressed in the shorthand notation provided 
by the matrix equations 

V = ZJ (7) 
or 

J = YV 

A 
ir 

Jr r r Vr 

L 
r er 

l_ Er 

!+ 
B 

To form a matrix that expresses both Ohm's and 
Kirchhoff' s laws the branch element is employed. 
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(8) 

D MATRIX 

CUTSET 
1 2 3 

BRANCH 

' D~ 2 0 1 0 Dr 

3 0 1 

- ---- ----
4 0 -1 -1 

~o, 5 -1 0 

6 -1 0 -1 

Cutsets of a graph are formed by circling a node to 
which at least one branch is connected . The circles 
are then numbered to indicate which branch has been 
cut. To form the D matrix a + 1 is entered if the 
direction of the branch is away from a cutset, a - 1 
if toward the cutset, and a 0 if not in contact with 
the cutset. Submatrixes are then formed by partitioning 
the tree and links of the D matrix . 

where vectors V and J consist of the entire set 
of element voltage and current variables for the 
network, and where the admittance matrix Y is the 
inverse of the impedance matrix Z. The diagonal 
terms of Z (or Y) are the self-impedances (or self­
admittances) of each branch, whereas the off­
diagonal terms are the trans-impedances (or trans­
admittances) between pairs of branches. If cor­
responding off-diagonal terms are equal they are 
mutual impedances (or admittances). 

The dependent sources that describe the behavior 
of active devices such as transistors may b e repre­
sented by off-diagonal terms in the Z or Y matrix. 
In the transistor amplifier and its equivalent circuit 
bottom p. 93, the T-equivalent for the transistor is 
represented with its amplifying effect accounted for 
by the dependent current generator aJ0 in parallel 
with the collector branch. But the amplification 
can also be considered as a tran sconductance that 
exists between the emitter and collector branches. 

The following values are obtained from a hand­
book for a 2Nl90 transistor that operates at Ve = 
-5 volts and J0 = 1 milliampere: a = 0.979, R,. = 
0.0175 kilohm, R" = 0.500 kilohm and Re = 1,250 
kilohms. If the I -kilohm emitter resis tor is com­
bined with R,, to form a single branch having the 
value of 1.0175 kilohms and the numbering scheme 
on the diagram is applied , the following matrix 
equation expresses Ohm's law: 

J1 0.9828 

2.00 

J3 0.9620 

l 
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where the element currents J are in milliamperes, 
the admittances (conductances) Y are in millimhos 
and the element voltages V are in volts. In this 
equation the transconductance Y:n = 0.9620 mill­
imhos, which accounts for the dependent current 
source aJ" in branch 3, has a value determined by 
a/1.0175 since J1 = V1 /l.0175. Thus the value of a 

can be determined for the dependent current source 
a J 1 in branch 3. 

Kirchhoff's current law for this network requires 
that h -i4 +in = 0 at node b, -b +i4 +ir. = 0 
at note C, and -ii -i2 +b = 0 at node f. These 
relations can be combined into a single matrix 

1 

0 

-1 

0 

-1 

1 

(10) 

IG 

But the coefficient matrix in this equation is the 
transpose of A, the branch-node connection matrix. 
Hence equation 10 can be written 

Ati = 0 (11) 

which represents an expansion of Kirchhoff's cur­
rent law. 

Similarly, the individual equations for Kirch­
hoff's voltage law can also be expressed in the 
matrix form 

1 

-1 

1 1 

0 0 1 0 le2 = 0 
o oJ re ,· [oJ 

0 1 0 0 1 e3 0 

::J 

(12) 

which requires that the sums of the branch voltage 
e around each of the three meshes equal zero. Here, 
the coefficient matrix is the transpose of the circuit 

-12V 

50k 

2N190 

9.1 k 

matrix C so that Kirchhoff's voltage law can be 
written in the general form expressed by, 

Cte = 0 (13) 
Corollary forms of Kirchhoff's current and voltage 

laws are embodied in the statements "the branch 
currents are a linear combination of the mesh cur­
rents" and "the branch voltages are a linear com­
bination of the node-to-datum voltages." These 
statements can be written as the matrix equations 

i = c i' (14) 
and 

e = Ae' (15) 

where i' is the vector of mesh currents and e' is 
the vector of node-to-datum voltages. Here, as in 
equations 11 and 13, the topological matrixes A 
and C automatically do the bookkeeping implied 
by Kirchhoff's laws, no matter how large the net­
work or how complicated its interconnections. This 
demonstrates the power of matrix notation. 

The three basic network laws can be summarized 
with a transformation diagram2, top p. 94, which 
characterizes the algebraic structure that underlies 
the network problem and shows the interrelations 
b etween the variables expressed by equations 5 
through 15. The diagram also depicts two additional 
relations: OE = E', in which the sum of voltage 
sources E around each mesh gives rise to an 
equivalent mesh-voltage source E', and A ti = I', in 
which the sum of current sources I at each node 
gives rise to an equivalent nodal current source I'. 
(For nonlinear networks, the matrixes Z and Y sym­
bolize nonlinear operators or transformations be­
tween V and J; this is the generalization of Ohm's 
law. Kirchhoff's laws are unaffected by nonlinear­
ities.) 

A variety of nonelectrical systems (mechanical, 
acoustical and struch1ral3· 4 ) fit into this algebraic 
pattern and can be treated as network problems. 
Moreover, this pattern of algebraic-topological re­
lations can be extended to characterize intercon­
nected structures that consist of surface and volume 
elements as well as points and lines. From this ex­
tension, a direct correspondence with the opera­
tional structure that underlies vector calculus 
emerges and it then becomes possible to justify the 
application of network models (analogies) for a 

The transistor amplifier at the left is represented by an equivalent circuit (center). Graph of the circuit 
appears at the right. Arrow directions and numbers on the graph are arbitrarily chosen. 
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The algebraic structure of the network problem is 
represented by the stages shown. These express the 
relationships of all the four matrixes and the 
interrelations of the circuit parameters. 

wide class of partial differential equations-includ­
ing Maxwell's equations5• 

Electrical network problem 

Given the following, a network whose conflgura­
tion determines the topological matrixes A and C; 
the impedance matrix Z (or admittance matrix Y) 
and the voltage and current source vectors E and I, 
the electrical network problem is to find the branch 
voltage vector e and the branch current vector i 
such that E + e = Z(I + i) or I + i = Y(E + e); 
A ti = O; Cte = 0. 

This problem may be handled with four different 
methods, three of which-the mesh, node, and cut­
set methods-are familiar. The fourth, the mixed 
method, though new, can be used like the others 
for d-c, a-c, or transient analysis . Moreover, it 
underlies the state-variable approach to transient 
analysis1•6 . [See Electronics , Dec. 26, "Analyzing 
networks with state variables," page 63.] In all 
methods auxiliary variables, such as node-to-datum 
voltages e' or mesh currents i' must be used along 
with both of Kirchhoff's laws, and Ohm's law to 
solve the network problem. 

Mesh method 

If the impedance form of Ohm's law is slightly 
rearranged, the following relationship results, 

(E - ZI) + e = Zi (16) 

Premultiplying by Ct and using equation 13 elim­
inates the vector e and results in the expression 

Ct (E - ZI) = Ct Zi (17) 

By substituting equation 14 into equation 17 the 
matrix equivalent of the entire set of mesh equa­
tions is obtained. Thus, 

Ct (E - ZI) = Ct Z Ci' (18) 

Here, CtZC is the mesh impedance matrix. 
The solution for i' is obtained from 

i' = (Ct ZC)-1 Ct (E - ZI) (19) 

where (Ctzq- 1 is the mesh solution matrix. The 
branch currents are computed from equation 14 
and the branch voltages e from equation 16. 
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Node method 

Applying equations 11 and 15 to the admittance 
form of Ohm's law yields the node equations 

At (I - YE) =At YAe' (20) 

where A tYA is the nodal admittance matrix. The 
solution for e' is then expressed in the form 

e' = (At YA)-1 At (I - YE) (21) 

where (NYA)- 1 is the nodal solution matrix. The 
computation of e and i is trivial. 

Cutset (or tree) method 

Instead of using the node-to-datum voltage e' 
as auxiliary variables, the tree-branch voltages eT 
may be used as a linearly independent set of volt­
ages in terms of which all the branch voltages may 
be computed. Thus, in place of equation 15 the 
relation 

e = DeT (22) 

may be applied, where D is the cutset matrix. The 
counterpart of equation 11 then becomes 

Dt i = 0 (23) 

and these equations can be used to express Kirch­
hoff's voltage and current laws. 

The cutset equations can then be expressed by 

Dt (I - YE) = Dt YDeT (24) 

where DtYD is the cutset admittance matrix, and 
the solution for eT can be expressed in the form 

eT = (DtYD)-1 Dt (I - YE) (25) 

where (DtYD)- 1 is the cutset solution matrix. 
Again, the computation of e and i is trivial. 

Mixed method 

The idea behind the mixed method is to express 
Ohm's law in a mixed form, with an admittance 
matrix for certain branches of the network and an 
impedance matrix for the remainder. Using the 
subscripts y and z to designate admittance-branches 
and impedance-branches, respectively, Ohm's law 
may be written in the form, 

[
l y + iy] = [Yy 01 [Ey + ey] 

E. + e. o z.J r. + i. 
(26) 

With this as a starting point, the y-branches are 
analyzed by the cutset method and the z-branches 
by the mesh method. The two types of branches 
are considered as separate subnetworks with the 
two resulting systems of equations coupled by an 
appropriate topological matrix using the following 
procedure. 

Taking all the y-branches flrst a computer selects 
all the tree links. Any y-links thus identified will 
define basic meshes that contain only y-tree 
branches, since no z-branches have been consid­
ered up to this point. The paths-in-tree for these 
y-meshes are designated by the submatrix CTn · 

The tree-link sort is then resumed taking the 
z-branches into account. The z-links define basic 
meshes whose paths-in-tree may involve both 
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y-tree and z-tree branches, designated by the sub­
matrixes CTyz and CTzz. respectively. Thus, the CT 
matrix for the entire network has the form 

(27) 

where the submatrix CT,,. is zero. 
If the y-branch volta.ges e1. are expressed in 

terms of the y-tree branch voltages, e·ry, and equa­
tions 4 and 22 employed, the result is, 

[
eTy] [ UTy J ey = = eTy = DyeTy 
eLy -CtTyy 

(28) 

where Dy is the cutset matrix for the y-branches 
alone with the z-branches regarded as open cir­
cuited. 

Similarly, the z-branch currents i, may be ex­
pressed as a linear combination of the z-link cur­
rents iLz (which are identical with the mesh cur­
rents). This yields the relation 

[
iTz] [CTzz] iz = . = iLz = C.i Lz 
lLz UL• 

(29) 

H ere C, is ·the circuit matrix for the z-branches 
alone, with the y-branches regarded as short-cir­
cuited. 

The terms of equation 26 may be rearranged in 
the form, 

[
(l y - YyEy)J = [Yy OJ[~"]- [iy] (30) 
(E. - Z.I.) 0 z. 1. e. 

The next step is to premultiply the first row of 
equation 30 by D/ and the second row by C,t and 
replace ey and i, by the expressions given in equa­
tions 28 and 29. The result thus obtained is, 

[
D ,.t (ly - YyEy)J = 

cyt (E. - z.r.) 

rDyty yD y 0 J [ eTy] _ [D,.ti"] (3l) 

L 0 c.tz.c. iLz C,te, 

E xcept for the second term on the right, the result 
expressed by equation 31 is exactly what would fol­
low from the tree method of analysis on the 
y-branches, with the z-branches open-circuited, 
and the mesh method of analysis on the z-branches, 
with the y-branches short-circuited. 

Since it may be shown that 

D ytiy = CTyz iLz 
and 

c. te. = - CtTyz eTy 

(32) 

(33) 

these relations can be applied to produce the final 
result, namely, 

[
D:t (ly-YyEy)]=[D:tYyDy - tCTyz] [~Ty] (34) 

c, (E. - z .I .) c Tyz c, z .c, 1 Lz 

where the toplogical matrix Gryz effectively couples 
the two systems of cutset and mesh equations. 

Numerical methods may be used for solving net-
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work problems of three main types: d-c, a-c and 
transient. These methods are detailed in the flow 
chart on page 101. 

Solving the network problem 

The most straight forward method for solving 
d-c network problems is conventional Gaussian 
elimination of variables in the mesh, nodal, cutset 
or mixed method equations. The amount of compu­
tation required is about n3 h operations (multipli­
cations and additions) , where n is the number of 
variables. If several solutions are des ired for a 
given network with a succession of voltage and/ or 
current sources, the procedure usually followed is 
to compute the mesh solution matrix or nodal solu­
tion matrix, at a cost of about n3 operations, and 
then to multiply each different source vector by this 
matrix, at a cost of n2 operations per vector. 

However, the matrixes involved in most network 
problems are so sparse, (contain relatively few 
nonzero terms) that it is important to take full ad­
vantage of this sparsity when programing the 
actual method of solution. The Gaussian technique 
does not take advantage of the sparsity of the 
matrix. Techniques developed by Sato-Tinney7 do 
exploit the sparsity of the nodal admittance matrix, 
so that both the number of computations and the 
requirements for computer memory are greatly re­
duced. They show that the order in which the vari­
ables are processed in the u sual Gaussian elimina­
tion scheme strongly affects the number of compu­
tations involved in treating a sparse matrix. They 
also explain a special programing technique for 
storing a compact, coded form of the inverse of a 
sparse matrix that is more efficient to use computa­
tionally than the actual inverse. 

In one piecewise analysis technique (developed 
by Kron8· 9) some tools are provided that enable the 
engineer to study the effect of varying a single re­
sistance through a succession of values. This 
method, which is the basis of the MODIFY feature of 
ECAP10, permits the nodal solution matrix for the 
original network to b e updated with changes in one 
or more branch resis tances. The amount of com­
putation involved is trivial compared with that re­
quired for solving the nodal equations or reinvert­
ing the nodal admittance matrix. 

An extension of the mesh method9 leads to Kron's 
basic formula for updating the nodal solution 
matrix when one or more links are added to a given 
network. If Z1 designates the nodal solution matrix 
for the original network, Zr. represents the im­
pedance matrix of the links to be added and AL 
represents the corresponding branch-node connec­
tion matrix, then the basic formula is given by 

(AtYA)-1 =Z1-Z1ALt (ALZ1ALt+ z L)-1 ALZ1 (35) 
where (A + YA) - 1 is the nodal solution matrix for 
the modified network. Equation 35 may b e applied 
recursively to add one link-at-a-time until all links 
have been added or it may be used once to add all 
the links simultaneously. The latter method is more 
economical. Formulas similar to equation 35 up­
date the mesh solution matrix or cutset solution 
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matrix but Kron's technique has not yet been ap­
plied to the mixed method. 

D-c problem tackled 

Designer's frequently must analyze networks for 
different parameter values. To illustrate how Kron's 
method may be used to permit the designer to 
change parameter values without repeating each 
analysis from the start, consider the following 
example for a transistor amplifier. With the Y 
matrix given in equation 9 and the A matrix in 
equation IO the nodal equations can be written 
numerically in the form 

r 2.1299 -0.0200 -2.0000lle'b] [ 0 ] 

l

- 0.0200 0.2208 0.9612Jle' c = - 2.4 (36) 

- 2.0000 - 0.0008 2.0216 e' 1 0 

which can be verified by carrying out the matrix 
operations indicated in equation 20. By computing 
the inverse of the coefficient matrix, the solution 
is written in the form 

[

e'b] I 4.1880 

e'c =ll -17.6269 

e' 1 4.1363 

[

-0.9449] 

= -6.8741 

-0.9375 

0.3937 

2.8642 

0.3906 

3.956111 0 l 
-18.8004Jl - 2.4J 

4.4010 0 

(37) 

Suppose that a particular value of emitter cur­
rent for example, 1 milliampere is desired. This 
can be achieved by adjusting the bias resistor. This 
requires that e'r = - 1.0175 volts instead of -0.9375 
volts as computed, and the change can be achieved 
by adjusting biasing resistors . If a resistor Rr, is 
added in parallel with the 9.1-kilohm resistor in 
branch five, the corresponding AL matrix is [l 0 O]. 
Accordingly, with the aid of equation 35 

e' = [Z1 - Z1ALt (ALZ1Act + ZL)-1 ALZil I 
= Z1I - [Z1A Lt (ALZ1Ar} + Zr.)-1 ALZ1] I (38) 

where f = At(I - YE ). Since Z1 f has already been 
evaluated in equation 37, equation 38 may be writ­
ten in the form 

[

e'bl r -0.94491 I 4.1880] 

e' 0J = ll -6.8741J - l-17.6269 [4.1880+RL]-1 

e' 1 -0.9375 4.1363 

[4.1880 0.3937 3.9561] [ - : ·· ] (39) 

r-0.9449] 
1 

4.18801 ( o.
9449 

) 

=l-6.8741 + l - 17.6269J 4.1880+RL 

-0.9375 4. 1363 

Resistance RL is chosen to decrease e'f by 0.0800 
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volts thus bringing it to the desired value of 
-1.0175 volts. This requires that (4.1363 X 
0.9449)/ (4.1880 + RL) = -0.0800 or Rr. = -53.043 
kilohms. This negative resistance in parallel with 
branch five yields a net value of 10.983 kilohms in 
place of the -Original value of 9.1 kilohms. Thus, 
with Kron' s method the exact value of biasing re­
sistance requil~d can be easily computed. More­
over, the nodel solution matrix does not require 
updating since the problem permits postmultiply-
ing by I This technique of postmultiplying a mat­
rix expression by a column vector is often an 
effective method of increasing computational effi­
ciency and should be applied whenever appropriate 
to the problem. 

By a suitable extension of equation 35, the sensi­
tivity of the nodal solution matrix Z1 with respect 
to any branch impedance zi may be computed as 
follows: 

-~!: = z~2 [Z1ALt] (ALZi] (40) 

where Ar, is the connection matrix for the branch 
in question. (Second-order partial derivatives may 
also be computed.) Alternatively, the sensitivity of 
the node voltage e' to changes in E , I, or Y may be 
computed by differentiating the nodal equations. 
Thus, from equation 20 it can be shown that, 

At (dI-dYE-Y dE) = AtdY Ae'+AtYAde' (41) 

and by rearranging, 

de'= (AtYA)-~At [dI-dY (E+e)-Y dE] (42) 

Here, dl is the vector specifying the perturbations 
of all the current sources, dE of all the voltage 
sources and dY of all the admittances. 

Performing a sensitivity analysis 

When a current gain of a transistor drifts , the 
output of a circuit can fall outside the desired 
values. A good design accounts for this drift with 
a sensitivity analysis . For instance, if a 1 % increase 
in a , the current gain, results in this circuit, a corre­
sponding increase of 0.00962 in the transconduct­
ance Yu results. Hence, the dY matrix in equation 
42 would consist of 0.00962 in the ( 3,1 ) position and 
zero everywhere else while dl and dE would be 
zero. These values together with and the results 
already computed yield 

[

de'b] I 4.1880 0.3937 

de' c =l-17.6269 2.8642 

de' 1 4.1363 0.3906 

[

-0.03211 

= 0.1958J 

-0.0004 

3.956111 0 l 

-18.8004Jl0.009029J 

4.4010 0.009029 

(43) 

The question of how to solve nonlinear d-e prob­
lems in an important one, but difficult to answer 
with complete assurance. One conventional tech­
nique is the Newton-Raphson11 iteration method. 
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Techniques for network solution 

NEWTON-RAP~SON 
METHOD 
KATZENELSON'S 
METHOD 
BROYDEN 'S 
METHOO 

EIG ENFUNCTION 
EXPANSION 

For solving a single nonlinear equation f(x) = 0 this 
method applies the recursion formula xi +l = xi -
f(x i)/f' (xi) where f' (xi) is the value of the deriva­
tive df/ dx at the point xi. 

For a system of nonlinear equations fi (x1, x2, 
. . ., x,i) = 0, with j = 1,2., .. ., n, the notion of the 
derivative has to be generalized and for this pur­
pose th f' Jacobian 11 matrix H is used. The jkt11 ele­
ment of the Jacobian matrix is H jk = o fi/0X1;o The 
recursion formula now becomes xi +1 = xi -
H - 1f(xi) where x and f are vectors. An adaptation 
of this method has been successfully applied in 
TAP 1• 12 and in NET-1 1'J. 

\Vhen the iteration converges, it does so quad­
ratically. That is , at each iteration the error is pro­
portional to the square of the previous error. How­
ever, the method may diverge under certain cir­
cumstances-for example, in some transistor 
switching circuits with positive feedback. 

Methods have been developed to overcome two 
main drawbacks of the Newton-Rahphson method, 
namely: the need to repeatedly evaluate and invert 
the Jacobian matrix and the reliability of the 
method to diverge14

. The remedy has not yet b een 
applied to nonlinear network problems. 

Another approach to solving the nonlinear net­
work, has been described by Katzenelson 15 . It con­
verges in a finite number of steps if the resistance 
characteristics are continuous, monotonically in­
creasing and piecewise linear. Under these res tric­
tions, the answer to the network problem is found 
by solving several linear problems, each approxi­
mating the nonlinear problem over a small range. 

For each of these successive linear network 
problems the cutset solution matrix is slightly dif­
ferent. The key to the computational effectiveness 
of this algorithm is the application of Kron's 
method for updating the cutset solution matrix. 

A-c network problems 

Since the theoretical development given so far 
applies to complex numbers as well as real, the 
methods described may be used for a-c problems 
as well as d-c, but at approximately four times the 
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computational cost of the latter. Moreover, since 
the coefficient matrix is frequency dependent in a-c 
problems, the equations must be solved (or the 
matrix inverted) at each new frequency. Thus 
computing frequency response curves is expensive . 

A new approach to the a-c problem6 that does not 
have the frequency limitation is based on the 
mixed method. It tackles the job of matrix inversion 
by first computing the eigenvalues and eigen­
vectors of the matrix and reduces the problem to 
the trivial task of inverting a diagonal matrix at 
each new frequency. [See "Understanding matrix 
notation" on p. 91.] 

The method is better for computer-size problems 
than Laplace transform techniques that involve ra­
tios of polynominals. The task of computing the 
coefficients of the polynomials is time-consuming 
and has serious numerical inaccuracies, especially 
when the polynomials are of high degree. Also, 
these roots may be extremely sensitive to errors in 
the coefficients. The eigenvalue11 approach is more 
appropriate and gives all of the theoretical info1:ma­
tion that the Laplace transform method can pro­
vide. For example, the eigenvalues are identical 
with the poles of the network functions , the zeros 
of this equation can be computed by an iterative 
technique. Moreover, any network function desired 
may be computed directly and its sensitivity ob­
tained, either with respect to frequency or with 
respec t to any network parameter. Finally, even 
the pole sensitivities can be calculated. 

The technique is based on equation 34, from 
which the differential equations for an RLC net­
work can be derived in first-order form as follows : 

All capacitors are treated as admittance branches 
and may have a nonzero conductance in parallel. 
Thus, the admittance matrix becomes Yr = pK 
+ G where p = d/ dt. The symbol K is used for 
capacitance so as not to conflict with the symbol C 
that des ignates the circuit matrix. Conversely, all 
inductors are regarded as impedance branches with 
a series res istance so that the impedance matrix is 
Zz = pL + R. 

With the definitions of Yy and Zz in equation 34, 
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the differential equations (for constant K and L) 
can be written in the form 

[Dt:D 
(44) 

where the symbols I,r and E1. designate the driving 
currents and voltages, In more compact form, equa­
tion 44 is 

P~ + Qx = f (t) (45) 

where x = dx/ dt and x is the state-variable vector 
of capacitive tree-branch voltages and inductive 

~=Ax+ g(t) (46) 

link currents. Solving this expression for x yields 
where A = - P- 1 Q, corresponds to Bashkow's 
A-matrix 1G and g = p - 1 f. (This A matrix is not to 
be confused with the topological matrix A.) 

For steady state a-c problems, the driving func­
tion may be written as g(t) = g.,e8

\ with g0 a 
known vector and s a complex number. The steady 
state response is then x(t) = x0 e•t with the vector 
x0 yet to be determined. \Vith these relations sub­
stituted into equation 46, a linear system of equa­
tions ( s U - A) x., = g0 is obtained for the formal 
solution. This is given by the relationship 

X0 = (sU - A)-1 g0 (47) 

Solving for the eigenvalues ,\i and eigenvectors Xi 
the matrix A allows the engineer to express (sU -
A) - 1 in a very functional form. Let A a diagonal 
matrix, containing the ,\i on its diagonal, and let 
X be a matrix whose columns are the Xi vectors. 
The eigenproblem can then be written as AX 
XA or 

x-1 AX= A (48) 

This defines a transformation that diagonalizes the 
matrix A. But this same transformation also diag­
onalizes the matrix ( sU - A). As a consequence it 
can be shown that 

(sU - A)-' = x (:::;U - A)- 1 x-1 

Accordingly equation 47 b ecomes 

X o = x (sU - A)-1 x- 1 g o 

(49) 

(50) 

This is the basic relation of the new method, re­
quiring the inversion of the diagonal matrix ( s U 
- A) at each frequency. 

If d = X - 1 g0 , then the i111 element of the X0 vec­
tor may be computed with the relation 

(51) 

This partial fraction expansion of the state variable 
xi may be evaluated at a computational cost of n 
operations per frequency as opposed to n6 opera­
tions if the equation (sU - A) x0 = g0 were solved 
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by Gaussian elimination. 
The cost of solving the eigenproblem is not 

negligible since it is equivalent to solving ( s U -
A)x0 = g0 at roughly 10 frequencies. Accordingly, 
the present method would not pay off if solutions 
were required for only a few frequencies, But for a 
frequency response calculation this method is very 
effective. It is easy to derive sensitivity formulas 
with this method. For example, the frequency sen­
sitivity of x0 is 

dx -
-~ = -X (sU - A)-2 x-1 g0 ds -

(52) 

This method can also be extended to the computa­
tion of driving point and transfer functions and 
their sensitivities. 

Large range of eigenvalues 

The eigenvalue method is not free of all diffi­
culties. It is possible that numerical errors of a crip­
pling nature may arise when networks having large 
eigenvalue ratios are treated. The difficulty is that 
although the large eigenvalues can be computed 
accurately, the small ones cannot. But it is the small 
ones which are principally responsible for deter­
mining the behavior of the network. 

One possible remedy is to solve the eigenvalue 
problem for the inverse matrix A - 1• Then the situ­
ation is reversed, the large eigenvalues of A- 1 that 
are obtained accurately are the reciprocals of the 
small eigenvalues of A. Computing A- 1 may be 
error-prone. But if the matrix Q in equation 45 
is nonsingular, then the relation 

A-I = Q-1 p (53) 

may be applied to compute a more accurate inverse 
for A. A more accurate technique for computing 
small eigenvalues of the A matrix needs to be devel­
oped. 

Transient network problems 

\Vith or without a computer, nonlinear transient 
problems are the hardes t to solve. However, linear 
transient problems can be solved as easily as d-c 
and a-c problems. Nonlinear analysis of high order 
differential equations is often necessary. Solving 
these can be ex tremely slow when the network has 
a wide spread of eigenvalues. 

An approach to linear transient analysis that 
yields an exact solution is obtained from linear 
network equations of the form, x = Ax + g(t). The 
solution for this system of differential equations 
may be expressed as 

x(t+h) = cAh x(t)+ f " eA<h-r) g(t+T) dT (54) 

where eA h is a special matrix defined by the series 

eAh = U + Ah + (~~L + (~~)
3 

+... (55) 

This solution is exact, but its utility dep ends on 
the computation of eAh. 

A finite number of terms may be used in the 

Electronics I January 9, 1967 

,__ 

·-

/-

-

' ' 

,. . 
.. 
' 

r- -

r 



-· 

-· 
_ .. 

-. 1 

- , 

--
; 

- .... 

Comparison of network analysis methods 

METHOD TERMS SOUGHT 

MESH i' 

NODE e' 

CUT SET 

MIXED 

(BRANCH CURRENTS) 

(BRANCH CURRENTS) 

(TREE-BRANCH VOLTAGES) 

(TREE -BRANCH VOLTAGES 
AND LINK CURRENTS) · 

series expansion of eA 11 • But when the matrix A has 
a large eigenvalue, the integration step size h must 
be kept small (roughly less than the reciprocal of 
!Amax I) to permit rapid convergence of equation 55. 
Precisely the same limitation arises in numerical 
integration with methods where h must be kept 
small to avoid numerical instability. 

If, instead of avoiding i he eigenvalue problem 
the designer solves it, then equation 54 becomes as 
practical as equations 50 and 51. The transforma­
tion that diagonalizes A also diagonalizes eA 11 , thus 
yielding the relation 

(56) 

where eA" is a diagonal matrix whose terms e? 
are trivial to compute. After solving this expression 
for eA\ equation 54 may be rewritten as 

x(t+h) = XeAh x-1 x(t) 

(57) 

and all that is required is to compute the integral 
expression. If the driving function g (t + r) is 
expressed as a polynomial in r, however, the inte­
gration can be carried out exactly, term by term. 
This provides a very satisfactory way of evaluating 
the integral on a digital computer. 

Numerical methods 

Numerical methods of integration employ finite 
difference equations to approximate the actual dif-

Electronics I January 9, 1967 

MATRIXES 
REQUIRED 

c 

DEFINING EQUATION 

t - 1 t i',(C ZCl C (E-Zil 

ferential equations to be solved. For a single differ­
ential equation of the form dx/ dt = f(x, t) a solu­
tion may be effected by the general finite difference 
expression 

M N 

Xn = L a;Xn-i + h L bjfn-j (58) 
i=l j =O 

where h is the integration interval, Xn = ,x(nh) and 
f11 _i (xn-i, (n - j)h). The number and values of the 
coefficients a; and bi are determined by the number 
of terms of the Taylor expansion of x(nh) which are 
to be matched by the integration formula so defined. 

If b0 = 0, the integration formula is called a pred­
icator since the new valu e of x11 is predicted in 
terms of previous values (x11 _ 1) and previous deriva­
tives (f11 _i) only. If b 0 # 0, the formula is called a 
corrector since it provides a corrected value of x11 • 

This is accomplished using the predicted value of 
x11 , to compute an approximate value of the new 
derivative f11 which is then applied in equation 58. 

For any integration scheme characterized by 
equation 58, there exists a characteristic polynomial 
whose roots pk determine the solution of equation 
58 in the form 

(59) 

where ak are constants. Thus, x11 is a linear combina­
tion of terms pk"· 

One of these roots p 1., lying near the point 1 + jO 
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in the complex plane, will be the principal root since 
it primarily determines the desired approximation 
to the solution of the differential equation in ques­
tion. All the other roots are parasitic roots and if 
any of these lies outside the unit circle, Xn will 
eventually diverge. This situation is called numer­
ical instability and it invalidates the solution. 

To prevent numerical instability, the integration 
step h must be kept small enough to insure that all 
of the parasitic roots of equation 59 remain inside 
the unit circle. In the case of a system of linear 
differential equations with constant coefficients, as 
typified by equation 46, the requisite condition on h 
for most integration formulas is 

h I Am nx (A) I ~ C (60) 

Here "-max (A) is the largest eigenvalue of the coeffi­
cient matrix A. The constant c is in the order of 1 
or 2, depending on the integration method applied. 
Even in the case of nonlinear differential equa­
tions , an equivalent restriction, involving the (in­
stantaneously) larges t eigenvalue of the Jacobian 
matrix, must be imposed to prevent numerical 
instability. 

It is just this constraint on the integration interval 
that makes most integration techniques so pain­
fully slow for network problems that have a wide 
spread of eigenvalu es. The larges t eigenvalue-or, 
its reciprocal , the smallest time constant-controls 
the permissible size of the integration step. Con­
versely, the smalles t eigenvalues (largest time con­
stants) control the network response and so deter­
mine the total length of time over which the inte­
gration must be carried out. Thus, when the ratio 
of larges t to smallest eigenvalues is large many very 
small integration steps are required to obtain the 
solutions. This is the biggest obstacle to be over­
come in the transient analysis of networks. 

There are, however, some integration formulas 
for which the constraint on h given in equation 60 
does not apply; for example, Xn = Xn-t + hfn and 
x11 = x11 _ 1 + h/2 (fn + fn_ 1). Both of these have 
characteristic equations of the first degree and so 
have no parasitic roots. But the main disadvantage 
of these formulas is that they are inaccurate and 
the integra tion interval must often be shortened to 
insure sufficient correctness. Another disadvantage 
is that both methods require the solution of a sys­
tem of linear equations at each integration step and 
this complicates their application. 

Quasi-analytic methods 

A quite different approach is needed for transient 
analysis of nonlinear networks. Although numerical 
integra tion can be used, the drawbacks cited above 
are overcome with quasi-analytic techniques. These 
techniques are applied for most nonlinear problems. 
Consider this problem: let A = D + B, where D 
contains all of the diagonal terms of A and B con­
tains all the off-diagonal terms. Then equation 46 
can be written as 

~ = Dx + [Bx + g (t) ] (61) 
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with Bx + g(t) a driving function. The analytic 
solution to equaiton 61 can be obtained by modify­
ing equation (54) to read 

x(t+h) = e011 x(t) 

+ j h eD<h-T) [Bx (t+r)+g(t+r)] dr (62) 

Here, e011 is easy to compute since it is a diagonal 
matrix. Furthermore, the integration can be carried 
out with a polynomial approximation of any desired 
degree for Bx + g. 

Equation 62 has an instability problem that is 
avoided by choosing the integration interval whose 
form obeys the relation h I Amax (B) I Le, where c is 
a small constant. Thus, the largest eigenvalue of 
the off-diagonal matrix B controls the stability of 
this numerical integration process. 

However, if a transformation on A is chosen hav-
ing the form T- 1 AT = A = D + B where Amn x 

(B) is arbitrarily small, the integration interval can 
be increased without risking instability. Indeed, if 
T is so chosen that Amax (B) is zero, the eigenvalue 
problem is solved and the instability condition van­
ishes. In effect, the iterative process continually 

, reduces Amax (B) until it vanishes. But the eigen­
problem does not have to be solved to obtain a 
significant increase in the integration interval, as 
the following illustrates: 

This type of transformation is tantamount to 
changing variables and then integrating the differ­
ential equations in the domain of the new variables. 
Specifically, the new variables are defined as y = 
T - 1 x so that equation 46 becomes Ty = ATi- + 
g(t), or 

y = T - 1 ATy + T-1 g(t) 
The solution, analogous to equation 62, is 

y(t+h) = e011 y(t) 

+ /," eD<h-T) [By(t + r)+w(t+r)] dr 

where w(t) = T-1 g(t) 

(63) 

(64) 

From this expression and the relation x = Ty, 
a solution to the original problem, equation 46, may 
be computed. Moreover, if T has been chosen so 
as to reduce Amax (B) sufficiently, a large integration 
step h may be used. The validity of this procedure 
has been verified in the following problem. 

Consider an RC ladder network with five equal 
resistances and five equal shunt capacitors; the 
maximum integration step which could be taken 
safely with equation 62 was found to be equal to 
the time constant, RC. In the case of a modified 
network capacitor Gi is split in half and the two 
halves connected by a resistor r has a very small 
value relative to any individual resistor R. Here, 
the integration step was found to be limited by the 
time constant rC. 

Originally, the state-variable vector, for both 
networks , consisted of all the capacitor voltages. 
However, when a different combination of voltages 
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Network analysis techniques 
Techniques 

Gaussian elimination 

Sato-Tinney 

Kron's method 

Newton-Raphson 

Katzenelson 

Broyden 

D-c problem 

Advantage: Most direct 
method 
Disadvantage: Usually does 
not take advantage of matrix 
sparsity 
For linear networks only 

Advantage : Gaussian elimi­
nation that takes advantage 
of sparsity 
Disadvantage: Requires spe­
cial programing techniques 
Fo_r linear networks only 

Advantage: Permits change 
of parameters for solution of 
a family of related problems. 
For example, in a sensitivity 
analysis· there is no need to 
run the program from the 
start for each parameter 
change 
Disadvantage: For linear 
networks only 

Advantage : Converges 
quad raticaHy · - · 
Disadvantages: May diverge. 
and the Jacobian matrix has 
to be computed and con­
verted repeatedly 
For nonlinear networks only 

Advantage : Technique is 
based on Kron's method. 
Guaranteed to converge for 
piece-wise linear monotonic 
functions 
Disadvantage: For nonlinear 
networks only 

Advantage: Generalization of 
Newton-Raphson method 
that prevents divergence and 
does not require repeated 
computation and inversion of 
the Jacobian matrix 
Disadvantage: For nonlinear 
networks only 

A-c problem 

Advantage: Most direct 
method 
Disadvantage: Usually does 
not take advantage of matrix 
sparsity 

Advantage: Gaussian elimi­
nation that takes advantage 
of sparsity 
Disadvantage: Requires spe­
cial programing techniques 

Advantage : Permits change 
of parameters for solution of 
a family of related problems. 
For example, in a sensitivity 
analysis there is no need to 
run the program from the 
start for each parameter 
change 

Advantage: gives driving­
point and transfer function, 
poles and zeros, sensitivity 
and efficient calculation of 
frequency response 
Disadvantage: Requires solu­
tion of the eigenproblem 

Transient problem 

Advantage: Gives analytic 
solution that is free of time 
constant restrictions 
Disadvantage: For linear 
networks only 

Advantage: Most commonly 
used . Accurate. For linear 
and nonlinear networks 
Disadvantage: Very slow for 
networks with a wide spread 
of time constants 

Advantage: Treats diagonal 
terms of A-matrix analytically 
and off-diagonal terms by 
numerical integration . With 
modification time-constant 
restrictions are avoided . 
Disadvantage: 
For nonlinear networks only 



was applied in treating the second network­
namely, the voltage across capacitors C,, c~, C4 

and c~ but the sum and difference of the voltages 
across the two half-size capacitors-it became pos­
sible to increase the integration step size until it 
was equal to that in the previous network. This 
simple change of variables defin ed a transformation 
which was sufficient to reduce the maximum eigen-
value ofB significantly in equation 64, but far from 
adequate to solve the cigcnproblem. 

Thus, one key to the minimum time-constant 
problem lies in operating on the coefficient matrix 
A in some meaningful way. But if the A matrix is 
left intact, then the limitation implicit in equation 
60 must be accepted. The simples t kind of opera­
tion on the A matrix is to extract its diagonal terms 
and handle them analytically, as in equation 62. 
A more difficult operation is to transform the matrix 
as in equation 63. Of course the ultimate is to solve 
the eigenproblem completely. 

These are the guidelines for tackling the integra­
tion problem for nonlinear sys tems, where the J a­
cobian matrix plays the role of the A matrix. Obvi­
ously, solving the eigenproblem repeatedly for a 
Jacobian matrix, which changes during the course 
of the solution, is far too costly. However, finding 
a quick and dirty transformation T to b e used in 
conjunction with equation 64 does seem plausible. 
Moreover, it should not b e necessary to update T 
at each integration step since it is likely that a 
given transformation could be applied for many 
integrations before b ecoming degraded to the point 
of uselessness. 

The feasibility of this approach will depend on 
keeping the average computational cost per inte­
gration step to a reasonable level. If this is accom­
plished, the minimum time constant barrier can b e 
breached for both linear and nonlinear problems. 

In the case of linear systems, the eigenvalue ap­
proach is clearly superior for both a-c and transient 
analysis since it goes directly to the heart of the 
problem. Fortunately, the advent of the digital com­
puter brings this powerful theoretical tool to a 
practical working level. 

What's ahead 

Much unfinished work remains in upgrading net­
work analysis programs. In addition to adding new 
and improved analytical techniques, programs must 
provide facilities for statistical analysis of circuits , 
storage and retrieval of device models, handling 
transmission lines and treating much larger prob­
lems. Graphical presentation of output variables 
in a variety of form s will b e essential and a much 
closer degree of man-machine interaction will b e­
come possible with cathode-ray tube displays and 
remote access to the computer. 

Also, there will be a need to handle integrated 
and monolithic circuits. This rapidly growing area 
places strong demands on current analytical, nu­
merical and programing techniques. It will inev­
itably force the development of more powerful 
methods for solving partial differential equations. 
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A step beyond the production of more powerful 
and effective network analysis programs will be the 
development of optimization techniques-in which 
the analysis tasks will likely be relegated to sub­
routines. Significant steps ht -... already been taken 
in this direction. Moreover, autu1natic network syn­
thesis is also under investigation . It is probable, 
however, that for a long time computer-aided de­
sign will be based primarily on analysis and opti­
mization techniques with the engineer playing an 
essential role in the design loop and controlling 
the entire process. 
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Numbers vs symbols: battle lines are drawn 
Two techniques vying for appli­
cation in computer-aided design 
are numerical and symbolic cir­
cuit analysis. Author Frank 
Branin, development engineer 
of the International Business 
Machines Corp., is a staunch 
advocate of the numerical ap­
proach. He tends to give short 
shrift to the symbolic method, 

Frank Branin 

possibly because over 75% of CAD is performed 
by numerical techniques . The symbolic technique 
was discussed in part 3 of the continuing series on 
computer-aided design [Electronics, Dec. 12, 1966, 
p. 92] . 

Branin thinks of the two techniques in relation 
to internal and external operations for the 
computer. In the symbolic technique, he says all 
operations (using both letters and numbers) are 
done inside the computer. But with the numerical 
technique the programer manually derives matrix 
expressions for those quantities that he desires to 
investigate on the computer. He then places num­
bers into these programs and feeds them into the 
computer so that the expressions may be evaluated. 
The computer then analyzes or designs the circuit 
with numerical techniques only. 

Despite similarities in the two techniques some 
distinct points of difference are worth noting. In 
the symbolic approach the most critical parameters 
in a desired formula are highlighted because these 
appear as letters related to the circuit elements. In 
the simple expression for gain of an amplifier, Ao = 
-gmR1,/ (1 + gmRk), the designer can tell at a glance 
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that the stage gain depends on transconductance 
gm , plate resistance Rp and cathode resistance R". 
Conversely, if he knows that Ao = 50, his knowl­
edge is limited to how changes in circuit parameters 
can affect circuit performance. 

Another advantage often stated for the symbolic 
technique is that it presents all circuit equations as 
polynomials of the complex frequency variable, s. 
This yields expressions with which the designer is 
familiar , delays the evaluation of complex variables 
until actually needed and offers convenient fre­
quency information in terms of the poles and zeros 
of the circuit. 

Too many trees 
A clear advantage held by the numerical tech­

nique is that it eliminates listing topological trees 
for a network. Most symbolic techniques require 
such a listing. And for a network of 11 nodes and 
21 branches it is possible to have over 13,000 dif­
ferent trees . Thus , much valuable time and storage 
space can be wasted by the computer in trying to 
find these. 

It is too soon to effectively judge which technique 
will eventually dominate. For most circuit designers, 
even those using CAD, the lines of demarcation be­
tween the two techniques are still vague. Some ex­
perts claim that the difference is purely semantic 
-or at best, one of degree. Perhaps with improved 
programs or even with programs that are not pres­
ently available, sharper distinctions will emerge. As 
more engineers become familiar with a variety 
of computer-aided design programs, perhaps one 
technique will dominate . 
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Designer's casebook is a regular 
feature in Electronics. Readers are invited Circuit design 

Designer's casebook 
to submit novel circuit ideas, packaging 
schemes, or other unusual solutions to 
design problems. Descriptions should be 
short. We'll pay $50 for each item published. 

Quartz crystal synchronizes 
relaxation oscillator 

By Roger G. Damaye 
Fontenay aux Roses, France 

A simple and inexpensive clock for digital systems 
can be obtained with a quartz crystal and a uni­
junction transistor. The quartz crystal, when in­
serted between the emitter and base of the uni­
junction, oscillates in synchronism with the 
relaxation oscillator. Conventional unijunction 
relaxation oscillators are usually synchronized with 
a negative pulse applied to base 2 or a positive 
pulse applied to its emitter. 

The electrical shocks created by the first few 
firings of the unijunction start the crystal oscillat­
ing and each subsequent firing of the transistor 
reinforces the oscillation. Adjustment of resistor 
R1 is not critical and there is a margin of error 
of several degrees on either side of the optimum 
value. What is required is that the oscillating fre-

quency of the crystal and circuit be close. 
The frequency of oscillation remains stable 

despite voltage fluctuations of ±20% in the power 
supply and temperature variations of 0°C to 80°C. 
Synchronization of the oscillator is also possible 
at submultiples of the crystal's fundamental fre­
quency but operation is sensitive to temperature 
variations. At half the fundamental frequency, f/2, 
the temperature stability is good, but falls off 
rapidly at f/ 3 and fl 4. 

The circuit may be simplified by replacing ca­
pacitor, C, with a crystal. In the modified circuit 
a margin of adjustment is obtained for the 50 k 
resistor that is more than 15° on either side of the 
optimum. 

The oscillator can lock on the fundamental or 
half the fundamental crystal frequency. With a 
100-kilohertz crystal stable oscillations of 100 and 
50 khz are obtained. By shunting the crystal with 
a capacitor of several hundred picofarads, oscilla­
tions of 33.33 khz can be obtained. A modified cir­
cuit produced stable oscillations at 200 and 250 
khz. Tests showed that good results were possible 
with 1 Mhz quartz crystals having fundamental 
frequencies ranging from 50 to 250 khz. 

Different crystals change output waveshape. 
Waveshape at the left was obtained with a 60-khz 
crystal; and a 1-Mhz crystal above. 

+ V BB : 20 v 
1 k 

50 k 

E 

XTLCJ 
50 

Quartz crystal inserted between emitter and base of unijunction transistor oscillator eliminates the need to 
apply external negative pulses to base 2 or positive pulses to the emitter for synchronization. In modified circuit 
at the right the capacitor C is replaced by the crystal. 
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Stable low frequencies 
with FET-bipolar pairs 

By Gabriel Hanus and Yves Martinez 
l nstitut National des Sciences Appliquees de Lyon 
Villeurbanne, France 

Field effect transistors produce stable low frequen­
cies in a multivibrator circuit because of their 
very high input impedance. Generators of vel·y low 
frequ encies require a long time-constant. However, 
if large electrolytic capacitors are used to obtain 
the time constant, stability is impossible to achieve. 
With FET's, however, their large resistances mean 
it's possible to obtain the long-time constant with­
out large capacitors. 

In the circuit, two n-channel FET's ( 2N3436) are 
connected as source followers and two npn transis­
tors serve as switches. The principle of the circuit is 
similar to that of an ordinary multivibrator except 
that the bipolar-FET combinations are the active 
components. This introduces the FET's high input 
impedance and, at the same time, provides an over­
all gain that makes the bipolar's collector voltage 
independent of the current gain of the stage. 

The 2N706 transistors do not saturate because 
itheir collector voltages supply the drains of the 

Audio amplifier compresses 
input signal by 30 decibels 

By David L. Pippen 
White Sands Test Faci lit y, New Mexico 

An amplitude compressor circuit that is inexpen­
sive operates over a large dynamic input range 
by taking advantage of the characteristics of a 
fi eld effect transistor. The circuit was desi gned 
to provide essentially constant amplification for 
a wide range of signals picked up by an acoustical 
transducer. The amplifier output feeds a 600 ohm 
line that handles maximum power levels of about 
5 decibels. Because of the low distortion required 
at the maximum compression level and the wide 
dynamic range that must be accommodated, con­
ventional compressor circuits are not suitable. 

As indicated in the graph at the right, input 
signals can vary from 70 decibels below a milli­
watt ( - 70 dbm) to -20 dbm and cause only 10% 
distortion at the output. At -20 dbm the signal 
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+15v 

510 510 
C2 

Time constants for the multivibrator are provided by t he 
FET's and large resist ance values. 

FET's. This arrangement makes the oscillator self­
starting; since the transistors are biased in a linear 
region any change in input current causes a change 
in collector voltage. The circuit works equally well 
at high frequencies. 

The duration of each state is determined by the 
discharge of either C1 or C2 into the gate resistance. 
When the voltage reaches pinchoff, the change in 
source current causes the circuit to change state. 

If C1 and C2 are each 4 microfarads, increasing 
R1 and R2 can vary the multivibrator's period from 
8 milliseconds to 6 minutes. If C1 and C2 are 100-
picofarad capacitors, the frequency can be varied 
from 100 hertz to 3 megahertz. 

v; / 
::;; 

+20 / ::t: 30 db 
0 / SIGNAL 
0 
0 / CLIPPING 
w OCCURS 
V) 

+10 / ~ 
_J / ---
LLI 

/ a:> 
u 0 / 10.0% LLI 

\_6.2% Cl ,(. TH O 
I 

_J 

\__ 3% 
THO 

<t -10 z THO= TOTAL 
~ THO 
V) HARMONIC DISTORTION 
..... -20 :::> 
a. ..... 
:::> 
0 

-so -70 -60 -50 -40 -30 -20 -1 0 
INPUT SIGNAL- DEC IBELS (600 OHMS) 

Compression response curve (solid line) t ends toward 
a const ant level as t he input signal increases. 

is compressed 30 db below that of a linear ampli­
fier. Input and output impedances are 600 ohms. 

Transistors Q1 and Q.1 are the controlled stages 
in this compressor. Field effect transistor Q4 oper­
ates as a variable resistor in the emitter of Q, . As 
the input signal increases, a d-c voltage on capaci­
tor C1 increases, biasing the gate circuit of Q4 so 
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that Q4 is driven out of saturation and toward cut­
off. When the d-c voltage reaches the knee of FET's 
saturation curve, the FET begins to cut off. This 
increases Q/ s source-to-drain resistance resulting 
in increased negative feedback from Q1's base to 

100k 

C1 
22µ. f 

~(-___ ....... 
4.7 k 

its emitter. Because the feedback increases with 
inpnt level, the over-all gain of the circuit is com­
pressed and transistor Q 1 handles large input levels 
without large distortion. At input levels above - 20 
dbm, Q 1 clips the signal and the distortion rises. 

1µ. f 

Compressor circuit controls gain by varying the source drain resistance with input signal. 

Diodes provide noise immunity 
for monostable multivibrators 

By Radivoje Ilic 
Institute for Automation and Telecommunications 
Belgrade, Yugoslavia 

Diodes are handy components for eliminating un­
desired electrical pulses from multivibrators and 
other circuits that operate from a common power 

supply. The diodes are particularly effective in 
multivibrators with inductive loads in their col­
lectors, such as relays. 

Two multivibrator circuits have been modified 
with diodes to offer complete immunity to pulses 
that come from the power supply and to difficulties 
that arise from inductors in the transistor's collec­
tor. Diode D 1 in the circuit at the left prevents 
the inductive load from influ encing the stability 
of the multivibrator. The diode is kept back biased 
at all times when transistor Q1 is not condu cting. 
Thus, it also acts to block extraneous pulses from 
triggering the multivibrator until the potential on 

----24v Diodes, added in both circuits, provide immunity to 
noise pulses from a common power supply 

.-------.------<11------+-----12v 

22k 

0.1.IJf 

D2 
1N270 

50 

OAS 
(IN270) 

-t 1--------1------t 1------
JL 

SIMILAR U.S. DEVICES 
SHOWN IN PARENTHESIS 

106 

3.9k 

01 
OC77 
(2N708) 

1--------+4v 

and prevent interference from inductive loads . 

..----.--_,,,__ __ .._ ___ __,.,___~-12v 

so 

II 22k 820 1Sk 
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the collector of Q 1 is higher than -12 volts . When 
the potential on the collector of Q1 is greater than 
-12 volts diode D 1 is forward biased. 

Diode D2 is added to further prevent any un­
desired pulses that come from the power supply 
from having an effect on the stability of the cir­
cuit. It functions as does diode D 1• 

In the modified circuit, right, page 106, a separate 

Narrow-pulse one-shot 
recovers quickly 

By John J. Moran ':' and Robert M. Gloriosco 
University of Connecticut , Storrs 

A one-shot multivibrator fits in computer and com­
munications applications where the required pulse 
repetition rate is very high, dictating a rapid re­
covery time for the one-shot. The circuit will gener­
ate a 600-nanosecond pulse and will recover 
within 200 nsec. If the pulse width is increased, 
the recovery time is 200 nsec, or 3% of the out­
put pulse width, whichever is greater. Circuit fea­
tures low output impedance and low loss. 

The short recovery time is obtained by discharg­
ing the timing capacitor C 1 through a low-im­
pedance path formed by D 1 and Q4 • 

vVhen a negative pulse appears at the input, it 
turns Qi off and turns Q2 on. Capacitor C1 charges 
0 Now with United A ircraft Research Laboratories, 
East Hartford, Conn. 

Qu ick-recovery one-shot produces a 
600·na nosecond pu lse. If a negative 
going input level is applied at point 
X, the output remains clamped t o the 
supply unti l t he input is removed. 
Recovery time of 200 nanoseconds is 
achieved by providi ng low im pedance 
path through Q., and D,. 

x 

15k 

20 pf 

INPUT ---1lt---..--~~-+ll--+--~~ 

8 20 
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FDIOO 

02 
2N916 

4.7k 

o, 
2N916 

source is not needed for the electromagnet, and 
the circuit functions as the previous arrangement 
does against inductive load problems. Here, diode 
D 1 and zener diode D2 prevent pulse penetration 
from the power supply and inductive load. The 
zener diode prevents D 1 from becoming back biased 
and also blocks noises and voltage functuations 
through Resistor R1 and capacitor C1• 

through Qx, R1 and the base of Q2• The time con­
stant of the charge path is R1C1 . 'When Q2 con­
ducts, it holds Q1 off. The recovery time-the 
time necessary to turn Q2 off-is a function of the 
ratio R~/ (R1 + RJ and varies with the type of 
transistor. 

As Q2 turns off, Q1 turns on and the capacitor 
rapidly discharges through the low impedance path 
formed by D1 and Q4. 

If the circuit is triggered rapidly so the output 
pulses have a large duty cycle, the pulse width 
might decrease slightly. To reduce this effect, 
resistor R2 is made larger and connected to a nega­
tive supply. If C 1 is made larger than 0.05 micro­
farad , a series resistor is added to the discharge 
path to protect Q4 by limiting the current. 

The circuit has been applied as a pulse averaging 
discriminator in an f-m system with a carrier fre­
quency of 1 megahertz, and a ± 200-kilohertz devi­
ation. With an f-m signal applied to the input, the 
integrated output is proportional to the frequency. 

Another feature of the circuit is that an input 
applied at point X allows the output to remain 
clamped to the positive supply voltage for the 
duration of the pulse. 

Rz 
1.5 k 

15v 

D1 
FDIOO 

- --- - - OUTPUT 

04 
2N559 
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In Making Masks for 
Electronic Components ... 

. . . there's no 
Margin for Error! 

With sharp blade, outline the areas 
to be masked. Do not cut through 
the backing sheet. The Ulano 
Swivel Knife does the job quickly, 
easily . 

Now carefully peel off the film as 
outlined leaving a completed photo 
mask, positive or negative, that 
corresponds exactly to the desired 
pattern. 

THAT'S WHY EXPERIENCED DESIGNERS 

AND ENGINEERS ALWAYS INSIST ON ..• 

D 

-

,.. .. 

U B Y L I T H'"·~ 
HAND-CUT MASKING FILM FOR THE GRAPHIC ARTS , • 

THE KNIFE-CUT, LIGHT-SAFE MASKING FILM 
LAMINATED TO A STABLE POLYESTER BASE 

The most versatile line of hand-cut masking films, including 

.0075-RUBYLITH 75 DR* .005 RUBYLITH 5 DR 
.005 AMBERLITH 5 DA 

These new, thick Ulano films provide the positive answers 
where exact register assumes a critical importance. 

•Available in sheets only, cut to your specifications. 

U I a n ......... T ... M_. _s_1_o_o_E_A_N_S_TR_E_E_T._B_R_o_o_K_L_Y_N_._N_. v_._1_1_2_3_0 ______ _ 

NEW YORK• CALIFORNIA• CHICAGO •ZURICH 

in Europe: ULANO A. G., Untere Heslibachstrasse 22, Kusnacht 8700, Switzerland 

Write on your letterhead for special electronic: test kit (no c:harge) No. 2748 
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Space electronics 

Electronic navigator charts 
man's path to the moon ( ... 
Apollo, our boldest step into space, will be guided by a computer 

that is both elementary and advanced . Its memory holds a fixed 

program but its appl ications are diverse and flexible 

- . -1 By Albert L. Hopkins 

- ..\ 

- ;. 

_ , 

-., 

Instrumentation Laboratory, Massachusetts Institute of Technology, Cambridge, Mass. 

When man embarks on his first truly extraterres­
trial adventure-a trip to the moon- he will be 
guided by a little box not much bigger than an 
unabridged dictionary, but much more versatile. The 
box is the Apollo guidance computer, which will de­
termine whether the astronauts are on course and 
help them turn corners when the time comes. Proto­
types of the integrated-circuit computer are now 
being tested on the ground. 

The computer is part of the guidance and naviga­
tion system of the Apollo Command Module and 
the Lunar Module. The system performs different 
tasks during free-fall and powered flight. 

In the free-fall phases-earth and lunar orbit, 
lunar descent coasting, and coasting through space 
between the earth and the moon-the svstem must 
determine the state of the vehicle-f~r example, 
orbital elements, position or velocity. These are 
part of an open-loop navigation process. The sys­
tem is capable of performing the navigation itself 
but ground-based tracking stations duplicate the 
process simultaneously whenever possible. 

Powered phases-boost, injection, ascent and 
entry-are short and critical. They require auto­
matic steering for stability and accuracy, while 
the system directly controls the translation and 

The author 

Albert L. Hopkins is the assistant 
director of MIT's Instrument ation 
Laboratory, where he specializes in 
the development of computers for 
inertial guidance and navigation 
syst ems. 
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rotation of the vehicle. These are closed-loop guid­
ance functions. Each powered maneuver changes 
the velocity, as determined during navigation 
phases, until the guidance sensors indicate that the 
desired velocity is reached. 

The guidance and navigation ( c&N) system was 
designed by the Instrumentation Laboratory of the 
Massachusetts Institute of Technology and pro­
duced jointly by the AC Electronics division of the 
General Motors Corp. , Kollsman Instrument Corp., 
a subsidiary of Standard Kollsman Industries, Inc., 
and the Raytheon Co. Its three major parts are : 

• A three-gimbal inertial platform with three 
floated integrating gyros , each with a single degree 
of freedom , and three pulsed integrating pendulum 
accelerometers. The gyros and accelerometers con­
tinuously indicate changes in angular orientation 
(attitude) and translational velocity. 

• An optical angle measuring unit-a sextant and 
scanning telescope in the Command Module, an 
alignment telescope in the Lunar Module. 

• The guidance computer. 
Some of the principal computer activities are 

correlated with navigation and guidance functions 
in the table on page lIO. Critical phases are in color. 
These categories are interdependent because they 
share data, subroutines and interface activity. The 
computer's program has sections for executing 
dozens of jobs, but can do only about 10 at a time. 

How it all began 

The Apollo G&N system concept originated almost 
eight years ago, during a study for an unmanned 
space vehicle which would photograph Mars and 
return to Earth. The studv concluded that the 
vehicle would require a na~igation and guidance 
computer with inertial and optical sensors. The 
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computer logic and erasable memory would be 
built with core-transistor circuitry and the program 
would be stored in a wired-in read-only memory, 
called a core rope. Shortly afterward, MIT began 
designing the Apollo guidance computer with the 
same kind of circuitry plus a coincident-current 
ferrite-core erasable memory. 

By late 1962, quantity production of monolithic 
integrated circuits had begun. The computer was 
redesigned to take advantage of the greater reli­
ability, high speed, small size and packaging uni­
formity of rc's. 1 The direct-coupled transistor logic 
( DCTL) NOR gate was chosen as the basic circuit 
largely because of its simplicity. The designers 
chose only a single logic circuit type-a three-input 
:-<OR element, consisting of three transistors and four 
resistors on a monolithic silicon chip. The computer 
contains over 5,000 such circuits. 

The decision to use the single logic circuit paid 
dividends for the Apollo project because micro­
circuit vendors could supply Apollo NOR gates 
some time before they overcame problems in pro­
ducing more complex circuits. A family of special­
ized circuits might have saved space, but space 
was deemed less important than reducing the 
problems of specification, manufacture, and test 
of these relatively new circuits.~ 

It had long been known that all Boolean logic 
functions could be implemented wit11 a single cir­
cuit [see "Single-circuit design ," p. 115]. Several 
systems-1\nT's Polaris guidance computer, a digi-

Phases of the moon shot and G&N activity 

tal differential analyzer, for one-used a discrete­
component NOR gate as its sole logic element type. 
But the concept has been applied rarely in general­
purpose computers because specialized circuits re­
quired using fewer discrete components. 

The core rope concept3 was retained, because 
of the high density and the reliability advantages 
of nondestructive memory. The memory's main dis­
advantage is that it can be loaded only at the 
time of manufacture, but this was tolerable because 
program changes in any given computer are in­
frequent. However, each program must be com­
pletely debugged before assembling the rope. 

vVhen the decision was made to have a separate 
Lunar Module distinct from the Command Module. 
still another version of the c&N system was needed 
for both spacecraft. It was called Block 2 [Elec­
tronics, Dec. 12, p. 111]. The initial G&N system 
(Block 1) was put into production for the develop­
mental command modules now being flown. The 
Block 2 guidance computer has twice the over-all 
speed of the Block 1, and has 50% more memory 
and consumes less power, with little change in 
size and weight. 

What's in the computer 

Today's typical guidance computer is about a 
cubic foot in volume, and can do about the same 
job as large-scale central processors of ten years ago. 
The newer, larger, earth-based data processors can 
spread a work load over a period of time to balance 

~/j:Jtl!JP;~ b ~o ~ ~ ~ -~°' cz;"' ~"'.::; ~"' ~ "- b"' ~~ ~ ,o ~.... ~ "'"' , .,Q ·~ " 
Phases c, 's :('- O " ~ cz; ~IS'~ ~ cz; ~ ·~ o ~ . o~ o ~ ·$' .t'' 'IJ' ~"' ,.s; 

~ "cz; 'lt~ ti ~ ~!::- " *cz; 

,~cz;~"' o~"'" .f"~b ~~~"' .... ~~;:;- q,"'b~ ~,,,~'>"' ~J.~l~'-.?o~ .::/f'~l"'~ 
Prelaunch * * * * First stage * * Second stage * * Third stage * * Earth orbit * * * * Injection toward moon * * Module transposition * * Coasting toward moon * * * * * M idcou rse corrections * * * Lunar orbit insertion * * * Lunar orbit -* * * * Lunar module descent injection * * * * LM descent coast -* Ji. * LM powered descent * * * * * LM final approach * * * * * * LM landi'!ll_ * * * * * LM_.e.relaunch * * * Jl 
LM ascent * * * * Midcourse rendevous -* * * * * Terminal rendevous -* -* 

IQ!ection toward earth * * --*- • 
Coastiri_g toward earth * -* * -* * Entry * * ~ 
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Organization of the Apollo computer shows the central processor (in tint block), the data paths 
(black lines) and control paths (colored lines). The data-transfer buses are the computer's backbone. 

internal computing and input-output activity. For 
example, they can keep its various facilities busy 
by time-sharing. A guidance computer's central 
processor is also time-shared among numerous jobs, 
but must react to a large demand for input-output 
service in milliseconds rather than minutes. The 
Apollo computer can execute about 40,000 instruc­
tions per second. 

It will be installed in the lower equipment bay 
of the Command Module, where the navigator 
will stand after his couch has been stowed. In 
the Lunar Module it will be behind the astronauts 
as they stand at their control stations. The crew 
can give commands to the computer and supply 
data and decisions when the computer requires it. 
The computer, in turn, supplies the crew with pilot­
ing data. The crew-computer interface is embodied 
in the display and keyboard unit, described later 
in this article. Interfacing circuits also connect the 
computer with other spacecraft systems. 

Design of the computer 

In addition to the memories , the computer has 
two other principal sections. The central section 
includes an adder, an instruction decoder, a mem­
ory address decoder and seven addressable regis­
ters . The sequence generator provides the basic 
memory timing and sequences of control pulses for 
each instruction; it also contains the interrupt pri­
ority circuitry. 

The backbone of the computer is a set of 16 
data-transfer buses, which interconnect the regis-
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ters. Instructions can address registers in either 
memory, but the program cannot change the con­
tents of the fixed part. Each memory word has 15 
information bits and a parity bit. Data is stored 
as 14-bit words with a sign; instruction words have 
three order-code bits and 12 address-code bits. 

Every instruction lasts an integral number of 
memory cycles. The normal sequence of instructions 
can be broken by a number of involuntary sequen­
ces, which are not under normal program control. 
These are triggered either by external events-an 
astronaut's entering data from the keyboard, for 
instance-or by certain overflows within the com­
puter, such as a sum becoming too large for the 
register containing it. The breaks in sequence may 
occur between any two program steps and may be 
divided into two categories: counter incrementing 
and program interruption. 

The shorter the better 

Most guidance computers have word lengths of 
about 24 bits. The Apollo guidance computer is 
unique in having a 16-bit word. This short length 
was made possible by a decision to perform navi­
gation calculations with multiple-precision arith­
metic, in which a single quantity may occupy more 
than one computer word. 

A guidance computer should have the shortest 
possible words to keep the circuitry simple, small 
and fast. Shorter words cut down on the number of 
memory sense amplifiers needed, for instance. 
One is needed for each bit in a word. These high-
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gain class A amplifiers are considerably harder 
to operate with wide margins of temperature, volt­
age or input signal than NOR gates are. Also, the 
time required for carry propagation in a parallel 
adder is proportional to word length. 

The Apollo computer's data words are generally 
of two classes; those for navigational computations, 
and those for control. The first class requires a 
precision of 27 to 32 bits ( 10s•1 ). The second 
class of variables can usually be represented with 
15 bits. The precision required for navigational 
variables can be satisfied by using two words. 
Even if word lengths were 15 to 28 bits, two words 
still would have been required. 

To accommodate both positive and negative num­
bers, the logic designer must choose among at 
least three possible number representations: one's 
complement, two's complement, and sign-and-mag­
nitude. For a binary number such as 1110001011 
(equivalent to +907 in decimal notation) the one's 
complement is simply the complement of each in­
dividual bit, or 0001110100; the two's complement 
is the same as the one's complement except that a 
1 is added to the right-most bit position, or 
0001110101. These complements represent -907. 
In sign-and-magnitude notation a bit is added to 
represent the sign, usually 0 for positive and 1 for 
negative; then +907 = 01110001011 and -907 = 
11110001011. 

The Apollo number system is a modified one's­
complement scheme using two sign bits for over­
flow representation in the adder. This combines 
the advantages of the other two systems while 
sidestepping their disadvantages. The extra sign 
bit is available because the parity bit does not pass 
through the adder. In the conventional one's­
complement representation, an overflow alters the 
sign bit. In the modified scheme the sign is not 
altered because of the double-bit representation. 
An independent sign representation for multiple­
precision numbers is then possible. During oper­
ations such as multiplication, two's-complement 
arithmetic is used. 

Sign-and-magnitude representation was rejected 
although it is the most straightforward for human 
inspection. However, it requires either a magnitude 
comparison or conversion to one of the comple­
ment representations when positive and negative 
numbers are added. In straight one's-complement 
notation, sign reversal is easy. However, zero is 
ambiguously represented by a word of all O's or 
of all l's, and addition may require an extra oper­
ation called end-around-carry. Two's complement 
notation avoids this and is convenient for input 
conversions from devices such as pattern gener­
ators, encoders, or scalers; but sign reversal is 
awkward. 

Since the computer often would be using many 
multiple precision words for navigation, this was 
considered in the choice of number system and in 
the organization of the instruction set. Multiple­
precision representation commonly requires the 
sign bits of all component words to agree; neverthe-
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Computer characteristics 
Word transfers 
Word length 
Number system 
Memory cycle time 
Fixed memory 
Erasable memory 
Normal instructions 
Involuntary instructions 

(interrupt, increment, 
etc.) 

Interrupt options 
Addition time 
Multiplication time: 

14 x 14 bits 
Double-precision addition 

time 
Increment time 
Number of counters 
Power consumption 

Weight 
Size 

Parallel 
16 bits=15 data +1 parity 
Modified one's complement 
11.7 !LSeC 
36,864 words 
2,048 words 
34 

10 
10 
23.4 !LSeC 

46.8 JLSeC 

35.1 JLSeC 
11.7 !LSeC 
29 
Less than 100 watts 

(including two DSKY's) 
58 pounds (computer only) 
1.0 cubic foot (computer 

only) 

less, in the Apollo computer the signs of the com­
ponents can be different [see "Multiple-precision 
arithmetic," p. 116]. 

The algorithm for double-precision multiplica­
tion is directly applicable to numbers with inde­
pendent signs. A special double-precision add 
instruction simplifies the treatment of interflow. 
Independent signs are not permitted in double­
precision division; both operands must be positive 
and the leftmost non-sign bit of the divisor must 
be 1. 

Two memories 

The 2,048-word erasable memory is a conven­
tional coincident-current, ferrite-core array. Noth­
ing would be gained by using a faster memory 
organization, since the 36,864-word fixed memory 
requires a relatively long cycle. Both have a cycle 
time of 12 microseconds. 

The array is wired in 32-by-64 planes which are 
folded to fit into a 9-cubic-inch module. A double­
ended transistor switching network generates bi­
directional currents in each selection wire. One 
wire in 32 is selected by switch circuits in an 
8-by-4 array, and one wire in 64 is selected in 
an 8-by-8 array. The outputs of these silicon tran­
sistor drive circuits vary with temperature so that 
they match the requirements of the lithium-ferrite 
cores from 0°C to 70°C. 

The integrated-circuit sense amplifiers are con­
siderably more complex than the integrated NOR 

gates, but there are only 32 per computer. Each 
amplifier can be carefully selected. None have 
failed in several million device-hours of operation, 
although sense amplifiers have historically been the 
weak link of computer memory systems. 

Large fixed memories are rarely used in ground 
computers, but guidance computer designers favor 
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Sense amplifier circuit amplifies signals from both the fixed and the erasable memory in the Apollo computer. 
All components inside the tinted block are in an integrated circuit. Each computer has 32 of these amplifiers. 

them. They occupy little space and are highly reli­
able. Fixed program and data limit alteration of 
mission plans, but help assure that the computer 
program is identical through all phases of testing 
and in flight. It also permits recovery from tem­
porary malfunctions which would alter the con­
tents of an erasable memory-as happened, for 
instance, during the flight of Gemini 4. 

Early models of the MIT core rope memory 
actually resembled lengths of rope. Large numbers 
of wires thread through or bypass toroidal cores, 
as shown in sketch below, to create l's and O's.5 

Address decoding is also partly wired in. As a 
result, its cycle time is longer than that of some 

Wires through a core store a 1 in a core· rope memory 
while wires bypassing the core store a 0. Magnetic 
switching of a core, triggered by currents in the 
switching and inhibit lines, generates pulses in those 
sense wires that thread that core; 16 wires at a time 
are gated to sense amplifiers to read one computer word. 
Each of the six core-rope modules in the Apollo 
computer contains 512 cores and 192 wires. 

114 

other transformer memories whose address decod­
ing is external. However, bit density is extremely 
high-approximately 2,000 bits per cubic inch, 
including all driving and sensing circuits, intercon­
nections, and packaging hardware. 

High density is achieved by storing a large num­
ber of bits in each magnetic core. The total number 
of bits is the number of cores multiplied by the 
number of wires. Each of the Apollo memory's 
six modules contains 512 cores and 192 wires, or 
98,304 bits of information. 

A link to ground 

Computer words flow over prelaunch and in­
flight radio links between the computer and ground 
control. The upward and downward data rates are 
different; therefore the mechanizations differ con­
siderably. 

The downlink rate is 50 words or 800 bits per 
second. During one memory cycle the interface 
stores a full 16-bit word in a flip-flop register; then, 
upon command, it seems the bits serially in a burst 
to the communications system of the spacecraft. 

Each bit received on the uplink requires a mem­
ory cycle; the maximum rate is 160 bits per second. 
Transfers from the computer to spacecraft display 
units also require one memory cycle per bit, as does 
data from the radar measurement subsystem. In 
these serial pulse trains two adjacent pulses differ 
in weight by a factor of two and positional nota­
tion is employed. 

Information is also transferred incrementally. A 
sequence of pulses is transmitted over a single 
channel, but each pulse represents the same value, 
or weight. An incremental receiver counts pulses 
to form a word, where a serial receiver shifts pulses 
to form a word. The incremental transfer of infor­
mation permits high precision and standardization 
in analog data transmission. For example, the 
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Single-circuit design 
Computer logic circuits are all variations on three 
basic logic functions: AND, OR and NOT. These three 
basic functions in turn can be implemented with 
a single circuit, the NOR gate, shown at right; it has 
the logical function: 

D=A+B+C 
read " ' OT (A or B or C) ." All four variables may 
have either of two voltage levels. If A, B, and C 
are all at the more negative level, the transistors are 
cut off and D is at the more positive level. But if 
one or more inputs rise, the corresponding transistor 
turns on and D drops to its more negative level. 

When B and C are tied to ground, D is the inverse 
of A and the circuit is an inverter, or NOT circuit. 
If the output of the circuit shown is the input to 
such an inverter, then the inverter's output is: 

and the combination of two circuits is an OR gate. 
Likewise if A, B and C are the outputs of such 
inve1ters, whose inputs are F, G and H, then 

D=A+B+C=F+G+H=F·G·H=FGH 
read F and G and H; the four circuits form an AND 

gate. Logically the inverse of an OR function is the 
AND function of the individual inverted variables. 

Two-way functions simply require tying the un­
used input to ground . For functions of four or more 
variables , the outputs of additional circuits are con­
nected to each other; only one of the circuits can be 
connected to the +4 volt supply. The ability to 
drive other logic circuits is increased by connecting 
NOR gates in parallel. 

Complex logic functions are built up of alternate 
layers of A 10 and on gates. Successive layers of NOR 

gates can be considered alternately as on gates with 

WRITE I 

WRITE 2 

WRITE 3 

----TO OTHER 

==-=-= REGISTERS 

SET I 

SET 2 

SET 3 
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CLEAR I 

CLEAR 2 

CLEAR 3 

t4v 
Three-way NOR circuit is capable of 
executing any logical function when 
properly interconnected. It is the 
only logic circuit used. 

D 

positive inputs and AND gates with negative inputs. 
Thus the function: 

E=D, • D2 • Da 
=(A1+B,+C1) • (A2+B2+~) • (Aa+Ba+Ca) 

can be realized with exactly four NOR gates. The 
reason is that if 

D = A + B + C, then D = A + B + C 
and that 

D=A+B+C=A·B·C 
Therefore, 

E=D, • D2 • Da 
= (A,+B1+C1) • (A2+B2+C2) • (Aa+Ba+Ca) 

If the intermediate variables D are needed, they 
must be inverted. 

For example, the block diagram shows clearly 
how NOR gates can be interconnected to form a regis­
ter or a single bit position in each of several registers 
without using multiple NOR gates for each logic func­
tion . Two gates cross connected form a latch or 
Rip-flop; both the input and the output can be gated, 
or the ungated ON or OFF latch output is available. 
A six-way OR is at the extreme right. 

READ 1 

CONTENT 1 

READ 2 

CONTENT 2 

READ 3 

CONTENT 3 

A column of registers can be 
put together with three-way 
NOR gates, including input 
and output gating. This 
illustrates the flexibility of 
the single-circuit approach 
to logic design. 

FROM 
OTHER 
REGISTERS 
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Apollo accelerometers are incremental, producing 
a pulse for each unit change in velocity. The com­
puter uses incremental transfer for angle commands 
to the gyros and the gimbals in the inertial measur­
ing unit, and for thrust control and certain display 
functions in the spacecraft. Pulses are sent in 
bursts at a fixed rate. 

External requests for serial or incremental trans­
fer are stored in a counter priority circuit. If at the 
end of an instruction no requests have been re­
ceived, the next instruction is executed. If a request 
is present, the program is interrupted and an in­
crementing memory cycle is executed. Each 
counter is a specific word in erasable memory. 
During the incrementing cycle the computer reads 
the word, increments or shifts it, and stores the 
result in the original location. Overflows from one 
counter may be inputs to another. The computer 
processes all such reques ts before proceeding to 
the next instruction in the original program. This 
type of interrupt enters synchronous incremental 
or serial information into the working erasable 
memory. 

Since counter words are in the erasable memory, 
any program always has ready access to them. 
Each increment or shift requires a memory cycle. 
To avoid taking too much time from guidance and 
navigation calculations , the aggregate counting rate 
is limited. This sometimes requires a logic circuit 
between the interface and the priority circuit to 
prevent the input pulse rate from exceeding a 
chosen level. 

Commands or feedback for discrete actions are 
given by discrete signals-individual binary digits 
or small groups. These actions close switches, 
change mission phases, fire jets , start displays 
and control many other actions. Most discrete in­
puts to the computer are non-interrupting-that is, 
they are acted upon by the normal program. They 
are either d-c inputs through a filter to a logic gate, 
or a-c signals transformer-coupled to a flip-flop , 
which is reset after interrogation. A few special 
discrete inputs initiate a program interrupt-they 
announce their presence to the computer's se­
quence generator. Discrete outputs are controlled 
by the program. 

During a program interrupt, the computer stores 
the contents of the program counter and transfers 
control to a program subroutine that processes the 
particular type of interrupt. \Vhen an interrupt is 
b eing processed no subsequent interrupts will be 
accepted, but all will be processed in turn. 

The computer is the primary source of timing sig­
nals to about 20 spacecraft systems. 

The man rules the machine 

The crew-computer interface is the display and 
keyboard unit. It is abbreviated DSKY and pro­
nounced "diskey." There are two DSKY's in the 
command module, one for the navigator and one 
on the pilot's main panel, for use during powered 
flight. One DSKY is installed in the lunar module. 

Above the DSKY's keyboard is a numeric electro-
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Multiple-precision arithmetic 

Independent signs arise naturally in multiple-preci­
sion addition and subtraction. Forcing signs to be 
identical would be costly because every operation 
may require sign reconciliation. For example, in 
decimal notation, 

(+64) + (-46) = (+ 18) 
Suppose the addition is done in one-digit deci­

mal registers that indicate both positive and nega­
tive numbers in sign-and-magnitude form, like the 
mechanical registers below. In multiple preci­
sion , the left-hand register carries ten times the 
weight of the right­
hand register, so that 
+64 would become 
( +6, +4) in the two 
registers . and -46 
would become (-4, 
- 6 ) . The two registers 
operate independently 
so that the operation is 

(+6, +4) + (-4, -6) = (+2, -2) 
Considering the weight of the left-hand register, the 
result is clearly +20, -2. The sum of these is + 18, 
but the signs are mixed unless corrected. 

The same result can be obtained if operand signs 
are mixed. For example, +64 can be represented by 
either (+6, +4 ) or (+7. -6) , so 

( +7, -6) + (-5, +4) = ( +2, -2) 
The result again has mixed signs. On the other hand, 

(+6, +4) + (-5. +4) = C+ l , +SJ 
so that here correction is unnecessary. Still another 
possibility exists if the problem is stated: 

(+7, -6) + (-4, -6) = (+3, -12) 
The answer is still correct, but since one-digit regis­
ters contain the numbers an overflow has occurred 
in the right-hand register. In this case, the overflow 
is carried over into the left-hand register, with the 
proper sign: 

(+3 , - 12) = (+ 2, -2) 
In the Apollo computer this kind of overflow is 
called an interflow to distinguish it from an overflow 
in the left-hand register. 

luminescent display of three 5-digit registers for 
data and three 2-digit registers for commands. The 
15 bits of a computer word can be shown as 5 
octal digits-the digits 0 through 7-in one reg­
ister. The three registers can display the three 
components of a vector. Each register also in­
cludes a sign position ; when a sign appears , the 
number is read as decimal; otherwise it is octal. 
The other digit displays are labeled verb, noun 
and program. 

Each command is an imperative statement con­
sisting of an action (verb) and an object of the 
action (noun). For example, "display" "time to 
ignition" is a reques t from the crew; or "load" "de­
sired gimbal angles" is a request from the com­
puter. These statements are expressed numerically; 
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Apollo guidance computer, viewed from the rear, and its display and keyboard unit. 

the crew looks up the verbs and nouns in a glossary. 
As a crewman keys in statements, they appear in 
the 2-digit registers of the display where they 
can be checked for accuracy. \Vhen the computer 
makes a request, the verb and noun display flashes 
on and off to indicate the computer origin of the 
command, and to attract the crew's attention. 

Key code inputs interrupt the computer program. 
The keyboard's 19 pushbuttons include the 10 
decimal digits , plus and minus signs, and 7 auxiliary 
keys. The 19 key functions are encoded into five 
binary signals by a diode matrix mounted directly 
behind the keyboard. 

Program lights tell the operator what major 
programs the computer is running. The DSKY also 
has discrete alarm and condition lamps, a condi­
tion light reset key, and a key with which the oper­
ator relinquishes his use of the display lights to 
the computer-a function which permits the oper­
ator to decide whether his command has a higher 
priority than the computer's request. If a keyboard 
entry sequence is in progress when the computer 
program has a request or a result of display, a 
condition lamp notifies the operator of the fact. 
When he is ready to let the computer use the dis­
play, he depresses the release key. 

Software 

Guidance and navigation programs are executed 
under control of three special programs that ease 
the task of the human programer and insure that 
priorities are observed in the computer. These 
special programs are the interpreter, the executive, 
and the waitlist. 

Most of the guidance and navigation programs 
are written in a special notation and stored directly 
in the fixed memory. The interpreter translates 
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the notations into a sequence of subroutine link­
ages, which in turn execute the program. A program 
executed with the interpreter takes more time than 
would a machine-language program written with 
an automatic compiler; however, it occupies less 
storage space and saves the time of writing a pro­
gram in basic machine language. The interpreter 
occupies only a few hundred words in fixed storage 
and requires only one instruction for relatively com­
plex operations, whereas compiled programs would 
need several instructions. 

All programs except interrupt routines are con­
trolled bv the executive routine. Executive-con­
trolled p~·ograms are called "jobs" to distinguish 
them from "tasks ," controlled by the waitlist. The 
routine controls job priority, permits time-sharing 
of erasable storage, and displays computer activity 
on the DSKY. As one job runs , the executive checks 
at least once every 20 milliseconds to see if another 
job of higher priority is waiting to be executed. 
If so, control is transferred to the new job until 
the first job again becomes the one with highes t 
priority. 

When a job must wait until an external event 
occurs, such as the attainment of a specific velocity 
in powered flight, the executive may suspend it, or 
"put it to sleep." The job's temporary storage is 
left intact, so the executive can "awaken" the 
job when the event occurs. 

When a job is finished the executive transfers 
control to a terminating sequence which releases 
the job's temporary storage to be used by another 
job. Approximately ten jobs may be scheduled for 
execution at one time. 

vVaitlist tasks are run in the interrupt mode, 
and must be no more than four milliseconds long. 
A longer program could cause excessive delay in 
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Logic module contains 120 monolithic integrated-circuit flatpacks, 60 on each side . These modules plug into 
a tray, whose wrapped wires interconnect the modules. A second tray holds the memory and its drive circuits. 

other interrupts waiting to be serviced, since one 
interrupt program inhibits all others while it is 
running. 

If the waitlist is to initiate a lengthy computa­
tion, it will call the executive routine so that 
the computation is performed as a job during non­
interrupted time. 

Modules and trays 

Signal interconnections-the major mechanical 
problem in guidance computers-take up approxi­
mately three-quarters of the computer volume. 
The IC flatpacks arc interconnected with multilayer 
boards, and wrapped wires connect the modules. 

A basic design goal was small modules that 
could be easily installed and removed, for the 
sake of producibility, testing, diagnosis and main­
tenance. Another goal was to keep the computer's 
volume small. The goals were attained with 24 
modules each containing two independent groups 
of 60 flatpacks with 72 connector pins. Two gates 
are on each flatpack; flatpacks and pins are con­
nected to the board by spot welding. 
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All modules plug into two carriers called trays. 
One tray holds the logic, power supply and inter­
face modules, and the other contains the memory, 
oscillator and alarm modules. The trays are mag­
nesium alloy fram es into which the modules are 
inserted by jacking screws. These provide a good 
thermal path between modules and tray, which in 
him is screwed to a cold plate. 
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noY1--a 24 channel 
solid state 

multicoupler 

only from Conductron-MRC 
MODEL c 325-24 Outputs 24 
Bandwidth 2 MHz-30 MHz VSWR < 1.25:1 
Gain 2dB ± ldB Impedance-In 50 ohms 
Noise Figure 7.5 dB: 20 MHz-30 MHz, Im peda nee-Out 50 ohms 

6 .5 dB: 10 MHz-20 MHz, Power Req uired 115V± 10%, 50-60 cps or 
6 dB: 2 MHz-10 MHz 48 V: 3V, DC 

Intermodulation Distortion - 56.5 dB, 2nd order Dimensions 19" wide x 20" deep x 7" high - 60 dB, 3rd order 
Phase Tracking 2 degrees "' 1 degree Mounting Standard 19" rack 

Amplitude Tracking 1 dB Connectors BNC 

Isolation, Back to Front > 52 dB MTTR < 30 min. 
Isolation , Output to Output > 40 dB MTBF > 30,000 hours 
Gain Reduction (Overload) < 2.5 dB for .8 volt signal Fault Iso lation Internal 
Inputs 1 MIL Qualified To MIL·E-4158C, MIL-Q-9858A 

If 24 for 1 sounds like good odds for your antenna coupling 
requirements, check the specifications above, then write 
Conductron-MRC Division, 2311 Green Rd., Box 614, Ann 
Arbor, Michigan 48107. Ask for Bulletin 1 lC. 

CONDUCTRON • NI R C Division 

ANN ARBOR, MICHIGAN 
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SOLID STATE TIMERS 
NEW 
CG Timer: 
Range: 50 MLS 
to 60 Sec. 

ELECTROMECHANICAL TIMERS Model 88 Timer: 
Range: 6 Sec. 
to 48 Hrs. 

The Man from E.A.G.L.E. offers virtually unlimited product/ performance scope: 
from solid state timers such as the CC (upper)-created for short, accurate, 
highly-repetitive time cycles-to motor-driven electromechanical timers such as 
the Model 88 (lower) . . . and everything known to be in between. CC's qualifica­
tions: compensates for voltage changes; plugs into standard octal relay socket; 
quality componentry-tantalum timing capacitor; SCR control of 10 amp out­
put relay; protection against load or output contacts being inadvertently actu­
ated by transients or power cutoff; perfect replacement for pneumatic timers. 

Accuracy, economy and reliability are hallmarks of the Eagle line ... industry's 
most complete! Put us to the only test that counts, your most demanding time/ 
count application . Write for CC Bulletin 158 and Model 88 Bulletin 1620, Eagle 
Signal Division, E. W. Bliss Company, 736 Federal St., Davenport, Iowa 52808. 

l ;J!~$J l•I EAGLE SIGNAL I 
A DIVISION Of THE E. W. ILISS COMPANY 

FOR INFORMATION ON CG TIMER CIRCLE READER SERVICE CARD #491 

FOR INFORMATION ON MODEL 88 TIMER CIRCLE READER SERVICE CARD #492 
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rrPE 22AP: 

22AP2C05All 5 CCII. 
COllf.lCTS 

INSTANT EAGLE RELAYS 
Test Them Immediately ..• 

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

BLISS l•I EIBLE SIBllL I 
A DIVISION OF THE E.W. BLISS COMPANY 

736 Federal Street, Davenport, Iowa 
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YOUR "MAN FROM E.A.G.L.E." 
Distributors 
Burlingame, California 

415-697-6244 
Glendale, California 

213-245-1172 
Englewood, Colorado 

303-781-0912 
Hamden, Connecticut 

203-288-9276 
Orlando, Florida 

305-855-3964 
Baltimore, Maryland 

301-484-5400 
Newton Highlands, Massachusetts 

617-969-7140 
Minneapolis, Minnesota 

612-922-7011 
Clifton, New Jersey 

201-471-6090 
Haddonfield, New Jersey 

609-429-1526 
Albuquerque, New Mexico 

505·265-1020 
Albany, New York 

518-436-8536 
Depew, New York 

716-684-5731 
Endwell, New York 

607-723-8743 
Fairborn, Ohio 

513-878-2631 
Fairview Park, Ohio 

216-333-4120 
Dallas, Texas 

214-363-1526 
Houston, Texas 

713-649-5756 
Seattle, Washington 

206-725-7800 

Representatives 
Scottsdale, Arizona 

602-947-4336 
Pasadena, California 

213-681 -4421 
Jacksonville, Florida 

305-388-7656 
Orlando, Florida 

305-422-4295 
Roswell, Georgia 

404-993-6498 
Chicago, Illinois 

312-775-5300 
Chicago Illinois 

312-784-7314 
Baltimore, Maryland 

301-276-1505 
Norwood, Massachusetts 

617-769-3600 
Minneapolis, Minnesota 

612-922-0243 
St. Louis, Missouri 

314-428-5313 
Hackensack, New Jersey 

201 -342-2602 
Latham, New York 

518-785-5032 
Rochester, New York 

716-436-4410 
Skaneateles, New York 

315-685-6172 
Fairfield, Ohio 

216-333-4120 
Havertown, Pennsylvania 

215-528-6640 
Dallas, Texas 

214-748-7788 
Houston, Texas 

713-224-9715 
Bellevue, Washington 

206-454-5200 
Charleston, West Virginia 

304·342-2211 
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Featuring: 
• The fastest flip-flop in the world - 70 MHz 

(min ) - will shift information in register 
applications at 70 MHz. 

• Compatible with MECL I Series (use in the 
same system ) . 

• Fastest use{ ul speed of any commercially 
available !C's (from low to high fan-out). 

• 40% faster than the MECL I Series (5 ns 
typical prop. delay ). 

• Multifunction units for minimum can count­
low system cost. 

• Complementary outputs - eliminates need for 
inverters. 

• 50-ohm terminated transmission line drive 
capability- minimum compromise in power 
and speed ... and low induced noise. 

• Proven circuit design - three years of success­
ful MECL use. 

• Proven high-volume producibility - delivered 
in millions. 

INTRODUCING .•• 

MECL D* 
... the second 
phase of 
compatible 
MEGL* logic 
Select from these circuit functions : 

Plastic Flat 
Package Package Function 

(Oto + 1s•c> c- ss•c to + i2s•c> 

MCIOO!Pt MC1201Ft Single 6·1nput Gate 
MC1002Pt MC1202Ft Single 6·1nput Gate 
MCI003Pt MC1203Ft Single 6-lnput Gate 
MC1004P** MC1204F** Dual 4·1nput Gate 
MCIOOSP• • MCl205P * Dual 4-lnput Gate 
MCI006P** MC1206P 0 Dual 4-lnput Gate 
MC1007Pt MC1207Ft Triple 3-lnput Gate 
MC1008Pt MC1208Ft Triple 3-lnput Gate 
MC1009Pt MC1209Ft Triple 3-lnput Gate 
MCIOIOP•• MC1210P • Quad 2- lnput Gate 
MCIOllP .. MC1211F** Quad 2-lnput Gate 
MC1012P** MC1212P • Quad 2-lnput Gate 
MC1013P** MCl213F .. AC Coupled J·K Flip-Flop 
MCI017Pt MC1217Ft Translator 
MC1018Pt MC1218Ft Translator 
MC1019Pt MC1219Ft Full Adder (10 ns Add Time) 
MC1020Pt MC1220Ft Quad Line Receiver 
MC1021 Pt MC1221Ft Full Subtracter 

Coming Soon 

MC1014P MCl214F Dual R-S Flip-Flop 
MC1015P MC1215F Dual R·S Flip-Flop 
MCI016P MC1216F Dual R·S Single Rail Flip-Flop 
MCI022P MC1222F Type "D" Flip-Flop 
MC1023P Clock Driver 
MC1024P MC1 224F Dual 2-lnput Expandable Gate 
MC1025 P MC1225F 4 and 5-lnput Expander 

t See your Motorola field representative for evaluation unit s. 
•• In stock at your nearest Motorola distributor. 
• Trademark of Motorola Inc. 

Send today for technical details on new MECL II integrated circuits. Write Box 955, Phoenix, Arizona 85001, 

11 MOTOROLA 
Semiconductors 
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Electronics markets: 1967 

Spectacular rise continues 
_ .. 

- .. All segments of the industry are sharing in growth; television, 

computers and military spending are credited for the boom; 

integrated circuits remain major technological development 

• ""I 
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Rarely has there been such agreement on an in­
dustry's prospects. Economists, stock brokers, 
bankers and market analysts have chosen elec­
tronics as the golden girl of the year and Elec­
tronics magazine backs their judgment by predict­
ing a total market of $21.5 billion in 1967, up 
from $19.6 billion in 1966. There are three reasons 
for the boom-television, computers and military 
spending . 

While color-television firms have been racking 
up spectacular gains over the past couple of years, 
they've been moaning that they could have done 
even better if only they'd had the production capa­
bility. This finally seems to be their year. Most 
firms have completed broad ex­
pansion programs and, as a re­
sult, production estimates range 
as high as 8 million color sets . 
That's against a background of 
4.7 million sets sold in 1966. 

Computer manufacturers are 
on the same gravy train. They've 
been expanding facilities rapidly 
and view the sky as the limit as 
commercial and industrial firms 
snap up their output. Labor 
shortages and software snafus 
are a couple of the nagging 
problems that require solution. 
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The military budget keeps climbing, and spend­
ing for the war in Vietnam is making an impact 
on almost every sector of the industry, with com­
munications, avionics and components showing 
marked gains. 

But the outlook for growth encompasses the 
entire industry. From instrument makers to medi­
cal electronics firms to components companies, 
there's nothing but good news . 

Technically, the big story continues to be inte­
grated circuits. They will continue to make in­
roads everywhere. Military equipment and com­
puters will be using more and more Ic's. In con­
sumer areas, such as color television, Ic's may 

continue to be a novelty, but 
some manufacturers are develop­
ing IC technology and say that only 
the requirements of the market are 
holding them back. 

Vilhile they move ahead in de­
veloping new markets for Ic's, 
many solid-state device manufac­
turers are casting uneasy glances 
over their shoulders at a brash 
newcomer-large-scale integration. 
Although LSI won't be much of a 
rival in 1967, it may pose a future 
threat. Many labs are now work­
ing to produce prototypes. 
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Solid state 

Surge in semiconductors 

'More and better' is the prognostication for 

both integrated circuits and discrete devices 
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DISCRETE 
SEMICONDUCTOR 
DEVICES 

Last year's boom in integrated circuits will con­
tinue this year, "only more so." This prediction by 
a major IC vendor reflects the unrestrained optimism 
that 1966 results have engendered in the industry. 

Sales of Ic's last year totaled about 32 million 
units, and the estimated dollar volume realized­
around $145 million-was more than double the 
level forecast in 1965, despite a drop in the average 
selling price. 

Electronics magazine's survey puts the 1967 IC 
market at about 100 million units, valued at $250 
million. And should anyone think a slowdown is in 
sight, Radio Corp. of America officials project 1971 
industry sales of 400 million units, of which, they 
add, about 150 million will be linear circuits. 

The percentage of dollar sales to the military is 
expected to decline this year to about 40% of over- 1 

all volume from the approximately 55% to 60% 
of 1966. However, sales to consumer-equipment 
makers will continue to represent a relatively in­
significant part of the market, as the bulk of 1967 
commercial IC volume will go for business machines 
and industrial computers. 

An important factor in the expanded market is 
the plastic plug-in (dual in-line) package, which 
last year accounted for about 10% of dollar sales 
of ic's and this year may contribute as much as 30%. 

The popularity of the dual in-line stems from 
its ease of handling and mounting in conventional 
printed circuit boards. It is in great demand for 
use in applications that don't require the highest 
volumetric efficiency. Some plastic dual in-lines 
have been tested by suppliers over the full tempera­
ture range specified by the military, and some may 
be used this year in limited-temperature-range mili­
tary ground equipment. 

Texas Instruments Incorporated, which last year 
entered the dual in-line market with a plastic ver­
sion, may hedge its bet in the first quarter this year 
with a hermetic, hard-glass and Kovar-sealed dual 
in-line. The General Electric Co. expects plastic 
IC packages to be in short supply during the year, 
and consequently anticipates no significant price 
erosion. Prices will hover around an average of 
$1 a unit, according to GE, but because this year's 
circuits will be more complex than earlier versions 
they will yield "more circuit per dollar." 

Electronics I January 9, 1967 

-

.. .... 

-,.-

.. -

,. -

-
JI -

. -
.. -
·-



.... ... 

-, ~ 

-· 
-( . 

. . 

I 

• 

- .. 

Large-scale integration-single wafers on sub­
strates containing 100 or more circuits-probably 
won't make inroads in the market this year. But 
the major producers will undoubtedly invest much 
time and effort in studying lsi techniques and will 
develop some prototypes. Industry sources expect 
lsi devices to appear on the market by 1968 or 
early 1969, most likely in the form of custom or 
special circuits, such as decade counters and shift 
registers. 

Fairchild Semiconductor, a division of Fairchild 
Camera & Instrument Corp., has slated relatively 
small quantities of medium-complexity ( 30 to 40 
gates) arrays for mid-1967, and large arrays of up 
to 200 gates for late 1967. Complex arrays, Fair­
child emphasizes, are still experimental and present 
problems in the areas of partitioning and packaging. 

One question facing producers concerns whether 
discretionary wiring-the technique in which only 
good circuits on a chip are wired together with 
the aid of a computer-provides the most economi­
cal route to lsi. Both TI and the International Busi­
ness Machines Corp. have programs using dis­
cretionary wiring, but neither is committed to the 
techniques. 

C.F. O'Donnell, vice president for the Autonetics 
division of North American Aviation, Inc., holds 
that discretionary wiring may not be the most ef­
ficient and economical means of achieving lsi. With 
tongue in cheek, O'Donnell says discretionary wir­
ing may "merely further IBM's plot to take over the 
entire world." Limiting the number of elements in 
an array to the amount consistent with very high 
yields may be more practical, he says. Concurring, 
Signetics Corp. finds it likely that face-bonded 
multi-chip assemblies will prove to be a far more 
practical approach to lsi than the "exotic notion" 
of discretionary wiring. 

At a lower level of complexity, "complex-func­
tion" Ic's, with 30 to 50 gates internally organized, 
may account for about 15% of the total 1967 IC 
market, according to TI. 

MOS vs bipolar 

Semiconductor and metal oxide semiconductor 
Ic's continue to vie for position in the lsi contest. 
O.R. Baker, Signetics' vice president for product 
development, gives the edge to semiconductor IC 
technology from the viewpoint of cost and operat­
ing speed, but says MOS "may carve out a piece of 
the market in the low-speed, noncritical area of 
small desk calculators." Signetics has backed MOS 
programs for four years and indicates that it will 
continue to do so. 

The General Instrument Corp. and the Philco­
Ford Corp. have thus far expended the most effort 
in MOS technology, though their claim to this title 
may be challenged by others this year. Fairchild 
aims to put its scattered MOS efforts under central 
control and has hired Charles Sutcliffe, formerly 
of General Instrument, to head up its MOS IC opera­
tion [Electronics, Nov. 28, 1966, p. 8]. For its part, 
General Instrument has consolidated its MOS opera­
tions and has named J. Leland Seeley to direct them 
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[Electronics, Nov. 14, 1966, p. 8]. Seeley expects 
Mos developments in three areas: multiphase com­
puters, incremental computers and random-access 
memories. Mos chips for multiphase computers 
will feature power dissipation as low as 5 to 10 
milliwatts at 1 to 2 megahertz, and clock rates up 
to 10 Mhz, according to Seeley. The low power 
dissipation will encourage larger logic arrays, and 
new processing methods will boost speeds and 
permit packing densities of up to 1 million devices 
per square inch, he says. 

General Instrument is also developing an ad­
vanced digital integrating computer that performs 
calculations by summing increments. In such a 

In computers of the future, more circuit 
elements will be included in each IC chip. 
Autonetics forecasts these trends in use 
of 20, 50 and 500 element IC's. 

computer, errors aren't cumulative. 
Critics of MOS cite problem areas: low yields, 

erratic delivery and reported instability. Joseph van 
Poppelen, president of the semiconductor division 
of the International Telephone and Telegraph 
Corp., warns potential users not to believe today's 
"Mos story." Irr is concentrating on copying the 
Fairchild DTL (diode-transistor-logic) line of bi­
polar Ic's, although its Palo Alto, Calif., laboratories 
are tackling surface problems related to MOS and 
other semiconductor devices. The company believes 
Mos may play a significant role in the future. 

IC's under glass 
Most proponents of complex integrated-circuit 

arrays agree that at the 100-circuit level of com­
plexity, multilayer interconnections are needed. 
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For simpler circuits, diffused crossovers may be 
satisfactory, but it seems inevitable that lsi devices 
will require layer-type insulation, such as glass 
[Electronics, Oct. 3, 1966, p. 108]. 

According to Signetics engineers, the vacuum 
deposition of glass over the aluminum and thermally 
grown oxide surfaces of integrated circuits offers 
advantages that will be exploited heavily this year. 
Aside from its use in fabricating crossovers within 
Ic's, the glass layer protects a £nished chip from 
scratching and gouging during assembly. Also, as 
shown in the top photograph, the glass coating 
can be selectively removed (note the circular pat­
tern) from the aluminum bonding pads. This gives 
the operator a target for bonding; if the target is 
missed, the bond can easily be lifted from atop the 
glass without damage to the chip. 

The bottom photograph shows several cross­
overs made by depositing glass over the aluminum 
in the area to be crossed and then depositing alumi­
num tie-bars over the glass. Such crossovers, notes 
Signetics, can be made directly over active devices, 
so that chip size is not affected as it is with dif­
fused crossovers. 

Proprietary IC's 

This year, more large industrial and military 
users can be expected to establish small in-house 
facilities for making prototype Ic's, according to 
marketing specialists at GE's semiconductor products 
department. One consequence of this will be a de­
mand for IC pellets, a market that GE sees as "small 
during 1967" but potentially important. 

For instrument manufacturers and military-equip­
ment makers, the establishment of in-house IC facili­
ties seems natural. The former rely heavily on 
proprietary features, features that usually involve 
a very small percentage of the total circuitry in a 
device. Instrument makers are reluctant to risk 
loss of a proprietary design by turning it over to 
a device supplier to produce, and suppliers aren't 
anxious to become involved in developing a circuit 
that, at best, may represent a volume of only 3,000 
to 4,000 units a year. In the case of military-equip­
ment manufacturers, total dependence on IC sup­
pliers can jeopardize defense orders if development 
delays occur. Ic's developed by military houses are 
more likely to become high-volume items produced 
by vendors. 

More testing 

A sharp increase in the testing of integrated 
circuits is seen by both makers and users. Possibly 
because of competitive pressures, customers are 
insisting on more testing, although the added time 
and labor costs, plus the expenses stemming from 
lowered yields, are invariably passed along to them. 
Certainly the customer gets more testing for less 
money with today's sophisticated test equipment. 
For example, d-c and a-c tests can be performed 
on the same run with the device plugged into the 
same socket, and test programs can be easily 
changed by modl'fying a tape. Nevertheless, few 
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Glass layers protect IC from scratching 
and gouging. Circles are bonding targets from 
which glass has been removed. 

GLASS 

Aluminum crossovers can be made easily above glass 
insulating layer, avoiding diffused IC 

Glass islands in Signetics IC permit 
conducting tie·bars to be superimposed above 
substructure, including transistors. 

observers are prepared to say exactly what the 
added testing is "buying" the customer. 

One exception to the trend toward extra testing 
is a shift away from temperature testing-possibly 
as the result of lessened emphasis on the military 
market. Instead, most tests are performed at 25° C 
and sampling checks are made at the temperature 
extremes. 

Material centers 

Major IC vendors will intensify efforts this year to 
drive production costs down through the efficient 
utilization of "material centers"-plants at which 
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wafer preparation, diffusion ancl epitaxy are carried 
out. To complement the material centers, additional 
assembly plants will b e set up in regions of low­
cost labor both here and abroad. Some domestic 
manufacturers already find Hong Kong losing its 
appeal as an assembly point, since, they believe, it 
won't remain an area of low lahor costs for long. 

A trend to contract purchasing may further in­
flu ence the over-all re pricing structure; a vendor 
can shave prices if it knows its shipping schedule 
over a long term. One example of contract purchas­
ing is the recent agreement between Fairchild Semi­
conductor and the Burroughs Corp. Under its terms 
Fairchild will ship 20 million re's, transistors and 
diodes over the next two years for use in Burroughs' 
general-purpose computers: the B2500, B3500, 
B6500 and B8500. Included in the gigantic pro­
curement is the largest order for silicon monolithic 
re's ever placed. The devices are complementary 
transistor logic ( CTL). Fairchild predicts that 1967 
will be the first year that almost every major com­
puter house will be shipping an re system. 

Discrete semiconductors 

Semiconductor concerns planning to compete at 
a profit in 1967 must b e able to do so in the face 
of steadily decreasing selling prices. The trend is 
illustrated by the price curves at the right for sili­
con transistors. D espite the price decline, dollar 
sales of discrete semiconductor devices are expected 
to increase from about $950,000,000 in 1966 to about 
$1,025,000,000 this year. 

For the customer, the picture is bright-not only 
regarding prices but availability, too. Some short­
ages experienced last year, particularly in military 
equipment, will b e alleviated. And manufacturers 
will try hard this year to catch up with customer 
demand for devices in inexpensive plastic packages. 
The availability of all small signal silicon devices, 
notes TI, will b e excellen t. 

A number of the new tested-extra transistors will 
reach the market in 1967. These devices result from 
the Pentagon-sponsored program to register transis­
tors (under the designation JAN-TX) that have un­
dergone tests over and above those required for 
regular mil specs. 

Boom in plastic 

Most broad-line producers agree that 1967 will 
b e "the year of the package." Low-priced packaging 
-including transfer molded plastic, epoxy and 
ceramic-will be stressed. The biggest growth, TI 

predicts, will b e in plastic-packaged economy de­
vices, including field-effect transistors, power tran­
sistors, scr's and unijunction transistors. 

According to GE's Semiconductor Products de­
partment, 1967 will see a major breakthrough in 
the use of plastic-packaged devices in military and 
computer applications. GE itself is in the throes of 
a major change in its plastic "economy line" pack­
aging, a change the company says will provide 
"dramatic improvement" in environmental capabil­
ities and over-all reliability. Production will be com-
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pletely converted to the new package early this 
year, GE adds. 

Contributing heavily to the demand for inexpen­
sive transistors will be the thriving entertainment 
electronics industry [see page 139]. According to 
GE, a ll -solid-state tv will grow .in importance, as 
will hybrid tube-transistor sets. By the end of the 
year, the company says, almost all line-operated 
tabl e radios will be solid state. GE is gearing for 
the anticipated transition with an audio-output 
family that will go into production this month ; this 
line will be followed by several others later in the 
year. 

Power boost 

The designer of rf amplifiers, servo-amplifiers, 
single sideband transmitters, two-way mobile radios 
and the like may find welcome relief in transistors 
with higher power and frequency capabilities. Fair­
child, for one, predicts rf power transistors with a 
capability of 5 watts and 1 gigahertz in the near 
future. 

Mos transistors, says Fairchild, will make inroads 

Worldwide sales of silicon transistors rise 
as prices decline, resulting in a steady dollar 
volume. Chart based on figures from ITI. 
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Experimental array of "pseudo-planar" t unnel diodes 
made by GE. Technique may fi nd ro le in future computers. 

in higher voltage applications, handling up to 150 v. 
Uses will be found for them in tuners, military com­
munications gear and such consumer products as 
hi-fi and television sets. 

Tunnel diode revisited 

The long-discussed application of the tunnel 
diode as a low-cost element of high-speed computers 
may be closer to realization because of a new GE 
technique [Electronics, Dec. 12, p. 210]. Most tunnel 
diode manufacturers have abandoned the computer 
market because TD's made by existing techniques 
can't be priced much below a few dollars-too high 
for computers. Vendors of TD's have, therefore, 
aimed mostly at the high-performance, high-price 
microwave market. 

But GE has come up with a technique using what 
its engineers call a "pseudo-planar" process to make 
To's at a price of less than 50 cents a unit in large 
quantities. Because of this development, logic de­
signers may be taking another look this year at the 
variety of hybrid (transistor-tunnel diode) logic 
schemes that have been proposed over the past few 
years. 

GE reports that clock rates up to 400 Mhz have 
been obtained with the new device in hybrid cir­
cuits. F urthermore, the new, inexpensive TD may 
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find uses in integrated circuits or arrays. One ex­
perimental array containing ten of the GE devices 
is shown above/below. 

Thyristor outlook 

Chiefly because of thyristors' special switching 
capabilities, sales of these devices are expected to 
reach a record $67 million this year, up 35% from 
last year's $50 millfon. The workhorse of the thyris­
tor family will continue to be the silicon controlled 
rectifier ( scr) . 

As the technological and economic factors limit­
ing the maximum current in a single scr pellet are 
pressed, says F.\iV. Gutzwiller, applications engi­
neering manager for GE's semiconductor products 
department, one may expect ingenious arrays of 
parallel clustered devices in one assembly. The volt­
age blocking ability of scr's, highest of any solid 
state device, will put the scr in a position to dis­
place gaseous tubes in high-power radar pulse 
modulators, nuclear particle accelerators and high­
voltage d-c power HVDC transmission. 

The possible future role of scr's in rrvoc is being 
studied by engineers at Westinghouse, who have 
set up an experimental HVDC transmission simulator 
at the company's research laboratories at Young­
wood, Fa. Hvoc scr systems complement the new 
methods of generating electricity by direct energy 
conversion. Most of these methods produce d-c 
power, and the scr's would be ideal for inverting 
this power to a-c. 

One of the problems of using scr's in HVDC equip­
ment, as well as in other applications requiring 
high-voltage capability, is series operation. But, 
says GE's Gutzwiller, 1967 may well prove to be 
the year in which the last reservations about using 
long series strings of scr's for severe switching duty 
are finally laid to rest. 

Dynamic improvement 

Improvements in switching speed and other dy­
namic characteristics of scr's, GE notes, should be 
even more significant than improvements in the 
devices' static characteristics. They're the key to 
successful parallel and series operation and are also 
the critical parameters for power converter and 
inverter uses. One goal of industry researchers has 
been, and continues to be, the development of an 
scr that can turn on and off in a few microseconds 
at ultrasonic frequencies while handling several 
hundred amperes at 1000 volts or more. 

At the lower end of the power spectrum, scr's 
continue to wage a price and performance battle 
with power transistors in circuits operating from d-c 
power supplies. The place of scr's in such former 
sanctuaries as medium-power inverters and chop­
pers is being challenged by transistors as the voltage 
and power-handling ability of the latter devices in­
crease and their cost drops. But even here, GE 
says, big improvements in the speed and frequency 
characteristics of the scr will permit the device to 
retain its hold on these applications and even gain 
some places in other equipment. 
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Military electronics 

-- Pentagon stresses tactical gear 
to meet needs of Vietnam conflict 
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With one major exception, the emphasis, dating 
from 1961, on development of tactical weapons at 
the expense of strategic programs will continue in 
1967. The exception is the Poseidon, a submarine­
launched ballistic missile that will go into produc­
tion this year. 

Military spending for electronics will reflect a 
rise in over-all Defense Department expenditures 
to about $80 billion this year from $72 billion in 
1966. The electronics portion of this total, according 
to Electronics magazine's annual market survey, 
will be $8.7 billion, up from $7.9 billion last year. 

Equipment applicable to the Vietnam war con ­
tinues to top the Pentagon's buying list. The conflict 
costs more every month and drains off dollars from 
those projects unconnected with the war. Procure­
ment of such Air Force and Navy fighter planes as 
McDonnell Aircraft Corp.'s F-4 and the Grumman 
Aircraft Engineering Corp.'s A-6 is being stepped 
up, and these orders mean furth er contracts for 
avionics , missile guidance systems and surface­
based landing and navigation systems. 

Priority will be given to electronic gear for heli­
copters, including fire-control systems , nevv arma­
ment, a stationkeeping system, air-traffic controls 
and navigation equipment. More money will be 
spent this year for communications gear-from 
portable radios for infantry patrols to big tropo­
scatter terminals across the South Pacific. 

Computers will be needed by all three services 
to handle logistics , keep personnel records and 
help direc t battlefi eld operations. The military's de­
mands for surveillance, reconnaissance and target­
acquisition gear will strain the ingenuity of re­
searchers in the fields of low-light-level television, 
lasers and infrared and ultraviolet light. 

The Defense Department is encouraging the use 
of integrated circuits. According to a spokesman 
for the Pentagon's Director of Defense Research 
and Engineering, "We like to avoid as many con­
nec tions as possible since they decrease reliability." 

Extensive research will continue on avionics sys­
tems more advanced than such projects as the Mark 
2, the Air Force system b eing built for the F-lllA, 
and the Navy's integrated helicopter avionics sys­
tem (IRAS) [Electronics, Nov. 14, p. 234.] 

Strategic 

Besides acquiring tactical gear, the Defense De-
_J partment plans to beef up its force of submarinc­

launched b allistic missiles by ordering into pro­
duction the Poseidon missile, the follow-on to 
Polaris. This move will open markets for inertial-

guidance and fire-control systems and electronic 
components, markets amounting to hundreds of 
millions of dollars. 

Also, studies on an improved ground-based bal­
listic missile will be accelerated and debates will 
continue on the merits and disadvantages of the 
Nike-X antimissile missile. 

Air Force 

The 474-N project, a program to install radar 
sites along the nation's coastlines to detect sea­
launched missiles will continue to provide a big 
market for electronics concerns. Also, research will 
begin on a new generation of large, phased-array 
radar to be used to monitor space. 

The Air Force will continue to buy at least three 
fighters , the F-lllA, A-7 and F-4, plus more C-141 
cargo planes and the small OV-10 counterinsur­
gency aircraft. D evelopment work on the giant 
C-SA cargo plane will continue. 

The Air Force needs a self-contained (which 
usually means inertial ) navigation set for tactical 
aircraft-the F-4 and F-105, for example. Obstacles 
here still involve weight, size :;tnd cost. vVork will 
continue on an advanced instrument landing system 
for tactical planes. 

New families of three-dimensional surveillance 

Avionics for helicopters is a big market. The UH-10 
troop transport (top) and UH-18 weapons escort ship 
(middle) are already in Vietnam. The HueyCobra will go 
over this year. All are built by Bell Helicopter Co. 



Mortar-locator radar used in Vietnam is being updated by developer, GE, while a design 
competition is on to develop a more advanced unit that will scan in all directions. 

radar, ground-controlled-approach radar for land­
ing planes in poor visibility conditions, and auto­
mated data-gathering centers are in various stages 
of procurement; all are mobile, air-transportable 
and built in modular configurations. The GCA pro­
gram to develop the first radar in this category 
since vVorld War II, is expected to result in followup 
purchases of compact solid state scanning radars 
by commercial and overseas customers as well as 
the military. 

Reflecting the increasing emphasis on tactical 
weapons, the Air Force Systems Command's E lec­
tronics Systems division at Hanscom Field, Mass., 
has created a separate organization strictly for 
tactical systems. At the same time, the Mitre Corp. 
-the engineering systems adviser to ESD--is plan­
ning a new tactical division . 

Under consideration are programs for further 
development of solid state Tacan navigation sys­
tems, and in the advanced planning stage are pro­
posed techniques to modify loran systems to serve 
tactical requirements . 

To meet surveillance needs, more work on lasers 
and infrared sensors can be expected. And pur­
chases of communications gear will include more 
lightweight, mobile equipment of tropospheric­
scatter, single sideband, vhf and uhf types. 

Army 

For the Army, 1967 is the year of the computer. 
Besides buying a number of computers to process 
and distribute messages, the Army will continue 
three big programs to automate the battlefield-a 
move the service began preparing for 10 years ago. 
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These programs are: 
• The Tactical Operational System ( TOS) to pro­

vide field commanders with quick intelligence and 
logistics information and to handle fire control. It 
will consist of computers and electronic displays 
tied in with a field army's organic communications. 
The Control Data Corp. will build a breadboard 
model of TOS from off-the-shelf equipment and this 
summer will deliver it to the Seventh Army in 
Europe for extensive testing. 

• The Army's Combat Service Support System 
to test the feasibility of using an automated system 
on a time-sharing basis in the field to handle logis­
tics and personnel records. The breadboard system 
will first go to Fort Hood, Texas, for tests , and then 
overseas. Industry hids on the breadboard model 
will be received some time this month. 

• Tac6re, a research and development program 
aimed at automating combat artillery functions , 
including an entire arti llery mission from receipt 
of target information from a forward controller to 
the firing of an artillery piece. Specifications will be 
r~leased to the industry for bids before Julv. 

Army officials consider this year's move toward 
automation very significant. Harold Silverstein , a 
special assistant to the Army's chief of communica­
tions-electronics, notes that in addition to increased 
use of computers there is a trend toward audio­
visual presentation of data in command and control 
operations, management information and training. 

Such equipment will one day be commonplace, 
Silverstein says. "The new generation of soldiers 
and officers being brought up on television and 
other electronic aids to education will find the 
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audio-visual format more familiar and easier to 
grasp" than the technical-manual approach. 

The official adds that "the big investment in 
strategic, long-haul communications in Southeast 
Asia and other areas will continue." Not only are 
more large terminals and new links being built in 
Thailand and South Vietnam, but the network in 
the South Pacific is being upgraded. Data terminals , 
switches and high-capacity radios will be frequent 
items on the Army's shopping list. 

Tactical communications will be a big market 
as Vietnam war needs grow. There is also a push 
to improve air-ground communications in Vietnam 
[Electronics, May 16, p. 101]. 

Mortar-locator radar to calculate the source of 
enemy fire by monitoring the trajectory of shells 
represents a big effort this year. The General Elec­
tric Co.'s AN/MPQ-4A radar is being upgraded to 
improve performance and ease of maintenance, and 
a competition is under way among ITT-Gilfillan, Inc. , 
a subsidiary of the International Telephone and 
Telegraph Corp. , Emerson Electric Co. and GE 
to develop a radar that can scan in all directions. 

More emphasis will be placed this year on tying 
in ground-based radar with computers and voice 
data links to direct air attacks when visibility is 
poor. Two such systems are being used successfully 
in Vietnam now and an improved model to replace 
both is in the works. The Marine Corps is using GE's 
AN/TPQ-10 and the Air Force is using the AN/MSQ-77, 
a modified version of the MSQ-35, which was orig­
inally built to score practice bomb runs for the 
Strategic Air Command by Reeves Instrument Co., 
a division of the Dynamics Corp. of America. The 
Marine Corps and the Air Force hope to come up 
with a single system, to be called the AN/TPQ-27, to 
satisfy the needs of both services. 

Pilots of helicopters ferrying troops need devices 
to help them locate landing zones in poor visibility 
conditions. Among the approaches being tested are 
radio homing beacons to indicate to the pilots when 
they're over a landing zone, arid beacons to indicate 
the perimeters of camps. Hyperbolic grid naviga­
tion systems such as loran C and D are also being 
considered. 

Development of a new system to control air 
traffic over a field army will probably get started 
this year. Called Safoc, for semiautomatic flight ob­
servation center, the system will consist of four 
principal parts : radar or a hyperbolic navigation 
system to determine aircraft position, a data link 
between the aircraft and a ground station, a com­
puter, and displays. Except for the data-link sub­
system, the Safoc is almost identical to the Army's 
Missile Master fire-distribution system. 

Designs for terminals for the tactical communica­
tions satellite now being developed by the Army 
Satellite Communications Agency are still being 
studied by a three-service executive group but 
should be given to industry next month. The ter­
minals will take a number of forms; they will be 
used on aircraft, ships and ground vehicles, and wil1 
be carried and set up by three-man teams. The 
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smaller the antennas, the more acceptable they will 
be; probably the biggest allowable will be six feet 
in diameter. They will operate in the ultrahigh­
frequency or super high-frequency bands. 

New ways will be considered this year to reduce 
equipment failure rates and maintenance costs. In 
this regard, the Defense Department will award 
contracts in May for the development of three items 
similar to, but sturdier than, existing equipment. 
The items are: a radio similar to the AN/vnc-12, the 
jeep-mounted vhf/f-m radio so popular in South 
Vietnam; a radio similar to the AN I Anc-34, a vhf 
command set used in several types of aircraft; and 
a personnel-detection radar similar to the AN/PPS-6 
being developed for the Marine Corps. 

Two types of manpack receivers for the loran C 
navigation system are being evaluated. The system 
is designed to help the foot soldier avoid getting 
lost or making dangerous excursions through enemy 
territory, and also to help a unit's forward air con­
troller to get to the right spot to direct incoming 
planes. 

The Army will continue to tes t every approach 
to improve surveillance techniques. A newly out­
fitted Mohawk surveillance plane that will carry 
side-looking radar and low-light-level television is 
in the works. 

A prime contractor will he selected in May for 
SAM-D, an Army project to develop a surface-to-air 
missile to defend both civilian and military instal­
lations against low- and high-flying aircraft and 
short-range missiles. 

SAM-D batteries will be mounted on tracked or 
wheeled vehicles and will be accompanied by a 
multifunction phased-array radar. 

Navy 

Research, development, testing and evaluation of 
antisubmarine-warfare techniqu es and equipment 
have been costing the Navy about $330 million a 
year, and will , if anything, be expanded this year. 
Again the emphasis will be on improved sensors, 
weapons, and command and control systems. The 
trend toward using aircraft to search for enemy 
subs, rather than surface ships or submarines, will 
increase. Hardware procurement for the A-New 
command and control system, designed initially for 
use in the P-3 aircraft, will begin at the end of this 
year and reach a peak in early 1968 [Electronics, 
Dec. 12, p . 184]. 

One of the major decisions the Navy will make 
this spring concerns the number of F-lllB's it will 
buy. Under its original contract with the General 
D ynamics Corp. the Navy is already committed to 
take 24. The plane is heavier than the Navy would 
like for carrier operations and costs are running 
far higher than originally expected. 

Two new Navy planes are just getting into pro­
duction: the Ling-Temco-Vought A-7 subsonic at­
tack plane and North American Aviation, Inc.'s 
OV-lOA, a prop-driven, "low-and-slow" ground­
support and reconnaissance plane for use in anti­
guerrilla warfare. Both aircraft are being bought by 
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Tropo terminals in Turkey, built by REL division of 
Dynamics Corp. of America, link Air Force operations in 
Europe and the Middle East with the rest of the world. 

the Air Force, too. The Navy OV-lOA order-for the 
Marines-is expected to amount to some 100 planes 
costing about $300,000 each. 

In the design and development stage is the EA-6A 
electronic warfare aircraft. Grumman recently got 
a $12.4 million contract for the prototype, and Air­
borne Instrument Laboratory, a division of Cutler­
Hammer, Inc., is co.Ptractor for the electronics. 

Still in the in-house study phase is the VFAX, a 
new generation fighter-attack aircraft that would 
replace the F-4. The Navy would like to see con­
tract definition work funded in the fiscal 1968 
budget. The project, as with the F-111, probably 
will be subjected to an attempt to achieve com­
monality with the Air Force's FX studies, from which 
a multiservice, multimission plane would be ex­
pected to emerge. 

The Navy also wants to push its vsx, an advanced 
antisubmarine aircraft, into contract definition in 
fiscal 1968, but this request is still unsettled. The 
Pentagon is making a cost-effectiveness study of 
all elements of the antisubmarine force, such as 
land-based patrol craft, hunter-killer submarines 
and fixed-base active and passive ranging and listen­
ing devices. 

In the tactical-missile field , the Maxson Elec­
tronics Corp.'s Bullpup and Texas Instruments In­
corporated's antiradar Shrike are being used exten­
sively in Vietnam, and increased production of both 
can be expected. The Shrike, however, has not fully 
lived up to expectations, and the Pentagon has 
awarded General Dynamics a contract to develop a 
weapon called the interim ARM, or antiradiation 
missile. 
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The avy is also moving into electro-optically 
guided air-to-ground weaponry. The Walleye, a 
1,000-pound guided bomb, has recently gone into 
production at Martin Co., a division of the Martin­
Marietta Corp. And North American Aviation is 
developing the Condor, a tv-guided missile with a 
standoff range of about 40 miles; it will be carried 
by the F-lllB and the A-6. 

Honeywell, Inc.'s Asroc is the Navy's principal 
surface-to-underwater antisubmarine weapon. Out­
lays will be continued for development of a fol­
low-on antisubmarine missile compatible with 
Asroc's launching and fire-control systems. 

The principal development in the surface-to-air­
missile field is the General Dynamics Standard, 
which is to replace the Tartar and Terrier. The 
Standard MR, with a range of 10 nautical miles , will 
supplant the Tartar, and the Standard ER, with a 
range of 30 nautical miles , will replace the Terrier. 
First funding for production is contained in the 
fiscal 1967 budget. General Dynamics is providing 
its own semiactive homing guidance system for the 
weapons. 

Another ship-defense system being developed 
with fiscal 1967 money is the point defense surface 
missile. Preliminary tests using the air-to-air Spar­
row as a ship-based system have been successful, 
and the Navy thinks the Sea Sparrow air-defense 
system will be ready soon for its line ships as well 
as auxiliary craft. Existing Sparrows will be used 
with some components from the Army's defunct 
Mauler system. 

Looking to the future, the Navy is carrying on 
research and development on an advanced surface­
to-air missile system. Precontract definition work 
is being done by the Boeing Co., GE, Raytheon, the 
Radio Corp. of America, the Hughes Aircraft Co., 
the Sperry Rand Corp. and the 'Westinghouse Elec­
tric Co. However, this project called ASMS, will be 
kept in the design stage until it can be determined, 
probably in 1967, how much commonality it has 
with the Army's SAM-D antiaircraft missile. The 
Navy is also exploring possible shipboard mounting 
of the Army's surface-to-surface Lance to provide a 
new short-range bombardment capability. 

In the ship fi eld, there are these developments : 
• Defense Secretary Robert S. McNamara's deci­

sion to move ahead with construction of a second 
nuclear carrier now that reactors are more eco­
nomical. But the Secretary is holding back on nu­
clear-powered frigates and other support vessels. 

• The Navy's decision to buy the fast-deployment 
logistics ship on a total package basis , farming out 
design and the entire production run to a single 
shipyard. The Lockheed Aircraft Corp., General 
Dynamics and Litton Industries, Inc., are competing 
in the contract definition phase for this award, 
which eventually may run to $1 billion. 

• Just getting under way are plans to procure, 
on the same basis, the biggest thing yet in am­
phibious assault ships, a new type to be known as 
Lhas. This vessel will be able to put 1,800 troops 
ashore by both helicopter and landing craft. 

Electronics I January 9, 1967 

·-

- I-

I'- · 

... -

4 • 

,L. 

r 



- 4 

> 

- .. 

Consumer electronics 

Color tv projects a bright picture 
as capacity catches up with demand 
Sales of color-television sets almost doubled in 
1966 to provide a strong boost to the over-all 
consumer electronics market. However, with set 
makers plagued by shortages of components, ma­
terial and labor, color-tv volume fell short of pre­
dictions for the year. Producers sold about 4.7 
million sets in 1966, up from the 2.6 million units 
of 1965 but off from the 5.5 million forecast. Un­
daunted by this, however, the industry is back 
with even more optimistic predictions for 1967. 

The most bullish sales forecast comes from the 
largest producer-the Radio Corp. of America. 
Delbert L. Mills, RCA's executive vice president 
for consumer products, puts the color-tv industry's 
volume this year at nearly 8 million sets. A more 
cautious forecast of 7 million unit sales comes 
from Walter C. Fisher, a Zenith Radio Corp. vice 
president, while Asher Cole, president of the Na­
tional Video Corp. , hedges a bit. "Only if the econ­
omy gets too heated up and there is a recession 
could the 7-million-to-8-million target be missed," 
he says. 

For set makers, the major difference between 
1967 prospects and 1966 results is one of capacity; 
these companies are in the final stages of the 
most ambitious expansion ever undertaken by a 
consumer industry. RcA says that with the comple­
tion of new facilities this year, its color-tv capacity 
will be triple what it was in 1966, while National 
Video expects to be able to produce 1.7 million 
color tubes this year, up sharply from about 1 
million last year. National Video predicts that total 
1967 industry production this year will climb to be­
tween 8.5 million and 9 million tubes from last 
year's 5 million. 

Growing market 

Color-television volume of $1.3 billion this year 
will help lift the over-all 1967 consumer elec­
tronics market to a $3.6 billion level from the 
estimated $3.4 billion of 1966, according to Elec­
tronics magazine's annual market survey. 

Other segments of the consumer-products in­
dustry are also predicting 1967 sales gains. For 
example, Wybo Semmelink, assistant vice president 
of the North American Philips Co. , forecasts a 20% 
rise in tape-recorder sales this year from the ap­
proximately 4 million units sold in 1966. He further 
asserts that the tape-recorder segment of the con­
sumer market is second only to color television in 
current rate of growth. 

Auto tape-cartridge stereo systems posted a $16 
million sales increase last year from 1965 and, 
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as home products, will make an even stronger ad­
vance this year. Electronics magazine's survey 
predicts that sales of these systems will surge to 
$131 million in 1967 from $114 million in 1966. 

Although sales of black-and-white television sets 
have been declining, they are still the second most 
important factor in the consumer electronics mar­
ket and are forecast at $667 million this year. 
Phonograph volume has leveled off; a $470.8 mil­
lion total is expected this year, barely topping the 
$470.2 million of 1966. 

Solid state slowdown 

The advent of color tv has had one adverse 
effect: most observers agree that it has slowed 
the electronics industry's general shift to solid 
state components. Bernard T. Marren, manager of 
consumer products for the semiconductor division 
of the Fairchild Camera & Instrument Corp., at­
tributes this slowing effect largely to the power 
requirements of color television. He explains that 
while there are power transistors available that can 
handle the 26,000 volts needed in a color-tv set, 
their prices aren't competitive with those of tubes. 

Concurring in this observation that color tv 
has slowed the move to solid state, Clarence Bruce, 
manager of consumer marketing for Texas Instru­
ments Incorporated's Semiconductor division, de­
clares: "There's been a tremendous amount of engi­
neering research but little conversion to solid state. 
We'll see some changes in 1967, but the full im­
pact (of the trend to solid state) is some 18 months 
to two years off." 

However, Bruce expects the marketing of more 
hybrid black-and-white tv sets this year, with 
makers introducing units with solid state tuners, 
picture i-f and automatic gain. 

Mills of RCA says his company will soon intro­
duce a completely transistorized, 9-inch black-and­
white set and will also market a 15-inch color set 
containing a few transistors. The color set was 
originally slated for introduction last year. The 
executive adds that he expects to see many more 
hybrid sets in 1968. 

The subject of integrated circuits in color tv is 
one that set makers approach with caution. Arthur 
L. Reese, executive vice president and general 
manager of the consumer products division of 
Motorola Inc. , asserts that 1c's are currently more 
of a promotional gimmick than anything else. Mills 
tends to agree, but holds that the use of 1c's in 
color-tv equipment depends on marketplace re­
quirements. "We have our homework finished and 
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can put them in," he comments. 
Bruce says TI expects to have re's ready for color 

sets before the end of 1967 at prices equal to or 
under those of present components. Marren says 
Fairchild's semiconductor division this year will 
introduce a sound i-f integrated circuit and an 
amplifier circuit that makes it possible to integrate 
the whole sound stage of a tv set. (RcA put an i-f 
circuit in its top-priced color set of 1966.) 

Used in only a handful of consumer products 
now, re's will widen their penetration of this sec­
tor in 1967. The Westinghouse Electric Corp. will 
market a phonograph in which an integrated cir­
cuit replaces all electronic components. The General 
Electric Co. and the Philco-Ford Corp. already 
make radios containing re's, and GE has also used 
the devices in the audio ampliflers of a phonograph, 
an eight-track cartridge tape player and a portable 
tv set. H.H. Scott, a producer of hi-fi equipment, 
recently introduced 1c's in f-m tuner amplillers. 

Manufacturers of solid state components are 
making a big effort to develop products for the 
appliance market as well as for tv sets. Utilization 
of these devices in this area is still slight, but 
business is picking up in the small-appliance field 
and some solid state components are finding their 
way into large appliances. 

Silicon control rectifiers are being used in such 
small appliances as power tools, home blenders 
and home light dimmers. As Marren notes, "Solid 

Components 

state is a natural for low-cost and lov;-pmver srnal! 
appliances." 

Philip Thomas, manager of n's assembled func­
tions unit, sees increased use of solid state com­
ponents this year in food mixers, power tools and 
Roor polishers. He further predicts the conversion 
to solid state of 50% of the speed controls for the 
appliance market by 1968. 

Solid state devices are now being used as vari­
able-speed controls in washers, electric timers in 
dishwashers, moisture sensors in dryers and igni­
tion systems in gas ranges. Whirlpool Corp. is 
reportedly readying a washer using re's for Sears, 
Roebuck and Co., and a solid state ignition system 
built by Wilcolator Co. is slated to appear in more 
range lines and in three manufacturers' water heat­
ers. Scr's will be introduced in motor controls for 
air conditioners and refrigerators. 

Over-all, manufacturers of solid state devices see 
rapid growth this year in all sectors of their con­
sumer market. Fairchild estimates that 1966 indus­
try sales of consumer solid state components came 
to $98 million, with silicon devices accounting for 
$45 million of the total and germanium devices 
the rest. Fairchild forecasts 1967 industry volume 
of $118 million, of which silicon components would 
have a $70 million share. Texas Instruments sets 
its sights a little lower, putting the 1966 market at 
$80 million and predicting a rise this year to $110 
million. 

Demand continues strong 

Business was so good for component manufacturers 
last year that at times they were hard put to keep 
track of the orders, which amounted to a total of 
$6.2 billion. And there's no slackening of pace in 
sight, with sales of $6.8 billion forecast for 1967. 

The major markets have been created by the 
heavy demand emanating from the success of color 
television and computers, plus the rocketing mili­
tary budget. 

But component manufach1rers have problems. 
They face shortages of materials such as copper 
that, along with the sheer volume of orders, have 
caused slowdowns in delivery of products. One 
sector of the market that has been affected is 
capacitors, with anticipated sales of $462.l million 
this year. Customers have to wait for eight to 12 
weeks for delivery on some types of capacitors. 

The increased demand for high reliability has 
been another one of the major market factors, re­
sulting in increased sales for items such as glass 
capacitors to the military, and opening up the com-
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puter market for products, expensive tantalum ca­
pacitors for example. 

Tom Yost, manager of market planning for Corn­
ing Glass vVorks, says: "Computer manufachHers 
are using tantalum capacitors because they with­
stand high temperarures better than aluminum 
types previously used. They also withstand higher 
surge currents and higher ripple levels and work 
well in low-impedance transistor circuits." 

Superior temperarure performance, along with 
stability, is also giving a boost to metal fllms, one 
of the fastest growing segments of the resistor 
family. Joseph P. Coughlin, director of sales for 
IRC, Inc., says they are in demand for precision 
instrumentation and digital circuitry. 

Resistors are a growing segment of the com­
ponent market with sales of $401.8 million forecast 
by Electronics magazine for 1967, up from $388.3 
million in 1966. 

Along with films , another rapid growing area is 
cermet resistors. Sales, which were negligible a 
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few years ago, climbed to about $25 million in 
1966. The big demand is in the computer business, 
where their small size, stability and adequate toler­
ance, plus their compatibility in the processing of 
modules, makes them especially desirable. 

One specter that confronts the component manu­
facturer is the integrated circuit. That this is a 
justifiable worry can be amply documented. For 
instance, most operational amplifier manufacturers 
are now recommending that designers consider 
1c's for circuit applications that don't have strin­
gent requirements. The reason is price. In another 
case, 1c's are not only replacing components in 
power supplies but are creating a demand for 
more accurate component tolerances. Says 'Villiam 

Medical electronics 

McNeil, general manager of Micon Electronics, 
"Integrated circuits will be the death of sub­
miniature radio-frequency connectors because the 
1c's will eventually replace the components that 
use this type of connector." 

But component manufacturers only have to look 
as far as tu bes to assuage some of their worries. 
Receiving h1bes were replaced by transistors in 
many applications. Nevertheless , last year h1be 
sales were higher than ever, at $274 million, and 
they will be up to $283 million in 1967. One big 
reason is a new market, color televis ion. 

Coughlin says continued gains in the over-all 
economy point to the continued growth of com­
ponent sales. 

Heading for a $266-million year 
with basics and automated time-savers 
The market for medical electronics will continue to 
grow in 1967 and, based on Electronics magazine's 
market survey, should increase about 13% to $266.2 
million. Yet in an area of such vital concern and 
such potential for sophisticated electronics sys­
tems, it is noteworthy that the larges t segment of 
the market is ~till maintained by X-ray equipment 
and hearing aids-two important, but less than 
revolutionary devices . 

However, hospitals are seeking more modern 
electronics systems to help shoulder the increasing 
burden that Government programs such as medi­
care are placing on their facilities , and to help off­
set an acute shortage of trained medical personnel. 
Much of the electronic gear to be installed in hos­
pitals this year will be aimed at relieving some 
of the work load on staffs. 

Hospital test laboratories have long been a bot­
tleneck but now the first wave of automated aids 
are being used to improve the efficiency of avai l­
able personnel. Technicon Instruments Corp. has 
installed 80 of its 12-channel Autoanalyzers since 
last May, and ·warner-Chilcott Laboratories Inc. is 
taking orders for its Robot Chemist, an automated 
chemical analyzer. Hycf'll Corp. reports that some 
200 groups has shown interest in leasing Mark X 
automated analyzer. 

X-rays televised 

Radiologists , too, are seeking more efficient 
means of dealing with their procedures. Video 
tape recorders are being employed by some institu­
tions for a rapid preview of X-rays before film s 
are developed, and closed-circuit television is being 
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Automatic liquid sampling device provides test results 
in computer format for Technicon's Autoanalyzer. 
The reader in the system is built by IBM. 
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used to transmit X-rays. Tv monitors enable radiol­
ogists to tilt the patient's table and move the X-ray 
machine with remote control systems. "The coup­
ling of television and radiology," says John A. 
Reynolds, vice-president and technical director of 
medical products for the Picker X-ray Corp., "has 
probably done as much as anything else to increase 
the speed in handling patients and the scope of 
diagnostic procedures." 

Monitoring patients 

Tools that ex tend the reach of doctors and 
nurses is, according to James Reeves, president of 
Spacelabs Inc., "creating a strong trend toward 
better mechanization in medical care." Reeves ex­
pects enormous expansion in the next five years 
as equipment becomes available for a market now 
ready for reliable and dependable equipment. 
Spacelabs will soon introduce intensive-care equip­
ment for coronary patients based on experience 
gained on a job for the National Aeronautics and 
Space Administration. The monitoring equipment is 
b eing installed in two California institutions, 
Sherman Oaks Hospital and Valley Presbyterian 
Hospital. 

Monitoring systems are also being built for hos­
pital operating rooms . One large in stallation is 
being made by Statham Instruments Inc. with the 
National Institutes of Health for a cardiovascular 
research center at Methodist Hospital, Houston. 
The project, now in its initial stage, will ultimately 
include cardiovascular monitoring equipment for 
eight operating rooms and 50 intensive-care diag­
nostic units in the hospital. A set of analog and 
digital displays will assist the surgical team in 

Instrumentation 

making a rapid judgment of a patient's condition 
and also will supply predictive measurements. 

Governing factor 

The agencies of the Federal Government are 
central to the development of medical electronics. 
The military, the Public H ealth Service and the 
Food and Drug Administration are examples of 
Government organizations that not only purchase 
equipment but effect developments that stimulate 
purchases by others. 

At the Public H ealth Service, engineers and 
doctors are working on computer analysis of elec­
trocardiogram s. vVork has progressed to the point 
where the technique is acceptable for clinical use. 
"Evenhially," declares Dr. C.A. Caceres, chief of 
the agency's Instrumentation Field Station, "the 
computer will bring the diagnostic abilities of 
specialist to the individual's bedside." Once the 
system goes into general use, physicians will b e 
able to spend less time reviewing normal EKc's and 
be free to concentrate on the difficult ones. 

The FDA feels that electronic instrumentation is 
a natural for insuring product quality and uni­
formity, according to Robert T. Myers, industrial 
product manager of Picker X-ray. H e says the FDA 

is pushing such techniques and that this should 
foster rapid growth in the market. 

The American Instrument Co. has developed a 
device for the C:JBA PiiarmaceuticaJ Co., a division 
of the CIBA Corp., that automatically processes 
solid drng products into solution and analyzes them 
in an ultraviolet monochrometer. The instrument 
can perform up to 2,000 assays per day and is used 
to insure content uniformity. 

Widening range of applications 
boosts sales of instruments 

Higher sales and wider applications in 1967 char­
acterize the expanding perimeters of the test and 
measuring instrument market. The Electronics' sur­
vey envisions a $80.8 million rise in the market to 
an estimated $650.8 million in 1967. 

The oscilloscope with its numerous uses will 
again lead the fi eld in sales, and one manufacturer, 
Tektronix Inc., sees a better year in 1967 than last 
year when sales jumped 25% from 1965. Byron 
Broms, corporate planning manager for the firm , 
reports that the computer industry will again be 
the biggest customer for Tektronix oscilloscopes. 
Manufacturers of scopes will also b enefit from the 
increased use of the instrument in automation. proc­
ess and machine controls and color television. 
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Increased use of integrated circuits in the manu­
facture of counters will stimulate that growing 
market even more. Jack Salvador, engineering di­
rector at Computer Measurement Co., says, "All 
major counter manufacturers are planning to in­
crease their use of 1c's in the next 12 to 24 months . 
Integrated-circuit construction will make possible 
lower costs and the expansion of current market 
applications." 

"In addition, the use of 1c's will permit smaller 
instruments to do a better job than their big 
brothers ," states Michael Dow, manager of Aero­
jet General Corp.'s Aerometrics division. Aero­
metrics is marketing a line of electronic counters 
measuring 9 by 3 by 9 inches, and weighing less 
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tl1an 7 pounds. 
Ivan Easton, vice-president of the General Radio 

Co. , reports, "People today want a complete pack­
age deal. They know what they want to measure 
and they say 'give us a system to do the whole 
business.' Now measuring systems costing $20,000 
to $30,000 are being shipped. During 1967 we'll be 
shipping systems that will include small general­
purpose computers as an integral part of the 
package." 

The Vietnam war is, of course, having its effect 
on the instrument market. Many oscilloscopes, digi­
tal voltmeters and other test and measuring instru­
ments have been sold for military applications. 
But, says Allan Dallas, director of marketing at 
Honeywell's Denver division, most instrumentation 
sales are to engineers, and it is hard to find out the 
actual use. 

There are some drawbacks to the increased sales 
spurred by the war effort. "Government buying is 
now putting the pressure on the production area 
of the market at the expense of development," 
states Dallas. "\Ve're getting orders for older equip­
ment; we received one large order from the Army's 
Redstone Arsenal at Huntsville, Ala., for instru­
ments that we had stopped making and a similar 
one from Kelly Air Force Base at San Antonio, 
Texas. If the Vietnam conflict ended tomorrow and 
the government put money into post-Apollo ap­
plications and research grants, we would be in a 
sounder position," Dallas says . 

Manufacturers are also having problems because 
of material and component shortages. 

Another development in counter technology is 
the push toward direct reading capabilities at 12.4 
gigahertz and above. "This," says Salvador, "should 
make counters the primary source for radar com­
munications work." 

Buyer demands more 

The instrument industry is getting a hand from 
a surprising new source-the discriminating buyer. 
The public's growing awareness of reliability. says 
Robert T. Myers, Picker X-ray Corp.'s industrial 
product manager, "has made it necessary for manu­
facturers to allocate much more money to provide 
the means for nondestructive testing. Prior to the 
public outcry for a quality product, capital ap­
propriations for nondestructive testing devices was 
minimal.'' Myers sees a high growth rate in the 
coming years for the equipment because of the 
development of vast new markets. 

Ultrasonic, X-ray and gamma-ray test and meas­
uring instruments are finding their way into the 
tire, cigarette, consumer appliance and pharrna­
ceu tical industries as manufacturers see that prod­
uct quality justifies spending money to buy sophisti­
cated electronics equipment for nondestructive test­
ing. For example, Picker recently installed X-ray 
inspection systems that enable tire manufacturers 
to detect voids and tears in treads and pipe makers 
to locate flaws in the welds on pipe sections. 

Instrument companies are now eyeing the sys-
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terns market. Honeywell Inc. , for example, has com­
bined individual products such as sensors, ampli­
fiers and oscillographs into a complete measuring 
system for the diecasting industry. 

"The copper shortage has delayed the delivery 
of transformers," says Computer Measurement Co.'s 
marketing director, Nyal McMullin. "Deliveries are 
also being pushed back on computer-grade capaci­
tors, and in some cases 40-week deliveries are being 
quoted for certain tantalum capacitors," he com­
plains. 

There are some who feel 1967 will bring tougher 
problems and that growth will be more difficult. 
John Fluke, president of John Fluke Manufacturing 
Co. , says his firm shipped test and measuring in­
struments valued at $9 million in 1966, an increase 
of 50% from the previous year, but the company's 
backlog of orders changed very little over the year. 
"This, coupled with the tight money situation, will 
slow the rate of growth," Fluke asserts. 

Computerized measurement systems, such as Hewlett­
Packard 's digital acquisition system, form a growing 
segment of the instrumentation market. 
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Avionics 

Stress is on safety as avionics 
sales continue to climb 
In avionics, the accent this year is on greater safety 
and efficiency. The Federal Aviation Agency, which 
will spend an estimated $100 million on electronics 
equipment this year, is continuing to develop and 
install a national airspace semiautomated air-con­
trol system, though its efforts in 1967 will do little 
to clear the increasing congestion over airports. 
When finished in 1970, the sys tem will include 21 
centers, each costing between $12 and $16 million. 
Opera tional tes ts for the first center will begin in 
Jacksonville, Fla., in June. 

In the landing-aids program, supported by the 
FAA, the airlines are installing Category II equip­
ment, which allows commercial carriers to operate 
when runway visibility is only 1,500 feet and the 
ceiling a bare 100 feet. 

Airlines are qualifying pilots for Category 11 and 
airports are being outfitted with the equipment. 
This means large outlays by the airlines for flight 
directors , radio altimeters , autopilots and related 
equipment. The FAA has not set the requirements 
for certification for Category III, the third and final 
stage of the program, but the airlines are buying 
Category II equipment in the belief that most of it 
can be expanded to meet Category III standards. 

Eventually landings will b e made with runway visi­
bility of only 150 feet. 

Efforts are also under way to find a solution to 
another problem-crowded skies. Several collision­
avoidance systems are being developed, but only 
the McDonnell Aircraft Corp. has flight tes ted a 
model. The Bendix Radio division of the Bendix 
Corp. is working on another possible solution to 
air traffic congestion, an off-course analog computer 
navigation system. It would direct aircraft to very­
high-frequency-omnirange phantom stations, thus 
relieving congestion among actual navigation sta­
tions. The phantom stations, in effect, would es tab­
lish a parallel network to the present paths b etween 
omnirange stations. 

Commercial aviation is also adopting inertial 
guidance navigation, long a favorite of the military. 
A digital computer navigation system with an in­
ertial platform is being installed by Pan American 
World Airways Inc. to provide navigation and guid­
ance information. The Sperry Rand Corp., which 
built the Pan American SGN-10 system, has an order 
from Italy's Alitalia Airlines, and other commercial 
and general aviation companies have expressed 
interest. 

The development of airborne computer systems 
and the success of integrated circuits in military 
avionics have spurred the installation of 1c's in com­
mercial aviation avionics. The circuits are now ex­
tensively used in air-data computers , inertial plat­
form control systems and radio receivers. This year, 
1c's will be introduced into ground support equip­
ment by Bendix and the Radio Corp. of America, 
among others. 

Military and space projects have long dominated 
the a11tomatic tes t equipment market. But in 1967, 
large outlays will be made for commercial appli­
cations of automatic tes t equipment. The Boeing 
Co. recently issued a reques t for proposals for an 
automatic tes t equipment system for its own fac­
tory. The airlines are also a potential customer for 
automatic testers . Rapid, accurate tes ting at repair 
facilities means quicker hirnarounds for aircraft 
and more time in the air. According to Jack Under­
wood, program manager for tes t equipment at 
the Aerospace division of RCA, "Boeing is the ice­
breaker; whoever gets this job will have an edge 
over the others in supplying tes t systems to all the 
airlines that buy Boeing jets." 

Sperry's SGN-10 is the first inertial guidance 
system for airliners. Technician checks 
the gyro reference unit for flaws. 
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Tilt-out chassis units provide easy access to logic modules and wiring in Honeywell's new DDP-51 6 computer. The 
computer is built from integrated-circuit logic modules and uses Honeywell 's standard IC core memory assembly. 

Computers 

Manufacturers scramble to expand ~ 
as computer boom continues unabated 
"A bottomless well," is the way one happy sales 
manager describes the demand for his company's 
new scientific computer. "vVe're making them as 
fast as we can, but if we had twice as many people 
in the plant it wouldn't be fast enough." 

Tationally, the demand for compu ters may not 
be bottomless, but it is so great it has created an 
impressive growing market. Computers and related 
equipment are estimated at more than a $2.4 billion 
market in 1967 by Electronics-an increase of 
$281.5 million over 1966. 

The Electronics survey also estimates that by 
1970 the market will reach $3.5 billion even though 
a drop of 10% in Government buying is anticipated 
during the period. An agency is now required by 
Public Law 89-306-called the Brooks bill-to seek 
unused computer capability at another department 
before buying new equipment. 

To keep up with the current demand, computer 
companies are expanding production and engineer­
ing facilities. Honeywell Inc. , for example, is dou­
bling the size of its engineering laboratory in 
·waltham, Mass. 

Other expansions include the Univac division of 
the Sperry Rand Corp., the National Cash Register 
Co. and Scientific Data Systems Inc. 

"We expect to b e a solid number two in the 
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computer market during 1967," says Robert P. 
Henderson, vice president for marketing in Honey­
well's electronic data processing division. "But we 
are taking very little business from our competition. 
In fact we are often going in alongside his equip­
ment-adding to it instead of replacing it." For the 
first time Honeywell is boasting that its data proc­
essing division is profitable. 

The H ertz of the computer industry is , of course, 
the International Business Machines Corp. , which 
has about 70% of the computer market. The com­
pany's multibillion dollar gamble-the IBM System 
360-has already won about 30% of the market. 

No one size of computer dominates the market­
even the System 360 comes in nine sizes. Big busi­
nesses still favor large central processors , such as 
the Univac 1108 and General Electric Co.'s 635. 
Most large computers now can be time-shared by 
branch offices. 

Time-sharing systems are usually private ones­
the often-predicted huge-computer utility is still in 
its infancy. However, several companies-CE, for 
one-are servicing remote customers with present 
computers and RCA is planning a large, time-sharing 
version of its Spectra 70. 

The newer computers perform so much better 
than their predecessors that many companies are 
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finding the intermediate sizes adequate. If the 
company requires time sharing, however, it's more 
likely to need the greater capacity of a larger ma­
chine. Sales of desk-top scientific computers are 
skyrocketing. The Digital Equipment Corp., for in­
stance, has sold about 300 of its new $10,000 PDP-

8/S. And DEC says that the model has even in­
creased its sales of larger computers. The potential 
customer, says DEC, finds that the small computer 
is not quite big enough and buys a larger model. 

A time for consolidation 

"Computer performance has increased 1,000 times 
over the past 10 years, but the next factor of 10 is 
nearly impossible," is the way computer technology 
is viewed by Max Palevsky, president of Scientific 
Data Systems. 

"Computers today operate at speeds approaching 
the speed of light. To attain a small increment 
in performance now requires a great deal of work 
by many highly skilled p eople," he explains. 

Evolution, not revolution, is expected by most 
system planners. For example, parallel processors 
-numerous small computers working together at 
a higher total speed than one big one-are too 
costly now for everyday use. Large-scale integra­
tion, an evolutionary step from present 1c's, is ex­
pected to break the cost barrier. The multicircuit IC 

chips now in mass production are the first stepping 
stone. 

"Hybrid 1c's are dead in computers," says Donald 
Eckdahl, vice president and general manager of 
National Cash Register's electronics division. "And 
so are tunnel diodes and cryotrons. The semi-

Communications 

conductor firms have left hybrids in their wake." 
Hybrids, however, will be around for a while 

by sheer momentum. They are the basic ingredient, 
for example, in the System 360, which IBM isn't 
going to revamp overnight. 

In high-speed memory technology, interest is 
increasing in thin films. Most thin-film memories 
contain only a few words for local high-speed ac­
cess, but the Burroughs Corp.'s new D-830 and 
B-8500 models have thin films holding thousands of 
words. Large rod memories , a form of thin-film 
memory, are being used routinely by NCR, and 
Sperry Rand has big plated-wire memories for its 
new Univac 9000 series. Nonetheless , core memor­
ies continue to be lowest in cost and are continually 
getting faster, bigger and more compact per bit. 
They are still the dominant form of large memory. 

Role growing 

In the mid-1950's peripheral equipment was about 
20% of system cost. Central processors have since 
become so much larger and able to service so many 
extra terminals that peripherals now exceed 50% 
of system cost. The card readers, tape drives and 
typewriters are being joined by visual displays , 
voice-response machines and other new classes of 
man-machine interfaces. 

Elech·on.ic output may soon replace high-speed 
electromechanical printers and the filming of cath­
ode-ray-tube-displays. Recently, the Xerox Corp. 
announced a low-speed electrostatic printer driven 
directly by a computer. One expert says such de­
velopments could in the next two or three years 
spell the doom of electromechanical printers. 

Expanding markets seen for telemetry, 
mobile radio, microwave and tv gear 
The electronic communications market will be 
marked this year by gains in sales of telemetry 
gear, mobile radios , broadcasting equipment and 
microwave systems. Another factor of increasing 
importance in this field is the vast data communi­
cations network taking shape in this country to 
link computers through common carrier facilities 
and private microwave systems. 

Telemetry sales in 1967 will spurt to about $181.7 
million from last year's estimated $160.4 million, 
according to Electronics magazine's survey, and 
th e industry says the increase would be even 
greater were it not for Vietnam war costs. 

Large amounts of telemetry equipment will be 
procured for the Apollo program as well as for the 
National Aeronautics and Space Administration's 
unmanned-satellite projects. In addition, the Air 
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Force Systems Command's Space Systems division 
will be outfitting ranges for its Manned Orbital 
Laboratory project. 

E. vVayne Copeland, marketing manager for the 
data communications section of the Bendix Corp.'s 
Electrodynamics division, estimates that ground 
equipment accounted for more than 60% of th<:> 
1966 telemetry market, with about 50% of this 
ground-gear outlay going for decommutators and 
discriminators and about 30% for such equipment 
as decoders, signal conditioners and buffers. 

The use of pulse code modulation systems will 
continue to grow, though Jim Terry, senior applica­
tions engineer in the analog department of Electro­
Mechanical Research Inc., Sarasota, Fla., notes 
that "if you need fewer than 100 channels, analog 
is still cheaper.'' For this reason, industrial tele-
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metry presents a strong market for analog systems. 
The armed services are proceeding, though 

slowly, with the shift in their air-to-ground tele­
metry systems from vhf to L band ( 1,435-1,535 
megahertz) and S band (2,200-2,300 Mhz), a shift 
slated by the Defense Department for completion 
by Jan. 1, 1970. Officials of the Air Force Western 
Test Range say Vandenberg Air Force Base will 
have initial S-band capability by the end of this 
year. Rather than adding frequency-conversion 
gear, they say most of the vhf equipment at Van­
denberg will be replaced by S-band equipment. 

Mobile land radios 

An increasing number of applications are being 
found for mobile radios , both vehicle-mounted and 
portable, in consumer fields, urban transportation, 
and police and other public-safety activities , de­
spite the problem presented by a shortage t>f fre­
quencies in major metropolitan areas . The 1967 
market is expected to rise to $180 million from 
the $170.5 million of 1965. 

In the fi eld of urban transportation, efforts by 
cities to improve dispatching, to combat crime on 
public conveyances and to generally ensure pas­
SPnger safety have sharply expanded the market 
for mobile radios. Last August, the Radio Corp. 
of America received a contract to equip more than 
4,000 buses in New York City, and Motorola Inc. 
has orders for similar installations in Detroit, St. 
Louis , and Dallas. 

Portable radios are being increasingly used in 
police operations and paging systems . New York, 
Detroit and YVashington , D.C., among others, are 
outfitting police with walkie-talkie radios. 

With all this , however, the persistent problem 
of frequ ency shortage in urban areas may be limit­
ing sales of business, industrial and, to an extent, 
public-service land mobile equipment. Robert L. 
Casselberry, manager of product planning at the 
General Electric Co.' s communications products 
department, notes that Federal Communications 
Commission figures show that market growth in 
urban areas is proceeding at a pace 2% to 3% 
slower than in rural or suburban areas. 

Less affected by this frequency problem are 
sales of Citizens Band equipment, for which more 
than 100,000 licenses are being issued annually. 
Manufachuers are hoping that experiments in the 
use of communications gear to aid drivers in dis­
tress will eventually lead to the installation of CB 
radios in every car. 

The market for CB transceivers of 100 milliwatt 
power or less-units that don't require licensing­
will probably be as big as that for licensed CB ra­
dios , says Robert Laub of the Lafayette Radio 
Electronics Corp., Syosset, N.Y. More than a mil­
lion transceivers in this category are imported from 
Japan each ypar, Laub observes, many of these 
being toys for children (a far cry from the strung­
together oatmeal containers that served as field 
phones for an earlier generation of kids). 

Sales of cameras used in originating color tele-
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Demand continues high for telemetry equipment such as 
the Mobile Land S land tracking system built for 
White Sands Missile Range by Canoga Electronics Corp. 

vision programs and of recorders for color video 
tape will reflect the over-all color-tv boom. Andrew 
F. Inglis, a vice pres ident of RCA's broadcast and 
communications products division, es timates that 
sales of "live" color cameras accounted for about 
30% to 40% of total studio-equipment volume last 
year, and color video tape recorders about 20% to 
30%, with switching equipment, audio amplifiers, 
monitors and other types of cameras contributing 
the rest. 

"In the next five years," says Inglis, "most U.S. 
stations will be completely equipped for color." A 
color-tv studio usually needs two cameras for live 
programing, each costing about $70,000. There are 
about 600 tv stations in the U.S. , and RCA says that 
only 150 of these are equipped to originate color 
programs. 

The over-all market for televis ion-studio gear 
this year is put at $130.4 million, up from $128.1 
million in 1966. 

The color-camera industry remains divided over 
the qu es tion of the number and types of tubes to 
be used. RcA produces a four-tube camera using 
both image-orthicon and vidicon tubes, while GE 

and the Marconi Co. of England make four-tube 
Plumbicon cameras , and North American Philips 
Inc. has a three-tube Plumbicon camera. 

Philips claims that the three-tube Plumbicon unit 
is less expensive, eas ier to operate and less costly 
to maintain than any four-tube camera. Further­
more, says Robert Diamond, marketing manager 
for North American Philips' studio equipment divi­
sion, a three-tube Plumbicon camera, with horizon­
tal and vertical aperture correction, can produce 
pichues as sharp as those produced by image­
orthicon equipment. 

In the video tape recorder field, the trend is to 
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the so-called high-band units, which record a sig­
nal modulated on a carrier that is about 4 maga­
cycles from the color signal's subcarrier. 

The Ampex Corp., Redwood City, Calif., is cur­
rently the leading manufacturer of high-band re­
corders, but RCA last November announced that it 
had units in the final test stage. 

Microwave systems 

The expansion of common carrier facilities pro­
vides a major market for microwave equipment, 
with the military, as always, a big customer, ac­
cording to Kerry R. Fox, assistant vice president 
for microwave and scatter systems at the Collins 
Radio Co., Dallas, Texas. 

Electronics magazine's survey indicates that 
sales of microwave gear are expected to climb to 
$86.3 million in 1967 from $77.4 million last year. 

A trend to private microwave systems may be 
accelerated by the impending elimination, by Gov­
ernment order, of the American Telephone & Tele­
graph Co.'s Telpak A and B bulk communications 
lines, which provide voice-grade channels at econ­
omy rates. Users of these two lines are potential 
microwave-link customers, and AT&T has indicated 
that it may boost rates on other Telpak lines. 

Utilities and railroads are already microwave 
customers, and a number of other industries are 
considering private systems to reduce costs or im­
prove communications. For example, Aeronautical 
Radio Inc., the concern that handles communica­
tions for the airlines industry, is currently evaluat­
ing proposals for a private microwave system. The 
broadcasting industry, which has been pushing 
for a private space-satellite system for television 
distribution, is another potential customer. 

Fixed systems owned by businesses can only 
operate at frequencies above 12 gigahertz, and Ed­
ward J. Hart, a department manager at RCA, notes 

Microwave 

that "with the increasing emphasis on data trans­
mission, privately owned microwave systems in the 
12-Ghz band should be a growing market." 

Regarding data transmission , the linking of re­
mote users to central computers through nation­
wide communications networks-exemplified by the 
recent establishment of a computer utility by the 
Western Union Telegraph Co.-portends greatly 
expanded markets for such interface equipment as 
high-speed teletypewriters , graphic displays and 
cathode-ray viewers. 
~'alter Bauer, president of Informatics Inc., 

Sherman Oaks, Calif. , predicts that within 10 years 
a vast computer-utility system will include up to 
95% of all computers in the U.S., and that eventu­
ally it will control switching, process messages and 
interconnect entire networks of computers. 

James L. Hollis, president of Rixon Electronics 
Inc. , Silver Spring, Md. , notes that the computer­
communications linkup is boosting sales of data 
modulators/ demodulators, used to transmit and re­
ceive data, and says his company expects its 1967 
sales of the devices to be at least double last year's. 

Customers are still using modems transmitting 
at 1,200 to 2,400 bits per second, but Hollis indi­
cates that the trend is to higher speeds, 

Transmission by higher-speed data modems over 
the direct distance telephone dialing network is 
in the offing. Bell Telephone Laboratories Inc. , 
will soon check out a new modem designed to 
transmit 3,600 bits per second over the direct­
dialing network and more than 5,400 bits per second 
over leased lines. 

vVestern Union expects to offer customers, on a 
limited basis, high-speed lines of 48,000-kilohertz 
bandwidth that they can dial into by request. Users 
will be charged only for time spent on the lines, 
rather than a monthly fee as with AT&T's Telpak C 
and D service. 

Industry seeks new markets 
as microwave sales climb 
Comfortably counting profits after a banner year, 
microwave companies expect further growth this 
year although no one expects the boom to con­
tinue at the 1966 rate. The huge increase in de­
fense orders that contributed heavily to last year's 
prosperity may be leveling off, but defense require­
ments are expected to remain high whether or not 
there is actual shooting in Vietnam. 

"Microwave sales vvill continue to climb,'' says 
Lisle J. Smith, marketing manager of the Micro-
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wave Tube division of the Hughes Aircraft Co. 
"There seems to be a general upward sales trend 
in the making that should continue for two or 
three years. Then sales will flatten out, but at 
a higher plateau than that of several years ago." 

The lessons of the military cutbacks of 1964 have 
been learned and manufacturers have diversified, 
thus reducing their dependence on the Pentagon 
[Electronics, Aug. 8, 1966, p. 108]. And in some 
special areas of the technology, particularly in the 
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applications of microwave power, markets are be­
ginning to jell. 

"We've hit a pretty good level, and I don't 
expect it to drop," says Richard T. Orth, vice presi­
dent in charge of Varian Associates ' electron tube 
and device group. "A truce in Vietnam would have 
some impact on the microwave industry, but the 
reduction in orders would be small; money not 
going into bullets would go into surveillance and 
reconnaissance equipment." 

Effects of Vietnam 

Burton Silver, marketing manager of the Electron 
Tube division of Litton Industries Inc., says, "Viet­
nam is teaching some tactical lessons and we are 
getting a number of new requirements that stem 
from the fighting there." 

Silver cites as examples the elimination of clutter 
in fire-control radar and the production of magne­
trons with electronic frequency dithering. 

"The military is throwing many requirements at 
us very fast," Silver says. "It wants radar to pick 
out slow targets in a jungle and air-to-air radar 
that can eliminate ocean clutter. It wants to col­
lapse the reconnaissance time cycle, when 20 min­
utes from recon to air strike may be too slow. 

"And the military is betting across the board. 
The services don't ask for just one system, they 
ask four or five primes to come up with perhaps 
three systems each. And some of the systems people 
are coming to us without even waiting for Govern­
ment funding." 

War or no war, a sizable market for microwave 
semiconductor technology is opening up in avionics 
systems such as those in the F-111, the A-7 A and the 
F4 planes. Avionics packages, particularly those for 
tactical purposes such as terrain mapping and fol­
lowing, are getting closer to production. 

Says Stephen DiBona, sales vice president of 
Microwave Associates, "Solid state signal genera­
tion and control for military avionics will be a heavy 
growth area in 1967." Even commercial airborne 
microwave, for weather radar and radar altimeters, 
is doing better than anticipated, according to 
DiBona. 

Dean A. Watkins, president of the Watkins­
Johnson Co., which makes devices for strategic 
reconnaissance systems, believes that the war has 
not materially affected w-fs fortunes. And he 
says a truce could only mean a shift in emphasis 
back to strategic weapons and thus boost sales. 
He lists three areas of interest: digital receivers, 
solid state devices with yttrium-iron-garnet tuned 
oscillators and telemetry; the latter is a field in 
which W-J is already active under contracts from 
the National Aeronautics and Space Administration . 

Jackpot in sight 

The research and development of the past few 
years is beginning to pay off with a stream of new 
microwave products, some of which may appear 
this year. Both Litton and Varian, for instance, 
are working on crossfield amplifiers, which Orth, 
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of Varian Associates, thinks will eventually replace 
the traveling-wave tube. This is pleasing news to 
those electronic firms that find the traveling-wave 
tube too costly. 

Len Bernier, sales and communications manager 
at Litton Electron Tube, says Litton will begin 
pilot production in 1967 of a crossfield amplifier 
built on what he calls an entirely different con­
cept. It has only one electrode, a cathode, at­
tached to a d-c power supply that amplifies a 
pulse produced by a radio-frequency trigger. The 
device can change its pulse repetition rate and 
even "chirp" (change the frequency within a pulse). 
It amplifies 20 times. 

Litton is also working on electrostatically focused 
klystrons, such as the one Varian's Eimac division 
introduced last year. Electrostatic focusing elim­
inates the need for huge solenoids, which weigh 
over 100 pounds for a conventional S-band klystron 
delivering 1 megawatt. 

Litton is not yet interested in solid state genera­
tion of microwaves. But, Bernier says, it does plan 
to demonstrate this year the feasibility of an elec­
tronically variable, solid-state delay line, in which 
a transducer changes a microwave signal to an 
acoustic signal. The conversion may be performed 
either by piezoelectric material, such as cadmium 
sulfide, or by a magnetostrictive YIG device, whose 
dimensions change in a magnetic field. Varying 
the spot at which the microwave signal is con­
verted varies the delay; delay time can range from 
1 microsecond to 1 millisecond. Acoustic delay 
lines take advantage of the much lower propagation 
velocity of acoustic waves compared with those of 
microwaves. The wavelength of biaudio energy in 
solids is about 105 times shorter than that of elec­
tromagnetic waves of the same frequency. This 
means it's possible to have a large time delay in a 
small volume and assures great compactness in 
delay lines. 

New products on the way 

Varian's new light-sensing and light-emitting di­
vision will introduce at least three product lines 
this year: low-light-level imaging h1bes, X-ray imag­
ing h1bes and photomultipliers. Some of the prod­
ucts will be introduced at the annual Institute of 
Electrical and Electronics Engineers show. 

DiBona of Microwave Associates sees microwave 
integrated circuits ringing up some volume sales in 
1967 of airborne tactical radars. Switching devices 
are being designed into prototypes of such avi­
onics packages as the MARK 2, and these may be 
forerunners of new families of microwave devices 
that eliminate interconnections and offer high 
reliability. Dana Atchley, president of Microwave 
Associates, sees significant advances this year for 
solid state devices in portable and manpack radars, 
in shipboard radars and in broadband devices for 
electronic countermeasures. 

Judging from the widespread research in micro­
wave, the design evolution may continue for some 
time. One intensive research area is in solid state 
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oscillators. Leo Young of the Stanford Research 
Institute says the Gunn diode looks promising, but 
a serious problem is that the gallium-arsenide 
diodes have low resistivity and tend to burn out. 
The Stanford Institute is also working on very 
fast switches to produce pulses about %-nanosecond 
long. One application could be short-range, high­
resolution radar for nondestructive faultfinding. 

Warming up 

"The industrial microwave market is maturing 
nicely," says Carl Olsen, head of the Atherton di­
vision of Litton. Olsen expects the industry's ap­
proximate $3 million in sales in 1966 to increase 
25% to 30% this year. "In five years, it could be 
$100 million-or it could be $10 million," Olsen 
says. One reason for the uncertainty is that micro­
wave power is the most expensive kind of heating 
power to generate and, therefore, the applications 
tend to be specialized. 

Present uses are in large-scale food preparation 
and in chemical drying operations. John E. Ger­
ling, who was Olsen's predecessor at Litton and is 
now president of the International Microwave 

Educational electronics 

Power Institute, predicts that a $100-million market 
is 10 to 15 years away. Both Gerling and Olsen 
stress that microwave's advantages are in quality 
control. The reason: microwave heating is uniform 
throughout and is nondestructive to the material 
being heated. 

Gerling says, however, that future applications 
of microwave may include such far-out possibilities 
as providing power to maintain a 50-mile-high 
broadcast antenna or cooking dough stretched into 
an endless canape. Litton is working on microwave 
to generate plasmas-highly ionized gases-to 
make chemical solvents or stimulate processes. 

An indication of microwave's maturity is the 
formation of IMPI last year. The user-oriented 
group attracted more than 100 manufacturers and 
customers to its meeting in Edmonton, Alberta, 
last spring. This year IMPI plans a technical con­
ference March 29 to 31 at Stanford University, Palo 
Alto, Calif. Enthusiasm for microwave power is 
so great that IMPI is afraid it won't be able to 
handle the demand for attendance. That seems to 
be one of the few fears in the microwave industry 
at large. 

Growth to continue with Federal boost 
The educational electronics market, supported by 
Federal aid to local school districts, will continue 
its gradual growth in 1967. 

Much of the money now being spent for elec­
tronics hardware in education buys consumer-type 
equipment such as audio tape recorders for lan­
guage laboratories and television receivers for 
closed-circuit systems. The size of the market is 
hard to determine; the Electronics Industry Associa­
tion estimates that sales amounted to $l15 million 
in 1965. 

The total fiscal 1967 budget for the Office of Edu­
cation's Bureau of Research is $103 million-about 
the same as last year; some $4 million of this is go­
ing for work on new educational media, including 
electronics. 

The 1967 outlook is brightened by the expected 
impact of audio visual teaching machines and com­
puter-aided instruction. Neither is much of a factor 
in current sales; only one local school district uses 
computer-aided instructions and few audio visual 
teaching machines are in operation. Several schools 
will get computer-aided systems this year; as many 
as 20 of the systems will be working by the end 
of 1968. 

While this is far from a mass market, R. Louis 
Bright, associate commissioner for research in the 
Office of Education, predicts that sales of computer­
aided insh·uction systems, including software, could 
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reach $1.5 billion a year in five years. 
Another expanding segment of the market is in 

equipment for educational tv broadcasting stations. 
These stations are growing in number as well as 
upgrading existing equipment. The National Asso­
ciation of Educational Broadcasters forecasts that 
capital costs for educational tv stations over the 
next five to six years will reach between $350 million 
and $400 million. 

One small but fast growing segment of the educa­
tional electronics market is video tape recorders. 
One industry estimate places the size of this mar­
ket at $15 million to $20 million in 1966, a figure 
which also includes related electronic equipment 
such as cameras and monitors when purchased as a 
system with video tape recorders. This portion will 
grow to approximately $30 million in 1967, it is es­
timated. By 1972, or in five years, this market will 
total in excess of $75 million, 

Next year will see more VTR's sold with inter­
changeability-the tape from one machine can be 
played back on others-says John H. Trux, market­
ing manager for the Ampex Corp.'s Consumer and 
Educational Products division. Equipment will also 
be more flexible, including the capability of con­
version to color and additional audio track. There 
will also be more units offered in the lower-cost 
field, that is, for less than $1,000 for a VTR of the 
quality needed for educational use, 
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Space electronics 

War budget squeezes space program 
but Apollo won't feel the pinch 

Space spending, although res trained by military 
expenditures for the Vietnam war, will at least 
hold its own this year at $5 billion, the same as 
last year. Electronics magazine's annual market 
survey shows that the electronics industry will 
receive about $1.7 billion of space funds. 

Apollo, as usual, will account for the bulk of 
space electronics spending in 1967. Virtually every 
electronics manufacturer in the country is on the 
list of 20,000 industrial companies working on 
Apollo. However, as the Saturn-Apollo system 
achieves operational status with the first manned 
flight this spring, contracts will be terminating. 
This, in turn, will reduce the flow of orders to 
subcontractors and vendors, particularly in the 
electronics industry, unless followup programs take 
up the slack. 

Budget problems 

At present, new programs are getting off to 
slow starts. The Apollo Applications Program gets 
under way this year with about $100 million, far 
below the $1 billion the National Aeronautics and 

Instrument unit for Saturn rocket is being lowered into 
simulation chamber at Douglas Aircraft Co. for testing. 
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Space Administration would like. The Voyager 
program, once seen as a multibillion-dollar proj­
ect, has run into budget problems caused by the 
Vietnam war, and it's likely that KASA will extend 
its Mariner program as an inexpensive substitute. 
Already planned are a Mariner flight to Venus this 
summer and two Mariner flights to Mars in 1969; 
other shots may be attempted in 1971, and perhaps 
1973 and 1975. 

Other Government agencies have programs in 
the works too, such as the Interior Department 
Geological Survey's $20-million Earth Resources 
Observation Satellite and the Commerce Depart­
ment Environmental Science Services Administra­
tion's Tiros-M weather satellite. In addition, the 
Communications Satellite Corp. will buy six Intelsat 
3 satellites from TRW Inc. They will be deployed 
in 1968 in the global communications system. 

NASA's supporting research and technology 
budget is expected to stay near its current level 
of about $30 million. This supports research in 
guidance, control communications, tracking and 
data acquisition, data handling and processing, 
instrumentation and electronic components. 

IC's find a home in space 

Integrated circuits will be one of the headline 
stories of 1967 in space technology. Integrated cir­
cuits made their first major appearance in the 
encoder of the interplanetary monitor platform in 
1966 and are used throughout the Apollo space­
craft-in the guidance computer, in the television 
camera and in the equipment in the Lunar Module. 
This is just the beginning. An informal survey by 
NASA indicates that 1c's will account for 70% of 
spacecraft electronics by 1970. 

Another area of activity is space astronomy. 
A telescope is planned for one of the early Apollo 
applications flights about 1969, but first electronic 
techniques must be developed to operate large 
telescopes in space. In addition to optical astron­
omy, XASA is interested in developing laser radar 
systems with high definition for global surveys of 
crops and various natural resources . 

Parallel efforts are continuing to improve tube 
efficiencies and increase the power levels of solid 
state devices. The power is needed for transmitters 
for direct broadcast satellites and interplanetary 
spacecraft. One possible solution under study at 
NASA's Electronics Research Center is an array of 
small solid-state power transistors. 

To prepare for spacecraft landings in deep space 
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probes. the Jet Propulsion Laboratory is working 
on approach guidance procedures. Although Mar­
iner 4 achieved an accuracy to within 120 miles 
when it passed Mars in 1965, a landing would re­
quire an accuracy improvement of an order of 
magnitude. The problem is defining the planetary 

Industrial electronics 

horizon to find the planet's center when the planet 
is only partially illuminated, like a half moon. The 
JPL approach involves a passive detector with an 
image dissector tube that scans the edge of the 
planet; the planet's center is calculated from the 
curvature of the edge. 

Electronic controls gather momentum 
Computer-based process controls and machine-tool 
controls will strengthen their hold this year on 
the number one and two spots in the industrial 
electronics market. By comparison, the amount of 
money spent for equipment in the glamor programs 
-air and water pollution control, high-speed rail­
roads and highway automation-will be small. 

Electronics magazine's survey estimates 1966' s 
total market for industrial operations electronic 
equipment at $934.8 million, and forecasts a 13% 
rise from that level in 1967. The electronics share 
of the 1967 market for machine-tool controls is ex­
pected to surge to $242.3 million from last year's 
$217.3 million, with numerically controlled gear ac­
counting for 30% of this year's total machine-tool 
sales, against 22% in 1966. 

Process Computers 

Capital investment in process-control computer 
systems should climb to about $235.8 million this 
year from the $202.2 million of 1966. Prime cus­
tomers are still the petrochemical industry and pub­
lic utilities , but metals, textiles , food , paper and 
cement processors are signing up in increasing 
numbers. Last year, for example, the Leeds & 
Northrup Co. installed a direct digital control sys­
tem at the Ideal Cement Co.'s plant in Tijeras, N. M. 

By 1969 or 1970, the new customers for this 
equipment will have sharply boosted computer 
sales, according to Thomas W. Waldron, industry 
development manager for the International Busi­
ness Machines Corp.'s control systems marketing 
group. He notes that companies are refitting old 
plants with computer systems as well as installing 
them in new plants. 

Direct digital control of processes is making 
amazing progress, says T.C. Williams, of Purdue 
University's Laboratory for Applied Industrial Con­
trol. More than 200 DDC systems are installed or 
planned, he says. "Almost every company selling 
process controls has already adopted a nnc computer 
or is choosing one,'' he adds. 

Most of the current DDC systems are backed up by 
conventional analog systems, since customers are 
still hesitant about relying entirely on a digital 
process. But as operating experience with DDC 

grows, analog backups are expected to shrink. 
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Big machine-tool makers are apparently trying 
to develop their own numerical control systems, 
rather than buy them from electronics firms; the 
electronics package can account for as much as 40% 
of the price of a $300,000 machining center. 

Some firms have long had their own electronics 
facilities, and keep up with the state of the art. For 
instance, The Cincinnati Milling Machine Co. is 
building a contour positioning control with inte­
grated circuits. Why did the company choose to 
develop a contour positioner instead of a less com­
plex point-to-point positioner? One reason, says 
H.V. Edwards, manager of the firm's Cimtrol divi­
sion, was that engineers could learn more about 
applying 1c's. 

Railroads are so pleased with the way computers 
and controls have expedited their paperwork and 
their car-routing and train-assembly operations that 
they are preparing more comprehensive systems. 

Sometime this summer, the Association of Ameri­
can Railroads hopes to select a standard car-identi­
fication system from among three being tested 
[Electronics, Nov. 28, p. 40] . Its goal is to tag the 
rail industry's entire Baet of 1.8 million cars. 

Rapid Transit System 

The problem of urban mass transportation is 
worsening, and planners hope to find answers in 
the Bay Area Rapid Transit District program in 
northern California, a vast rapid-transit commuter­
train project partly financed by the Federal Gov­
ernment [Electronics, July 26, 1965, pp. 71-86]. 

A contract for BARTD's automatic control svstem 
should be awarded early this year. The total ' auto­
matic-control outlay for this program is expected 
to range between $20 million and $30 million. 

Two other potentially rich markets for electronic 
gear are air and water pollution control and high­
way traffic control. New York City will set up a 
$500,000 air pollution monitoring network this year, 
a project that may help other cities select their pol­
lution sensors and reporting gear. New York City, 
San Jose, Calif., and Wichita Falls, Texas are using 
digital controls to help regulate traffic Bow. 

Reprints of this report are available at $1 each. 
©copyright 1967, Electronics@ A McGraw-Hill Publication 
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Now you can eliminate extensive redesigning of vacuum tube circuits with these 
six hi-voltaqe FETs from Amelco - each a new 'tube analog! They're ideal for 
solid-state conversion of CRT deflection circuits, high-level multiplexing and 
large signal transfer circuits. Consider their jmproved flexibility: 300-volt oper­
ation·, low 2 na leakage· current, and gains as high as 1500 µ.mhos. Have an­
application or two in mind? Send for a data sheet or two! We'll 'also enclose a 
copy of our definitive Tech Bulletin No. 7, "Theory and Applications of Field 
EffectTransistors,"-24 pages of user-oriented FET facts. You'll find out more 
from Amelco, world's largest producer of n-channel FETs. 

CHARACTERISTIC 2N4881 2N4882 2N4883 2N4884 2N4885 2N4886 
BVPGO (V, min) 300 300 200 200 125 125 

BVSGO (V, min) 100 100 100 100 75 75 
g... (µmhos, min/max) 350/1000 600/1500 35011000 600/1500 350/1500 600/1500 

IGss (na, max) 2 2 1 1 1 1 
C,., (pf, max) 1.5 1.5 1.5 1.5 1.5 1.5 

AMELCO SEMICONDUCTOR 
DIVISION OF T ELEDYNE, INC. • 1300 TERRA $ ELLA AVENU E • MOUNTAIN VIEW, CALI FORNIA • Mail Address: P . 0 . Box 1030, 
Mount ai n View, California • Phone: (4 15) 968-92'41 / TWX: (4 15) 969 - 91 12 I Te lex: 3 4 -8 4 16 • REGIONAL OFFICES : Southwest -
Suite 213 , 8621 Bellanca Ave., Los Angeles. Califo rn ia 90045, (213) 678-3 146 • Northwest- 1300 Terra Bella Ave,, Mountain View, Cal iforn ia, (415) 968-9241 
East- P. 0 . Box 2091 , Paterson , New Jersey 07509. (201) 696-4747; P. 0 , Box 366, Kimberton, Pennsylvania 19442, (2 15) 885-1755 • Northeast-805 High 
Street, Westwood, Massachusetts, (617) 326-6600 ; GO Broad Hollow Rd,, Mellville, LI .. N. Y. 11749, (516) 692-4070 • Southeast-71 1 Magnol ia Avenue, Orlando, 
Florida, (305) 423 -5833 • Midwest- 650 West Algonquin Road, Des Plaines, Il linois, (312) 439 -3250; 3020 Woodla rk l ane, St. Paul, Minnesota , (612) 
646-1161 •Canada-Deskin Sales, Montreal , Quebec, (514) 384-1420. 

Electronics I January 9, 1967 153 



Tell us your precision switch problem ... 
Is it reliability? 

Special characteristics? 
Cost-to-quality ratio? 

Potter & Brumfield's experience in producing top rated 
electromechanical relays (more than a third of a century) 
provides an exceptional background for the design and 
manufacture of precision switches. 

RELIABILITY Vibration, acceleration, shock, humidity, 
electrical life and many other factors are tested as standard 
procedure. Certification of tests is supplied on request. 

SPECIAL CHARACTERISTICS A well staffed engineering 
department is at your service for almost limitless modifica­
tions, including configuration of actuators, operating force, 

Delivery? 
contact pressures, gaps, materials, terminations or per­
formance characteristics. Any combination of these can be 
designed and produced to your exact specifications. 

COST-TO-QUALITY RATIO A plant designed exclusively 
for switch production enables us to take advantage of all 
modern production techniques to provide top quality crafts­
manship at competitive prices. 

DELIVERY We can make next day shipment on most basic 
switches. Your local authorized P&B switch distributor has 
them on his shelf for immediate delivery at factory prices. 

POTTER & BRUMFIELD 
Division of American Machine & Foundry Company, Princeton, Ind. 47570 
Export: AMF International , 261 Madison Avenue, New York, N.Y. 10016 

Better check out this big new source 
for precision switches! 

154 Circle 154 on reader service card 

Write for your copy of 
P&B's Switch Catalog 1-A 

/ 

Electronics I January 9, 1967 

( 

J. -

... . 

,• 

f" 



- , , 

- > 

... 

.. .. 

.. 
..... 

., 

The hope of doing each other some good prompts these advertisements 

Advice to holographers: 
1. KODAK "Spectroscopic" Plates, Type 649-F (comparable to 
flour for a baker, nets for a fisherman), can now reach you 
within roughly two weeks of placi ng the order with your sup­
plier who, if you do not already know him, can be introduced 
to you by Eastman Kodak Company, Special Applications, 
Rochester, N. Y. 14650. If you require a size other than 4" x 5" 
(either .040" glass or 1,4 11 microflat glass), please continue to 
anticipate needs by 30 to 60 days. 

2. lnstructions for processing this product in a manner to yield 
relief images consisting only of variations in the height of the 
gelatin can be found on p. 1689 of the October, 1966 issue of 
Applied Optics. Density variations are converted to height 
variations with excellent linearity, leaving little other than the 
gelatin itself to absorb light and apparently little that affects 
its refractive index. A density of unity is translated to a relief 
height of about one-half micron. Do not assume that the 
linearity is maintained to the utmost limits of spatial fre­
quency, whatever they may be. If you find this technique works 
well for phase holograms, the people at the address in the 
preceding paragraph would like to know. 

What's an opticist, Pop? 
Many employers are seeking persons qualified in optics and 
optical engineering. But for fear of sacrilege, they'd pray 
heaven to send them. In relation to demand, applied optics 
and optical engineering seerri a1i1ong the most severely under­
manned of professions. Bright kids in school don't seem to 
find out about this (or to believe it if told) until after commit­
ting themselves to other disciplines. As a result, many of 
today's optical designers and engineers have to admit to them­
selves in black moments that they really aren't. 

To spot a genuine pro in the field, try asking him if he knows 
a man named Rudolf Kingslake. Most reassuring would be a 
reply to the effect that not only does he know Dr. Kingslake 
but has taken courses under him and made good grades. 

Kingslake came to the University of Rochester in 1929 from 
Imperial College of Science and Technology in London. ln 
1937 he also joined us and has been our full-time head of 
optical design since 1939. Jn the past two years he and his 
staff have been far busier than ever before, though we are not 
at liberty to disclose on what. Nevertheless, by ski llfully using 
what little time his industria l and teaching undertakings leave 
him, he has managed during these same two years to bring 
out the first three volumes* of a five-volume comprehensive 
treatise entitled "Applied Optics and Optical Engineering" 
(Academic Press, New York and London). 

Under his editorship, 29 of the projected 50 chapters are 
now in print, a few written by him and the rest by people from 
our own and 17 other organizations. Where this crew found 
the ambition and the devotion to scholarly obligation re­
mains a mystery explicable only in terms of the resilience of the 
human spirit. Probably it is too much to hope that their effort 
could retread any significant numbers of physicists, electrical 
engineers, or mechanical engineers into opticists. 

We could use a few more opticists ourselves. Indeed we could. 
They'd be in stimulating company . The address of our Director of 
Technical Personnel is simply Eastman Kodak Company, Rochester, 
N.Y. 14650. 

*Volume I : 
photometry 
light sources for 

optical devices 
filters 
atmospheric effects 
optical materials 
basic geometrical optics 
diffraction 
interference and coating 
polarization 
projection screens 
precision and accuracy 

Volume II: 
the eye and vision 
stereoscopy 
the photographic 

emulsion 
combination of lens 

and film 
illumination in optical 

images 
electro-optical devices 
television optics 
infrared detectors 
infrared equipment 

Electronics I January 9, 1967 

Volume III: 
lens design 
optical manufacturing 
photographic objectives 
microscope objectives 
the testing of complete 

objectives 
spectacle lenses 
mirror and prism systems 
mfrror coatings 
eyepieces and 

magnifiers 

How one thing leads to another 
This pretty person is displaying 11ro.. 

a large and a small rod of neo- ,.. 
dymium-doped KODAK Laser 
G lass. We unwittingly pre­
pared ourselves for this product 
for a quarter-century by making 
rare-earth optical glass for 
photographic lenses. 

KODAK Laser Glass correspond­
ence is handled by Apparatus and 
Optical Division, Eastman Kodak 

Company, Rochester, 
N.Y. 14650. 

Photography is 
notable among 
technologies for its 
spinoffs. The dye 
chemists who de­
vise photographic 
sensitizing dyes 
don't get to color 
the world their fa­
vorite colors, but 

they are very clever. When told 
that a dye with absorption 
mechanism saturable and all 
concentrated near J .06µ would 
Q-switch neodymium glass and enhance its popularity, they 
produced one. Lasermen rejoiced. Mode-locking was achieved. 
Power could rise from zero to several gigawatts within a dis­
tance of 30 microns and a time around 10-13 sec. 

EASTMAN 9740 Q-Switch Solution correspondence is handled by 
Distillation Products Industries, Rochester, N. Y. 14603 (Division of 
Eastman Kodak Company). 

But many lasermen found their Q-switch solution short­
lived and were surprised to learn that the epoxy cement in their 
jerry-built cells was killing it. Few spectrophotometer cells are 
fit for resonant optical cavities. Help was needed. We have 
consequently designed a cell that uses simply the pressure of 
two glass windows against a precision tetrafluoroethylene 
gasket to keep it leakproof. Selection of the glass for the 
windows has been guided by a lot of work on damage resist­
ance that the laser glass development has required. It is a 
borosilicate crown free from striae and bubbles and good to a 
quarter-wavelength of visible light over the 35mm aperture. 
Outer surfaces are MgF2-coated to minimize reflection loss at 
1.06µ. Forgetting in the interests of good sense the original 
motivation to promote neodymium, we also offer a coating 
tuned to pass the 0.69µ radiation of neodymium's rival, ruby. 
The wedge angle in the windows is not permitted to ex­
ceed 0.012°, or 0.006° on the gasket, and the thickness of 
the gasket fixes an optical path of l .651 mm ± 25 µ. 

EASTMAN Liquid Q-Switc/1 Cells are available at 
$I 50 from the same Distillation Products 
Industries that supplies their contents. Specify 
No. 6088 for neodymium, No. 6097 for ruby. 

Price is subject to change without notice, 
f.o.b. R ochester, N. Y. - - -• 
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''Why do more and 
more executives 
say MICHIGAN 

has more of 
everything?" 

Making a good product is one thing - getting it to customers 
on time is another. Michigan transportation is second to none. 

Its 1,300 miles of toll-free, multiple-lane, divided highways make 

possible very rapid delivery, by nearly 1,300 carriers, to 21 major 

billion-dollar markets. The state's strategic location also provides 

easy access to national and international markets via a network 

of Great Lakes ports, 16 major air carriers, and 25 railroads. 

More details in confidence? Write: 

"Fast, convenient 
delivery to 
half the nation's 
population is one 
big reason." 

consumers 
Power 
company 

Director of Area Development • 216 West Michigan Ave., Jackson, Michigan 49201 • Area Code 517-788-0500 
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Announcing the Brush Mark 250, 
first strip· chart recorder 
for the perfectionists 
of the world. 

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

1 Unmatched frequency response. Flat to 
10 cycles on full 41h" span! Useful re­

sponse to 100 cycles. Nobody has a strip 
chart recorder in the same league. 

2 Wide selection of signal conditioners. 
Choose from 21 Interchangeable preamps. 

Use one today ; plug in a different one when 
your recording requirements change. 

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

3 Crisp, clean rectlllnear writing. Patented, 
pressurized inking system puts smudge· 

proof trace into the paper not just on it. 

4 Contactless, non-wearing feedback sys-
tem. Same one used In our multi -channel 

Mark 200 recorders. (No slide wires!) Ac· 
curacy? Better than 1h% ! 
5 Multiple chart speeds. Pushbutton choice 

of twelve • . . from 5 inches/second to 
1/10 of an Inch/minute! (up to 8 days of 
continuous recording). 

O.Q..A-A 

••n•tUvtt:y 

' 

6 Portable or Rack mounting. And either 
way you get the exclusive new dual posi · 

tion writing table. 

7 Removable chart paper magazine. Great 
for desk top record reviews. Man-sized 

manual w i nding 
knobs let you roll 
chart forward and 
back . Chart re ­
loading is a cinch. 

See what we mean? The Mark 250 is for the 
perfectionists of the world. Ask your Brush 
Sales Engineer for a demonstration. Or, write 
for chart sample and specifications. Clevite 
Corporation, Brush Instruments Division, 
37th & Perk ins, Cleveland, Oh io 44114. 

CLEVITE 
brush I N s TR u M ENT s DI v I s I 0 N 

The Bmsh Mark 250 First rtcenler fer perfectionists 
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9500 miles 

from Danang, 

Americans are 

fighting another 

enemy. 
Inflation is a threat to every family's paycheck ... to the 
strength of our nation itself. And while other Americans 
are engaged in the fight for freedom half way around the 
world, we must be increasingly alert to the dangers of 
inflation here at home. 

American businessmen can help maintain a stable 
economy and curtail inflationary pressures through the 
Payroll Savings Plan for United States Savings Bonds. 
Money invested in Savings Bonds is actually an invest­
ment in the United States. It results in more effective 

management of the public debt, maintains the value of 
the dollar and provides a firm base for family security. 

In your plant or office, you can initiate and promote 
this program for systematic savings. Complete informa­
tion is available from your State Savings Bonds Director 
or by writing the 
Treasury Department, 
United States Savings 
Bonds Division, Wash­
ington, D.C. 20226. 

in your plant •.. promote the PAYROLL SAVINGS PLAN for U.S. Savings Bonds 

The US. Gouernment does not pay fo r this advertisement. It is presented as a public service in cooperat ion with the Treasury Department and The Advertis int Council. 
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ACON • 
t::\ VOL.TAG£ A ANCE 

~ Q.J;i!ll 
~ •• .... "'",., ... <.:; DC VO 
ll:lrZllllI£::.~ LTAGE CALIBRATOR 

• MOOEL 3 24 

First full-range* ~_, 
DC Voltage Calibrator 

with .01% accuracy for under $1000-

J Cohu's new Model 324 ! 
:f()utput voltage ranges: 10-V Range: Oto 11.11110 volts (10 p. V steps) 

100-V Range: 0 to 111.1110 volts (100 p. V steps) 

1000-V Range: Oto 1111.llOvolts (1 mVsteps) 

Output current capability: 0 to 25 milliamperes nominal at any voltage setting. 

Accuracy: 0.01 % of setting. 

Stability: Within 30 PPM for 24 hours, 50 PPM for 30 days. 

Dimensions: Cabinet: 10112'' W x 5114" H x 151/2 D. 

Rackmount: 19" Wx 5114" H x 151/2 D. 

Price: Cabinet (324): $995. Rackmount (324R): $1050. 

'-:' F.O.B. San Diego. Additional export charge. 

F'l<>rtrnnirc: I l::in11::irv Q 1 Qj::.7 

Delivery: Immediate, from stock. 

For full details, contact your Cohu engineering representative. 

ELEC::TRC>NIC::S, INC:: 

SAN DIEGO DIVISION 

Box 623 
San Diego, California 92112 
Phone: 714-277-6700 

ri rrl~ 1 ~Q nn r~~n~r c:~ntir~ r~rrl 



HAIL TO THEE, BLITHE SPIRIT! 
And all such spirits ... passed. 
The freedom of the air is gone. 
The earth controls the sky. 

NATIONAL AIRSPACE SYSTEM 
MITRE is currently augmenting its top-flight team 
of systems men in the suburban Washington, 
D.C. and Atlantic City, N.J. areas. Their mission: 
to provide the system engineering to the 
Federal Aviation Agency on the new National 
Airspace System - an air traffic control system 
for the 1970's. Their job encompasses such 
technical areas as broad level system analysis, 
computer program analysis, system specifica­
tions, system logical design, system test plan­
ning for design verification, and configuration 
management. 
Working on this project you would engage in 
such activities as: translating system opera­
tional objectives into technical requirements 
for the system's subsystems; synthesizing the 
technical characteristics of equipment sub­
systems of balanced reliability, and analyzing 
alternatives; reviewing and analyzing, at the 
logic level, design submissions of system hard­
ware contractors; conducting design optimiza­
tion studies with respect to cost, reliability, and 
technical suitability; or synthesizing software 
designs for a multi-processing computer envi­
ronment. 

NATIONAL MILITARY COMMAND SYSTEM 
Scientists and engineers are also needed in our 
Washington Office for systems analysis and 
feasibility studies, communications system 
analysis, systems design, integration and 
design verification of the NMCS. This "capping 
system" contains all the facilities, equipment, 
doctrine, procedures, and communications 
needed by national command authorities to give 
them strategic direction of the armed forces. 
MITRE's main concern is with the technical 
design and integration aspects of the NMCS and 
the communications between NMCS and various 
other command systems, including the World­
Wide Military Command and Control System -
a group of systems operated by the unified and 
specified commands. 

NATIONAL RANGE DIVISION 
Qualified senior engineers and scientists are 
needed at MITRE's office at Patrick Air Force 
Base, Florida, to assist in direct support pro­
grams for the National Range Division (NRDl of 
the Air Force Systems Command. NRD was 
established as central planning authority to 
insure the efficient use of existing and future 

national range resources. The work is of vital 
importance to the Department of Defense space 
programs and in the support they are providing 
to NASA. MITRE's mission is to assist the 
National Range Division in their development of 
the future system requirements for the Eastern 
and Western Test Ranges. In addition to systems· 
oriented planning and operations research 
activities, the work includes studies of range 
functional subsystem categories: radar, teleme­
try, optics, communications, and data processing. 
If you have three or more years' experience and 
a degree in electronics, mathematics or physics, 
write in confidence to Vice President -
Technical Operations, The MITRE Corporation, 
Box 208BC, Bedford, Mass. 

[jjMITRE 
CORPORATION 

An Equal Opportunity Employer (M & Fl 

Pioneer in the design and development of command and control systems, MITRE was formed in 1958 to provide technical support to agencies of the United States Gov· 
ernment. MITRE's major responsibilities include serving as technical advisor and systems engineer for the Electronic Systems Division of the Air Force Systems Com­
mand and providing technical assistance to the Federal Aviation Agency and the Department of Defense. 
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Get tougher-than-military ruggedness 
with molded-package economy ... 

Low mounting of circuit 

permits uphill bonding ... 

preventing internal shorts 

and improving reliability. 

Solid molded package supports 

bonding wires ... giving 

maximum resistance to shock, 

vibration and acceleration. 

Leads are firmly anchored 

in package for 

mechanical strength 

Molding compound adheres 

tightly to leads over 

temperature range 

of -55° to + 150°C 

. .. preventing moisture 

intrusion in service. 

Stiff leads with 0.060" 

shoulders give strength and 

stability for automatic 

insertion and handling. 

-" ' and hermeticity. 
Pin shoulders support 

package above PC board 

... allowing free air 

circulation and preventing 

Mounting platform extends 
...( 

full length of package 

.. for up to 500 mW formation of 

moisture pockets. 

- ' 

heat dissipation. 

Call ELECTRONIC WHOLESALERS 
for immediate delivery of Tl Series 74N TTL 

and Series 15830N DTL integrated 
circuits in Tl's high-reliability 
economy molded package 

Texas Instruments has recently completed tests (many more severe 
than military) which clearly establish the ruggedness and reliability 
of Tl 's molded package. For your copy of the 36-page report which 
describes these tests in detail, circle 199 on the Reader Service card. 

We carry complete stocks of both TTL and DTL integrated circuits in 
Tl's tougher-than-military molded package. Call us for prompt service. 

"SERVING THE ENTIRE SOUTHEASTERN U.S." 

ELECTRONIC WHOLESALERS INC. 
WASHINGTON, D. C. BALTIMORE, MARYLAND WINSTON-SALEM , N. C. MIAMI , FLORIDA ORLANDO, FLORIDA 

2345 Sherman Ave ., N.W. 3200 Wilkens Avenue 938 Burke Slreet 9390 N.W. 27t h Avenue 345 N. Graham Avenue 
Phone 202-483 -5200 Phone 301-646 ·3600 Phone 919- 725 -8711 Phone 305- 696 -1620 Phone 305-841 -1550 
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Report from 

BELL 
LABORATORIES Molecular-gas lasers 

Bell Laboratories research physicist C. K. N. Patel with his experimental "flowing gas" 
laser. The glowing tube contains nitrogen in which electrical discharge is taking 
place. The active gas flows through the other, similar-sized tube and the gases meet 
in the optical cavity. Here, energy is transferred to the active gas through collision . 
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NOBLE-GAS 
LASERS 

UPPER LASER LEVEL 

LOWER LASER LEVEL 

MOLECULAR-GAS 
LASERS 

LASER 
OUTP UT 

When a laser operates through energy stored in 
electron orbits (left), a comparatively large 
amount is wasted through the long return to 
ground state. But, when energy is stored in vibra­
tions and rotations within a molecule (right), the 
percent wasted is much smaller. 

- -+---t- LOWER LA SER LEVEL 

The experimental setup which led to 
development of today's most powerful 
and efficient CW laser. Nitrogen, carry­
ing vibrational and rotational excita­
tion , mixes with the active gas within 
the optical cavity. Here, energy is 
transferred to the active gas through 
collision. 

GROUND STATE 

MOLECULAR GAS 

+ 

To produce a photon in a gas lase r, 
an atom or molecule reduces its energy 
by dropping from the "uppe r laser 
leve l" to the " lower laser leve l" (graph). 
From the lower leve l, the ene rgy usually 
dec reases to abso lute mi nimum­
"ground state"- before the atom or 
mo lec ul e can em it another usefu l 
photon. This second drop is waste: 
incoherent light and heat. 

Lasers usi ng noble (atomic) gases, 
li ke helium-neon or argon, are pa rt ic­
ularly wastefu l in t his respect. But a 
lase r using molecular gases, such as 
carbon dioxide, wou ld operate at lower 
energy leve ls and produce less waste 
radiation. 

In investigating new infrared lasers, 
therefore, sc ientist C. K. N. Pate l of 
Bell Laboratori es employed molecu lar 
gases. To expe ri ment with them, he 
invented a new kind of laser (photo and 
figures) in which lhe active (rad iation­
emitting) gas flows continuous ly into 
the optica l cavity. The re it meets a flow 
of nitrogen, which is exc ited by an 
electrical discharge in a separate tube . 
In this way, molecu les in the active gas 
are ra ised to an upper laser leve l by 
the transfe r of vibrat iona l energy from 
nitrogen molecu les. This prevents the 
electr ica l d isc harge from breaking 
down the active gas. 

With this technique, Pate l demon­
strated lase rs based on carbon mon­
oxide , ca rbon dioxide, nitrous ox ide , 
and carbon disu lphide. He found that 
carbon dioxide has the hig hest effi ­
ciency, about 15 percent compared 
with less t han 0.1 percent from prev ious 
gas lasers. 

Carbon diox ide has another advan­
tage. It is the on ly known molecu lar gas 
that is chem ica lly stab le enoug h to 
funct ion even if t he discharge takes 
place with in it. So in th is instance, the 
''flowing-gas" technique is not required. 

Pate l also found that the add it ion of 
certain gases, such as he l ium, in­
creases the efficiency of the carbon 
dioxide laser. Such lasers have been 
bui lt with continuous outputs of more 
than 1000 watts at wavelengths of 10.6 
microns (infrared). 

@ Bell Telephone Laboratories 
Research and Development Unit of the Bell System 
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Probing the News 

l -.. 
t.l t ~ 
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.J l> On the carrier, Constellation, semiautomatic checkout equipment provides operational support for E2A and A-6 aircraft. 

Instrumentation 

.. . Support gear rides a roller coaster 
Demand for electronic support equipment is soaring 

but will plummet as prime systems use more IC's 

By John F. Mason 
Military electronics editor 

"" It's a cliche among support equip­
ment engineers that systems men 

,.. will one day design them out of 
business. The prospect is unlikely 
any time soon, however. Demand 

, is booming for checkout and main­
tenance gear to back up and sup­
port the complex systems now be­
ing delivered to military and space 

_, agencies. Much of this apparatus 
.. incorp0rates some integrated cir­

cuitry. Eventually, the widespread 
• use of 1c's, in everything from gi­

gantic radar installations to satel­
lite telemetry, may indeed force 

• whole sectors of the support field 
into retirement. 

Commenting on the prospective 
..., changes Edward Dalva, director of 
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Grumman Aircraft Engineering 
Corp.'s Product Support depart­
ment, says, "Built-in test capabili­
ties and the predicted reliability 
o{ integrated circuits will eliminate 
the need for electronic line support 
equipment-the portable test gear 
used on Right decks and Right lines. 
The amount of shop support can 
also be expected to decrease dra­
matically." Shop support gear is 
used in the big rooms below deck 
on carriers and near Hight lines 
where defective systems are brought 
for repair. 

Dalva believes, however, that de­
mand will increase for test and re­
pair equipment at the military de­
pot level since this will l;>e the only 

place where such work will be at­
tempted. The more complicated 
systems will also intensify the de­
mand for support equipment in de­
velopment and production stages 
because of the need for tighter 
quality control. Dalva does not be­
lieve, however, that these three 
gains will offset the eventual de­
cline of line and shop support 
equipment. 

Long-term trends in the reliabil­
ity of systems underlie the ferment 
in the support equipment field. 
" ' hen electronics gear was built 
primarily with vacuum tubes, there 
were chronic maintenance prob­
lems. The introduction of transistors 
and other solid state devices im-
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FOR 

DRILLING 

AND ROUTING 

CIRCUIT BOARDS 

AND 

REINFORCED 

RESINS 

UNEQUALLED METAL REMOVAL 
COMPANY SERVICE, QUALITY 
AND SELECTION INCLUDING: 

1. World 's largest inventory of cente r­
less ground drill blanks and fin· 
ished tools ready-for-shipment. 

2. Fifteen centerless grinders in pro· 
duction of drills and rotary carbide 
tools . 

3. Every size carbide dri ll, ground 
from-the-solid ... the smallest -
.008" d iameter to the largest-
1.500" diameter. 

4 . Precision grou nd to 5 micro-inch 
finish or better. 

5. Delivery from stock, through our 
distributors, of any standard solid 
carbide tool in 48 hours. 

Your assurance of product quality, 
lowest cost and dependable service is 
the fact that the nation's leading car­
bide tool users are placing their tool 
contracts with The Metal R emoval 
Company. 
THE METAL REMOVAL COMPANY 

1859 W. Columbia Avenue 
Chicago, Illinois 60626 

Plants Located in CHICAGO • LOS ANGELES •SAN JUAN 
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Semiautomatic checkout equipment at Grumman tests all 
the analog components in the F-1118 avionics systems. 

proved the over-all dependability, 
but reductions in size tempted de­
signers to add new capabilities. 
The net effect was greater com­
plexity, greater potential for failure 
and, hence, a greater need for sup­
port. 

The availability of re's is chang­
ing the picture again. Future mili­
tary and space systems will do 
more jobs better than any of their 
predecessors and they eventually 
will be free of the maintenance 
woes that plague hybrid and solid 
state assemblies. But the transition 
will be a slow and piecemeal proc­
ess. During the interim, there must 
be shop and line support for sys­
tems still using tubes and transis­
tors. And until re-equipped gear 
proves entirely reliable, it must be 
backstopped by support equip­
ment that may not have to be used 
very often. Thus everyone in the 
systems business will be forced 
to provide customers the support 
apparatus to maintain and operate 
equipment. 

Grumman became deeply in­
volved in support equipment when 

it was building the A-6 Intruder at­
tack aircraft and the E2A Hawkeye '­
early warning/ command and con­
trol plane for the Navy. The Hawk-r ~ 
eye carries more than five tons of -.. 
electronics gear, about 80% of 
which is solid state. 

.Now Grumman's elec tronics 
products support business has 1 

,_. 

grown from compact to Cadillac• 
status in seven years. The opera­
tion , which employed only 200 to .. • 
300 people, has blossomed into a • 
2,000-man empire that accounted 
for 2.5% of last year's billion dollar 1> 

volume. 
Mixed blessing. Even now, the' 

greater use of 1e's is not an unal- ,.. 
loyed blessing for support equip­
nwnt manufacturers. To make th eir :J -

tes t and checkout apparatus effec­
tive at a reasonable cost, the com­
panies are investigating new tech- ~ 
nical concepts in all five areas of 
the support field: development, "' • 
production , line, shop and depot. t-

Grumman is building all five 
kinds of support equipment for the ... 
systems it is producing. These in­
clude apparatus with a few re's, ~ 

Computer-adapter (right) feeds simulated signals from a general-purposf 
computer through a test station (left) to avionics systems. 



- .. 
such as the avionics for the Navy's 
F-lllB and systems for delivery in 
the 1970's that will be entirely given 
over to Ic's. This creates a whole 
new set of problems according to 
George Emilio, manager of the ad­
vanced systems section in Grum­
man's Product Support department. 

"The complexities created by 
even partial IC application make it 
clear that new test concepts are 
needed," he says. "For one, the 
number of functions per test point 
will increase astronomically and 
such current test methods as point­
by-point checks will be inade­
quate." 

I. Inside jobs 

As a possible solution to the dif­
ficulties posed by Ic's, Grumman 

., and other manufacturers are inves­
tigating built-in tests. Victor Green, 
program marketing manager of the 
Data Systems division of the Auto­
netics division of North American 
Aviation Inc., says, "We believe on-

"' r board self-checking will increase 
markedly over the next few years, 
particularly fault isolation tech-

._ niques to p ermit module substitu­
tion at the operational level. Boards 
that fail will be forwarded else­
where for detailed testing" fElec-

• tronics, Oct. 17, 1966, p. 103]. 

- t: 

A spokesman for the support de­
partment of Hughes Aircraft Co.'s 
Aerospace Group agrees: "It's sur-
prising how many built-in checks 
can be designed into a single IC 
module. It's apparent that there will 
be sizable shifting from external 

" test gear to internal self-test." 
But, he cautions, "Built-in Ic's 

can create problems while solving 
them. As built-in test equipment 
becomes more sophisticated and ex­
tensive, weight and reliability dif-

,., ficulties develop. If the test equip­
ment fails, it is as bad as if the 
system itself failed." 

A representative of the Nortron­
ics division of Northrup Corp. sug­
gests there may be absolute limits 
as well. According to an extensive 
survey made by the company, cost 

., and reliability reduce the number 
of circuits that can be assigned self-

• test routines to 15%. 
Computer testing. A number of 

companies use digital computers 
..,. to program and control testing as 

well as to display data. And, to a 
lesser extent, computers have been 

:1 assigned the job of analyzing test 
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MMEDIATE 
DELIVERY! 

HIGH VOLTAGE SILICON TRANSISTORS 
~ 

COMPLEMENTS 
INDUSTRO COMPLEMENTARY TYPES 

NPN PNP Vern Case Style 

2N3439 TRSP-3504S 350V T0-5 

2N3440 TRSP-2504S 250V T0-5 

2N4063 TRSP-3515S 350V MD-14 

2N4064 TRSP-2505S 250V MD-14 

Write fo r full sp ecifications. 

watch ... 
CORP. 

INDUSTRO TRANSISTOR CORPORATION 
35·1'0 36th AVENUE/ LON G ISLAN D CITY, NEW YO RK 11106 / (212) EX 2·8000 
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166 

The Material of Unlimited Uses ... 

PICTURE YOUR 
VERY OWN 

ALLOY 

We can. Down to the last quantitative 
detail, with this new X-ray emission 

spectrometer ... and we' re the 
only low-melting-point alloy producer 

to have one! You might have expected this, since we pio­
neered these alloys. Part of a complete analytical facility at 
our new bismuth alloy plant in Springdale, Conn., this fast­
readout device is in continuous use for quality control, for 
identifying and analyzing raw materials, and for tailoring cus­
tom alloys to your every requirement. Call Cerro for straight 
talk and real action on fusible link, workholding, die-casting, 
dip molding and similar applications. D Whether you need 
a standard low-melting-temperature alloy or eutectic, an 
established "special" alloy, or one that hasn 't yet been pro­
duced, come to Cerro with your end-use specs. In bismuth 

alloys, as in basic materials, Cerro means leadership. D For 
detailed information contact Cerro Sales Corporation, 300 
Park Avenue, New York, N. Y. 10022 ... (212) MU 8-8822. 

CERRO@ 
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Grumman's Edward Dalva says IC's 
will cause continuous changes in 
support in the next 10 years. 

results. Vic Green of Autonetics 
says, "Computer-controlled ch eck­
out will receive increasing attenti on 
as combinations of logic levels sky­
rocket because of increased use of 
1c's." 

Another increasingly favored ap­
proach is a functional test set de­
signed to check particular circuit 
families rather than an entire sYs­
tem. A digital test set, for examr;lc, 
could test the digital portions of 
the inertial guidance, radar and 
communications systems in an air­
craft. 

In the more distant future is th e 
use of failme prediction techniqu es 
to detect significant degradation of 
components soon enough to prevent 
a failure. Hands-off testing is also 
a possibility. This is a way of diag­
nosing an entire situation from 
small symptoms as easily as a doc­
tor can spot measles from bl!:'m­
ishes. Autonetics, for one, has been 
working on noncontact testing of re 
modules using infrared techniques. 
The company has a breadboard 
model which is very close to pro­
duction. 

11. Where the action is 

Grumman is also developing test 
methods that go beyond manual 
and tape-controlled point-to-point 
voltage checks as well as ways of 
replacing voltage measurements al­
together. 

One approach uses a computer 
programed with a mathematical 
model of the system to be tested. 
Identical test signals are fed into 
the real system and the computer. 
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\Vhen the two outputs differ, a 
malfunctioning component has been 
detected. To isolate the fault, ele­
ments in the model are deliberately 
degraded until the output matches 
that of the real system, thus pin­
pointing the trouble. 

Grumman engineers have also de­
tected malfunctions in one type of 
digital circuit by putting a signal 
into the circuit and analyzing the 
output. No internal test points are 
required. Grumman plans to apply 
the approach to complex airborne 
systems. Also, an advanced mathe­
matical technique, called the 
Markov Chain, has enabled engi­
neers to analyze an airborne unit 
that exhibited random signal de­
gradation and to predict future per­
formance characteristics. The re­
sults were sufficiently accurate to 
convince staff membe~·s this method 
will prove a practical tool. 

The use of transfer function 
techniques to isolate malfunction­
ing parts within the module is 
also under study. Previously, this 
method was applied only to a 
whole module. 

Changing times. The changing 
character of support requirements 
and hardware will have a profound 
impact upon the logistics, training, 
field service, spare parts and publi­
cations side of the business. 

Training military and space 
agency personnel to operate sys­
tems is already a big business that 
will grow tremendously as more 
complicated equipment is intro­
duced. At the moment, the develop­
ment of instruction courses and the 
building or buying of training de­
vices accounts for most of this part 
of the market. But new techniques, 
including programed learning, will 
be necessary to qualify personnel 
to operate advanced systems. 

The LTV Electrosystems division 
of Ling-Temco-Vought Inc. says 1c's 
will cut down on the number of 
company field representatives but 
they will have to be much better 
trained. 

The number of service personnel 
to help customers maintain IC­

equipped systems in the field will 
depend on how much maintenance 
the systems will need plus how suc­
cessful the D efense Department is 
in training its own military and 
civilian employees to do the work. 
Sales of spare parts will go down 
if 1c's are as dependable as hoped. 
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The Material of Unlimited Uses ... 

Jn seconds, you can make perfect 
molds, like this one, for potting any 

encapsulation, and make them 
economically, with low-melting CERRO® 

INSTANT 
DIP·A· 

MOLD Alloys. Just dip the master in molten 
alloy. A thin coating of alloy clings to the pattern. Withdraw 
the pattern, and you have a perfect high fidelity mold. When 
the encapsulating plastic cures, simply remove the CERRO 
Alloy. Use it over and over again, almost without limit. D This 
particular alloy- CERROTRU®- does not shrink, slips easily 
from the pattern without parting or contaminating com­
pounds or coatings. Because of its low melting point, it is 
safe and easy to handle. D You can reproduce such unusual 
details as positioning lugs for transformer cases, as shown 
above, without the use of cores, inserts or secondary oper­
ations. D Instant molding is just one of the many uses for 
CERRO Alloys. To find out more, write for your copy of our 
·new "Quick Facts" folder or contact Cerro Sales Corporation, 
300 Park Avenue, New York, N. Y. 10022 ... (212) MU 8-8822. 
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Industrial electronics 

Railroads on the automation track 
They have finally realized electronic controls can help them untrack 

the freight cars sitting profitlessly in classification yards 

Ever so tentatively, American rail­
roads are approaching the elec­
tronics industry for more help in 
straightening out the costly tangle 
in their freight classification yards. 
The long-term reward for success 
could be $1 billion. 

It's not yet "clear the track" for 
computerization or even automa­
tion. But a number of prnjects, 
some near completion, others under 
way and more on the drawing 
boards , suggests that railroading, 
which has toyed with automatic 
classification for more than 10 
years, may at last be receptive to 
the advantages of technology. 

The scorecard: work has just 
started on a fully automated clas­
sification yard for the Union Pacific 
Railroa<l in North Platte, Neb. The 
job, being run by the Union Switch 
& Signal division ( us&s) of the 
\Vestinghouse Air Brake Co., marks 
the debut of the International 
Business Machines Corp. in the 
railroad field. An IBM 1800 process­
control computer is at the heart of 
the system which will be in the 

hardware stage this summer. 
A similar terminal yard for the 

N"orfolk & \Vestern Railway near 
Cleveland will be on-line by sum­
mer. Us&s is also coordinating this 
project which features a Computer 
Communications Corp. ( ccc) 116 
digit data processor. 

Another us&s system with a ccc 
116 computer is almost on-line at 
the Southern Pacific Co.'s Eugene, 
Ore. yard. 

A big future. Further down the 
track is the contract for the New 
York Central System's giant Perl­
man yard in Albany, N.Y. When 
completed, this model 90-track 
facility will be the largest and most 
highly automated classification 
yard in the United States. 

Isolated though they may be, 
such developments are a great leap 
forward in the light of the railroads' 
glaring deficiencies. There are 1,200 
major classification yards scattered 
around the U.S. These are railroad­
ing's critical nerve centers, where 
incoming trains are broken down 
and reassembled as new trains 

bound for other parts of the coun­
try. To date, only 118 yards are 
equipped with some automatic 
control equipment, but merely 37 
of these systems incorporate com­
puters and 34 of them are rela­
tively inflexible analog units. 

The advantages of electronics 
have been available to railroads 
since 1949 when semiautomatic 
switching of rolling stock in a clas­
sification yard was proved feasible 
at the Illinois Central Railroad 
Co.'s :\Iarkham, Ill. facility. In 
1952, the first analog computer to 
control car switching was intro­
duced at the Elgin, Joliet & Eastern 
Railroad's Gary, Ind. yard. Later 
that year, potentiometer control of 
car speed on make-up tracks 
proved practicable. Subsequently 
radar speed control worked out and 
in 1965 the General Electric Co. 
put the first digital process-control 
computer on-line at the Alton & 
Southern Railroad's Gateway yard 
in East St. Louis, Ill. 

Slow progress. Even now, for 
every day the average loaded 

Of the 1,200 major classification yards in the nation only 118 have automatic controls. This one, which boasts; 
an installation with an analog computer, is in the St. Louis-San Francisco Railway Co.'s Tulsa, Okla. facility. 
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freight car is in a train, producing 
.... • revenue ton-miles , it travels empty 

for another 20 hours, sits in cus­
~ r tomers' sidings for three days, and 
~ 7 languishes in classification yards 

and interchanges for 15 days. The 
railroads' backwardness on using 
more control equipment is parti-.. 
ally attributable to the strong posi-

1 tion of unions within the industry. 
The roads claim the average com­

. _. puterized classification yard can be 
operated efficiently with 30 to 40 
fewer men than are required in a 

'" conventional facility. As a result of 
labor's intransigence and the threat :. 
of strikes, railroaders are reluctant 

,. to rework existing installations. As 
a result most automated yards are 

"'"'\ built from scratch. 
The industry's reluctance to stir 

'1 
up its work force is apparent from 

.. its budget. Last year only 13% of 
the $56 million invested in signal 
and communications equipment­
any apparatus having to do with 
electricity, in the railroader's lexi-

... ' con-was allocated for automation 
.i of classification yards. The balance 

was spent for central traffic control 
.. on the 200,000 miles of track 

around the country, rapid transit 
and spare parts. 

Largely because of the slim pick­
ings and the reputed resistance of 

' railroads to progress, signal and 
communications suppliers are a se­
lect group. Just two companies­
us&s and the General Railway Sig­
nal Co (cRs)-have long divided 
an estimated 85% of the available 
market. Other electronics concerns 
that have occasionally sidetracked 
into this sector of railroading in­
clude the American Brake Shoe 

• Co., GE and Radiation Laboratories . 
._, The very chumminess of the fi eld 

is reportedly an additional drag on 
- ,.. progress in control systems. Due to 

j the low margins-5% or less-on 
process-control business, both CRS 

1 and us&s are reluctant to work on 
automated yards unless they get 
orders for such collateral hardware 
as track switches and electrome-

·' chanical wheel-speed retarders. 
Waste of time. 1onetheless, th e 

loss of the use of a valuable freight 
., car for an average of 256 days a 

year is increasingly viewed as far 
too high a price to pay. It's not ~\U­
prising that much of the internal 
push for more widespread applica­
tion of electronic controls to classi­
fication yards comes from account-
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how to get 
a quick tan 

Or arctan for that matter. Trignometric functions are solved in 
a few seconds on Mathatron, the $5,000 digital computer. 

Mathatron understands algebra - your language. Just tap in 
the expression the way you would write it. Use power-of-10 ex­
ponents, parentheses, square roots, decimal points. Answers from 
the tape printer are in decimal, with the point in the right place. 

Mathatron is expandable, like the big computers. When you 
need it you can add memory, prewired programs, remote key­
board, paper tape reader/punch, or page printer. But you may 
prefer to keep yours small. It's a personal thing. 

Over 80% of Mathatron owners have access to a big computer, 
but they prefer quick answers. Write us for the whole story. 

mathatron: Program memory, 24 to 480 steps • Addressable storage, 4 to 88 registers 
• 9 significant digits, exponent, and sign • Number range ± 10-·'" to 10 "' • Speed 
100 accumulations per second • Optional prewired programs for special applications. 

MATHATRON,CS 
a division of Barry Wright Corporation @> 

241 Crescent Street, Waltham, Massachusetts 02154, Telephone: 617-893-1630 
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HOW SLICK IS SLICK? 
Republic Foil has the answers when it comes to aluminum foil for 

capacitors. We measure the coefficient of friction of the foil surface 

because the degree of slickness has a direct bearing on performance 

in capacitor winding machines. By measuring surface friction and 

other values and working closely with customers and winding ma­

chine manufacturers we produce maximum performance foils; for 

example, Electro-Dry, Electroslik and Silwynd. 

Engineering foils to meet the needs of capacitor manufacturers is 

a specialty at Republic. Controlled slickness is just one of the ex­

tras we build into capacitor foil products to meet ever higher 

standards of quality. 

It's part of the process we call ... FOILSMITHING. 

WRITE FOR technical report ElOO, " Coeffi cie nt of Fri ction on Aluminum Foil Surfaces." 

THE LEADING MANUFACTURER OF A COMPLETE LINE OF PLAIN & ETCHED CAPACITOR FOIL 

• Electro·Dry-5' , Silwynd@, Electro -Slik ~ Electrogage ® 
• LIGHT GAGE FOIL for paper and film wound capacitors 
• ETCHED ANODE & CATHODE FOIL 
• PLAIN FOIL FOR ETCHING 

electrical 

//h 
aluminum • PLAIN FOIL for electrolytic capacitors, coil winding. 

• FULL TECHNICAL SERVICE 

R,,E!UBLIC REPUBLIC FOIL INC. 

I General Offices, Danbury, Conn. 06813: Tel . 203-743-2731 
BRANCH SALES OFFICES 

Ch icago, Ill. 312-545 -2 142 • Sal isbury, N. C. 704-633-6020 • Cleveland, Ohio 216.871-6268 
WEST COAST - Electrical Specialty Co., 213 E. Harris Ave., So. San Francisco, California 

® 2820 E. 12th Street, Los Angeles, Calif.ornia 90023 
PLANTS • Danbury, Conn •• Salisbury, N. Carolina • Somerville, Mass. 
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Tulsa layout shows the bottlenecks ,.. ,,. 
built into classification yards. 

ants, rather than eng ineers. Ac- ... 
counlanls, concerned with securing ,_. 
a n1axin1un1 return on all assets , are ' 
usually well-grounded in the capa- < .. 
bilities of eompu ters from having ... 
used such units for billing, book-
keeping and related operations. ,. 
Their technical colleagues, in the 
railroad fi eld at least, tend to b e ~ 

preoccupied with probl ems of 
power rather than control. 

The conception and developm ent r 

of the Central's Perlman yard, 
which will follow closelv at leas t ~ • 
three other projec ts, cou lcl es tab-
lish a faster pace for aclclitional 
control installations throughout the r 
industry. GE's direct digital control 
system, after some startup woes is ~ • 
working out well. Th e pion eer an- . 1 

alog computers cannot proclu ce the 
data needed to break down and ' 
make up trains fast enough. al- ~ 
though they do facilitate track-to­
track switching. Thus the chan ces *- • 
are that the compnterizecl classi­
fication yard systems of the Future ... 
will borrow th e b est features of ~ 
bolh. Digital computers programed 
to provide information only " ·hen r 
something goes wrong can satisfy 
the railroads' need to be put more,_ 
completely in the picture. These ,. 
units could b e connected to analog 
loops that actually control the ~ 
switching and make-up processes. 
Such a configuration would he Acx­
ible and able to avoid the problem>­
of swamping the roads with volu­
minous amounts of digital data that 
they would be at a loss to use. 
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FROM SILICON TRANSISTOR CORPORATION 

150 WATTS 
AT 45°C 
v CEO (SUS) 
30 TO 250 VOLTS 

These high power diffused silicon transistors in the T0-82 package 
are also available as JAN devices for your military requirements. 

ELECTRICAL CHARACTERISTICS 
(Tc = 25 °C, unless otherwise noted) 

CHARACTERISTIC TEST CONDITIONS 
Breakdown Voltage, '~ le= lOOmA, ls=O 
Collector to Emitter, 
BVCEO (SUS) 

Collector Cutoff VcE = rated voltage 
Current, ICEX VBE = l.5V, Tc = 150°C 
Emitter Cutoff VEB =25V, lc =O, Tc = l50°C 
Current IEBO 
D.C. Forward * lc =2 Amps, VcE = 4V 
Current Gain, h FE * lc = 5 Amps, VcE = 4V 
Saturation Resistance, "' lc = 2 Amps, ls = 300mA 
rcE (sat) 

* lc=5 Amps, ls = 750mA 

Base to Emitter * lc = 2 Amps VcE = 4V 
Voltage, VBE 

'' lc=5 Amps, VcE = 4V 

*Pulse Cond. 300 µ sec., 2% duty cycle. 
Available from stock . 
For further information contact your local representative, distributor or 

2Nl015 SERIES 
MIN. MAX. 
30 

A-60 
B-100 
C-150 
D-200 
E-250 

20 

20 
10 

0.3 0.75 
Typical 

1.5 2.5 
Typical 

2Nl016 SERIES 
MIN. MAX. 
30 

A-60 
B-100 
C-150 
D-200 
E-250 

20 

20 

10 

0.2 0.5 
TlE!cal 

1.7 3.5 
Typical 

UNITS 
Volts 
Volts 
Volts 
Volts 
Volts 
Volts 

mA ----

mA 

Ohms 

Ohms 

Volts 

Volts 

SILICON TRANSISTOR CORPORATION 
EAST GATE BLVD., GARDEN CITY, N.Y. 11532 (516) Pioneer 2-4100, TWX 510-222-8258 
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Military electronics 

Tactical phased-array radar 
gets closer to the field 
The military's increasing interest in the multifunctional 

capability of phased arrays is sparking a boom in tactical units 

By Thomas Maguire 
Electronics Boston Bureau 

Electronics firms are zeroing in on 
the sizable new military market 
shaping up for tactical phased­
array radars. This rugged and rel­
atively small g"''.lr, now close to 
the systems test stage, will, when 
operational, have airborne, ship­
board, and land-based applications. 

'Vhile conventional electrome­
chanical radar antennas must move 
about in search of targets, phased­
array antennas are fixed. They 
have thousands of elements, the 
phases of which can be controlled 
electronically. The beam radiated 
by the elements can be focused 
like that of a conventional radar, 
or broken up to follow a number 
of targets within a 180° sector. 
'Vith this beam-steering capacity, 
phased arrays can do double and 
even triple dutv. They are espe­
cially practicable in such applica­
tions as tactical air defense sys­
tems for gronnd troops , where a 
large volume oE data must be han­
dled and high angular accuracies 
are required. 

A number of companies are 

AIR SEARCH 

working on tactical phased arrays 
for the Armed Forces, with the 
Raytheon Co. alone working on 
four contracts. To get ahead of the 
pack, Raytheon has spent $2 mil­
lion since early 1964 on the devel­
opment of ferrite arrays. Its FAD 

project-for ferrite array demon­
strator-dates back to 1961 Army 
studies that established require­
ments for gear handling simul­
taneous targets. The company is 
about to learn just how sound its 
investment has been. 

I. First fruits 

Two months from now, Raytheon 
will deliver an X-bancl phased­
array antenna to the Naval Ord­
nance Test Station at China Lake, 
Calif. The Navy will use this sys­
tem as a test bed in evaluating 
various approaches to small , light­
weight, relatively inexpensive mul­
titracking radar for weapons con­
trol aboard small warships. 

Raytheon also has a $2 million 
conlract from the Research and 
Technology division at Wright-

~TRACKING 
i~ 

TERRAIN AVOIDANCE I FOLLOWING 

Phased arrays must be able to track and detect many targets and perform 
ground-mapping and reconnaissance operations in airborne applications. 

172 

Patterson Air Force Base, Dayton, 
Ohio, for a phased-array antenna 
operating in the Ku band. This 
system, similar in concept lo the 
one being delivered to the Navy, 
will be used to determine the feas­
ibility of airborne phased arrays. 
Multifunction capability is the 
principal requirement of such a 
unit, as a single antenna must be 
able to detect and track many tar­
gets simultaneously on a sampled 
basis. Jn addition, the airborne 
phased array would be used to 
warn of mountains and perform 
ground-mapping and reconnais­
sance operations. 

The Rantec Corp., a subsidiary 
of the Emerson Electric Manufac­
turing Co., is also working on an 
airborne system similar to Ray­
theon's for helicopter applications. 

Missile radars. Technical pro­
posals are due next week (Jan. 15) 
from Raytheon, the Radio Corp. of 
America and the Hughes Aircraft 
Co. on the ground-based tactical 
radars for the D version of the 
Army's proposed SA'.\I-D surface-to­
air missile. This weapon, slated to 
replace both the Nike-Hercules 
and Hawk missiles, will be designed 
to defend both troops in the field 
and fixed facilities from attack by 
aircraft or short-range ballistic 
missiles. Selection of one or more 
prime contractors is expected by 
midyear. 

Whoever nails clown the SA'.\I-o 

order may get some extra business. 
The Navy, at the behest of the 
Pentagon, is trying to find areas of 
commonality between its own Ad­
vanced Surface Missile System and 
the SAM-o. The development and 
production costs of both programs 
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DON'T GAMBLE 
with your MICROCIRCUITS! 

Specify Rugged, Reliable 

~tual Size 

,./ //,./·:~11 1·f·:' \:, 

· .. ·· .... 
'· "--. ··.:;;:· 

10 to 1,000,000 pf CAPACITANCE RANGE ... 50 or 100 WV de 
AVAILABLE NOW FOR MICROCIRCUIT APPLICATIONS 

When one manufacturer • .. ERIE • . • produces the most nearly 
perfect Ceramic Chip Capacitor in the industry •. . gambling with other 
chip brands becomes a real game of chance. Erie Chips are considered by 
knowledgeable engineers as more rugged in construction, they have 
higher temperature stability, maximum capacitance-to-volume ratio 
(10 pF to 1.0 mF), greater performance reliability, better solderability ..• 
and Erie offers an almost infinite variety of Chip Capacitors to suit 
any microcircuit requirement. 
So when you visit Las Vegas ••. gamble. That's why you ' re there . But when 
you demand better performance from components in Microcircuit, 
place the only safe bet •• • ERIE Monobloc Ceramic Chip Capacitors. 

Write for technical data on Ceramic Ch ip Capacitors, Request 
Monobloc Catalog 8000. 

®Trademark for Erie Monobloc Ceramic Chip Capacitors 

Another series of components In Erie's Project "ACTIVE" •• • 
Advanced Components Through Increased Volumetric Efficiency. 

ERIE 

TECHNOLOGICAL 

PRODUCTS, INC. 

Erie, Pennsylvania 
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The phasing element in Raytheon 's array has driver circuitry and a ferrite 
phase shifter, which is enclosed in a coil, and a quartz window. 

would be redu ced if some inter­
changeability of major components 
cou ld be achieved. 

Along with Hughes. the \Vesting­
house Electric Co. and ITT Gil£}. 
Ian, a subsidiary of the Interna­
tional Telephone and Telegraph 
Co. , Raytheon is working on a def­
inition study of a new ground-con­
trolled approach radar, the TPN-19. 
This equipment will he developed 
for the tactical air command and 
control system managed by the Air 
Force Electronic Systems division, 
Hanscom Field, Mass. [Electronics, 
Nov. 28, 1966, p. 2.5]. 

11. Out of phase 

Raytheon's technical approach 
to the new tactical ra<lars centers 
on optically, or space-, fed arrays. 
This is a techniqu e in which the 
transmitter is not coupled to the 
elements by waveguide or cable; 
instead, transmitter energy is 
beamed onto the array. In each 
element the energy goes through 
a quartz window to a ferrite rod, 
where the signal is given a com­
puter-determined phase delay and 
returned through the window to 
form a part of the radar beam. 

Raytheon's choice of technology 
differs sharply from the corporate­
feed techniques used in the phased 
arrays for such giant installations 
as the FPs-85 space-track radar at 
Eglin Air Force Base in Florida. In 

corporate-feed systems, each ele­
ment is a transceiver. In transmit­
ting, beam-forming signals are fed 
through a phase-shifting transmis­
sion-line network and focused on 
the element bv an electronic lens 
behind the arr~y. The signal is then 
radiated out by the element. The 
process is reversed in receiving. 

The Navy way. Th ~ Navy 
phased-array system with a Ray­
theon antenna will operate in the 
X band and have a peak power of 
100 kilowatts. Circular polarization 
techniques will reject rain clutter. 
The array will have 4,638 elements 
arranged in a triangular grid, and 
each element will have a micro­
miniature driver, a ferrite phase 
shifter and a quartz radiating win­
dow. The elements will be individ­
ually plugged into the wirewrap 
panel and each will be individually 
controlled by a b eam-steering com­
puter. 

"In such a system, failures will 
occur in a random manner across 
the array," says A. Michael Briana, 
manager of Advanced Phase Array 
Programs at Raytheon's Missile 
Systems division. According to 
Briana, the built-in redundancy 
means that up to 10% of the ele­
ments can fail before performance 
is seriously degraded. 

The avy array has an on-axis, 
four-horn monopulse feed , and is 
controlled by a special-purpose, 
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beam-steering computer plus row 
and column circuitry. The beam­
steering unit requires only three 
inputs-two angle commands and 
a command proportional to the fre­
quency-from a general-purpose or 
fire-control computer. On a two­
axis pedestal, the array can search 
over 360° by combining electronic 
and mechanical scanning; it can 
also be positioned to completely 
scan any quadrant electronically. 

The weight of the prototype 
Navy array, including mount and 
power supplies, is about 2,200 
pounds. The elements each weigh 
3112 ounces and cost $70; the price 
of the whole array is $325,000. 

A corporate program. Westing­
house, which is also busy on sev­
eral tactical phased-array projects, 
has opted for the corporate-feed 
system in its work on the TPN-19. 

The company plans to connect 
high-power transmitters to a cor­
porate-feed network where the en­
ergy will be stepped down and 
supplied to individual latching fer­
rite phase-shifter elements. These 
units are expected to provide sta­
bility and permit the switching of 
relatively short pulses. Complex 
receivers with digital integrated 
circuitry will furnish high perform­
ance in the face of clutter and bad 
weather. 

'Vestinghouse is not, however, 
overlooking low-cost, circularly 
polarized radiators with solid state 
transceivers. As a possible adjunct, 
the company is evaluating the use 
of a frequency-con trolled local os­
cillator to achieve phase control 
for steering antenna beams. 

Down the road. Tactical phased 
arrays operating at frequencies 
from the S band through the Ku 
band, with antenna diameters of 
2112 to 8 feet and with 1,000 to 5,000 
elements, will soon be available, 
according to Raytheon's Briana. 
Weights will range from 250 to 
2,500 pounds, depending on the 
elements used and the frequency 
required, and costs will range from 
$50,000 to $250,000 on a volume 
basis. 

Briana points out, however, that 
weight and cost are only two con­
siderations. "With tactical phased 
arrays , we are trying to satisfy two 
new requirements ," he says. "These 
are the capacity to handle multiple 
targets and perform multiple func­
tions." 
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VersatHity and simplicity in variable, regulated power supplies 

POTENTIOMETERS 
TO 10 KV 

New Victoreen RX -17 series ceramic potentiometers, 
when used across a well-regulated high-voltage source, 
provide reference adjustment with a degree of 
simplicity never before available to circuit designers. 

Long life, resistance stabili ty and panel insulation 
capability to 20 kv make Victoreen RX-17 series 
potentiometers ideal for reference adjustment for 
variab le, regulated HV supplies in CRT's, TWT's, 
Klystrons, GM tubes, proportional counters, etc. 

Two RX-17 series are available: One for operation 
to 5 kv rated at 3 w, the other for 1 0 kv rated at 5 w. 
RX-17 series ceramic potentiometers are normally 
supplied with nominal resistance range of 1 Meg to 
5000 Meg, with a linearity of ±2%. Full technical details 
on request to Applications Engineering Department. 

Components Division 
THE VICTOREEN INSTRUMENT COMPANY 
1 0 1 0 1 W OODLAND A VE NU E • C L EVELAND, OHI O 44104 

EUROPEAN SAL£S OHICE. GROVE HOUS E, LONDON RD., ISLEWORTH, MIDDLESEX, EN GLAND 

6976-A 
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Space electronics 

The next big space program 
Space contractors, convinced that the earth resources survey program 

will mean big business, are swamping the Government with proposals 

Despite its present troubles, a 
down-to-earth satellite to survey the 
world's water, food and mineral re­
sources is likely to be the United 
States' next major space venture. 
Although there has been no request 
for proposals, the project known as 
EROS for Earth Resources Observa­
tion Satellite has attracted the in­
terest of a flock of companies. The 
two government agencies nurturing 
EROS-the Interior Department's 
Geological Survey and the National 
Aeronautics and Space Adminish·a­
tion-have already talked infor­
mally with 15 space contractors 
who are convinced the program will 
get a go-ahead in 1967 and be im­
portant for years to come. 

The EROS must, however, elbow 
aside other projects for a share of 
the limited amount of available 
funds. It is also plagued by friction 
between the government agencies 
involved, technology that is at pres­
ent inadequate for the mission re-

quirements and the lack of a clearly 
defined system. 

The logic of applying space tech­
nology to mundane problems is per­
suasive since the earth's exploding 
population is reportedly close to ex­
lmusting available resources. A 
number of independent studies 
agree that this trend may lead to 
worldwide famine bv as earlv as 
1985 unless something can be done 
almost immediately to improve re­
sources utilization . The problem is 
equally severe with regard to the 
supply of potable water and is be­
ginning to become pressing for 
minerals. 

Unsolicited. \Vith the need for 
additional resources clearly estab­
lished, the Government only had to 
hint that it was considering a space 
system before it was swamped with 
proposals. The General E lectric Co. 
submitted an unsolicited fixed­
price proposal, and although no one 
is saying how much money the com-

Orbiting Astronomical Observatory built by Grumman is one 
of many spacecraft being proposed for the EROS program. 
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pany asked for, it has to be less 
than $20 million since that's the 
amount budgeted for EROS by In­
terior. At least two other firms are 
rumored to be preparing fixed-price 
proposals for submission in the 
coming weeks. This increased com­
petition may now keep costs down 
despite the growing weight and 
complexity of the spacecraft [Elec­
tronics , Dec. 26, 1966, p. 50]. 

The Radio Corp . of America is 
also trying to move into the EROS 
project. RcA and GE have perennially 
had competing satellites- the Tiros 
and Nimbus weather satellites, re­
spectively. \Vhen EROS was first an­
nounced last fall, RCA appeared to 
have an edge since the size and 
required capabilities closely resem­
ble those of its Tiros [Electronics, 
Oct. 3, 1966, p. 52]. Now CE is gain­
ing ground as the Geological Sur­
vey recognizes the need for more 
observation and data processing ca­
pabili ty. 

But RCA has already beefed up its 
basic 300-pound Tiros into a more 
advanced 625-pound weather satel­
lite called Tiros-M that has some of 
Nimbus's extra features [Electron­
ics, Sept. 5, 1966, p. 135]. The GE 
entry, called EPIC for earth pointing 
instrument carrier, is a 500-pound 
spacecraft similar to Nimbus that 
would carry "several hundred 
pounds" of instruments mounted on 
the base. Either satellite could use 
the Delta launch vehicle that the 
Geological Survey has selected for 
the project. 

Also-runs. Many other companies 
are proposing modified versions of 
their existing spacecraft. Among 
these are the Boeing Co., Grumman 
Aircraft Engineering Corp., TRW 
Systems Group of TRW Inc. and 
Ball Brothers Research Corp . The 
International Business Machines 
Corp., which has never built a satel­
lite bu t did a basic study for NASA 
on resources measurement from 
space, is also interes ted in building 
EROS. T he Philco-Ford Corp., the 

Electronics I January 9 , 1967 

.. . 

" I 

I" • 

j. • 



• 

. . 

. ... 

. " 

..., 

I 
Lutron needed: · J 

the best combination of small size, 
reliability and low cost in capacitors 

for solid state dimmers. 

So Lutron chose: capacitors 
of MYLAR:~ 

-<•only capacitors of MYLAR* give us 
the size and reliability we must have, 
andatlowcost,"saysJoseph M. Licata, 
Chief Engineer. Lutron Electronics 
Co., Inc. 
Lutron's broad line of dimmers is min­
iaturized to fit single gang boxes for 
quick, easy installation. Because 
MYLAR has extremely high dielectric 
strength in thin gauges, capacitors 
made from this polyester film can be 
manufactured small enough to meet 

Lutron's requirements. 
In addition, the capacitance 
stability of MYLAR provides the 
long-term reliability needed for 
trouble-free brightness control of all 
types of incandescent and fluorescent 
lighting. 
Voltagerequirementsfor Lutron'sdim­
mers are 200 to 600 volts, and in many 
instances these units operate around 
the clock. Lutron's own tests and ex­
perience indicate capacitors of MYLAR 

perform well in these conditions, 
even under extremes of humidity and 

temperature. Lutron has also found 
that in many cases , capacitors of 
MYLAR cost less than paper. 
If capacitor size, reliability and price 
are important to you, check into 
MYLAR by writing: Du Pont Co.; 
Room 4671 A , Wilmington, Delaware 
19898. (In Canada write: Du Pont of 
Canada, Ltd., P.O. Box 660, Mont­
real, Quebec.) 

* ou PONT'S REGISTER ED TRAOEMARK FOR I TS POLYESTEll FI LM. 

.Better Things for Better Liviog ... through Chemistry ~MYLAR® 
•1o& """"'""' 
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Circle 269 on reader service card 

The Boxer Fan is a standard, 
interchangeable unit. 
It is long lasting, reliable, 
and inexpensive. 

Say that again and you have 
a Tandem Boxer. 
For Industrial, Military, and Consumer uses contact 
IMC Magnetics Corp., Eastern Division, 570 Main Street, 
Westbury, N.Y. 11591. Phone 516 334 7070 or 
TWX 516 333 3319. 
If you need data sheets for reference or consideration 
for future projects, write IMC's Marketing Division at 

· the same address. 

Qllijt!j 

Circle 178 on reader service card 

Raytheon Co. and at least six other 
firms have expressed interest in 
some phase of the project. 

When the Interior Department 
launched the EROS project, officials 
urged that an operational satellite 
be flown by 1969. William Fischer, 
project manager at the Geological 
Survey, still stresses this urgency. 
"If the food and population lines 
cross in 1985, we won't h e able to 
get them uncrossed," he says. 

To meet what it considers press­
ing needs, the Geological Survey is 
asking for a satellite with three 
capabilities: high resolution in two 
spectral bands, near-global cover­
age and at least one year of useful 
lifetime in orbit. The two bands are 
around 750 millimicrons in the solar 
infrared spectrum that would per­
mit observations of the distribution 
of water and 550 millimicrons in the 
blue-green spectrum that would 
penetrate the atmosphere and 
oceans to permit studies of the 
earth's terrain. 

The purpose is to make a thor­
ough survey of water in the soil 
and in plants as well as free water 
and to identify geological forma­
tions with mineral potential. "\Ve're 
talking minerals not geologv and 
water rather than hydrology," says 
Fischer. He compares Enos to heli­
copter traffic reports. Both provide 
information as it is needed. 

But before EROS flies , major im­
provements will have to be made 
in space hardware, most of them in 
electronics. The problem of tape 
recorder reliability seems insoluble. 
The only way around this difficulty 
is to put more recorders on board 
the satellite. Resolution is an even 
greater problem. The Geological 
Survey wants resolution to 100 feet 
for each 100-mile-square picture. If 
a television system were used, a 
camera capable of taking pictures 
with as many as 5,000 lines would 
be required. In commercial broad­
casting, 525-line pictures are stand­
ard. Some candidates are RCA' s re­
turn-beam vidicon system and the 
Westinghouse Electric Corp.'s im­
age dissectors. Another possibility 
is the clustering of 800-line Nimbus 
tv cameras so that each would cover 
a portion of a comparable area. 

Fischer estimates that EROS needs 
a communications bandwidth of 20 
to 30 megahertz. 

The band has to be wide enough 
to return both photos and ground-
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Beefed-up version of Tiros from RCA 
is also a contender for EROS project 

hased environmental data collected 
by EHOS as it passes over specially 
built small transmitters located in 
arf' as sP]ected for study. The most 
attractive frequency available is 
around 1,740 ~1hz, which has been 
tern " orari ly assigned to NASA . An­
other 1'oss ib ility is the 1,695 to 
L705 ), lhz band used by the En­
vironm ental Sc;ence Services Ad­
rn 'nistration's weather satelli tes . 

c iose to terance. To solve the 
prohlcm of stabilization , the Geo­
logical Survev favors the gravity­
gradient method in which a long 
boom on the' spacecraft extended 
awav from the earth orients the 
spacecraft so that its sensors always 
point down. The requi rement is for 
the spacecraft to maintain its earth 
orien tation to wi th in three degrees . 

By p lacing the satell ites in an 
orbit synchronized with the anglP 
be tween sun an d earth at all times, 
there wou ld lw no prohlem with 
shadows. " Tith removal of this vari­
abl e, the pictures could h f' run 
through an automati c analys is sys­
tem that would instan tly spot 
changes in vegetation or moisture. 
Aerial surveys performed 11y 
carn era-carrying aircraft have al­
wavs had the problem of charn!;ing 
light lf've ls that make it difficu lt to 
compare photos taken at different 
times. 

The value of space as a uniquf' 
vantage point has already hcen con­
firmed by the spectacu lar color 
photos taken by the Gemini as tro­
nauts. r\ow the Geological Survey 
wants to use a space system to con­
duct a more accurate and cheaper 
aeria l survev of the United States. 
The use o( existing aircraft tech­
niques would require 1.5 million 
photos, cost $12 mi llion and take 
about three vears. A satellite could 
do the same. job for $750,000 with 
400 photos in less than three weeks, 
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What else is new with the CTS 
Series 185 Cermet Trimmer? 

" 0" Ring Sealed 
Construction 

Cermet Element-----J 

Low Noise Carbon Buttons 

Meets MIL·R-220978, Char. C, Style RJll. 

Spring Reinforced 
Teflon Block 
Provides Required 

/

Resilience to Produce 
a Long Life Clutch 
Action and Eliminate 
Backlash 

Stainless Steel 
Tension Spring 
Retains Its Tension 
Under High Heat 
Applications 

Metal Center Collector for 
Low Contact Resistance 

Rugged, sealed construction keeps out dust and water-reduces noise. 

Lower cost ($2.95 ea . in 1000 quant.) due to 'h fewer parts than CTS 
Series 180. 

Highly reliable cermet resistance element provides: high wattage (1 Watt 
@ 85 • C) , stability under extreme environments, wide resistance range 
(25 ohms to 1 megohm), low noise, long life and infinite resolution. 

Printed circuit or wire leads; bushing mounting with printed circuit, wire 
or hook leads also available. 

Request Data Sheet 3185. 
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Electronic 
Relays 

AEROSPACE DRY REED WETTED REED 

Commercial 
Relays 

COMPACT CONTROL POWER 

Industrial 
Relays -

180 

PLUG·IN 600V MOTOR STARTERS 

9 CLUES 
TO FINDING 

A RELAY. • • FAST! 
;;# 

Notice the range of the relay types above. You'll get 
an idea of what's available in the wor ld's largest line 
of relays ... at Struthers-Dunn. Including standards 
and specials. In fact, if we can't come up with the 
relay you're looking for, well ... we have a feeling 
you'll be in for a long, hard hunt. Write for details 
on any type. 

STRUTHERS-DUNN .Ille. 
Pitman, New Jersey 08071 

tel: 609-589-7500 twx: 609-589-1548 
SALES ENGINEERING OFFICES IN: Albuquerque • Atl anta • Baltimore • Belmont, Calif. • Birmingham, 
Ala. • Boston • Buffalo • Cedar Rapids • Charlotte • Cincinnati • Clearwater, Fla. • Cleveland • Clifton 
Dallas• En cino • Englewood • Glen Ellyn, Ill.• Houston• Kansas City• Memphis• New York• Phoenix 
Pittsburgh • Richardson, Tex. • Rome, N. Y. • St. Louis • St. Paul • Seattle • Southfield • Wichita 
Wilmette. Canadian Licensee: Renfrew Electric Co., ltd. Export Dept.: 1505 Race St., Philadelphia, 
Pennsylvania 19102, U.S.A. 
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Fischer estimates. The benefits to 
the economy of having up-to-date 
maps of the United States are esti­
mated at $135 million a year. In 
American aid programs for under­
developed countries, instant map 
substitutes gathered by satellites 
would cut three to five years off the 
time needed to survey the country 
in preparation for instituting agri­
cultural and other reforms. 

The space agency has an earth 
resources study program of its own, 
but it is barely visible among 
the high-priority, high-cost manned 
projects like Gemini and Apollo. 
NASA tends to think big and accord­
ingly the studies have concentrated 
on large satellites in the Orbiting 
Astronomical Observatory class and 
manned earth orbital Apollo flights . 
A smaller satellite along the lines 
of Tiros and Nimbus, called Sorero 
for Small Orbiting Earth Resources 
Observatory, was studied for a 
while and then dropped last sum­
mer. The idea was revived when 
the Geological Survey put itself in 
the picture. 

The space agency's position is 
that technology hasn't progressed 
far enough to jump into an opera­
tional system. A small study team at 
NASA that has been tes ting instru­
ments in aircraft wants to continue 
this study program for several more 
years before making the transition 
to a space-borne system. One clue 
to the agency's hesitation is that the 
Space Act of 1958 which es tablished 
NASA made it only a research and 
development organization rather 
than an operating agency. If EROS 
were to be an operational space­
craft, KASA would lose the project 
to the Interior Department. It has 
akeady turned over responsihility 
for communications satellites to the 
Communications Satellite Corp. 
and the D efense D epartment, and 
weather to the Environmental Sci­
ence Services Administration. 

The Interior Department is eager 
to get on with the job right now 
and plans to allocate funds from 
its current budget to make a firm 
start on EROS. The exact amount 
depends on how much the Budget 
Bureau will allow for the project 
in the next fiscal year. but Geologi­
cal Survey officials plan to spread 
the $20 million cost over three fiscal 
years. They also hope for some 
money from the Agriculture and 
State Departments. 
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The 
devil's 
advocate 

That's one of the many roles played 
by our Corporate Director of Reliabil­
ity. He's responsible for the reliability 
of all I RC products. He double-checks 
basic designs. Keeps an eagle eye on 
production. Never goes easy on in­
spection and testing. 

He's not above stopping a ship­
ment at the door if it doesn't meet 
IRC's standards. Even if it does meet 
the customer's specifications. 

This IRC attitude toward total relia­
bility has practical advantages for 
you. Now you can choose from sev­
eral optimum economical levels of 
reliability in resistors, potentiometers 
and semiconductors. And IRC is the 

Circle 181 on reader service card 

first to publish prices for standard 
metal films at three reliability levels. 

At IRC, reliability is a management 
responsibility ... not just a specifica­
tion gesture. For top management 
attention, address your questions on 
reliability to our Director of Reliability. 

President 

l 
l l I 

Director of 
Reliability 

IRC, Inc., Philadelphia, Pa. 19108 
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problems. 

Here's a hungry family of heat-shrinkable polyolefms that will 
devour almost any subject. Quickly. And totally. The Insultites. 
From Electronized Chemicals Corporation. 
New lnsultite SR-350. This semi-rigid, mil-spec, heat­
shrinkable tubing has been designed specifically for insulation and 
encapsulation of components that are ?ubject to shock, strain, 
and vibration. It features superior puncture and abrasion resist­
ance. New SR-350 is ideal for applications requiring a combination . 
of excellent dielectric characteristics and high structural strength. 
It is available in a wide variety of sizes and colors. 

New lnsultite SRT. This commercial-grade.semi-rigid thin­
wall tubing provides polyolefin protection for capacitors, ·conne.c- .... 
tors, semi-conductors, and other components requiring tough, ... 
clear, abrasion-resistant, thin-wall insulation. And it costs less ~ 
than vinyl for many applications. · 
New Exclusive lnsultape. This meltable inner-wall heat­
shrinkable polyolefin tape reacts to heat just like all the other In­
sultites. It lets you wrap-up. encapsulate, and moisture-proof r 
hard-to-get-at and complicated components. And it is an economic • 
alternative to costly heat-shrinkable molded items. 



.. 
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_New lnsultite SR Caps. Heres a semi-rigid,rounded-end, heat­
shrinkable end cap that features high abrasion and puncture re-
sistance, excellent mechanical and electrical strength. Competi-

•l tively priced with sealed and pinched end caps, lnsultite SR caps 
eliminate worries about vibration-caused cut-throughs in adjacent 
w1nng. 

.., lnsultite FP-301. This military-spec flexible heat-shrinkable 
tubing handles tough insulation problems as only an irradiated 

~ polyolefin can. Just apply heat, and like all lnsultite products, 
- FP-301 shrinks at a better than 2 to I shrink ratio. A commercial-

New lnsulcaps 

E. C. C. heat shrinkables are recognized 
under UL component file £39100. 

grade polyolefin version of FP-301, new lnsultite CP-150 (not 
pictured) is ideal for computer, automotive, appliance and other 
commercial applications. It won't split or rupture even over the 
most irregular surfaces. And new CP- I 50 costs no more than vinyl. 
Think shrink with the lnsultites . For additional information on 
the complete lnsultite line and for free samples, write today 
(specify diameters, please) . 

• 

~~~~~~~~~e fn1:~~~:~iEDRRJRA770N 
Box 57, Burlington, Massachusetts. Area Code 617-272-2850 
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CIRCUIT PROTECTION 
and CIRCUIT CONTROL ~ ~ 

by 

AIRPAX ELECTRONICS 

Step 1 is ON 
Step 2 is ON 
Step 3 is ON 
Step 4 is waiting. 

All steps are on 

,.. . 

.. 
and all functions " 

are protected. 

. . 
< 

,.. 

One circuit overloads. ,.. 

All protectors trip open. "-

All safe. 

AIRPAX ELECTRONICS 
incorporated r 

CAMBRIDGE DIVISION, CAMBRIDGE, MD. ,,.. 
(301) 228-4600 
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New Products 

Add 20 Mhz to logic speeds 

J-K flip-flop that toggles at 70 Mhz is part of a line 

of complex integrated circuits based on current mode logic 

Countering the push to saturating 
integrated logic circuits, Motorola 
Inc.'s Semiconductor division is 
putting a new series of nonsaturat­
ing (current mode) 1c's on the 
market. Called ::-.mcL u, the new 
line comprises complex multifunc­
tion circuits. 

Three of the first circuits are a 
monolithic full adder that replaces 
three half-adders, a full subtracter 
and a J-K flip-fiop with a minimum 
toggle frequ ency of 70 megahertz, 
about 20 Mhz above standard com­
petitive 1c's, according to the com­
pany. 

The chief advantage of nonsat­
urating logic over saturating logic 
is speed-an advantage gained by 
avoiding operating the transistors 
in their saturated regions with the 
attendant charge storage that has 
to be "swept out" prior to tr::m­
sistor turnoff. 

The i\IECL II circuits , notes Mo­
torola, will permit a reduction of 
30% to 50% in the number of pack­
ages compared with older, saturat­
ing families. In a few cases the 
reduction may b e almost 70%. 

The adder (right, above) accepts 
2 binary digits and a carry. Opera­
tions are performed almost simul­
taneously so add time and rise time 
both are close to the 5-nanosecond 
propagation delay time. It, like its 
cousin the full-subtracter , costs 
$5.50 in lots of 1,000 to 4,999. 

The J-K flip-flop (right, below) 
has exhibited a typical toggle fre­
qu ency of about 90 Mhz but the 
company won' t guarantee operation 
above 70 Mhz. Fan out in current 
mode logic circuits is normally 
good and ::-.rncL n is no exception ; 
the circuit can drive up to 15 
loads without sacrificing operating 
speed. In quantity, it costs $3.50. 

The circuits, like the res t of the 
i\IECL II family, will be available 
in 14-lead dual in-line plastic pack­
ages and ceramic flatpacks. The 
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New Products 

ceramic Hatpacks will cost slightly 
more but will work from -15°C 
to 125°C, where the plastic's oper­
ating temperature range is 0 °C to 
75°C. "These are," said a Motorola 
spokesman, "undoubtedly the fas­
test logic 1c's available today in 
plastic." 

All of the MECL II family are de­
signed to be compatible with the 
earlier MECL I series. When using 
members of the two families to­
gether, though, there can some­
times be timing problems since the 
earlier group has a propagation de­
lay time of 8 nsec. 

Other MECL II circuits available 
are 6 gates, with varying output 
configurations, dual 4-input gates 
and quad 2-input gates. Other cir­
cuits in the series will be available 
by the end of January. 

Specifications 

MECL II series 

Propagation delay 
Fan out 
Power supply voltage 
Logic swing 
Noise immunity 
Delivery 

MC1013 J-K flip flop 
Output voltage at 25°C 

5 nsec, typical 
15 a-c loads, max 
- 5.2 v 
800 mv 
About 350 mv 
Off the shelf 

Q logical 1 (Voh) -0.800 v, min ; - 0.680 

Q logical 0 (Vo1) 

Switching speed 

MC1019 adder, 
MC1021 subtracter 

Output voltage at 25 ' C 

v, max. 
-1.800 v, min; -1.465 
v, max. 
9 nsec 

high state -0.75 v, nominal 
low state -1.55 v, nominal 

Motorola Semiconductor Products Inc., 
Box 955, Phoenix, Ariz. 85001 
Circle [348] on reader service card. 

Versatile operational amplifier 

A new design in operational ampli­
fiers could replace as many as 75% 
of the op amps now on the market, 
according to exus Research Lab­
oratory, Inc., the manufacturer. The 
new amplifiers operate from a wide 
variety of either regulated or un­
regulated power supplies, and are 
practically immune to input power 
variations. They are fully protected 
against short circuits, overloads 
and overdrive. 

Two grades of the all-silicon 
semiconductor, discrete component 
units are being offered. The top-line 
USL-1 has encapsulated, military­
spec-qualified components. The 
lower-priced ESL-1 is built to less 
rigorous standards , but still offers 
specifications much superior to 
conventional operational amplifiers. 
Where the application allows use of 
an unregulated power supply, up to 
90% can be cut from power supply 
cost. An additional saving can be 
gained with the USL-1, because its 
typical offset voltage of O.lftv 
makes an external trim potentiom-

eter unnecessary in most cases. 
Other advantages statrcl for the 

design arc an initial warP1 11 ' rlrift 
of only 50ttv, and highly stable op­
timized characteristics ovC'r the 
rated supply voltage rangf' . Sig­
nificant improvements are claimed 
over currently available amplifiers, 
especially in offset voltage and cur­
rent with respect to time and tem­
perature during warm-up. The very 
high common-mode rejection of 125 
db affords unusually good accu­
racy for use in follower, subtracter, 
noninverting and other amplifier 
designs. Versatility of the new am­
plifiers will allow cuts in inven­
tories and reduce stocking prob­
lems. 

Specifications 

Supply voltage (USL-1) 
Supply voltage (ESL-1) 
Output and common 

mode voltage 

Output current 

Power supply rejection 
Input impedance 
Gain into lOK load 

(USL-1) 
Gain into lOK load 

(ESL-1) 
Slewing rate, full 

ouput (USL-1) 
Slewing rate, full 

output (ESL-1) 
Case size 
Price (USL-1) 
Price (ESL-1) 

± 8v to ±26v 
± 8v to ± 16v 
±20v @ ± 25v supply 

(USL-1) 
± lOv @ ± 15v supply 
±3v @ ± 8v supply 
±5ma with in supply 

range 
3µ,v / volt 
0 .3 megohm 

200,000 

100,000 

l.lv/sec 

l.2v/,,sec 
L, 2.02xl.14x0.62 in. 
$75 (1 -9 ) 
$35 (1-9) 

Nexus Research Laboratory, Inc. , 480 
Neponset St., Canton, Mass. 02021 
[349] 

New products in this issue 
185 Add 20 Mhz to logic speeds 
186 Operational amplifier 

Components and hardware 

188 Photoconductive cell-lamp 
188 Adjustment pot 
190 High isolation switch 
192 Crystal oscillator 
192 Transformers 
193 Multiturn pot 
194 Ceramic capacitor 
195 Flat-cable assemblies 
196 Glass-sealed crystals 
196 Trigger spark gaps 
197 Compactron triodes 

Semiconductors 

198 Electroluminescent diode 

186 

198 Audio transistor 
199 H-v silicon transistors 
200 Versatile IC's 
201 High-power rectifiers 

Instruments 

205 Voltage multiplier 
206 Transducers measure torque 
207 Power reference source 
208 Frequency synthesizer 
209 F-m multiplier 

Subassemblies and systems 

210 Line drive amplifier 
210 H-v bench supplies 
210 Digital transport 
211 Differential amplifier 
212 Core memory stack 

213 Reference source 

Microwave 

214 Gunn-effect oscillator 
215 Pulse source 
215 Coaxial attenuator 

Production equipment 

216 Integrated circuit tester 
217 Encapsulation molder 
218 Ultrasonic cleaners 
220 Portable coil winder 

Materials 

222 Clear epoxy impregnant 
222 Positive photoresist 
222 Thermoset laminate 
224 Quartz braiding yarns 
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It's later than you think! 

Here's the second generation TWT amplifier. 

Smaller and lighter than any other 
integrated TWT amplifier on the mar­
ket! That's the difference - the BIG 
difference-between MEC's new low 
noise TWT amplifier and all first gen­
eration versions. 
Let's be specific: 
0 MEC's rugged package weighs 

Jess than 4 pounds. 
O It's only 11 3/a inches long and is 

23/a inches square. 
0 It operates on either ac or de. 
0 And , it meets MIL-E-5400 Class II 

requirements. 

That's what makes MEC's TWT 
amplifier ideal for airborne and other 
applications where space and weight 
are at a premium. 

The package combines MEC's 
proven miniature low noise TWT with 
an advanced power supply design. 
For precise, efficient, and stable per­
formance, the all-silicon, solid-state 
supply features integrated circuitry 

and micrologic networks. 
The unique primary in­

put circuit allows you to 
operate from either 115 
volt, 48 to 420 cycles ac, 
or 150 volt de at efficien­
cies greater than 70%. 
That'll really simplify your 

Microwave Electronics 3165 Porter Drive, Palo Alto, California 
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flight line or service area testing! 

Compare the specifications of in­
tegrated TWT amplifiers - then let's 
hear from you. 

Gain N.F. P sat 
Freq. min max min 

Model (GHz) (db) (db) (dbm) 

M9071 2-4 35 10 10 
M9072 4-8 35 10 10 
M9073 8-12.4 35 10 10 
M9080 7-11 35 10 10 

Please write for complete specifications. 

Exceptional opportunities exist on 
our technical staff for qualified scien-

MEG is an equal op- " 
tists and engineers. ~ 

::~'.~,~:·: .. :::,~:':~ M U. C 
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COMPUTER TALK 
by W. Henry du Pont, President 

SCl-TEK 
COMPUTER CENTER, INC. 

Several people in the past few 
weeks have asked me to answer 
this question. "What is SCl-TEK?" 
SCl-TEK is a service organization 
which has been specifically de­
signed to meet the problem solving 
needs of science and industry. 

The problems that can be serviced 
by SCl-TEK are engineering calcu-
1 at ions, coordinate geometry, 
mathematical programming, stress 
analysis, simulation and linear 
programming, market research, 
sales forecasting, and statistical 
calculations. 

We draw most of our clientele from 
engineering and scientific organiza­
tions who recognize that additional 
profits can be realized by coming 
to a specialist who can replace, 
supplement or fill the needs of the 
customer who doesn 't need an in­
house computer. 

If you ask me what is one of the 
big advantages in working with 
SCl-TEK, I would say the fact that 
we at SCl -TEK have but one busi­
ness and that is scientific and en-· 
gineering problem solving. We are 
not in the banking field, or the com­
munications field, or any other 
field. At SCl-TEK our engineers 
know computers and how best to 
use them. We'd like to chat with 
you about your engineering and re­
search problems. Please feel free 
to contact us. 

SCl-TEK 
COMPUTER CENTER, INC. 

1707 GILPIN AVENUE 

WILMINGTON, DELAWARE 19806 

Phone: (302) 652-3967 
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New Components and Hardware 

Frictionless 'pot' cuts noise 

(/) 

:=;; 
:x: 
0 

:!: 
w 
u 
z .. ,_ 
~ 
(/) 

w 
a: 
..J 
..J 
w 
u 

100 4 5 
LAMP VOLTAGE 

A photoconductive cell-lamp com­
bination with greatly reduced re­
sistance is the latest model in the 
General Electric Co.'s Tube de­
partment's family of "contactless 
potentiometers.'' 

The model, PL5B2, contains a 
cadmium sulfide photoconductive 
cell that is controlled by varying 
the voltage of a miniature 5-volt 
lamp. Since the photoconductive 
cell has no moving parts, there is 
no mechanical noise when it is 
used to vary the resistance of a 
circuit. 

The new model is much more 
sensitive to changes in voltage 
than an earlier unit, type PL5Bl. 
The cell resistance at I volt is 
3,400 ohms compared to the prior 
model's 40,000 ohms at I volt. At 
4 volts, the B2 model has a cell 
resistance of 64 ohms; the Bl, 260 
ohms. All the figures refer to initial 
resistances. The units degrade with 
time, with the biggest change oc­
curring in the first 150 to 200 hours. 
Thus, life expectancy depends on 
the specific application. 

The primary application is in 
low-level audio switching and po­
tentiometry. The photoconductive 
cell is electrically isolated from the 
lamp, so the amount of hum from 
long lamp-control leads is neglig­
ible. 

Other application areas are in 
volume expansion and compression 
and in automatic gain control cir­
cuits. 

The unit is hermetically sealed 
in a metal package 0.65 inch in di­
ameter and 0.35 inch high. 

Specifications 

Operating tempera-
ture range -40° to 65'C 

Photoconductor power 
capability 100 mw, max 

Photoconductor 
voltage 60 v, d -c or peak a·c, 

max 
Cell resistance 50 ohms (5v on lamp) 

150 kilohms, min (Ov 
on lamp) 

Lead length 1.375 inch, min, 1.625 
inch max 

Response time 100 msec, typical 
Price About $2.50 each for 

500 or more 
Delivery 1 to 2 weeks 

General Electric Co., Tube Department, 
Owensboro, Ky. [350] 

Adjustment pot 

measures% sq. in. 

A microminiature adjustment po­
tentiometer provides infinite reso­
lution, has a standard resistance 
range of 2,000 ohms to I megohm 
and an operating temperature 
range of - 65° to +I70°C. The 
unit measures only 3/s in. square 
and weighs approximately 0.1 oz. 

Resistance tolerance is ± 10% 
standard; insulation resistance at 
500 v d-c is 1,000 megohms mini­
mum. Power ratings range from I 
w or 500 v maximum at 70°.C am­
bient to 0 watt at 175°C ambient. 
Vibration, shock and load life per 
MIL-R-22097C are 30 g, 100 g and 
1,000 hours respectively. 

Model 3282 has positive wiper 
stops at -both ends of travel, and 
the wiper assembly idles at both 
ends of travel to prevent damage 
from forced adjustment. The model 
comes in five configurations. 

Price is $5.20 each in 250 to 499-
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Substantial production economies may result from monolithic but 
separable alumina ceramic substrates as pioneered and 
developed by American Lava. The user snaps the parent part into individual 
substrates AFTER all film and circuit work is completed. 

Tooling is presently available for pre­

ferred style Snap-Strates in a thickness 

of .020" in these sizes: 

Snap-Strate AISiMag 614 l" x 2" 
yielding four V2" x l" 

Snap-Strate AISiMag 614 l" x 2" 
yielding eight V2" x lh" 

Snap-Strate AISiMag 772 2" x 2" 
yielding four l" x l" 

Snap-Strate AISiMag 772 1V2" x 2V2 " 
yielding sixty V•" x 1/4" 

The tooling is interchangeable between 

AISiMag 614 and AISiMag 772 if a slight 
difference in size is not critical. 

As new requirements in volume are es­
tablished, Snap-Strates will be made 

available to meet these new needs. If 
you have special requirements, we will 

be glad to make Snap-Strates to your 
blueprint or to work with you to find the 

most economicol design . 

We suggest you consider presently ovail­

able preferred style Snap-Strates. They 

involve no tooling charges and are more 

promptly available. These Snap-Strotes 

can be supplied in AISiMag 614, a 

dense 96% alumina ceramic with a nat­
ural finish hig,hly desirable for thick film 

or screened circuitry. Where a smoother 
naturol surface is required, as in thin 

film, AISiMag 772, a dense ultra-smooth 

991/i % alumina ceromic is supplied. New bulletin No. 661 on Ceramic Substrates and Snap-Strates will be sent on request. 

::;::::,~1CHATTANOOG .. T~~.~~!~~ L~ s~°!!~.~~~~ 3m 
For service, contect Americen Leve rep-ntetiv• In Ofllc• of Minn_ .. Mlnl119 end Men•cturlntl Compeny In tho• cillff 
(Ho your locel tolophono directory): Atlante, Ga. • Boston: Needham Heighb, Meas. • Chlc:ego: Bedford Perk, Ill. • Cleveland, 
Ohio • Delles, Tex. • Laurens, S. C. • Los Angeles, Celif. • Metropolitan New York: Ridgefield, N. J. • Up-Stete New Yorlc end 
Canada: Baldwinsville, N. Y. • Philedelphie, Penn. • Roanoke, Ve. • St. Louis: Lees Summit, Mo. • South Sen Fninciaco, Calif. 
Troy, Michigan • 3M International: c/o American Leve Corporation, Chettenooge, Tenn. 37405, U.S.A., Phone 615/265-3411. 

,, 
~ 
fl 

65th 
YEAR 

,, 
OF 

CERAMIC 
LEADERSHIP ~ 



190 

Barnstead mal<es the 
world's worst water 

• • • to help you make 
the best 

Frequently, before Barnstead recommends a water 

still or demineralizer, we first ask to analyze a small 

sample of your raw water. Then we mix up a larger 

batch of water that closely resembles the sample 

in minerals, pH, sediment and other impuri· 

ties - for actual trial runs. 

The result? Equipment we know will 

deli ver the pure water needed for your 

laboratory, product or process - from 

the water supply you must use. 

It's an example of the objectivity you can 

expect from Barnstead because we offer 

such a complete, pure-water-equipment 

line. Stills, from X to 1,000 gph and larger 

... Still /storage tank combinations ... De-

mineralizers in two-bed, four-bed, and mixed­

bed types, up to 5000 gph. Also purity meters, 

pretreatment filters, tin-lined pipe, controls. 

We have what you need. 

Write for literature on any of these products, 

today. Or send us a raw water sample, plus your 

pure water requirements - for a no-obligation 

recommendation . 

Barnstead 
Still and Sterilizer Co. 
2 Lanesville Terrace , Boston, Mass. 02131; 
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piece quantities. Delivery is stock 
to 3 weeks. 
Bourns, Inc., Trim pot d ivis ion, 1200 
Colu mbia Avenue, Riverside, Calif., 
92507. [351] 

Switch isolates 
extraneous signals 

A switch that regenerates its timing 
signal is designed for applications 
that require extremely high levels 
of isolation to extraneous signals. 
Output-input isolation is in excess 
of 100 db (d-c to 1,000 Mhz). The 
s,ame degree of input-output iso­
lation is achieved within the sig­
nal passband with a signal-to-inter­
fering-noise-margin of 20 db. 

High isolation of the P651A 
switch is achieved with the L4450 
photon-coupled isolator (Per), a 
gallium arsenide infrared emitter 
coupled by a short shielded light 
path to a silicon photodetector. The 
L4450 rcr, housed in a stainless 
steel assembly for bulkhead mount­
ing, is designed for rfi applica­
tions . 

The P651A consists of an input 
circuit module that switches the 
incoming data-timing signals when 
a predetermined threshold is ex­
ceeded to appropriate levels for 
operating the L4450 Per, and an 
output module that amplifies the 
detected PCI output and switches 
the output signal loop battery in a 
manner similar to a conventional 
solid state relay. The input and 
output in terface characteristics are 
in accordance with J\IIL-STn-188R. 

The unit has a bandwidth of 10 
kilohertz with less than 1 % dis­
tortion. However, there are no tech­
nical limitations for this type de-
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Select Your Place 
In The Spectrum ... 
Job opportunities cover the 
complete communications spectrum. 
At SYLVANIA ELECTRONIC SYSTEMS the work 
range -- from gamma rays to radio waves. Satel­
lite tracking radars, UHF telemetry systems, lasers 
for optical communications, data processing and 
display systems, de communications switching 
-- Sylvania Electronic Systems is advancing the 
state-of-the-art across the complete spectrum of 
communications techniques and equipment. 

The Sylvania Electronic Systems complex -­
east, central, and west: suburban Boston, Buffalo 
and San Francisco, respectively-- covers the 
complete range of systems capabilities -- from 
basic research through development, systems en­
gineering, product and field engineering. This 
means that a complete range of opportunities 
exists for scientists and engineers interested in 
technical specialization, technical management, 
or program/project management. 

Here's your challenge for increasing your personal 
and professi·onal dimension. Current openings 
exist for highly capable technical specialists with 
BS/MS/PhD -- in areas of interest that span the 
complete communications spectrum -- from 
man-portable combat posts to satellite antennas. 
If you qualify and would like to receive more 
specific information on the type of work, send 
your resume to : Manager, Professional Staffing, 
Sylvania Electronic Systems, Division of Sylvania 
EI e ctr i c Products Inc., 55 Sylvan Road, 
Waltham, Mass. 02154. 

G1&E 
CEllEJW. TELEPliDNE & £L£CTRDNICS 
TtCMC....Nttit&lh••...--cttllrtefil. 

The complete spectrum of 
opportunity - work range, 
location, professional satis­
faction - is awaiting you at 
Sylvania Electronic Systems. 

SYLVANIA ELECTRONIC SYSfEMS 
"I RESl;:ARCH • SYSTEMS DEVELOPMENT • PRODUCT le FIELD ENGINEERING 

An equa(opportunity employer mlf 
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Heinemann Silic-0-Netic TIME-DEL\ Y RELAYS 

... and we'll send you a brand new bulletin 
on our recently improved line 
of time-delay relays. 

Our hydraulic-magnetic t/d relays now have gold-diffused contact­
ing surfaces, heavier contact blades, a more efficient magnetic 
circuit-plus a few other design improvements you'd have to squint 
to see. Performance is better, but the price is still remarkably low. 

We haven't modified the hydraulic-magnetic actuating element, 
of course. Its inherent advantages are all still there. Relatively low 
power consumption. Good temperature stability. And continuous­
duty capability (the relays can remain energized indefinitely after 
actuation and hence can often eliminate the need for a separate load 
relay or an aux ii iary lock-in circuit.) 

Our relays are available in a variety of models: open-frame, 
hermetically sealed, plug-in. With your choice of sixteen standard 
timings from 1,4 to 120 seconds, SPOT or DPDT switching, and any 
of 20 AC or DC coil voltage ratings. Contact capacities range up to 
5 amps at 125 or 250V AC. 

Our new Bulletin 5006 will give you full technical data. Just do 
as the headline suggests-we'll put your copy in the mail as soon 
as we hear from you. Heinemann Electric C ompany, 2600Brunswick 

:i~e, Trenton, N.J. 08602. ~ HEiNEMANN 
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vice for data rates through the h-f '"" 
range. 

The P651A switch is priced at 
$330 in quantities of 1 to 9 with 
production quantities less than ~ 
$200. The L4450 photon-coupled 
isolator is priced at $80 each in 
quantities of 1 to 9, and $50 each 
in quantities of 100. 
Philco-Corp., Microelectronics division, 
2920 San Ysidro Way, Santa Clara, 
Calif. [352] 

Crystal oscillator 

puts out 2 .5 to 30 Mhz 

Satellite and portable test equip­
ment are two applications for a 
new crystal oscillator. The solid 
state device measures % x % x 1 % 
in. long, is hermetically sealed , 
meets military specs and is de-
signed for a vibration of 20 g at 2 
khz and shock of 100 g with an 11 
msec pulse. 

,-

~ 

Fixed frequency output of model 
105500-4 is 2.5 to 30 megahertz. 
Frequency tolerance over the 
- 25° to +85°C temperature range 
is ± 0.005 % . vVaveform is sinusoi- • 
dal with 10% maximum harmonic 
distortion . Output is 0.5 v rms into 
a 1,000-ohm load; input, + 15 v d-c, ,.. 
±2% regulation. 

Price is $194 each in quantities 
of 1 to 3 units. 
Greenray Industries, Inc., East Simpson 
Road, Mechanicsburg, Pa. [353] 

Transformers change ,... 

3-wire data to 4-wire I"' 

Converting 3-wire information to 
4-wire information is achieved with r 

a new transformer that has an over-
all angular accuracy of + 30 sec­
onds. The transformer is suited for r 
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synchro-to-resolver and resolver­
to-synchro conversion equipment. 
It meets the requirements of MIL­
T-27B. Input to the 3-wire trans­
former is 90 v rms at an impedance 
of 200,000 ohms minimum. The 4-
wire output is 4.25 + 2% and im­
pedance is less than 10 ohms with 
input shorted. 

Size of the unit, type 9514, is 
H xl5/ 16x% in. 
Magneti cs Inc., 6 Richter Court, East 
Northport, N.Y., 11731. [354] 

Plastic housing cuts 

multiturn pot weight 

r 

Light weight and high mechanical 
strength are the characteristics of 
a new series of size 9 precision 
potentiometers that are multih1rned 
and housed in plastic. According 
to the manufachuer, the short­
length 3-, 5-, 10-and 20-turn de­
vices cut more than 25% from the 
weight of comparable units with 
metal housings. 

The housing is a precision, trans­
fer-molded, glass-reinforced phen­
olic designed to meet MIL-M-14F. 
All the new units meet or exceed 
MIL-R-12934D for rotational and 
load life, high and low tempera­
hue operation, temperature cycling, 
high fr equency vibration, shock, 
explosion , sand and dust, salt spray, 
power dissipation, temperature re­
sistance characteristic and altitude. 

The units designed for precision 
control and compact airborne in­
strumentation applications, are 
manufactured in standard res is­
tance ranges from 1,000 to 30,000 
ohms for 3-turns, 1,000 to 50,000 
ohms for 5-hirns, 1,000 to 100,000 
ohms for 10-turns, and 1,000 to 
200,000 ohms for 20-hirns. They 
can b e provided respectively with 
up to 12, 20, 30 or 40 accurately 
positioned taps. 

Single gang, 3-turns units weigh 
0.5 oz per cup and measure 0.682 
in. in length to the servomounting 
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Even if your non-linear function looks like the Playmate of the Month in profile, 
Duncan can bui Id a pot to match it. Al I you have to do is use the new "DUNCAN 
DO-IT-YOURSELF NON-LINEAR FUNCTION KIT," which we'll send you without 
obligation if you'll fill out and mail the coupon below. The kit includes a fabulous 
French curve*plus all other necessary ingredients and instructions. You supply 
us with the non-linear trace of your function and other supporting data. We'll feed 
it to our high-speed computer and analyze the data defining the pot's desire.d 
function. Then we'll enter the output tape into our servo-controlled machines to 
produce the variable-pitch winding to meet your function. 

To be sure the output of the pot conforms to the specified tolerances, we'll com­
pare it with the theoretical function on our unique conformity tester. 

The result? A precision, accurate pot exactly to your specifications. 

Our applications engineers can help solve your problems quickly and economically. 
In many cases they'll be able to match your function using pre-calculated data 
from our extensive tape library. 

So forget about cams, differentials, and non-linear gears. For the direct approach 
to a complicated non-linear potentiometer problem - for airborne data computa­
tion or matching thermocouple curves - depend upon Duncan. You'll have more 
time to check out other interesting curves! 

Send for your free Duncan "do-it-yourself" kit today. For literature only, circle the 
appropriate number and mail the inquiry card enclosed in this magazine. 

r------------------------, I DUNCAN ELECTRONICS INC. I 
I Please send me my free "DUNCAN DO-IT-YOURSELF NON-LINEAR I 
I 

FUNCTION KIT" and complete technical literature on Duncan's family 
of non-linear potentiometers. I 

: I understand that there is no obligation on my part. : ' 

I Name Title I 

I ~m~~ I 
I I 
I Address I 
I I 
I City State zip I 

L *French curve ruler by Birule Co. .J 
------------------------ce 

DUNCAN electronics .inc. 

2865 Fairview Rd., Costa Mesa, California 92626 Tel.: (714) 545-8261 TWX: 910-595-1128 
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NEW OPTIONS EXTEND 

DA410 FREQUENCY 

RESPONSE ANALYZER 

APPLICATIONS 

The Weston-Boonshaft and Fuchs Standard DA410 Frequency 
Response Analyzer performs frequency response tests with: 

• Frequency range-.001 to 1000 Hz 
• Accuracy-1% amplitude, 1° phase 

• Noise and harmonic rejection->40 db 
• For DC and carrier signals 

• Is self-checking and self-calibrating 
• All solid state-7" high 
• Direct digital readout 

OPTIONS 

• Extend frequency range to 10K Hz, SOK Hz (carrier) 
• Add adjustable ± 10 volt output bias 

• Reject ± 10 ( ± 100) volt DC on all ranges 
• Permit operation from magnetic tape 

• Remote programmable in frequency, range and 
output amplitude 

• Accept floating input 

• Provide BCD output of phase and amplitude to printer 

The DA410 Frequency Response Analyzer with its wide range of 
options and accessories can perform your frequency response tests. 
Write for Option bulletins. 

Weston Instruments Inc., Boonshaft & Fuchs Division, 
Hatboro, Pa. 19040 

WESTON® 
prime source for precision . .. since 1888 
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register face; 5-turns weigh 0.6 oz -
and are 0.773 in. long; 10-turns are 
1 in. long and weigh 0.7 oz; and 
20-turns are 1.454 in. long and ~ 
weigh 1 oz. Up to four caps can 
be ganged, each adding respec­
tively 0.457, 0.548, 0.775 and 1.229 
in. Stainless steel clamp bands per-
mit precise phasing between cups. 1' 

Resolution for high rcs'stance 
10- and 20-turns ranges to b etter • 
than 0.01 %, with special l:n :.:ari- ... 
ties to better than 0.03%. 

All units have precious metal < 
wipers and contacts for low noise 
and high electrical integrity, en­
capsulated resistance elements, and ,_ 
the option of precision shaft ball 
bearings that reduce starting )... 
torque to well below 0.25 oz in. 
Technology Instrument Corp. of Cali­
fornia, 850 Lawrence Drive, Newbury 
Park, Calif. [355] 

Ceramic capacitor 

rated to 1 microfarad 

,.. 

Higher capacitance in a smaller ... 
package is provided by a radial­
lead ceramic capacitor. The Cl2 
Hi-D capacitances range from 0.18 ,... 
µ.f to lµ.f. The capacitor case 
measures 0.300 x 0.300 x 0.100 in. 
up to 0.47 1,,f, and 0.300 x 0.300 x 
0.150 in. up to 1 µ.f. 

D-c working voltages are 50 v at >-
1250 C for values from 0.18 to 0.27 
µ.f and 25 v at 125° C for values ,­
from 0.33 to 1 µ.f. Operating tem­
perature range is - 55° to 125° C. 
Capacitance tolerance is -+-10% ,.. 
standard, with 5% and 20% also 
available. 

The use of a precision molded 
epoxy case provides both uniform-
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ity and excellent insulation. An 
epoxy end seal insures maximum 
bonding and moistureproofing for 
optimum performance. The Cl2 

!• Hi-D meets all applicable require­
ments of MIL-C-11015. 

.. 

• 

The capacitors lend themselves 
to either soldering or welding 
throu gh th e use of 0.025-in. diame­
ter nickel for lead material, per 
~1IL-STD-1276 N-1. 
U.S. Capacitor Corp., 2151 No. Lincoln 
St., Burbank, Calif., 91504. [356] 

Compact, reliable 

flat-cable assemblies 

The Flex-Weld flat-cable assembly 
consists of multiple ribbons of 
flat copper condu ctors uniformly 
spaced and laminated between 
Mylar or Teflon insulation, straight 
or corrugated. The flat cable can 
be terminated to itself or welded 
to any connector with a reliable 
all-welded technique. Since weld­
ing is performed through the insu­
lation, stripping of the cable is 
eliminated . Flexible potting around 
the welded junctions prevent stress 
con centration where a change in 
cross section occurs in the termina­
tion area. The result is a durable 
termination that matches the flex­
life of the flat cable. 

Tests show Flex-vVeld assem­
blies have higher reliability and 
longer flex-life than conventional 
round-wire cable, says the manu ­
facturer. The company also claims 
that Flex-Weld assemblies offer 
up to a 50% combined size and 
weight reduction over comparable 
round-wire cable assemblies. The 
larger surface area of the flat con­
du ctors provides high heat dissi­
pation. 

Available with miniature, sub-
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New from Filtors ... a 10-amp 
Crystal Can Miracle Worker 

Fil tors 

I 
Relay magnified 10-A. 

contact forces throughout 
BRF's long switching life. 

In addition, BRF's 
non-ferrous armature 
bearing offers excel­

Relay called BRF! 
Manufactured in 
Filtors ultra-clean 
Blue Ribbon 
Room, BRF offers 
many outstanding 
features. A 

lent performance 

b • stability for your lg new severest environ­
ments. And, Filtors * exclusive Total sealed coil 

chamber 
and flux­
free electron 

BRF stands Contam~~~~~o~ 
Program tops 

beam welding 
assures reliable 
dry circuit switch­ lo amps offt~e. BRFstory . 

- V1s1t our ultra-
modern plant and 

t II size up this new Miracle ing as well as con­
taminant-free switching at 
a full 10 amps. Super-strong 
ruby actuators del iver high 

a Worker Relay for yourself 
... and for all your high 

reliability relay requirements. 

'BRF IS AVAILABLE NOW: Write for specs on this high performance relay. 

FILTORS INC. RELAYS 
East Northport, New York 11731 / (516) ANdrew 6-1600 
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NOW! A PRACTICAL WAY 
TD MONITOR CLEAN ROOMS ... 
AUTOMATICALLY . .. ACCURATELY . . . DEPENOABL Y 

New Bausch & Lomb Aerosol Dust Counting System 
The 40-1 Dust Counter with Digital Readout and Printer is a direct indicat­
ing, electro-optical system for the detection and monitoring of airborne con­
tamination in clean rooms. 

Features include: 
• Di rectl.v reads and prints any par­

ticle concentration up to one million 
pe r cubic foot . 

• Selective co unting of all particles 
greater than each of seven set sizes-
0.3, 0.5 . 1 .0, 2.0, 3.0, 5.0 and 10.0 
microns. 

• Size versus concentration-plotted 
easily. 

• Near forward light scattering prin­
ciple gives greater accuracy. 

• Surrounding sample with a column 
of filte red clea n air-prevents turbu­
le nce, permits continuous self-flush­
ing. 

• Concentric optical system is efficient 
-shape and orientation of particles 
doesn't affect count. 

• Rapid , on-line calibration checks 
with built-in Bausch & Lomb Fiber 
Optics Light Wires. 

• Simple operation-all important con-
trols front-mounted. 

• Lightweight, compact, transportable. 

• All solid-state electronics. 

• R eal-Time counting. 

• Very low dust concentrations ove r a 
given time interval detected with 
Digital Readout. Automatic time r 
provides for three fixed sampling in­
tervals. 

• Digital Printer automatically prints 
concentrations at preset intervals. 

• V.O.M. Recorder for continuous plot­
ting of dust concentrations available 
optionally. 

·• All three classes of clean rooms spe­
cified in F ede ral Standard #209 can 
be monitored . 

• Total price of system only $5475. 

The Bausch & Lomb Aerosol Dust Counting System offers superior per­
formance features at substantially lower cost than other commercial units. 
For complete information ask for our Catalog 38-2190, Bausch & Lomb, 
99737 Bausch Street, Rochester, New York 14602. 

''WINNER 1965 IR·100 AWARD" BAUSCH & LOMB (i) 
Sold and serviced exclusively in United States by Air Control, Inc. 
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miniature, and microminiature con­
nec tor sizes, the Hat cable product 
line can be adapted to present sys­
tems without special modification. 
Any shell configuration is offered 
including round, rectangular, or 
strip. Rfi shielding is optional. 

Flex-,Veld assemblies can be ap­
plied to gyro cables, digital data 
transmission lines, circuit-board 
jumpers , and in related applica­
tions where compactness and high 
reliability are necessary. 
ITT Cannon Electric, a division of Inter· 
national Telephone and Telegraph 
Corp .. 3208 Humboldt St., Los Angeles, 
Calif., 90031. [ 357] 

Glass-encapsulated 

precision crystals 

Higher Q, greater reliability and 
b etter frequency stability are of­
fered by a series of miniature glass­
sealed crystals than are obtained 
from crystal units in soldered con­
tainers. 

The 76AX series units, measur­
ing 112 x % x ,;'" in. , have aging 
rates of less than 1 part in lQR per 
day after initial stabilization, and 
are available in frequ ency ranges 
of 7.5 to 200 Mhz. They meet tol­
erances of 0.0025 % over a tem­
perature range of -55° to + 105° 
C. 

The new series is the equivalent 
of the HC-26/U leads and the HC-
29/U pins. 
Bulova Watch Co. , Inc., 61-20 Wood­
side Ave., Woodside, N.Y., 11377 [358] 

Trigger spark gaps 

handle high currents 

A fam·ily of trigger spark gaps can 
be used as crowbars and to switch 
photoflash tubes . The gaps are 
ceramic-to-metal units capable of 
handling peak currents as high as 
20 kiloamps. 

The three spark gaps-TG-125, 
TG-126 and TG-127-have static 
breakdown ratings between the 
main electrodes of 15,000, 20,000 
and 25,000 v d-c respectively. Min­
imum trigger voltage for the TG-
125 is 6.3 to 3.5 kv d-c. For the TG-
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126 it is 8.0 to 4.5 kv d-c, and for 
the TG-127 it is 9.7 to 5.2 kv d-c. 
The TG-125 and TG-126 are both 
rated for 300 joules, and the TG-
127 is rated for 400 joules. All 
three have a delay time rating of 
0.1 µ.sec. 

These gaps are hermetically 
sealed and, the company says, ex­
hibit excellent temperature char­
acteristics. Height of the gap itself 
is 0.54 in. and over-all dimension 
from terminal to terminal is 1.56 
in. Diameter of the TG-125 and 
TG-126 is 2.67 in. The TG-127 is 
2.79 in. in diameter. The gaps are 
normally supplied with solder type 
terminals, although any conven­
tional type of terminal can be pro­
vided. 
Signalite Inc., 1933 Heck Ave., Nep­
tune, N.J. [359] 

Com pactron triodes 
for color tv receivers 

Two compactron beam triodes­
the 6HS5 and 6EF4-have been de­
veloped for the high-voltage power 
supply of color tv receivers. 

The 6HS5, a pulse-type regula­
tor, was designed as a variable 
pulse shunt at the damping diode 
tap on the horizontal output trans­
former. It has a peak plate voltage 
rating of 5,500 v, a peak plate cur­
rent rating of 325 ma and a plate 
dissipation rating of 30 w. Its am­
plification factor is 300 and trans­
conductance is 65,000 µ.mhos at a 
plate current of 300 ma. 

The 6EF4 is a low-current, high­
voltage tube for use as a shunt reg­
ulator, shunting across the high­
voltage d-c at the picture tube 
anode. It has a maximum d-c plate 
voltage rating of 27,000 v, a maxi­
mum d-c plate current rating of 
1.6 ma and a maximum plate-dis­
sipation rating of 40 w. 
General Electric Co., Tube Department, 
Owensboro, Ky. [360] 

Electronics I January 9 , 1967 

$575 

,; .... 
""'f"' 

An X-Y Scope 
With Perfectly Matched 

Price 

Low Cost 

,_-1------0 Solid Stale Reliability 

1 ° Phase Error at 2MHz 

Are your amplifiers out of phase with your budget? Here's a scope that's 
matched in every way-Data Instruments S52. Two identical , eight stage, high 
gain amplifiers permit measurements and comparisons all the way to 2MHz 
with a phase error of only 1°. The calibrated input attenuators are also 
matched to assure accuracy. And the sophisticated 5 inch PDA tube operates 
at 2.4kv and provides a 10cm x 10cm display area. The S52 can also be used 
as a conventional single beam scope. A front panel control allows the Hori­
zontal Amplifier to be switched out and the Time Base to be switched in . The 
Time Base is a miller type giving excellent linearity and starting time, and 
features automati c synchronization to 3MHz. Extensive use of solid state 
circuitry gives the instrument a high degree of reliability and is backed up 
with a full year warranty. Field and Factory Service are also provided by Data 
Instruments. The specifications: 

X-Y AMPLIFIERS 

BANDWIDTH SENSITIVITY /CM ATTENUATORS RISETIME IMPEDANCE 

DC-3M Hz 100nw-50v 9 position 0.1µs 1Mr! + 3pf 
DC-300kHz 10mv-5v Matched 

TIME BASE CRT PHYSICAL 

SPEED/CM ACCURACY DIA. PHOSPHOR VOLTS DIM. & WEIGHT 

1 µs-0.5 sec. ± 5% 5" PDA P31 2.5kv ay, .. x 9!/.i" x 15" 
(18 ca l. ranges) P7 optional 24 lbs. 

Few other instruments have amplifiers so completely matched over such a 
broad bandwidth . Still, we're not perfect. We do have that 1° phase error in 
performance. But not in price. At $575 the price is perfect. And it's unmatched. 

Data Instruments Division • 7300 Crescent Blvd. • Pennsauken, N.J. 08110 
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CONVERT RADAR, 
SONAR, AND IR DATA 

TO TV DISPLAY 
WITH THE 

ELECTROSTORE® 
• • • • • • • • • • • • • 

This TV display is a composite of a com­
pass reference superimposed on a stored 

ppi display. It is an example of how the 
Electrostore Model 221 can convert ra­
dar data to a high resolution TV picture. 

,...,..-------- Model 221 Electrostore 
,... • #' single-gun storage tube 
~ , , Input/Output Response 
l/T" _,__ • 10 MHz or 20 MHz 
1 ~ Input Amplitude 

""' • 2 0 volts p-p 
• • Deflection Amplitude 

1_ • lJ. Required O 7 volts to 

, • • 5 volts p-p 
, .~ • • Deflection Response 

• • DC to 800 KHz 
Programmer Optional 

The Model 221 scan-converter utilizes 
a cathode-ray recording storage tube. 
Input video signals and deflection 
information are applied to the tube 
through various amplifiers and con­
trol circuitry. Data is stored within 
the tube in the form of a raster, cir­
cular, or spiral scan. This information 
can be read off periodically through 
appropriate amplifiers without de­
stroying the stored data. The input 
can be up-dated periodically and the 
stored information erased partially 
or in its entirety. By introducing the 
proper signals, the Electrostore can 
convert a variety of formats to TV 
display, i.e. computer-to-TV, radar­
to-TV, IR-to-TV, or sonar-to-TV. 

Write for technical memos and application 
notes covering the Electrostore. 

• ... i .... .i.znage 

198 

--- instruments, inc. 

A 223 Crescent Street 

• 
Waltham. Mass. 02154 
Tel. (617) 894-6200 
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New Semiconductors 

Open-air diode emits light 

The electroluminescent diode that 
sent the orton Co. stock jumping 
[Electronics, Dec. 26, 1966, p. 35] 
is a rectangular parallelepiped of 
silicon carbide that is light-green 
in color, emits yellow light and 
comes in two sizes. A big advan­
tage, the company reports , is that 
the diode need not be encapsulated, 
since silicon carbide is an inert 
refractory semiconductor material 
and can therefore operate in air. 

One size, 0.030 x 0.030 x 0.15 
inch , is aimed at adding sound to 
8-millimeter movies; the other, 
0.060 x 0.030 x 0.020 inch, is for 
16-mm movies. Of the two diodes, 
the latter would probably be the 
better suited for such applications 
as recording data on film and in 
computer encoders. 

For sound movies, the diode op­
erates by converting the amplified 
current from a microphone into 
light which then "writes" the sound 
on ordinary film as the movie is 
taken. For computer encoders , the 
light from the diode would have to 
go to a detector, say, a solar cell, 
and then be routed through logic 
circuits that would convert the ana­
log information into binary logic. 

The diode's major advantage, 
the company says , should be relia­
bility. While keeping details of 
their process secret, pending a 
patent application, the company re­
ports the crystals are grown at 
2,500° centigrade and the junctions 
are formed at l ,500°C. These fig­
ures indicate a long operating life 
at room temperahire can be ex­
pected. Lifetime tests at military 
specifications haven' t been com-

pleted, so exact figures aren't avail­
able; but one diode operated for 
more than 1,000 hours with a cur­
rent of 60 milliamps, with no s ign 
of degradation. 

Leads can be attached to the top 
and bottom of the prism, but 
usually the company just attaches 
metal contact strips across the top 
and bottom of the crystal. All four 
open sides erni t light. Some light is 
invariably lost, however, in any ap­
plication requiring a single beam of 
light, where three of the four emit­
ting sides must be covered. 

The company is also studying the 
diodes as rectifiers in equipment 
subject to high ambient tempera­
tures. The exact operating tempera­
ture range has not b een decided 
yet, but Norton reports that one 
diode operated at 500°C for 72 
hours and the final figures should 
be at leas t 300°C. The diode being 
made for movie cameras operates 
only to about 200°C. 

Norton is not yet in mass produc­
tion of the diodes. Developmental 
models are currently available for 
$100 each. Evenhial prices, in 
quantity, should b e in the $5 to $10 
range, the company estimates. 

Specifications 

Forward current 
typical 
maximum 

Total output light 
power 

Peak inverse voltage 
Efficacy range 

Capacitance at 0 bias 
Threshold voltage 
Breakdown voltage 
Peak emission 

30 ma 
About 100 ma 

0 .33 to 3.3 µ,w at 30 ma 
10 to 20 v at 10 µ,a 
IQ-• to IQ-• photons 
per e lectron 
1,000 pf 
2.5 v 
30v, d -c at - 1 ma 
5.400 to 6,200 At 
30 ma 

Series resistance 500 ohms, max 
Norton Corporate Research Division, 
70 Memorial Drive, Cambridge, Mass. 
02142 [361] 

Audio transistor 

handles over 1 watt 

Flat beta, good thermal capabilities 
and a typical gain of 120 at a col­
lector current of 150 ma, make the 
MM2264 transistor well suited for 
audio output stages in radios , tv 
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sets and as driver transistors in 
high power, high-fidelity entertain­
ment circuits. 

The wideband audio transistor 
offers high gain, low distortion, and 
more than 1 watt of audio power 
handling capability. The npn sili­
con device has flat beta characteris­
tic over a collector current range 
of 1.0 ma to 500 ma, insuring linear 
operation in large signal audio 
amplifiers. 

Thermal resistance between the 
junction and case, () .w, is less than 
15°C/watt, a reduction of more 
than 50% for the T0-5 package. 
This low () .H· is made possible by 
a solid steel h eader in the case 
and provides a power dissipation 
of more than 11 watts at a case 
temperature of 25°C. By compari­
son , a standard T0-5 packaged de­
vice would be rated at about 5 
watts . 

Specifications include a maxi­
mum collector-emitter voltage of 
25 v d-c; maximum continuous col­
lector current, 1.5 amps d-c; mini­
mum d-c current gain (I" = 150 ma 
d-c, V n : = 1 v d-c) , 70; current 
gain-bandwidth product, 50 Y!hz. 

Price is $1.05 each in lots of 100 
to 999. 
Motorola Semiconductor Product s Inc., 
P.O. Box 955, Phoenix, Ariz., 85001. 
[362] 

Silicon transistors 

for high-voltage use 

By using a method of surface pro­
tection that yields low leakage 
currents under extended usage, the 
manufacturer is able to produce 
high-voltage, small-signal npn sil­
icon transistors in quantity. The 
units meet all applicable para­
graph s of ~IIL-s-19500. 

Electrical parameters include a 
breakdown voltage (BV r no) rang­
ing from 200 to 1,000 v, nominal 
current gain of 50 at 20 ma and a 
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LAPP 
@~ 
WTIJLJLifilIQ) 
CAPACITORS 
ARE DESIGNED FOR 

HIGH 
VOLTAGE 

HIGH 
CURRENT 

HIGH 
CAPACITANCE 

APPLICATIONS 

These uniquely designed Lapp Gas-Filled Capacitors are completely un­
affected by atmospheric or dust conditions. They are precision built and 
of extra strong construction to assure years of accurate, trouble-free 
operation. • Lapp Gas-Filled Capacitors are available in either fixed or 
variable models. All are equipped with an external safety gap to protect 
against internal flashover on excess voltage peaks. Capacitance available 
up to 30,000 mmf, safety gap settings up to 85 kv peak and current ratings 
up to 400 amps at 1 me. • Write for Bulletin 302 ... get our complete 
Gas-Filled Capacitor story. Lapp Insulator Co., Inc., Radio Specialties 
Division, 201 Sumner St., LeRoy, N.Y. 14482. 

Lapp 
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JA..NUS 

3 MHz 
INTEGRATED CIRCUIT 

BIDIRECTIONAL 
PRESET 

COUNTER 

6000 SERIES is only 3V2" H, 14" D and 
17" W. Displays 4 to 8 digits and polarity. 

The 6000 Series counts at rates up 
to 3 MHz in either direction, through 
zero or during reversing. This instru­
ment can be used with many Posi­
tion Encoders including Laser Inter­
ferometers with high frequency, low­
level quadrature outputs. 

To provide system flexibility, many 
modes of operation are available. 
These include: 

1. Count functions: A-8, B-A, A, B, 
A+B. Quadrature A-B and B-A. 

2. Count to predetermined numbers 
in either direction and reset auto­
matically or hold the count until 
reset is initiated either manually 
or externally. 

3. Pulse or sine wave inputs: quadra­
ture or nonquadrature. 

4. Quadrature multiplication: XI, 
X2 and X4, standard. 

Coincidence circuits prevent false 
triggering if pulses appear simul­
taneously or at less than the mini­
mum resolving time. Many other out­
standing options are available. Write 
for 6000 Series Bulletin. 

lflll II• I 
....J~t--IU~ 
CONTROL CORPORATION 

296 Newton Street, Waltham, Mass. 02154 
Tel. (617) 891-4700 
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New Semiconductors 

gain-bandwidth product of 20 Mhz. 
The transistors, available in plas­

tic-capped T0-46 packages, are 
intended as high-voltage switches 
for electroluminescent readout, as 
drivers for cathode-ray tubes , high­
voltage amplifiers and as replace­
ments for low-current silicon con­
trolled rectifiers. 

Prices start at $3.50 each in lots 
of 100. Delivery is from stock. 
Micro Semiconductor Corp., 11250 
Playa Court, Culver City, Calif., 90230. 
[363] 

Versatile IC's priced 

for consumer products 

J 

Even less expensive than some 
transistors , the MC1550G inte­
grated circuit r-f/ i-f amplifier has 
a wide-variety of applications in­
cluding narrow-band and wide 
band tuned amplifiers, oscillators, 
amplitude modulators and video 
amplifiers. 

Automatic-gain-control voltage 
has little effect on the input im­
pedance of the circuit and this 
prevents detuning of the input 
circuitry. In addition, when the de­
vice amplifies complex pulse wave-

" MD" Metallized Polyester Film Capacitors 

Epoxy Resin Sealed Type !Catalog No. E-501) 

• Operating Temperature Range: 

- 40°C to + 125°C for not more than 1 mfd. 

- 40 °C to + 85 °C for more than I mfd. 

• Insulation Resistance: 

Greater than 10,000 megohm-mfd _ at + 25 °C 

• other Capacitors 

~ " SC" Polystyrene Film !Catalog No_ E-502) 

!Welded Type) 

+ Temperature Range: - 40°C to t 85°C 

~ All-welded Construction Miniature 

Aluminum Electrolytic !Catalog No_ E-502) 

S (Radial Type ) & W !Axial Lead Type I 

* Temperature Range: 

- 25 · c to + 85°C; - 2o· c to + 65°C 

> Wide Band Noise Suppressors 

!500KC- 1000Mc, 200VACI 

I> Paper Capacitors 

!High Voltage Encased Glass Tube) 

I> MP • Electrolytic _ Etc . 

{

"eem " !1966 -67 edition) 
• For details, see Section 1500; Page 629! 

" EBG " !1967 edition! Page 631! 

Sole Sales Rep.: !USA & Canada Area l 

MH & W INTERNATIONAL CORP. 
301 Sylvan Avenue, Englewood Cliffs, N_J _ 
!Tel. 201 -567 -9222 1 !N.Y_ 212-244 -06951 

NIPPON COMMUNICATION 
INDUSTRIAL CO., LTD. 

260 Kitamikata, Kawasaki , Japan 

(Cable: KAWASAKI NICOMMI TELEX: 286-77 NICOMM KAW 
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forms (as in radar and television), 
the age may be grounded for max­
imum gain. 

Other features include low in­
ternal feedback (y 1 ~ < 0.001 mmho) 
to insure easy alignment and high 
stability, high power gain (30 db 
at 60 Mhz) and low noise figure 
(5 db at 60 Mhz). They combine 
to bring high quality performance 
in the consumer product price 
range. 

Price of the IC is $2.85 each in 
quantities of 100 and up; delivery 
is from stock. 
Motorola Semiconductor Products Inc., 
Box 955, Phoenix, Ariz., 85001. [364] 

High-power rectifiers 

use matched diodes 

A series of rectifiers has been de­
signed for use in battery chargers, 
welders , power supplies, electro­
plating equipment or any other 
requirement for high-current recti­
fication . Rated at up to 500 amps at 
from 50 to 1,200 v, the unit com­
bines two matched, time-proven di­
odes mounted on a compact high­
rnass heat sink measuring only 3 in, 
square. 

The matched high-power diodes 
eliminate the need for furth er test­
ing and matching by the customer. 
The built-in heat sink ensures tem­
perature stabi lity, effective cooling 
and ease of mounting and han­
dlin g. 

Cost savings are realized th rough 
low device cos t per ampere rating; 
savings in selection , tes t and as­
sembly time; and savings in han­
dling, mounting and inventory 
costs , according to the manufac­
turer. 

Prices of the 500UDF units 
range from $30 to $168 each in lots 
of 25 to 99. 
International Rectifier Corp., 233 Kan ­
sas St., El Segundo, Calif., 90245. [365] 

Electronics I January 9, 1967 

We've opened up some new possibilities for design 
engineers to consider when using reed relays. Power 
parameters for reed relay operations can now be 
considered to extend into the 5 amp switching range, 
thanks to ADC's remarkable new switch that can 
handle 5 amps-50 VA-and rated in excess of 1 
million operations. • Write for more information. 

(ADC) 
ADC PRODUCTS 

A DIVISION OF MAGNETIC CONTROLS CO. 

6405 CAMBRIDGE STREET • MINNEAPOLIS, MINN. 55426 
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NEW hp 180A OSCILLOSCOPE 
You can see more, do more with this 30-pound oscilloscope that goes any­
where-field, laboratory, or production line. Designed from the user's 
viewpoint in, this new dual-trace 50 MHz scope is packed with new 
ideas and innovations to give you big picture CRT, plug-in versatility, 
step-ahead all-solid-state performance, minimum weight and rugged 
design. These features add up to more total performance, more usability 
than any other scope on the market! 

The hp 180A mainframe is the first with power supplies specifically 
designed for solid-state circuitry-gives you full performance benefits 
from solid-state devices in all present and future plug-ins. With hp's 
all-new big-picture 8 x 10 cm CRT, you have an extra-large display area 
-get bigger displays, make accurate measurements easier! 

Verti,cal amplifiers drive the CRT vertical deflection plates directly, 
allowing even greater bandwidth capabilities in future plug-ins. Vertical 
amplifiers have low drift FET input stages for accurate DC measure­
ments ... plus quick 15-second warm-up. Time base plug-ins offer new 
easy to use delayed sweep for examining complex waveforms in detail. 
Tunnel diode triggering circuits lock in waveforms to 90 MHz. Exclusive 
hp mixed 'sweep feature combines display of first portion of trace at 
normal sweep speeds, and simultaneously expands trailing portion of 
trace at faster delayed sweep speed to allow magnified examination. 

See the back of the actual size color photo at the right for abbreviated 
specifications and price. For full specifications and a demonstration of 
how you can see more, do more with this new, versatile, go-anywhere 
scope, call your nearest hp field representative. Or, write to Hewlett­
Packard, Palo Alto, California, 94304. Tel. (415) 326-7000; Europe: 
54 Route des Acacias, Geneva. 

HEWLETT ' 
An eztra m-ureof performance 

SEE 
MOREi 
DO 
MOREi 

Tear out actual photo of lSOA Oscilloscope. Set it on your bench. See what the big picture display will mean to your work. ~ 
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New Instruments 

Multiplying voltages in less than a usec 

• 

.. 
I 

Borrowing from two standard 
methods of signal multiplication 
-the time-division method and 
the ins tantaneous method-Bendix 
Corp.' s Radio division has built an 
analog voltage multiplier that b ene­
fits from both. The instrument has 
the higher accuracy-± 1 % of full 
scale-of the first method and the 
higher frequMcy capabilities-up 
to 3.5 megaher.tz-of the latter. !t 
has a multiplication time of only 
0.12 microsecond. 

A high frequency passband is 
possible, tBendix says, because its 
solid-state amplifier circuits per­
form the quarter-square computa­
tion, 

%'. [(x+ y)2 - (x- y)2] 

to obtain the product of the hvo 
input voltages. 

The four-quadrant device can ac­
cept input voltages ranging from 

,......., AMPL 
r--i 

NO. 1 

(X +Yl 

..+ X INPUT 

.----I--
AMPL ........... 

---1 NO. 2 Y INPUT 

...__ AMPL 
NO. 3 t--i .,, 

( X-Yl 

...__ INV .......... 
N0.1 

-+-Circle 204 on reader service card 

-2 to +2 volts. The input signals 
are first applied to adder-amplifier 
circuits. Two amplifier circuits pro­
duce the x + y term by adding 
their current signal outputs in a 
common resistor; an amplifier and 
inverter combine their current out­
puts in a resistor to form the x - y 
term. These four amplifiers are lin­
ear, voltage-fed direct-coupled units 
with closely matched gain and lin­
earity characteristics. The sum and 
difference signals are then fed to 
squaring circuits-direct coupled 
translator circuits which produce 
square law outputs from linear in­
puts. The :outputs of the two squar­
ing circuits are then coupled to a 
12-decibel loss adder which pro­
duces the difference of the squared 
terms and simultaneously divides 
by four to form the xy product 
signal. 

Originally developed to handle 
cross-correlated video data for ra-

SQUARING 
AMPL N0.1 (X + Y) 2 

-12 DB 
t--SUMMER OUTPUT (XY) 

SQUARING ! x -v12 
AMPL NO. 2 

Meet the biggest 3¥2'' in tran­
sistorized power supply history ... 
and enjoy all these features: 

• All silicon design 

• Full power ratings to + 71 •c 
without derating, heat-sinking 
or forced air 

• Ratings from 0-20 volts @7 .5 
amps to 0-320 volts@ 1.5 amps 

• Constant current/constant 
voltage operation with mode · 
indicator light on front panel 

Get the facts on all Trygon's 
exclusive power supply advances. 

MAIL COUPON TODAY! ·---------·· 
I T1~X~~~ I 
I Pleasant Avenue I 

Roosevelt, N.Y. 11575 

I Please rush me your new 52-page I 
Power Supply Handbook-FREE 

I Name I 
Title----------

• Company I 
I Address I 
I 

City State __ z;p__ I ---------Circle 205 on reader service card 205 



COAXIAL 
TERMINATIONS 

D WIDE FREQUENCY 
COVERAGE 

D WIDE POWER 
COVERAGE 

D ECONOMICAL 

D PROMPT DELIVERY 

D CHOICE OF CONNECTORS, 
N, C, TNC, BNC 

5-YEAR WARRANTY on every 
RDC product ! For the first 
time in the microwave in­
dustry, this add i tional as· 
surance of reliability. 

A Complete Source for Microwave Components 

206 

Send lor complete inlorma fion ... 
RADAR DESIGN 
CORPORATI ON 
110 PICKARD OR • SYRACUSE. N. Y 13211 

PHONE.: 31S-.~418 
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New Instruments 

dar, the multiplier is currently 
being used by Bendix in pattern 
recognition, where the main prob­
lem is handling large quantities of 
data quickly and high accuracy is 
not needed. The company also sees 
application in control systems. 

The accuracy of the measured 
output voltages will be best when 
the inputs, either positive or nega­
tive, are close to the ends of the 
voltage range because of the ± 1 % 
of full-scale accuracy, or -+-0.02 
volt. To obtain the full accuracy, 
the power supplies must be reg­
ulated to better than 0.05%. 

The unit is operated simply by 
connecting power supply voltages 
to it and plugging in the x and y 
input signals and the xy output 
load to the appropriate jacks. There 
are no operating controls. How­
ever, each day the d-c voltages 
should be checked and, if neces­
sary, calibrated. 

Developmental models of the sig­
nal multiplier cos t $3,500; delivery 
time is two months. 

Specifications 

Accuracy ±1 % of ful l scale, or 
±0.02v 

Input voltage 0 to ±2v d-c 
Input power ±8 or ±20v d-c; 

0 .05% regulat ion 
Operating temperatu re 

range 0° to 60 ' C 
Size 2% x 61,4 x 12 in. 
The Bendix Corp., Radio Division, Tow· 
son, Md. [371] 

Transducers measure 

reaction torque 

The speed of rotation of a machine 
no longer limits the performance of 
a torque measuring transducer. A 
new fixed-shaft transducer attaches 
direc tly to the housing of the ma­
chine under tes t. 

By using semiconductor gauges 
as the sensing elements , the model 
R reaction torque transducers 
produce an output of 2 :o mv d-c 
at rated torque for an input of 6v. 
A choice of six torque ratings is 
offered: 2, 5, 10, 20, 30 or 60 in.­
lhs. Linearity of output signal is 
± 0.25%. 

The transducer measures reac­
tion torques exerted by the housing 
of an operating rotary device. The 

Who needs 55% efficiency 
in a micro motor 20mm 
or less in diameter? 

No one. 
llut it is a testimony lo i\lit su mi's 

ability to meet unu :; ual ,;pcciali ty 

micro-electronics rcqui1·emcnts . 

:\Jicro motor efliciency over so(';, has 

bee n conside red impossible for a 

motor as s mall as 20mm in diamete r. 

Adoption of a new sy:; tcm in the mag­

netic circuit has upset this commo n 
concept. 

lloth electrical and mechanical 

noises have practi ca lly been elimi ­

nated by a built-in noise s upprc s,;o r, 

and a s pecially const ru cted brush 

which has improved the rectifying 
capacity . 

t\ s k for i\lit,;umi when you need a 

reliable, quality micro motor for port­

able tape -recorders, record- pl aye rs, 

mea s uring in st ruments and Smm 2-

s peecl mo,·ic came ra s . Over 30 types 

of :\C or DC mi cro motors arc imme­

diately available. 

i\litsumi is the world's leading mak­

er of polyethylene variable capaci ­

tors, 1-F tran sfo rmers, sy nchronous 

motors, front-end Fl\! tuners, U JJF& 

\' 11 F TV tuners, CdS photoco ndu cti ve 

cells, trimming potentiometers , coils, 

sockets, trimmer capac itors, termi­
nals, anc! fuse holders . 

.MITSUMI 

MITSUMI ELECTRIC COMPANY, LIM ITED 
1056 Koadachi, Kom"e-machi , Tokyo_ 415-6211 
302, Cheong Hing Bldg., 72 Nathan Road, 
Kowloon, Hong Kong. 666-925 
Marienstrasse 12, Dusse ldorf , W. Germany. 
MJTSUMI ELECTRONICS CORPORATION 
11 Broadway, New York 4, N.Y. 10004. HA5·3085 
~~~-~cio~ichigan Avenue. Chicago, Ill . 60601 
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• 
transducer shaft does not ro ta te­
it is fixed to the transducer base. 
To measure reaction torque, the 
tran sducer is bolted to a rigid 
structural memb er and the trans­
ducer shaft is coupled to the hous­
ing of the rotary device. 

The reaction h·ansducers employ 
no bearings , slip rings or brushes 
and thus elimina te problems of 
wear inherent in rotating-shaft 
torque transducers. 
B&F Instruments, Inc., 3644 N. 
Lawrence St., Philadelphia, Pa., 19140. 
[372] 

Accurate, ultrastable 

power reference source 

An ultraprecision , solid state power 
reference source is stable to within 
0.001 % over a 100-hour period. 
Outputs from 0 to 60 v, at currents 
up to 2 amps, are selectable on 
direct-reading digital dials. Line 
and load regulation is 0.0001 %. 

Absolute accuracy of the model 
TC-260R is within 0.01 % of set­
ting and the resolu tion capability is 
20 µ.v . Temperature stability over 
an ambient temperature range of 
15° to 35°C is within 5 ppm/ °C . 
Output impedance at d-c is less 
than 10 microhms, and combined 
a-c components in the output (hum, 
noise, ripple, transients, etc.) are 
less than 50 µ.v rms at any output 
level. 

Standard features include provi­
sions for remote programing and 
sensing, as well as automatic cur-
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Miniature HiDh O Air caoacilors 

' ' 

Small Size • High Q • Rugged 
High Selectivity • High Sensitivity 

• Size: .220" dia. 15/32" 
length 

• Q @ 100 me: > 5000 
• Capacitance Range: 

0.4 - 6 pf 

• Non-Magnetic 

JMC 4642 
~ 
lb 

l 
1& 

~~-· .J - 10-<04 T1 ... tO 

JMC 4640 

D3 1 

New miniature series features 
high quality mater i als and 
workmanship typical of all 
Johanson Variable Air 
Capacitors. 

• ,-, .A I('~ WlDE.' 

10-64 TM'O 

MANUFACTURING CORPORATION 
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in the orld 

Transmission Lines and Matching Networks 
Supporting Towers and Masts 
Dummy Loads and Termination Resistors 

Elverson, Pa. 19520 (215) 942-2981-
Circle 272 on re:;ider service card 

3 

2 

• 10 ampere current carrying capacity 

• Current carrying members heavily silver plated 

• Kel-F rotors • Steatite spacers and stators 

• Black anodized die cost aluminum support bracket 

• Nylon detent wheel • Stainless steel detent arm 

• Oil impregnated bronze sleeve bearing 

MARLBORO, NEW JERSEY • Telephone: HOpkins 2·6100 
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New Instruments 

rent limiting and complete short­
circuit protection. 

The accuracy, stability and reg­
ulation of the model TC-260R are 
obtained through the use of an ac­
curate, stabilized and temperature­
controlled internal reference, and 
a high-gain chopper-stabilized 
feedback amplifier. The chopper 
amplifier has an open loop gain of 
5xl06, falling off no faster than 6 
db/ octave to unity gain. This in­
sures low output impedance while 
retaining fast transient response-
25 µsec recovery time-without 
ringing. 

Price is $1,250; delivery, approx­
imately 30 days. 
Princeton Applied Research Corp., P.O. 
Box 565, Princeton, N.J ., 08540. [373] 

Frequency synthesizer 

covers470to1,000 Mhz 

• 
A solid state frequency synthesizer 
direc tly covers the range of 470 to 
1,000 Mhz and eliminates the prob­
lem encountered with low fre­
qu ency synthesizers . The 1-f syn­
thesizers require multiplication of 
the output frequency, with corres­
ponding increase in noise and un­
wanted spurious levels. 

The output frequency is derived 
from two components. The fre­
quency of the crys tal-controlled 
standard can be locked in 10-Mhz 
steps. The other is furni shed by 
an interpolation oscillator which is 
tunable within these steps. Resolu­
tion is 5 khz (0.5 hz with ND30M 
synthesizer used as a vernier). 

The built-in frequency standard 
is accurate in 2 parts in 109 • It can 
also be operated from an ex ternal 
12-v battery. 

Output voltage of type xuc syn-
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tl1~sizer into 50 ohn1s is continu-
. oasly adjustable or adjustable in 
steps and b etween 250µ.v and 1.5 v. 
The suppression of nonharmonic 
spurious frequencies is more than 
80 db ; spurious frequency deviation 
~ iess than 0.5 hz. Frequency fluc­
tuations due to external influences 
('~ithin the tolerable limits of sup­
]}ly voltage, supply frequency and 
ambient temperature) are less than 
2110-n. The mean daily frequency 
4 rif t after constant use is less than 
lxlO-n. 

•Type xuc is equipped for mount­
ing in 19-in. racks and, with the 
e"tception of five uhf disk-seal tri­
odes, uses transistors . Delivery is 
from stock at $7,705. 
1%>t'tde & Schwarz, P.O. Box 14 8, 
Passaic, N.J ., 07055. [374] 

Instrument generates 

f:m multiplex signals 
- ~ 

~n f-m multiplexer has b een de­
veloped for data acquisition or for 
lrle as a versatile test instrument 
in a telemetry ground station. 
Model 48 contains nineteen S-24 

J110!,tage-controlled oscillators and 
an S-41 voice annotator which pro­
vide the means for generating 
tJ/ ree independent composite f-m 
multiplex signals. The unit features 
a~ S-48 switch panel enabling each 
vco output to be independently 
S'wtl:ched into any one of the three 
S}9 amplifiers contained in the 
unit. An S-42 voltmeter is provided 
for monitoring all vco input and 
O!:!,tput signals. 

Subcarrier frequencies b etween 
W)O. hz and 1.2 Mhz, with peak de­
viations of 1 % to 16%, can be pro­
vilied through the use of plug-in 
c~annel selectors. The vco's have 
a linearity of better than + 0.05% 
of bandwidth and stability of 
±0.05% of center frequency. 

1"1odel 48 f-m multiplexer fulfill s 
th~ functions of an auxiliary signal 
mixer, data-insertion converter, 
stgnal simulator or f-m calibrator. 
)onex, Inc., 20 E. Herman St., Phila­
@phia , Pa., 19144. [375] 
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HOW TO 
FORM 

STRONGER 
BOXES 
FAST! 

Shear up to 160 blanks per minute with 
lowest cost, high speed, precision shear on 
the market! Di-Aero Power Shear No. 36 
- only $1,350 complete ! 

Notch blanks on a Di-Aero Power Tab 
N otcher. Extra strong tabbed corners are 
self-aligning. And easier to fasten. 

No wasted motion. Form box on a Di-Aero 

I Hand or Power Press Brake or Di-Aero J Leaf Type Brake. Read the full story in 
Di-Acro's newest catalog. See your distrib-

-~01-ACiR CJ".: I • 
division of ~R~R~t~~~ 

431 EIGHTH AVENUE 
L AKE C ITY, M INNESOTA 55041 
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New 
Varian 
A-Scope 
for 
Surface 
Micro­
Topography 
and 
Thin Film 
Measure­
ments 

0 0 
• Range: 30 A to 20,000 A 

0 

• Resolution:± 30 A over the 
entire range 

• Direct reading filar eyepiece 
• Special plate tilt mechanism: 

prevents scraping between 
plate and sample 

• 35 mm or Polaroid cameras 
optional 

Write for complete information 

@ varian 
vacuum division 
palo alto / california 
Varian$. p.A., Turin, Italy 
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New Subassemblies and Systems r 

Line drive amplifier 

offers adjustable gain 

Model 274 line drive amplifier -0f­
fers a continuously adjustable gain 
from 1 to 1,000, a frequency re­
sponse within ± 1.0 db from 3 hz 
to 15 khz, and an input impedance 
greater than 500 megohms. 

The unit requires a +28 v 
± 15%, 40 ma maximum power 
supply. Output is 5 v rms minimum 
driving through 1,500 ft of cable 
terminating in a 10,000 ohm load. 
Linearity is within 1 % from best 
straight line, and noise is less than 
25 µ,v equivalent input with 0.001 
shunting input. Distortion is less 
than 1 % and gain stability is 
within ± 0.2 db·. Operating temper­
ature range is -55° to +125°C. 

Price in small quantities is $175 
per unit, with delivery in 8 to 10 
weeks. 
Bulova Watch Co., Inc., 61-20 Wood· 
side Ave., Woodside, N.Y., 11377. 
[38 1] 

H-v bench supplies 

in half -rack package 

... . 
High-voltage d-c power supplies 
feature all-silicon circuitry in a con­
venient, half-rack package. They 

are more compact than equival~1 

rated competitive supplies by a fac 
tor of three to five, according tn &.. 
manufacturer. 

Model 6515A, only 3112 in. h~gf 
has an output of 0 to 1,600 v f,k( 
0 to 5 ma; and the 6516A, 51/'\ ir 
high , has an output of 0 to 3,000 
d-c, 0 to 6 ma. Load regulatip~i 
0.01 % or 16 mv and line regulat10 
is the same. • 

The supplies have low ripple 1n 
noise, and are short circuit-pr6o 
A 10-turn vernier permits fu 11-...'l 
justment with 100 mv resoluti 
over each voltage span-no 'bltn 
spots. 

The units are suited for lllgl 
voltage experiments and circuitXl< 
velopment. They are also said to b 
ideal for use as general-purpose-cl· 
high-voltage sources, and for p~ol< 
multiplier applications. 
Hewlett-Packard, Harrison division,.}( 
Locust Ave., Berkeley Heights, N .. 
07922. [382] r 

Medium-performance 

digital transport 

-- -~"""'--' 

>· -·--

"" Designed for applications re~ 
ing moderate data transfer rat; 
the model MT-36 magnetic to 
transport is suited for use w 
small and medium scale comptJt~ 
in mass storage and sequential ; 
cess applications for which lii! 
priced, high-performan ce tqu 
ports cannot be justified. The u 
offers unres tricted tape speeds 
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-" 50 in. per sec at densities to 800 
bits per in. It is qualified to meet 
F ederal Standard 222 and MIL­

I6910A. 
'1 The complete system consists of 

the tape transport assembly, man­
i'.lai control unit, and a model MA-
310 read/ write electronic package. 
1( is completely compatible with 

' H3i\ I systems, such as the 729 and 
2400 series. Other conventional 
t~pe formats on either %- or 1-in. 
~age are also available. 

The unit has smooth start-stop 
pPOfiles and no program restric­
tions over a command frequency 

•r1te up to 200 per sec. 
P~tter Instrument Co., Inc., 151 Sunny· 
,side Blvd ., Pla inview, L.1., N.Y., 11803. 
Ra3l 

'Differential amplifier 
I 

with multiple outputs 
- ~ 

.. ,. 

ifbur simultaneous outputs from a 
sipgle input signal are provided by 
the model 7202 differential ampli­
t1er~ The multiple outputs are of 
sufficient power to drive computers , 
tape recorders, and galvanometers. 
~lvanometer output provides a 
± 10 v in to a 100-ohm load; each of 
tHe other three outputs are capable 
.1~ lfroviding a ± 10 v in to 1,000-
Jhm loads. Gain accuracy over the 
: n~re gain range is -+- 1 %. 
i A 10,000-ohm input impedance 
•i:?ting, individual direct-reading 
~ain controls for each output, high 
~ommon-mode rejection, and max i-
1\ 11'1 input-to-output isolation fea­
:ures are claimed to make the 
noClel 7202's per-channel cos t the 
•wst economical presently availa­
)le. 

1\.dditional fea tures include re-

:lectronics I January 9, 1967 

Wherever Non-Contamination is Essential 

l~~OO@=~[~ro~~~~ 
FOR PRODUCT RELIABILITY 

FOAMWIPE 

A three dimensional 
polyurethane clean 
room wiper. 

TEX WIPE 

A disposable 100% 
cellulose LINT­
FREE CLOTH. 

MICRO-DUSTER 

A compressed gas 
precision cleaning 
instrument. 

.. 'FREON" TF 

Aerosol Solvent 
Cleaner-A 
selective, precision 
cleaning agent. 
• Reg . Trade Mark of 
E . I. DuPont Company 

'-... J 

OPTIC-CLOTH 

for scratch-free 
cleaning and poli sh­
ing coated opt ics. 

TRACER GAS 
SPRAY PROBE 

For pin-pointing 
leaks in a vacuum 
system. 

"(!~ . . r(' . _ _ ___.. ,1Jl\~~rc1ai1J.>i,,. _____ _ 

FOAM-SWABS 

A non-linting 
cleaning swab and 
applicator. 

THE 

~~~,~~~ 
COMPANY 

HILLSDALE, NEW JERSEY 07642 

CATALOG AVAILABLE UPON REQUEST 
Circle 211 on reader service card 

To order reprints: Fill in, cut out coupon below, insert in envelope 

and mail to: Electronics Reprint Dept. , 
330 W. 42nd Street, New York, N.Y. 10036 

·-----------·-·-----------------------------------------------------------------·------
Reprint order form 
For listing of reprints available see the Reader Service Card. 

Communications Satellites. Parts I and II. 
Send me reprints of Key no. R-90a at $1.25 each. 
For reprints of previous special reports fill in below: 

Send me reprints of Key No.(s) . . ...... @ ..•••.. . ¢ each. 
(For prices, see Reader Service Card) 

Name 

Number of street . 

City, State, Zip code . 
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Modular Integrated Circuit 

I 

I 
\ 
\ 

A·rn·D converter 
10 bit parallel binary output 

10 microseconds conversion time 
Model ADC-l01c is a plug-in Analog­
to-Digital Converter with a 10 volt 
input range and contains a Clock 
Reference Supply, Resistor Net'. 
work and Comparison Amplifier. 

Also available 

0-ro-A converter 
10 bit strobed parallel binary input 

1 microsecond settling time 
(same size as A-to-D converter) 

Model DAC-l01c is a Digital-to­
Analog Converter and contains a 
Storage Register and high-speed 
Strobe System, Internal Reference 
Supply, Resistor Network and out­
put Operational Amplifier. 

Variations are available in input 
and output ranges, converting 
speeds, number of bits, and trig­
gering modes. 

Pastoriza also provides compat­
ible Sample-and-Hold and Mufti­
plexi n g Cards and Auxiliary 
Readout Equipment with self-con­
tained power supplies to facilitate 
matching these units to OEM and 
system applications. 

Write for A-to-D and D-to-A 
Converter literature. 

385 Elliot St., Newton Upper Falls, Mass. 02164 

(617) 332-2131 
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New Subassemblies 

cessed adjustment screws to offset 
each output signal positively or 
negatively, and a turns-counting 
dial on the front panel to regulate 
signal gain from 0 to 2.5. Input con­
nectors may be reversed to provide 
inverting or noninverting gain po­
larity. 
Dynamics Instrumentation Co., 583 
Monterey Pass Road, Monterey Park, 
Calif., 91754. [384] 

Core memory stack 

has high reliability 

A rugged, militarized core mem­
ory stack bypasses inherent relia­
bility problems of current memory 
stacks, according to the manufac­
turer. It provides greater system 
tolerances, higher resistance to 
shock, and built-in temperature dis­
sipation . It stores the same amount 
of information in only two-thirds 
of the space compared with an 
ordinary memory stack. 

Called Semstak (severe environ­
mental memory system) it is de­
signed for airborne and space ap­
plications where high reliability, 
low weight and small volume are 
prime considerations. The unit' s 
construction has no bus wire con­
nections found in many other 
printed-circuit-board stacks. Such 
connections are said to be a com­
mon source of stack failures. Planes 
are interconnected with half the 
number of solder joints usually re­
quired, using a proprietary design 
with etched finger contacts. In ad­
dition, the design increases solder 
joint reliability with a compression 
technique. 
A built-in heat sink prevents tem­

perature gradients within the stack 
from varying the output voltage, 
which could cause information to 

for Operational Amplifiers, 
Instruments and Systems 

--
Miniatur1 

Precision Dua 
Power SupplJ 
from 110 vac input to + 15 vdc 
at 100 ma output in a package %" 
high including power transformer.-

The Model MPD 15/ 100 represent 
the first significant step in p~w-e 

su~ply m_iniaturization. This rug$e' 
unit provides 0.02% regulation (n 
load to full load),0.005%regulatft>1 
against line, complete short circu i 
protection and operates in ambiefrit 
from -25°C to +65°C. There., qr, 
pin connectors for socket or printe1 
circuit board mounting. 

for Operational Amplifiers : 

Provides both positive and nega?iv, 
highly regulated de voltage require1 
by most operational amp I ifiers. Th 
designer can finally take full ad'vat 
tage of the size reduction in mane 
lithic and hybrid amplifiers, '-' 

for Instruments: 

Provides high regulation and c< 
pacity for precision requirem~n1~ 
Com~act for".1 eliminates many lfH 
chanical design problems, allowin 
more flexibility in package design~ 

for Systems : 

This Power Supply becomes anbtti~ 
member in the System Desig~r· 

Card Library; making possible sin 
plified system design by supplyfn 
required power to local circuits. 

Write for Bulletin MPD 15/ 100.r 

PASTORIZ1 
ELECTRONICS, IN[ 

385 Elliot St. , Newton Upper Fall s, Mass . 02164 

(617 ) 332-2 131 r 
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b e lost or misinterpreted. T emper­
ature dissipation keeps all cores 
with in l0°C of each other regard­
less of power or temperature 
changes. 

The unit can w ith stand vibra­
tions that impose 30g's at 2,000 
hertz. It meets applicable tempera­
ture, shock and vibration require­
ments of :-.nL-E-5400 and operates 
over a temperature range of -55°C 
to + 125 °C. 

A typical Semstak containing 
4,096 words of 24 bits each , and 
built w ith 30 mil cores, measures 
only 3 x 3 x 2 in. and weighs only 
18 ounces. The planes are stacked 
only 1/ 2 in . apart, instead of the 
conventional 1/s in. 

The s tack is available with ca­
pacities up to 16,384 words of any 
bit leng th . 
Electronic Memories, 12621 Chadron 
Ave., Hawthorne, Calif. [385] 

Reference source 

boasts high stability 

A voltage reference source desig­
nated model 771-PK-50 is a result 
of seven years of design and devel­
opment in zener circuitry tech­
niques, according to the manufac­
turer. 

The device has an input voltage 
of 30 v d-c ± 1 % at 30 ma maxi­
mum; output voltage, 12.6 v d-c 
± 5%; output current, 100 µ.a; tem­
p erature coefficient, 0.00015 % I °C 
referred to 35° over a range of 20° 
to 50°C; output regulation , 10µ.v 
maximum output change per 1 % 
input change; short-term stability, 
0.0005% per 24 hours; long-term 
stability, 0.0018% per 6 months ; 
and noise, 25µ.v peak to peak maxi­
mum , d-c to 50 khz. 

Pri ces range from $75 to $150 
each , depending on the customer 
requirements. 
lnstrulab, Inc., 1205 Lamar St. , Day­
ton, Ohio, 45404. [386] 
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YOKE SPECIFYING PROBLEM·~ 

A 
DEFLECTIO 

YD E 
Since we make more types of yokes than anyone ellie, it's natural enough for 
our team of experts to lCnOw more about yoke desip, application engineering. 
and quality control. 
Specifyinc can be a challentina problem, and with this in mind, we put our 
experience at your disposal. DOn~ hesitate to call or write us when you're 
puzzled as to the rl&ht deflection Yoke for your display. 

ntronic INSTRUMENTS, INC. 
too lndu9trhll Road, Addison, lfflnole 
Phone: A ... 812, 141-1444 

Circle 213 on reader service car 

thin I< 
BIG 

(also small) 

Now engrave anything from 6 ft. panels to tiny nameplates 

Engravograph tackles them all. Right in your own 
shop, effortlessly, speedily- ideal for unskilled 
workers. Adjustable ratio engraves 21 different 
sizes. ---"'.-=~~-~~~~~~ 

Write for illustrated catalog# 114 

new hermes engraving machine corp. 
154 WEST 14th STREET, NEW YORK 11, N. Y. Chicago, Atlanta. Dallas, Los Angeles, Montreal 

Write Directly to Manufacturer 
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Why the most 
readable readouts 
have a new 
lens system .. 

We've just designed a totally new lens system 
for our miniature rear-projection readouts, 
the Series 120 and the Series 220 (front 
plug-in model). Since we already had the 
most readable readouts made-even with the 
old lens system - why all the effort? 

Frankly, the most important thing we (or 
any other readout manufacturer) have to sell 
is readability. That's why we keep on work­
ing to make the best just a little bit better. 
This time it really paid off. Our new lens sys­
t~m delivers a significant increase in charac­
t.:r sharpness and a 50% increase in bright­
ness! Here's what we did: 

OLO NEW 

First we squared our circular lenses. That 
gives us greater usable lens area for a two­
fold effect: the new larger lenses collect more 
light ; magnification required is reduced . Both 
factors increase brightness and sharpness. 

FILM 

~A~ 
OLO NEW 

Second, we split the old single condenser lens 
and made a lens-film-lens sandwich. The old 
lens refracted light rays toward the projection 
lens before the rays passed through the film . 
Of necessity. the lens had steep curvature 
which limited the usable size of film. The new 
split-lens condenser refracts light in two 
stages: before it passes through film and after. 
By comparison , the new lenses are practically 
fiat, permitting use of larger film and reducing 
aberration associated with thick lenses. The 
effect builds up: larger film means less magni­
fication which in turn means greater brightness 
and sharpness. 

So that's why the most readable readouts 
have their new lens system. Frankly, this new 
lens system may not seem earthshaking to 
you, unless you happen to be using readouts. 
In any case, send us your inquiry. We'll give 
you the reading on readability! 

~ INDUSTRIAL ELECTRONIC 
~ ENGINEERS, INC. 

7720 LEMONA AVENUE, VAN NUYS, CALIFORNIA 
PHONE: (2131 787-0311 TWX: (910) 495-1707 
© 196 6 IEE Representatives in Princi pal Cities 
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New Microwave 

Oscillator Gunns up to 12 Ghz 

Gunn effect device 
shown 2X actual size 

Britain may turn out to be the win­
ner in the race to produce a com­
mercially feasible Gunn-effect oscil­
lator, "brain drain" notwithstand­
ing. An American firm was the first 
to offer such a device [Electronics . 
Aug. 8, 1966, p. 221) but took it off 
the market when no oscillator func­
tioned for more than 24 hours. 

Reliability data for the new Gunn 
device is not available, but the 
manufacturer says that operating 
life "is expected to be at leas t 1,000 
hours at its continuous rating of 5 
milliwatts output." 

The oscillator is the product of 
~1ullard , Ltd. , a British subsidiary 
of Philips Gloeilampenfabrieken NV, 

and is being marketed in this coun­
try by Mullard, Inc. It is des igned 
to operate at frequencies from 7 
to 12 gigahertz and requires only a 
6-volt supply. 

The British Royal Radar Estab­
lishment cooperated with Mullard 
in developing the device. One of 
the researchers at the radar lab has 
used the oscillator in a tiny low­
power radar transmitter. Other pos­
sible applications include the mixer 
stages of microwave communica­
tion links, b ench-top microwave 
sys tems for teaching demonstra­
tions and medical radar pills for 
gastrointestinal diagnoses. 

Gunn-effect oscillation results 
when an electric fi eld exists be­
tween the two faces of a thin slice 

of gallium arsenide. ·when the 
slices are thinned by a grinding and 
lapping, maximum operating fre­
quency is about 4 Ghz. 

However, Mullard uses epitaxial 
deposition that allows a very thin 
layer of high-resistivity GaAs to be 
formed on a thicker slice of the 
low-resistivity material. The de­
vice's active element is the high­
resistivity layer, with the Gunn ef­
fect occurring throughout the layer. 
The company claims that the epi­
taxial technique not only increases 
the device's operating frequency, 
but also offers higher power dissi­
pation and greater control of re­
sistance in a given res istivity layer. 

Others, including the Bell Tele­
phone Laboratories, Inc. , are also 
using epitaxial deposition to make 
experimental oscillators. Mullarcl 
reports its process is similar to that 
used by Bell Labs. 

The ceramic-encapsulated de­
vice, 5 millimeters long and 3 mm 
in diameter, is operated by coup­
ling it into a simple microwave 
cavity. It will oscillate both with 
fixed-frequ ency cavities and w ith 
those that are tuned over the entire 
frequency range. 

Specifications 

Operating frequency 
Operating voltage 
Continuous power output 
Peak power output 
0-c current 

7 to 12 Ghz 
6 v 
5 mw 
20 to 30 mw 
150 ma , typ. 
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Metro11~ 

SINE/ SQUARE OSCILLATOR 
MODEL 3111 $71 •50 I (FOB JAPAN) 

SHz ~ 560kHz, 600 Q 

HIGH SENSITIVE AC VTVM 
MODEL 1211 $66·50 I (FOB JAPAN) 

full scale 1.5mV-500V, 5Hz - 500kHz 
r · . ., 
• • 
~ 

i ' ' ; . . ,-

: ... -. 
REGULATED DC POWER SUPPLIES 
29 models are available. For par­
ticulars, please apply for catalog. 

RIPPLE: 3mV pp 

VOLTS AMPS REGULATION FOB JAPAN 
MODEL (line or load) $ 

521A 1~ 1sv 0.5A ±20mV 41.50 

541A 1 ~35V 0.25A ± 20mV 46.50 

543 1~35V 0.5A ± 20mV 73 .50 

5318 0-35V I A ±IOmV 84 .00 

535C 0~35V 5 A ± 3mV 250.00 

• Specialized dealers wanted : 
Write t oday f or deta ils. 

e!&/HIB> Metro•~ corp. 
76, CHOFU-CHIDORl-CHD, OTA-KU, TOKYO 
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Only developmental models are 
available right now. In sample 
quantities, the price is about $175, 
with a four- to six-week delivery 
time. 
Mullard, Inc., 100 Finn Court, Farming· 
dale, N.Y. [391] 

Pulse source generates 

high peak power 

A microwave signal source desig­
nated PG5K features plug-in r-f 
heads and a solid state power sup­
plier. It can generate up to 5 kw 
over any band in the 150 Mhz to 
2,350 Mhz region , with lesser pow­
ers up to 6,100 Mhz. 

The PG5K uses the grid pulsing 
techniques to save space and 
weight. It will fit into a standard 
19-in. rack and is 8% in. high. 

Units are in initial production 
and will soon be available from 
stock. 
Appl ied Microwave Laboratory, Inc., An· 
dover St., Andover, Mass. , 01810. [392] 

Continuously variable 

coaxial attenuator 

A continuously variable attenuator 
that has a power capacity of 5 w 
c-w measures 1/z cu in . and weighs 
only about an ounce. Frequency 
range is 5.2 to 10.9 Ghz and attenu­
ation range, 0 to 10 db minimum. 

The unit, a model 6604-10, is 
supplied with miniature APM type 
connectors that mate with a 1.41 
in. diameter coaxial line connector 
such as OSM and BRM. 

Maximum vswr is 1.50; maxi­
mum insertion loss, 0.5 db. 

Price is approximately $300, and 
small quantity delivery is eight 
weeks or sooner after receipt of 
order. 
Antenna & Radome Research Associ· 
ates, Inc., 27 Bond St., Westbury , N.Y. 
[393] 

this is not a 
CAPACITOR! 
It is available with all these 
standard specs: 

• 0.01% Tolerance 
• o ± 1 ppmj°C TC 

(0° to + 60° C.) 
• Guaranteed 25 ppm shelf 

li fe stability for one year 
• Non-measurable noise 
• Non-measurable 

inductance 

With these standard specs, it 
could only be a Vishay Preci­
sion Resistor . . . not wire­
wound ... not conventional 
evaporated metal film . . . 
but a totally new kind of re­
sistor, with a totally new 
order of precision! 

How it got its unique small 
size . . . how it delivers its 
unequalled performance 
without parameter trade-offs 
. . . and where it can solve 
problems for you, are ex­
plained in this new, complete 
DAT A CATALOG. Send for 
your free copy today. 

VISHAY RESISTOR PRODUCTS 

® 
a d ivision of 

Vishay Intertechnology, Inc. 
63 Lincoln Highway 
Malvern, Pa. 19355 
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10 milliwatts 

~-10 AMPS 
How do we do it ? 

RELAY e n- .;jiQJ GISSERIES~ 

h ances the in- ~ ---+ I 
put sensitivity 
with a self-contained amplifier, 
h a s SPST, SPDT, DPST or 
DPDToutputs to fit your circuit 
r equirements. This miniature 
p acka ge is av ail able with a 
variety of mounting and termi­
n al configurations compatible 
with Aerospace requirements. 
The weight but 1.6 ozs. Dimen­
sions : 1.025" x 1.025" .935". 

If you are look­
in g for an e x­
tremely small , 
lightweight, re­
liable 10 Amp 

relay, but don' t need the low 
input characteristi cs, consider 
this versatile series : 

Gl2 SERIES MODULAR RELAY. 
Basically the same as the Gl5, 
but without amplifier. Can he 
supplied as two 
SPDT relays in 
the same enclo­
s ur e , with th e 
same or differ­
ent co il charac­
teristi cs. 

In fact , th e entire Gl2 Seri es 
can be built up in modular units 
of 1, 2, 3, or 4 PDT to match 
yo ur needs precis ely , whil e 
k ee pin g packa ge siz e a nd 
w e i g ht to a minimum. Th e 
DPDT, for example, is just 1.2 
ozs., .525" x .935" x 1.025". 

GIANNINI l~----­
VOLTEX 

12140 E. RIVERA RD., WHITTIER, CALIF. 90606 
PHONE: 213-723-3371, TELETYPE: 213-685-6261 

An Independent .Company/ An Equal Oppartunity Employer 

216 Circle 216 on reader service card 

New Production Equipment 

Putting IC's to the test 

A $28,000 tester for integrated cir­
cnits operates so speedily and 
simply that, says the manufacturer, 
in a production line it is more eco­
nomical than a pair of $10,000 
manual tes ters. 

Texas Instruments Incorporated 
explains that with the machine an 
unskilled operator can make an IC 

test in only 8 milliseconds. The 
machine can al so be programed 
for tes t times of 20 msec, 100 msec 
and indefinite (hold). 

Turnaround time, or the time 
needed to change from one setup 
to another, is almost eliminated 
since tes t programs are run from 
a punched Mylar or paper tape. 
In addition, TI says, several tes t 
stations can operate from a single 
tester through multiplexing. 

The model 668 test system can 
perform d-c and diagnostic tests 
for almost any type of ic or logic 
module. It can be used to probe 
slices and can full y tes t complex 
arrays instead of merely giving 
representative readings. 

The programing input is a 1,000-
character-per-second optical reader. 

A variable word-length program 
allows unlimited data to be entered 
serially. Each function is coded 
with a le tter address for lead iden­
tification that is then followed by 
three to seven digits of numerical 
data. 

A switch on the control chass is 
identifies the program and can al so 
be used to manually program one 
instruction at a time for special 
testing. Any device lead can be 
programed to any d-c stimulus, 
ground, load resistor, detector, in­
ternal or external buss line or 
diode for clamping-under either 
momentary or static conditions. 

There are three pass and nine 
fail categories. \Vhen devices are 
being classified , the most severe 
tests are run first. As soon as a 
chip or device passes all the tes ts 
in one class, a "home on pass" step 
can return the program to the be­
ginning and commence testing the 
next unit. For example, class B 
tes ts are skipped on devices that 
have proved to be class A in qual­
ity. 

It is also possible to program 
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11ec 
to be Sure 

fo r full de tai ls, contac t : 

MATSUO 
ELECTRIC CO.,LTD. 

3-chome,Sennari-cho, T oyona ka-shi, O saka, Ja pan 
Coble Address " NCC MATSUO" OSAKA 

Electronics I January 9, 1967 

in "home on fail"-if a device fails, 
for instance, test number eight, the 
remaining tests aren' t performed. 
For debugging tapes, checking de­
velopmental models or checking 
the test itself, a "stop on fail" step 
allows close scrutiny at the point 
of failure. 

The basic system consists of a 
chassis for the tape reader and 
power supplies, another for pro­
gram-decoding logic circuitry and 
a stimuli and matrix chassis. 

Specifications 

System leads 
Voltage ranges 

Operating tem-

10 d-<:, expandable to 16 
O to ±3.99 v In I mv steps 
O to ±39.99 v In 10 mv 
steps, both 390 ma max 

perature range 15° to 35°C 
Humidity Less than 75% 
Size 22x30x36 inches 
Weight 400 lbs. 
Table area 4.5 sq ft. 
Power 100-125 v, 50 or 60 hv, 700 

va 

Texa s Inst rum ent s Incorporat ed, Ap­
paratus Division, Box 66027, Houston, 
Texas 77066 [401] 

Encapsulation molder 
for components makers 

A portable press, designated model 
EP-200, is suited for both proto­
type and production molding en­
capsulating of electronic compo­
nents such as resistors, transistors, 
transformers, coil, semiconductors, 
integrated circuits and various elec­
tronic modules. 

The EP-200 operates on shop 
line press and 100 v a-c and fea­
tures controls for pressures, timing, 
and temperature control. Shorter 
lead times and inexpensive proto­
type tooling are among the many 
advantages this press offers, ac-

how to 

tame 
a temperature 

problem 

: /, 

POLYTUBE 463 
CLASS F 

Fiberglass Sleeving 
retains its flexibility and electrical prop­
erties in continuous operation at tem­
peratures up to 155°C. Even after 1000 
hours, it will not crack when bent 180° 
around a mandrel. Constructed of closely 
woven fiberglass, it is thoroughly impreg­
nated and uniformly coated with modified 
acrylics, making it compatible with most 
wire enamels and encapsulants and re­
sistant to oils, acids, alkalies, jet fluid, lox 
and water. Good resistance to abrasion 
and cut-through-non-wicking. Write for 
samples, data and prices. 

Norristown, Pennsylvania 19404 
INSULATING TUBINGS AND SLEEVINGS 



No Engineer or Draftsman 
should be without the BY- BUK 
handy CROSS REFERENCE 
GUIDE to better 
printed circuit 
drafting 
which include standard sizes 
as specified in MS 16912. 
(NORD) conforming to MIL-P-
55110A ... & its FREE 

The booklet features over 3000 sizes of tapes, pads 
and shapes for FASTER MORE ACCURATE DISTOR­
TION-FREE PRINTED CIRCUIT MASTER DRAWINGS. 
Write today for FREE handy cross-reference guide, price list and 
FREE samples from the most complete supplier of Printed Cir· 
cuit Drafting and Masking Aids. 

BV-BUK COMPANY 
4326 West Pico Blvd .. Los Angeles, Calif. 90019 • Phone (213) 937-3511 

Circle 276 on reader service card 

~ 
NEW! 
DYNAMIC TYPE 
MICROPHONE UD-842 
Provided with 
*Tone Controller *Wind Screen 
* Shock Absorber *S witch 

SPECIFICATIONS 
• Cartridge: DM· 35 
• Frequency Response: 

100- 10.000 % 
• Impedance: 50kQ, 60 0 

Q ( Dual Impedance) 
• Sensitivity:-5 ldB ( 50 

kQ),- 7ldB( 600 Q) 
• Dimensions: 48 ¢ x 

l 20mm x 1 77mm 

NOW 4 WANG electronic 
calculators cost less than 
3 ordinary units 
New design permits simultan­
eous, independent operation 
of 4 keyboard / display con­
soles from a single, compact 
electronics package. l 
e Individual consoles 

as low as $780 
• Performs +. -, -;-, 

x, x2, yr, e•, logex at a 
single keystroke 

•Available with 4 additional 
storage registers 

•BO-step plug-in 

For catalog write to 
programmer available A. ..:'.o: Write today for 

PRIMO COMPANY LTD. 
2043 Mure, Mitakashi, Tokyo , Japan 
Tel. 0422 -43-3121 
Cable: "Primo Mu sashino Mitaka~ 
Telex: 0-22716 PRIMO TOK 

~ANG 
LABOF'IATOF'llES. INC. 

DEPT.HH-1 , 836 NORTH ST. , TEWKSBURY, MASS. 01876 
TEL (617)851-7311 

218 Circle 218 on reader service card Circle 289 on reader service card 

Production Equipment 

cording to the manufacturer. 
The unit occupies a bench area 

of 10 x 14 in. and is 28 in. high. 
Rolenn Manufacturing Co., 3151 Kan­
sas Ave., Riverside, Calif. [402] 

Ultrasonic cleaners are 

program-control led 

·~ 

Rotary cleaning and processing 
systems feature program control 
and offer the option of either pneu­
matic or hydraulic operation. The 
equipment can incorporate ultra­
sonics at 25 khz or 40 khz to pro­
vide fast, thorough cleaning of 
semiconductors, optical compo­
nents and many other precision or 
critical parts. 

The basic material handler has 
a maximum of five moving parts 
which insures a minimum of main­
tenance downtime. 

Program controls provide differ­
ential insertion and withdrawal 
speeds to and from the cleaning 
tanks; short-stroke vertical agita­
tion or dwell during the immersion 
phase and a secondary dwell above 
the liquid for drying or vapor clean­
ing. 

The systems are des igned with 6, 
8, 10, 12 and 14 stations. Tank 
openings range in size from 6x6 in. 
to 24x24 in., capable of handling 
work loads up to tons per hour. 

Rotary cleaning systems are 
available with remote service racks 
for white room installations where 
all pumps, filters and auxiliary 
equipment are mounted in the serv­
ice area outside the white room. 
This makes routine maintenance 
easier and minimizes the possibil­
ity of introducing contamination 
into the critical area. Integrated 
systems in laminar flow enclosures 
meeting F ederal Standard 209 are 
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4·6 WEEKS 
DELIVERY 

FREE 
TECHNICAL 

in Production Quantities or Prototypes 

Netic & Co-Netic 
Magnetic Shields 
Fabricated to your exact specifica­
tions in any size or configuration. 
Two typical applications shown . 2-3 
weeks delivery on special order. 

Permanently effective Netic and 
Co-Netic are the recognized world 
standard for dependable shielding. 
About 80% of all magnetic shield 
designs in use originated here . 
Netic and Co-Netic are insensitive 
to ordinary shock, have minimal 
retentivity, never require periodic 
annealing. Total quality is controlled 
during manufacture. Design assist­
ance gladly given . 

A.C. MOTORS I D.C. MOTORS I 
max. torque 

part no. dia. length oz in . 

CFC 0 * 138A100-2 1.6" 2.8" 1.25 
230A107·4 1 6" 4.3" 19.0 

CMC 0 144A110-2 1.2" 2.7" .7 
144A110-4 1.2" 2.7" .7 

UC** 186A101-5 2.3'' 2.4" 3.0 
186A111-5 2.3" 2.4" 2.5 

UCL 186A112-1 2.3" 3.4" 6.5 
CMM 235A106-1 1.3'' 2" .5 
CLL 313A102·1 1.3" 2%i'' 1.0 
SS-91 Screamer 0.9" 1.4" .1 

Electronics I January 9, 1967 
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24 hour 
shiomenl 

MANUAL K-6 
gives electrical and physical 

data on all types of mica 
No tooling cost on numerous fabri­
cated parts of natural and bu il t-up 
m ica . 

Pre-punched insulating wafers to 
electrically isolate transistors , 
diodes, etc. from heat sinks . 
Corrugated mica to reduce handling 
and fabrication costs for thermal 
elements . 

All grades of mica offered . 

Immediate delivery from stock on 
many items. 

PERFECTION MICA CO. 
1322 No. Elston Ave. 

Chicago, lll1no1s 60622 

Phone : 312, EV 4-2 122 

Circle 278 on reader service card 
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01 commercial motors 11ans 
dial 513-222-3741 

GEARMOTORS 

speed 
rpm volts phase 

3,600 115 a.c. 
60 115 a.c. 

3,600 115 a.c. 
1,800 115 a.c. 
1,500 115 a.c. 
1,800 115 a.c. 
3,600 115 a.c. 

17,500 24 d.c. 
11 ,300 24 d.c. 
40,000 12 d.c. 

cps 

60 
60 
60 
60 
60 
60 
60 

0 hysteresis synchronous 
*CFC planetary gearmotor available in ratios from 4:1 to 46,656:1 with 2, 
4, or 6 pole motors. Ask for Bulletin CFC. 

..UC spur gearmotors stocked with output speeds of 333, 125, 100, 83, 
80, 21 , 16.7, 8.3, 5, and 2.5 rpm. To order, specify speed. 

max. blade elm @ 
FANS part no. dia. length dia. O" H,O 

CMC 19A1242 5.4" 3.7" 4.0" 110 
See our listings in EEM, VSMF, & THOMAS REGISTER 

Globe Industries, Inc_, 
2275 Stanley Ave., Dayton, Ohio 45404, U.S.A., Tel.: 513 222-3741 
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(the password Is LEAR SIEGLER) 

If your talent is being hidden in a maze of people, or material bein& pro­
duced by your company, perllap,s riow is tbe time to seek new dtrection .•• 
new opportunities. And tlle plSiswonl !! Lear S1ealer. 

We're big enough to be active in almost every major aerospace project ••• 
small enough for you to advance rapidly, achieve the professional recoanitlon 
you want. And you'll work with fop men in the dtsian and productlOll of 
advanced flight reference, display and computer systems. 

All this 1s located in an outdoor ~nded, cultul'lltf-oritiltld -.;tJ 
just a few mtnutel dnvefnlm '9i1t tr play lw ~is Jilt_.._,. 
tullity llllPIOVW. Seid-)'Dir,_ ii colifidence. 

E.Ci~ 

EXHIBITS 
NEW YORK 
COLISEUM 

• 

IN 

TECHNICAL 
SESSIONS 

NEW YORK HILTON 

E LEC ICA / 
E LECTRONICS 
E NGINEERING 

Monday 
through 

Thursday 

MARCH 
20-23 
1967 

220 

• 69 Technical Sessions at the New 
York Hilton . Hours: Mon. 9:30-12:00 
a.m.; 2:00-4:30 p.m. - other days 
9:00-11:30 a.m.; 2:00-4:30 p.m. 

• FOUR COMPLETE FLOORS OF EX­
HIBITS at the New York Coliseum 
including over 700 firms. Hours: 
lo a.m.-8 p.m. 4 Days. 

• Gala Annual Banquet - Wednesday 
7:15 p.m. New York Hilton Grand 
Ballroom - $15.00 

Circle 220 on reader service card 

• Free shuttle busses between the 
Hilton and the Coli seum - every 
few minutes. 

• Registration - IEEE Members $2.00 
Non-members $5.00 Ladies $1.00 
High School Students $2.00 if accom­
panied by an adult. One student 
per adult Monday through Wednes­
day. Thursday only - limit of 3 
students per adult. Good for all days 
- Technical Sessions and exhibits. 
In and out privileges. 

Production Equipment 

also available. 
Prices range from $8,000 to $35,-

000 depending on the number of 
stations, size of tanks and the 
amount of auxiliary equipment. 
Branson Equipment Co., 51 Terminal 
Ave., Clark, N.J. [403] 

Portable coil winder 

sets up rapidly 

A low-cost portable coil winder 
features smooth-action, electronic­
control motor drive, digital turns 
counter and extended capability for 
winding fin e wire. The precision 
mechanical structure is a unit alu­
minum casting. 

Model 4A hand-fed winder is en­
gineered for laboratory and proto­
type winding of wire and filam ent 
on round or square bobbins and 
h1bular forms. It winds electronic 
coils for ferrite pot cores, C-cores, 
rods, or laminated core stacks. 

Set-up time is under 2 minutes 
for typical jobs. All accessories are 
supplied with the machine. Bob­
bins and wire supply spools are 
held between machined conical 
centers accommodating a wide 
range of dimensions. 

The unit accommodates bobbins 
and forms -r'tr in. to 1 Ys in. inside 
diameter, up to 3 in. long. It winds 
wire from No. 20 to No. 48 Awg, 
and down to 0.001 in. on smaller 
forms. Speed range is 35 to 850 
rpm, continuously variable. Turns 
counter is of the 4-digit, reset-type. 

Dimensions are 8xl2x7 in. high. 
Frame is cast aluminum. Weight is 
8 lbs. Power required is nominally 
120 v, 50/60 hz, 1 amp maximum. 

Price is $138; availability, from 
stock. 
Innes Instruments, 881 W. 18th St., 
Costa Mesa, Calif., 92627. [404] 
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I want Q curves like this ... 
. . . specify Tohoku Neferrite 
pot cores! 

.. 

' 

•• 

Designed in association with Japan's famous Nippon 
Electric Company, and featuring new NEFERRITE 
Mn-Zn ferromagnetic ferrite, Tohoku pot cores make 
possible drastic reductions in the size and weight of 
quality coils. NEFERRITE's own high quality standard 
is evidenced by the Temperature Factor of Initial Per­
meability (flµ/ µ2/0°C) which is (0.8 ± 0.5) x 10-6 from 
0° to 40° C-and a loss factor (tan()/µ) of 2 x 10-6 at 
100 Kcs. These and other improved characteristics offer 
important design advantages-giving Tohoku pot cored 
coils exceptionally high Q value with low distortion 
over a wide frequency range. 

For further information, specifications, 
comprehensive characteristics data and 
sample core, write for our free booklet, 
"Neferrite & Ferribrox" . 

Fundamental Characteristics of NEFERRITE 
Item Grade 1 

µO 2000 

Bi o (Gauss) 4200 

Br (Gauss) 1000 

He (Oersted ) 0.3 

tan o 10 Kc 0.7xl0 • 

--;;o- 100 Kc 2 x 10-• 
500 Kc 15xl0-• 

h1 0 (c m/A) 10 Kc 15 
100 Kc 20 

T. F o~40°C ±0.5 x 10-• 

T. C (°C) 180 

D.F 3 x 10-• 
p (il·cm) 700 

• 
Grade 2 

2000 

4200 

1000 

0 .3 

0 .7 x 10 • 
2 x 10-• 

15 x 10-• 

15 
20 

(0.8±0.5) x 10-• 

180 

3 x 10 • 

700 

U.S. Pat. No. 310653 4 

Tohoku Metal Industries, Ltd. 
7-4, GINZA·HIGASHI, CHUO·KU, TOKYO, JAPAN 
Telephone : Tokyo ( 542 ) 617 1 Cable Address: TOHOKUMETAL TOKYO 

Circle 279 on reader service card 

"FEATURING 
• Linear or Log response • Solid State, 
Tube, and Ultra-miniature • RFI Pro· 
tect~d • IF and Video Outputs • MIL 
Grade • Matched Units 

RANGE OF SPECIFICATIONS 
Center Frequency: 
Bandwidth: 
Gain: 
Noise Figure: 
Price: 

5 to 160 MHz 
.25 to 100 MH,z 
to lOOdb 
to 1.4 db 
From $185 

In addition to offering the widest line of 
off-the-shelf units in the Industry, an addi­
tional 268 CUSTOM DESIGNS have been 
produced. The solution to your problem may 
be on file in our library now. 
For specia ls, test our ONE-DAY-QUOTE Ser­
vice. For standards, see complete listing in 
EEM Section 3400. 

~C=OCGB 
RHG ELECTRONICS LABORATORY, INC. 
94 Milbar Blvd., Farmingdale, L.I., N.Y. 11735 • {Sill) 694-3100 

MICROWAVE FM and AM RECEIVERS • MICROWAVE MIXER PREAMPS 
LINEAR and LOG IF AMPLIFIERS • RF and OCTAVE AMPLIFIER~ 

Circle 221 on reader service card 221 
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New Materials 

Clear epoxy impregnant 

for high temperatures 

Electrical and mechanical proper­
ties of components at high tem­
peratures are protected by a clear 
epoxy impregnant. Th e material 
may be subjec ted to continuous use 
at 450°F and short exposure to 
550°F. 

It is primarily intended for coils, 
transformers , chokes, solenoids and 
assemblies. The dielectric constant 
is 3.3 and the dissipation factor, 
0.006 at 1 khz. Volume res istivity 
is 7.6 x 1014 ohm-cm. 

The material , Eccoseal \V-67, 
is mixed just before it is used. The 
viscosity of the blend is about .500 
centipoise at room temperature, 
giving excellent penetration into 
tight windings . 

Units to be impregnated are 
dried and then immersed in the 
epoxy. A vacuum removes air from 
the windings and after a short 
draining period, the unit is cured 
at 250°F , and then a t 350°F . Use­
ful pot life at room temperature is 
several days to a month. The im­
pregnant, available from stock, 
costs about $2.75 per lb. 
Emerson & Cu mi ng, Inc., Dielect r ic 
Materials division, Canton, Mass., 
02021. [ 406] 

Photoresist has 

varied applications 

A positive-working photoresist has 
wide application in the printed-cir-

cuit, semiconductor and thin-film 
fi elds . It can be applied by roller­
coating, dip-coating, spray and 
whirl or spin-coating. In addition, 
the company says, it is the only 
positive resist that can b e appl ied 
in relatively thick coatings of over 
0.0002 in . and still routinely achieve 
resolution of over 5,000 lines per 
in ch. Also, th e ability to apply 
thick coatings makes the over-all 
process more reliable and pinholc­
free. 

Im ages develop clean, having no 
residues on th e substrate that could 
interfere with subsequent steps in 
the process. ;\To post-baking is 
necessary. Adhesion to most sub­
strates including highly phosphor­
us-doped silicon dioxide, is excel­
lent. 

The photores ist, AZ-lll , uses a 
non-solvent developer that does not 
soften the image. This , coupled 
with its versatility, makes th e re· 
sist practical in automated roll-to­
roll processing, such as flexible 
printed circuits. 

The resis t can be easily removed 
by common solvents and alkaline 
soak cleaners , or by exposure and 
developing of the remaining re­
sist. 
Sh ipley Co., Newton, Mass [407] 

Thermoset laminate 

provides flexibility 

Flexiglas 6100 is a flexible epoxy­
glass copper-clad laminate for con­
toured printed circuitry and flex­
ible flat cabling. It is a true 
thermosetting plastic with pre­
mium electrical qualities but with­
out the usual disadvan tages of a 
thermoset polymeric system. 

A 0.003-in. th ickness of this 
F lexiglas base laminate may b e 
wrapped around a 0.020-in. man­
drel without danger of a fracture 
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Imm ediate openings for circuit design and sales engineers. 

another 
ZELTEX FIRST. .. 
Model 145 Operational Amplifier 
with 0.5 µ,VI °C and 1pa/ °C drift! 

KEY SPECIFICATIONS 

Voltage drift . . . . . .. . . . . 0 .5 µV/°C 

Current drift . . ........ 1.0 pal° C 

Ca in 8.W . . . .......... . 100 MH z 

Slew rate . . .. . . . .. . . .. 100 V/µsec 

DC gain . . . .. •..... . . . .. . . .. 708 
Output .... • ... . . ± 70 V@ 20 ma 

SPECIALISTS IN AMPLIFIERS AND COMPUTER ELEMENTS 

More amplifier news from Zeltex ... announcing a miniature chop-

per stabilized amplifier in a rugged die cast aluminum case with 

exceptional drift and speed. t ZELTEX, INC. 
1000 Cha lomar Road 
Concord, Ca lifo rnia 94520 
Phon e (415) 686-6660 Use the new Model 145 for DI A conversion, precise integration, low 

level amplification-you name it! Write for full technical data today. 

SCR 
SILICON CONTROLLED RECTIFIERS 

800V 
7A 

~BN4208 
BENTRON 
ELECTRON I(; 
C Made i n Switzerl a nd) 

OEM - PRICE 
1-99 s 3 6 .-
100 up S 24 .-

C>llV'IC3!:i ~G; 
BADENERSTRASSE 701 • 8048 ZURICH· TEL. 05 1/ 626140 · TELEX 52028 

,Circle 2 81 on reader servi ce ca rd 
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1 Circuit hot spot? 

Cool it 
with Sanders MIN/CUBE® Blower 
Here's the easy, reliable, proven way to 
circulate air in confined spaces -
Sanders MINICUBE Blower. Fan and 
motor are integrated in a 
rugged 1" cube. Takes 
less than a minute to move 
over 3750 times its own 
volume (2.2 cu . ft.) . . . 
eliminates hot spots around 
electronic devices .. . 
prevents fogging of opt ical 
components ... solves a 
variety of problems in 
both military and industrial 
commercial applications . 
•r .M., Sanders Associates, Inc. 

Creating New Directio i 
Mail this coupon for compl .-------------- ----. 

I 
Sa nders Associates , Inc., Instru ment Division E· l I 
Grenier Field, Manchester , New Hampshire 031 03 

I Pl ease send technica l l iterature on Sanders MINI CUBE Blowers. I 
I Name . ..... . . . ....... ...... .. .......... . . . . Titl e .. ......... .. .... .. . ... · I 
I Company ........... . ..... ·• · ... · • ·· · · · .. · .. ·· · · ·· · · .. · ·• · ·· .. ·· ··· · .... I 

Street. .. ...... . .... .. · .. · · · .. · ·· · · · · .... .. · ···· .... ·· · ·· .. · "·" · ·· · · · · I 
L~~~~~~~~~~~~~~~~~~~~~~ 
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S nnl<;n ® Varistors 

224 

Protect your circuit 

For protecting transistors, limiting noise, 
absorbing surge, select right one from 
varieties of S an!Gln Varistors, 

Si varis tors 

SiC varistors ( VDR) 

Circle 224 on reader service card 

If the value of an engineer is computed in terms of his con­
tribution to technology, then the men who brought to reality 
such systems as Polaris and Agena are worthy indeed. 
They, and others like them at Lockheed, who designed and 
built these pacesetters of modern technology do not doubt 
their own importance. Their contribution is unquestioned. 
And their significance far transcends the glamour surround­
ing these achievements. Here are men of dedication. 
Acceptors not merely of the challenges of their own intrinsic 
curiosity, but of the generation in which they live as well. 
You too, will have the opportunity to participate in history 
at Lockheed. Write: Mr. R. C. Birdsall, Professional Place­
ment Manager. P.O. Box 504, LOCKHEED 
Sunnyvale, Calif~rnia 94088. M I SSILES & SPACE C OMPA N Y 
An equal opportunity employer . .... aRov~o1V1s10N ol"L.Oc1Q1£EO;J1.JRCRAncoRF'ORl'< T10N 

New Mater ials 

or permanent deformation. In the 
past, only thermoplastics such as 
Mylar could provide this kind of 
flexibility. Thermoplastics, how­
ever, lack the high-temperature 
tolerance that is required in many 
applications. During soldering or 
welding operations, the flexible 
laminate will withstand tempera­
tures as high as 500°F for 20 
seconds without ill effects. It can 
be resoldered repeatedly without 
degradation. 

The combination of flexibility, 
dimensional stability, bondability 
and extreme-temperature tolerance 
is particularly applicable in high­
density packaging, contoured 
circuits and flat cables for high­
temperature environments. The 
excellent electrical characteristics 
of the laminate are attributed to its 
very high res in content. Yet, since 
it is a glass-reinforced thermostat, 
thickness can be closely controlled. 
New England Laminates Co., Inc .. 481 
Canal St., Stamford, Conn. [408] 

Quartz braiding yarns 

for high tern peratu res 

Braiding yarns known as Astro­
quartz feature a new Teflon-based 
lubricant permitting great handling 
ease for applications in the high 
temperature insulation field. The 
new binder will broaden the range 
of uses for these yarns in the elec­
tronics and electrical industries for 
temperatures ranging from l ,200°F 
to 2,000°F. 

Made from fin e, high purity con­
tinuous filam ents of fused quartz, 
the yarns have already found ex­
tensive use as braided insulation in 
thermocouple wire, coaxial cables, 
space separators, hook-up wire and 
heating elements . The new binder 
allows for superior flexibility. As­
troquartz yarn has more than five 
times the yield of silica yarn, 
higher tensile strength and abra­
sion resistance, according to the 
manufacturer. 

The new binder has high temper­
ature resis tance and completely 
vaporizes above 800°F, leaving no 
carbon residue. 
J.P. Stevens & Co., Inc., 1460 Broad­
way, New York, N.Y. [409]. 
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The First 
50 Years 

We complete our first half 
century of service to the 
electrical and electronic 

industries justly proud of a 
job well done. Starting with an 

assist to our Navy in World 
War I, we have played a major 

role in supplying these 
industries, from the gas light 

era to the space age. We 
look forward to the challenge 

of the next 50 years, and to 
your continued confidence in 

our ability to serve you. 

Coto-Coil Company, Inc. ~::~~~~::.":~~~ 
ELECTRIC AL COIL WINDING S • REED R ELA V S AND C OIL S 
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ANOTHER WORLD'S SMALLEST 
Soshin's Dipped Mica Capacitors/DMOS 

Developed by SOSHIN ELECTRIC, the 
only mica capacitor maker in Japan with 
MIL-C-5C qual ifications. This newest and 
its bigger brothers will meet all your 
requirements. Volume orders accepted. 

For further information, write to 

~ !~!m~!e~h~m~.~~a!~T·o~o.~~•I LTD. 
Cables : SOSHINCAPACITOR TOKYO 
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Audio Amplifier? 
AC Power Supply? 

the Compact 
NA Series 
gives you 

both! 

The NA Series of AC Power 
Supplies are exceptionally 
flexible sources of audio 
power. Each power supply con­
sists of a Regulated Audio 
Power Amplifier with inter­
changeable fixed or var iable 
Plug-In Oscillators for a wide 
range of precision AC power 

applications. The Amplif ier 
has a full power range of 
45-6,000 cycles. With the in­
corporation of a CML Plug-In 
Oscillator precise fixed or ad­
justable output frequencies 
are available anywhere within 
this range. For complete in­
formation, write today. 

A su bsidia~ ~~ hine!r~.~:. ~ML 
350 Leland Avenue · Plainfield, New Jersey 111 

<201 > 754-5502 · TWX: 201 -756-2064 
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MMP55 

DMTl ....... Single speed (2400rpm). With flat 
Sealed case. For medium grade tape 
recorders. " 

MMS51 .... Single speed (3000 rpm). for high 
grade tape recorders. 

MMP55 .... 2 speeds . (2700, 4800 rpm). For 8mm 
cameras. 

MMZ6 ...... Without governor. For Still and 8mm 
cameras 

SPECIFICATIONS FOR SANKYO MICRO MOTORS 

of 
( mm) Voltage Voltage 

'" Length ( V) ' rV) 

Rated 
Torque 

( gr-cm ' 

Dimension l Rated Range 

DMTl 42 > 37 l 6 T 4-5- 6 

DMY15 I 42/ 37 I 6 I 4.5 . 6 

9 
15 

DMYSO 42,37 12 ! 8 -12 15 

10 MMS44 

MMS51 

MMP55 , 
MMZ6 

OMTl I 
DMY15 l 
DMYSO 1· 

MMS44 

MMS51 

MMP55 

MMZ6 

25 ,. 55.5 I 9 : 6 - 10 
25' 55·5 . 6 I 4.5- 6.3 

16 29 4 4 - 6 

10 
2 

20 x 45 J 4 5 4 - 6 

Rated ~~d 1 Load I Starting Lite 
Speed Current I Current Torque 
( rpm ) (mAl ( mA) (gr cm) ( Hr) 

?400 40 130 I 25c4.5v 1 600 
2400 50 200 I 5oc 4-5VJ 600 

2400 50 130 50( 8V ) 600 
3000 40 140 20( 6V ) 600 
3000 (2900! 50 140 25(4.5V) 1000 

m8 (110) (290) i 60(4 -5V ) 50 

11500 (100) 120 ! 15( 4V ) 100 

Sankyo 
Motor Department 
AMERICAN SANKYO CORP.: Rm. 808 10. 95 Madison 
Ave .. N.Y.C., N.Y .. U.S.A. Tel : LE- 2-8020 
SANKYO (EUROPE) EXPORT-IMPORT G.M.8.H.: 
4 DUsseldorf, Bahnstral3e 45·47, W. Germany 
Tel: 25652/ 3 

SANKYO SEIKI MFG. CO .. LTD.: Shimbashi, Tokyo, 
Japan. Tel : 591·8371 
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New Books 

Radio waves from afar 
Radio Astronomy 
John D. Kraus 
McGraw-Hill Book Co., 481 pp., 
$13.75 

An author who attempts a compre­
hensive treatment of radio astron­
omy faces a seemingly insurmount­
able problem. Advances come so 
rapidly in this fi eld that any book 
stressing the spectacular develop­
ments is likely to be outdated by 
the time it reaches its readers. 

John Kraus , a professor at Ohio 
State University, has , therefore, 
wisely stressed the more perma­
nent topics in his tex tbook. 
Roughly three-quarters of the text 
concentrates on th e fundamentals 
and techniques which a serious 
student must grasp. The remainder 
of his text summarizes the various 
sources of extraterrestrial radio 
emission. This section is probably 
as up to date as is possible, and 
Kraus emphasizes the need for fre­
quent references to pertinent jour­
nals. 

A knowledge of vector analysis 
and of elementary electromagnetic 
and circuit theory is required of the 
reader. A summary of general as­
tronomy, containing the essentials , 
is followed by the fundamental 
topics of radio astronomy, includ­
ing the specification of radiation 
and noise, black-body radiation 
laws and radiation transfer. Short 
chapters are devoted to the de­
scription and measurement of wave 
polarization and wave propaga­
tion, mainly propagation through 
a plasma that is in a magnetic 
field and the Faraday rotation 
of linearly polarized wav~s . General 
properties of antennas , application 
of the spatial-frequency concept to 
pattern smoothing, the principles 
of various interferometer svstems 
and of the lunar occultation 1~cthod 
are all given. In addition to the 
general outlines, a number of actual 
antenna systems are described and 
illustrated. 

The chapter on receivers was 
contributed by Martti E . Timi, a 
professor at the Institute of Tech­
nology in Finland. 1t incl11dcs the 
general principles of commonly 
used systems, the specification of 

the no1smess of a device and a 
fairly detailed description of several 
types of low-noise, negative-resis­
tance amplifiers. 

Several appendixes contain use­
ful reference material , including a 
number of recent lists of radio 
sources. Each chapter is accom­
panied by problems, mainly numer­
ical exercises with answers, and a 
list of references, often quite 
long though somewhat arbitrary. 
Throughout the book, liberal use of 
instructive illustrations and tables 
shows the hand of an experienced 
teacher. 

The author's clear, accurate style 
is marred by few errors , most of 
which will not trouble the alert 
reader. But even he may be con­
fused by errors and mi sl<'acling 
points in the section on rad;ation 
transfer, beginning on page 95. 
First, the right-hand signs arc re­
versed in the equation of transf Pr, 
which is used to calculate the 
change in a source's brightness due 
to the received radiation having 
passed through a cloud that both 
emits and absorbs radiation. Also, 
the theory is developed in terms of 
the mass absorption coefficient 
(m 2kg- 1); this is customary in opti­
cal theory but it is not used for 
rndio. 

Later in the book, in giving the 
actual absorption coefficient for a 
thermal plasma, the same symbol is 
used for the more conventional 
linear coefficient: m- 1• Finally, it 
is incorrectly indicated that in unity 
optical depth a wave's amplitude 
is attenuated by a factor of 1/ e; 
this factor actually holds for a 
wave's intensity, the square of its 
amplitude. 

There is also a misleading item 
in Tiuri's otherwise excellent dis­
cussion of receivers. The reader 
could calcu latc that an intC'rfcrom­
cter used in the phase-switclwd 
mode reduces sensitivity by a factor 
of four compared to the total-power 
mode-unless he notices that Tiuri 
switches standards in the middle 
of the table on page 2.58. EvPn a 
careful rC'ading of the text leaves 
the actual degree of sensitivitv loss 
ambiguous. 

Within the confines Kraus has set 
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BEAUTY IS ONLY SKIN 
Don't judge a Compet by its beautiful design, silent opera­
tion, or compact size. Knowledge of electronic science is 
the only truly important factor . Compet CS-20A is able to 
do more and do it faster than any motor-driven or relay type 
calculator. It is the product of superior know -how plus 630 
transistors and 1,980 diodes assembled by some of the 
world 's most skilled technicians. 

·special .mechanism prevents pressing 2 keys at once 
•14 digits calculated instantly · +.-, and decimal sym­
bols displayed automatically *Misuse will not cause 
breakdowns *Plug-in-cin;:uits for easy maintenance 
*Overflow is automatically checked 

COMPET Model CS-20A 

~SHARP 
... to the point of perfection 

HAYAKAWA ELECTRIC CO., LTD. 
Osaka. Japan 

US Subsidiary: SHARP ELECTRONICS CORP. 
178 Commerce Road Carlstadt. New Jersey 
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Programs plain 
language conversion 
to computer codes 

New Cherry Selector Switch enables untrained 
operator to communicate directly with computer 

Now-a manual switching device human-engi­
neered for rapid finger-tip selection of pre-coded 
alpha-numeric data-allows untrained operator to 
communicate directly with complex EDP system. 

The Cherry Selector Switch can be installed quickly 
because no soldering is required . And there's no 
jungle of wires to confuse you or cause problems. 
It is available in various sizes-from 100 to 2784 
positions. Write today for full details. 

CHERRY * 
ELECTRICAL 
PRODUCTS CORP. 

1656 Old Deerfield Roa d Highland Park, Illinois 60035 
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Dynamic [MJ. ~ 
Disciplines in /·.~~~v· 

MICROWAVE 
Design, Engineering 
and Manufacturing 

Meeting Commercial, 
Industrial, Scientific 
and Governmental 

Requirements 

FREQUENCY 
CAPACITIES: DC TO 10GHZ 

• CUSTOM CAPABILITIES 

• HIGH POWER RF CW 
AND PULSE AMPLIFIERS 
AND SYSTEMS 

• LARGE STOCK VARIETY 
OF TRIODE AND TETRODE 
CAVITIES (Covers 200 to 
6000 MHZ) 

• CW, PULSE OSCILLATORS 

• CW MULTIPLIERS 

• PULSE MODULATORS 

• TEST EQUIPMENT 

•ACCESSORIES 

See Our Spread in 1967 Electron­

ics Buyers' Guide. Write for MCL 

Catalog. 
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New Books 

for himself, his book may be criti­
cized for lack of balance and omis­
sions. For example, there is a 
lengthy discussion, with many for­
mulas , on general laws of black­
body radiation, most of which are 
of marginal importance in radio as­
tronomy. Yet relatively cursory 
treatment is given to the two mech­
anisms of greates t importance: free­
free emission [free elec tron s which 
remain free after interaction with 
an ion are responsible for thermal 
radio emission from an ionized gas l 
and synchrotron emission [the ac­
celeration of high-energy electrons 
in magnetic fi elds which is believed 
responsible for most nonthermal 
radio sources]. No formula is given 
for the radiation rate of a synchro­
tron electron , resulting perforce in 
a limited treatment of such topics 
as energy content and the lifetime 
of radio sources. 

Barely a page is devoted to the 
principles of the Mills cross inter­
ferometer and the aperture-synthe­
sis technique combined. No men­
tion is made of the cross' sidelobe 
problems and the consequent de­
sirability of tapering the illumina­
tion , even though the th eory of the 
binomial array used for suppress­
ing sidelobes has previously b een 
developed with no indication of its 
potential applications. Nor is there 
much discuss ion about the relative 
merits of variou s antenna sys tems 
for particular applica tions. One 
might have hoped for an indication 
of the pros and cons of, say. the 
two-an tenna interferometer with 
fixed b aseline, th e cross and the 
aperture-synthes is techniqu es for 
source-survey work. 

Inevitably, however, different 
writers choose to emph asize dif­
ferent aspects of the subject, and 
Kraus , on the whole, h ~s done a 
good job. 

The book is probably the b es t 
ava ilable text for an introdu ctory 
graduate-level course. It is likely to 
have a long and useful life in the 
classroom. 

One hopes, however. that subse­
quent editions will retain the many 
merits of this first on e while rem­
edying its few flaws. 

D. Walsh 
The University of Michigan 
Ann Arbor 

FREE WALL CHART 
Eccobond® Adhesives 

This fully illustrated fold-out chart in color 
for notebook or wall mounting gives com ­
plete physical and electrical data on over 
20 adhesive systems-conductive, non-con ­
ductive-liquids, powders, pastes-for elec­
trical or mechanical applications-various 
chemical types. 

This valuoble /?older is yours. 

Write or use R eader Service Card. 

Emerson &Cuming, Inc. 
CANTON, MASS. 
GARDENA, CALIF. 

NORTHBROOK, ILL. 
Sales Offices 
in Principal Cities 

EMERSON & CUMING EUROPE N.V. , Oevel , Bel1lum 
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High Reliability Instruments 

Tiilli®~lillll'1@ 

wow 
FLUTTERMETER 

l •A:l:~ ·: --! 
. ~~ . ~· ' 
. ~ ~ ~~• . 

MK-661 D 
SPECIFICATIONS: 
Center Frequency ..... · .. .. 3 kc 
Input ... ........ .. .. .... ...... . - 26 to + 10 dBm 
Wow Flutter Range ........ 0.03 , 0.1, 0.3, 1, 3 % 

f. s. d. 
Weighting Characteristics .. ... . 

as per JIS C5551 
and CCIR specs. 

Calib. Osc .. · ..... ....... .... 3 freqs. 3 kc ( + 3 % 
and - 3%) 

MEGURO DENPA SOKKI K.K. 
Megvro Ele<::tron1c lnslrvmenr Co. , lrd 

No. 5 . t. 2..chome, Chvo-d10, Me gv ro- kv, Tokyo Jopon 
TEl 7 l 1·7191 7 Coble1 MEGURODENPA TOKYO 
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Great editorial 
is something 

he takes home 
(What a climate for selling!) 

Electronics i\ aJ 
A McGraw-Hill Market-Direc ted Publication 4:J 

330 West 42 nd Stree t , New York, N .Y. 1oosa 
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Air variables 
from JFD 

solve your high Q 
high frequency 

problems 

These new JFD air variable capacitors are specially de­
signed for high frequency applications that demand ultra 
sta bility, small size and high Q-greater than 2000 mea­
s ured at 10 pf and 100 MC. These rugged, miniature units 
are offered in both printed circuit (V AM OlOW) and 
panel m ounting (VAM 010) models with capacitance 
ra nges from 0.8 through 10.0 pf measured at 1 MC. 

These units which m easure less than %" in length are 
completely interchangeable with competitive devices. 

Internal air m eshing sh ells are s ilver plated to provide 
good surface conductivity and to prevent corrosive effects. 
Inte rnal contact springs assure positive electrical contact 
of rotor a t all times. Leads on printed circuit model are 
tinned for ease in soldering . . . and these units are 
engineered to resist heat, won't come apart during 
soldering. 

Bulletin VAM-65 gives more details. Write for your 
copy today. 

0 

JFD.' TOD AY'S COMPONENTS BUILT FOR TO MORROW"S CHALLENGES"' 

JFD ELECTRONICS CO. / COMPONENTS DIVISION 15th Avenue at 62nd Street 
Brooklyn , N. Y. 11219 / Phone 212·331-1000 • Sales Offices- Arcadia, Calif. 
Chi. , Ill. I Bait. , Md./ Saxonville , Mass./ Bklyn., N. Y. / New Hartford , N. Y. 
Cinn ., Ohio J Phila., Pa. J Pitts., Pa. l Paris, France j Azor, Israel 
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SOUIH 
DAKOTA 

Mi llions of Americans hove made 
SOUTH DAKOTA their ideal vacation­
land . Now they're learning that it's 
also a great BUSINESS-land . Big, 
unclu ttered, lots of hunting, fishing, and 
just plain liveability Yet close to 
everywhere at the continent's crossroads. 

5¢ postage may be all that stands be­
tween you and a new future in un­
crowded SOUTH DAKOTA. Let us send 
you our new portfol io todoy. 

CONTACT 

James W . Monroe, Director 
Industrial Development & Expansion Agency 

Room l 

230 

Pierre, South Dakota 57501 
Ph . 224-5911 Area Code 605 
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Technical Abstracts 

Digital displays 

The plasma display panel-a digitally 
addressable display with 
inherent memory 
D.L. Bitzer and H.G. Slottow, 
University of Illinois 

Although plasma displays are still 
experimental and very small, it 
appears they may overcome most 
disadvantages of cathode-ray tube 
displays for computer input and 
output. The new displays respond 
directly to digital signals, can be in­
terrogated by the computer, will 
display data for relatively long pe­
riods without continual regenera­
tion and should have better resolu­
tion than crt displays if the displays 
are large. 

In contrast, crt displays require 
digital-analog conversion circuitry, 
have no memory except phosphor­
escence, are bulky, need high 
driving voltages and signal trans­
mission at video bandwidths. In­
formation may be written into a 
crt display with a light pen, but 
even this appears feasible with 
plasma displays. It should be pos­
sible to display up to 1 million 
points a second on a plasma dis­
play, about five times the maximum 
rate for commercially available crt 
displays , and to provide as many as 
10,000 points per square inch of 
display. 

The experimental plasma dis­
plays consist of small matrixes of 
gas cells formed by three adjacent 
sheets of glass. On thf' outer sheets 
are orthogonal grids of transparent 
conductors, stripes of vapor-de­
posited gold. The inner sheet is a 
matrix of small holes, located be­
tween the intersecting conductors. 
The holes are fill ed with gas. 

A plasma discharge causes the 
cells to glow when an alternating 
voltage is applied to the con­
ductors. The glow is quenched 
when the applied voltage drops b e­
low the firing level. This cycle takes 
50 to 75 nanoseconds. 

After quenching, a charge re­
mains on the cell walls. This charge 
constitutes a memory function and 
makes the cells bistable at inter­
mediate voltages. If a sustaining 
voltage is applied to the display, 
the charged cells will glow without 
further input from the computer. 

If the computer applies a balancing 
potential to the glowing cells , the 
display is erased. 

To interrogate a display, the com­
puter can apply the sustaining volt­
age to the cells sequentially and 
detect light output through photo­
cells at the rear of the display. If 
primed cells are subjected to a 
beam of light, the release of photo­
electrons from the cell walls will 
turn on the cells. However. it mav 
be necessary to optically shield th~ 
cells to prevent one cell from trig­
gering others until the entire dis­
play is lit. 

Presented at the Fall Joint Computer 
Conference, San Francisco, Nov. 7-10. 

Logic massager 

Automated logic design techniques 
applicable to integrated circuit 
technology 
R. Waxman, M.T. McMahon, 
B.J. Crawford and A.B. DeAndrade 
International Business Machines Corp., 
Hopewell Junction, N.Y. 

Computer-aided des ign offers a 
happy medium between the old 
and the still-too-new styles of ar­
ranging integrated circuits into 
logic systems. 

The old way, the u se of similar 
logic units to keep the number of 
types of circuits low, results in low 
circuit density and is an inefficient 
way to apply monolithic IC tech­
nology. The new way, highly dense 
packaging of one-of-a-kind func­
tional blocks (large-scale integra­
tion , or LSI), tends to increase the 
numbers of part types, presenting 
inventory and engineering change 
problems. If the LSI blocks are 
made from a large matrix of sim­
ple cells, the designer also runs 
into limits on the matrix intercon­
nections. 

LsI arrays composed of complex, 
but versatile cells, appears to be 
the solution . Interconnection of the 
cells with "personality" wiring can 
b e done as almost the last step in 
the production process . If the inter­
cell wiring is on the outside layer 
of the IC chip, the "impersonalized" 
arrays can b e stocked, awaiting 
custom wiring or engineering 
changes. 

The problem of deciding which 
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where stability 
and miniaturization 
are primary 

See our ad on page 764 
in 1967 Electronics Buyers Guide 

SEMICONDUCTORS 
COPPER OXIDE 
AND SELENIUM 

INSTRUMENT RECTIFIERS 
RING MODULATORS 
HIGH-VOLTAGE RECTIFIERS 
VOLTAGE REGULATORS 
SWITCHED RECTIFIERS 
CHOPPERS 
SPECIAL PURPOSE UNITS 
LIST PRICES FROM 42c 
5 COPPER OXIDE CELL STYLES FROM 
.080" to .500" DIA. ACTIVE AREAS .0012 to 
.125 SQ. IN. 
SELENIUM CELL SIZES FROM .080" round 
TO 2" SQUARE . . 020" TO .045" THICK. 

CONANT LABORATORIES 
Lincoln, Nebraska 68505 
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in sports 
or in 

industry 

DETERMINATION 
is one of the , 
reasons for ALPHA S 

LEADERSHIP 
Alpha is never content with being best, but is always striving 
to be better. The Alpha line of solders, soldering chemicals, 
solder preforms and ultra high purity metal fabrications for 
semi-conductor devices is subjected to continuous research 
and investigation to make certain that every product incorpo­
rates the latest and most valuable improvements made possible 
by scientific and technological advances. Our customers make 
Alpha their number one choice because they have complete 
confidence in products that can be depended upon to maintain 
consistent performance and highest yields. Additional reasons 
for Alpha leadership include distribution of the latest authori­
tative soldering information; prompt, reliable service; an out­
standing Research and Development Department geared to 
problem solving; unequalled know-how and experience; and the 
most complete quality product line available anywhere. 

BULLETIN Al03 TELLS THE ALPHA STORY. 
WRITE FOR YOUR FREE COPY TODAY. 

-~!.e~~ ,,T~.~~!~.' .!~~,: 
Los Angeles, Calif. • Alphaloy Corp. (Div.), Chicago, Ill. 
Alpha Metals, Inc. (U.K.) Ltd., Hounslow, Middlesex, Eng. 

SEE US AT NEP/CON '67 WEST-BOOTH 256 
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PERMACOR® 
powdered iron cores 
... unequalled for 
design and prompt 

·delivery! 

Illust rated: TOROIDAL IRON CORES 
available from V. 11 to 2 11 O.D. 

As t he largest maker of iron 
cores in t he world, we offer 
unequalled production and design 
facilities for any core design 
problem. AND. we stock a full line 
of standard cores at all t imes. 

Need the best in cores ... Plain, 
Hollow, Threaded, Insert, Tuning, 
Cup, and Toroidal Iron Cores, 
Iron Coil Forms, Sleeves, 
Flexible Magnetic Shielding, 
Bobbins and special shapes • • • 
write and find out why we 
are unequalled. 

PERMACOR® 
A Olvlslon ot Radio Corea, Inc. 

9540 Tulley Ave .. Oak Lawn, Ill. 60454 
Phone: 312-422·3353 
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Technical Abstracts 

logical functions the complex cells 
should generate can be attacked 
by applying the theory of equival­
ence classes. That is, each cell can 
perform more than one function 
by rearrangement of the inputs 
to each cell or its outputs. If either 
the true or the complement of a 
given function is available at the 
input or output of the cell, each 
cell can have four functions. If the 
set of input variables can also b e 
permuted, many additional func­
tions would be available, without 
changing the cell's internal cir­
cuitry. 

A computer-aided design pro­
gram, called the equivalence class 
descriptor program, has been de­
vised to implement this concept. 
'Vith its aid, a logic system can b e 
partitioned into several hundred 
sections, the section functions iden­
tified by descriptors, and the equiv­
alent functions produced as com­
mon elements. The program is 
written in Fortran. It is presently 
restricted to functions of six vari­
ables , or less. The limit is im­
posed by the use of a truth table; 
a table of six variables is the larg­
est that can be handled in the 
memory of the computer used, an 
lB;\[ 1620. 

'Vith the aid of instructions 
flashed onto a cathode-ray-tube dis­
play by the computer, the logic 
designer partitions sections , called 
clusters , from the over-all logic de­
sign. For example, a cluster may be 
a related group of AND, OR and 
inverter circuits. Each cluster is 
analyzed to obtain its function de­
scriptor. 

As the designer works, he de­
termines the quantity of each 
equivalence class needed to re­
place the original logic. As por­
tions of the logic system are par­
titioned out of the original diagram, 
the remainder is shown on the dis­
play screen for further partitioning 
until the redesign of the logic sys­
tem has been completed. The de­
signer can at any time review the 
entire system with the partitioned 
sections inserted into the unpar­
titioned remainder. 

Presented at the Fall Joint Computer 
Conference, San Francisco, Nov. 7·10. 

are 
of 

r) superior 
quality 

Superior cameras deserve superior 
lenses. COSMICAR's proven precision 
performance is the combined result of 
advanced optical engineering and exqui · 
site workmanship. 

Now widely used, COSMI CAR LENSES 
come in 23 models for focal lengths 
ranging from 12.5 mm to 500 mm, and 
in 3 zoom models including a rem ote· 
control zoom . 

Your CCTV camera and COSMICAR 
LENSES will make an unbeatable team . 
For technical data and other particulars 
write to: 

/ID' ICHIZUKA 
\lD.I OPTICAL CO., LTD. 
568, Shimooc hiai, 2-chome, Shinjuku-ku, Tokyo 

CABLE ADDRESS: "MOVIEKINO TOKYO" 

Circle 290 on reader service card 

tc -

\... 

'r 

. ~ 

'r 

,. 

'f" 

• 
~ 

' .-

. -

.... 

r 



# -

.. 

NEW ... AC/DC Microioining 
Console has 10 Capabilities ... 
Module welding • Thermocompression bond­
ing • Parallel gap welding • Multiple lead 
soldering • Split tip welding • Series welding 
• Step series welding • Single point soldering 
• Insulated wire welding • G. P. welding 
The new Model 1200 has A.C. capability up to 1 kva and D.C. 
output up to 100 ws. Multi -tapped t ransformers provide many 
different pulse lengths. One head does thermocompression bonding 

- the other sets up nine different 
ways. Write for details. 

Free Sampling Service 
Send us sample materia ls for experimen­
t a l bonding or welding. No obligation. 

1701 s~~:~~~e~ s:~t~~:n~~!'!:!:~.' ~.~:~ 

Great editorial is 
something he takes to work 

(What a climate for selling!) 

Electronics 
A McGra..., .. Hi ll Mar~t-niruted Publit:at ion 

JJ•1 n'ul :i111t Strl'el, New l'ork, N. l~ '""'' 
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FREE 
ENGINEERING CATALOG 
of PUSH BUTTON and 
ROTARY SWITCHES, 
MINIATURE ELECTRONIC 
COMPONENTS,and MOLDED 
PARTS IS YOURS ... 
JUST MAIL THE COUPON. 

More than a (atcilog! 
Th is New Eng ineering Ca-ia-

. log provides valuable refer­
ence material on the effects of 
environment, duty cycle, alti­
tude, etc., on switch perform­
ance . Shows the relationship 
between switch loads and 
useful life. Also completely 
describes Grayhill's line of 
m iniature, sub-miniature and 
ultra-miniature electronic 
switches and compon_ents . 

Write for 
your free copy today. 

" P I O N EERS IN MIN I ATUR IZ AT I O N" 

Gentlemen: 

Please ma il my copy of the G ra yhi ll Eng inee ring Ca ta ­
log to: 
Name _______________ ~ 

Title _ _________________ _ 

Compa ny·------~---------~ 

Ad d ress•----------------

City·-----------------

Sta te _____________ Zi p __ _ 

L_ ____ _ _______ __J 

Circle 233 on reader service card 233 



get the picture ! 

send for the facts on 

ELECTRONIC 
PARK ..... 
West Palm Beach 
FLORIDA 

D Personnel Director's Delight. Easier 
recruitment is proven. A blind ad 
to test location appeal to engineers 

and technicians proved Florida was 
favored 30 to 1 over another state. 
E;'I Blue Chip Company Neighbors. 
g Electronic Park .is the choice of 

ITI, and nearby in the Palm 
Beaches are RCA, Pratt-Whitney and 
Solitron Devices. n Excellent Transportation. Neigh­
£.1 boring Palm Beach International 

Airport offers direct jet flights to 
major U.S. cities. Complete facilities for 
business aircraft. Deep-water port for 
Latin American trade. 

D New University. Twenty miles south 
is the new Florida Atlantic Uni­
versity. 

S 
Climate Ideal. Annual average tem­
perature based on U.S. Weather 
Bureau observations is 74.5 degrees. n Recreation. Just 4 miles to public 

1.:1 Atlantic Beach. Waterways galore. 
A new 18-hole championship golf 

course and 600-acre sail club are under 
way just 1 'h miles from Electronic Park. 

fJ Location. Two miles from down­
town West Palm Beach, 70 miles 
north of Miami and 110 miles 

south of Cape Kennedy. 
WRITE IN CONFIDENCE TO: ELECTRONIC PARK, 
P. 0 . BOX 1071, DEPT. E, WEST PALM BEACH, 
FLORIDA 33402. 

Site of International Telephone 
and Telegraph Corporation's 

135,000-square-foot Semiconductor Plant 

234 Circle 234 on reader service card 

New Literature 

Instrument motors. Amphenol Controls 
division, Amphenol Corp. , 120 South 
Main St., Janesville, Wisc., 53545. An 
eight-page catalog illustrates and de­
scribes models 1020, 1060 and 1080 
instrument motors. 
Circle 420 on reader service card. 

Nonlinear functions. Bourns, Inc., 1200 
Columbia Ave., Riverside, Calif., 92507, 
has released a four-page nonlinear 
function catalog sheet, featuring a wide 
selection of single and multiturn, pre­
cision potentiometers in servo and 
bushing -mount styles. [421] 

Silicon stack assemblies. International 
Rectifier Corp., 233 Kansas St., El 
Segundo, Calif., 90245. Catalog D-66 
lists a complete line of silicon stack 
assemblies, providing 80 pages of 
description, ratings, and specifications. 
[422] 

General-purpose relays. Guardian Elec­
tric Manufacturing Co., 1550 West 
Carroll Ave., Chicago, Ill., 60607, has 
issued an 18-page bulletin providing 
complete information on its line of 23 
general-purpose relays. [423] 

Wire and cable. Harbour Industries, 
Inc., P.O. Box 188, Shelburne, Vt., has 
available an illustrated brochure cover­
ing its facilities for the manufacture of 
high temperature wires, cables and 
specialty components. [424] 

Relay test system. Spartan Southwest, 
Inc., P.O. Box 1784, Albuquerque, N.M. 
Product data sheet number 21 contains 
detailed specifications and operating 
performance of the RTS· lOO system for 
rapid, accurate and reliable testing of 
relays. [425] 

Coaxial switches. Microwave Associates, 
Inc., Burlington , Mass. Technical bul· 
letins 2034 and 2036 describe a series 
of compact and lightweight electro­
mechanical coaxial switches. [ 426] 

Solid state oscillators. Krohn-Hite Corp., 
580 Massachusetts Ave., Cambridge, 
Mass., 02139, offers a technical bul­
letin on the series 4000 solid state 
standard oscillators that feature ultra­
low distortion and stable amplitude. 
[427] 

Subminiature connectors. ITT Cannon 
Electric, 3208 Humboldt St. , Los 
Angeles, Calif., 90031, has published a 
catalog on the ORA line of subminia · 
ture connectors used in aircraft, mis­
siles and ground support equipment. 
[428] 

Solid state amplifier. Studio Electronics 
Corp., 11922 Valerio St. , North Holly­
wood , Calif., offers bulletin SE-08 con ­
taining a two-page technical descrip· 
tion of the model 1108 solid state 
amplifier. [429] 

Film thickness measurement. Mon­
santo Co., 800 North Lindbergh Blvd ., 
St. Louis, Mo., 63166. An evaluation 
procedure manual describes a new 
method of determining epitaxial silicon 
film thickness by spherical angle lap­
ping. [430] 

Dual-output supply. Deltron. Inc., Wis ­
sahickon Ave., North Wales, Pa., 19454. 
Bulletin 406A deals with a compact, 
low cost, dual -output, tracking power 
supply designed for use with almost all 
types of operational amplifiers and 
integrated circuits. [431] 

Reed relays. Essex Wire Corp., Controls 
division , 131 Godfrey St., Logansport, 
Ind. Bulletin 2020 covers a complete 
family of standard, open -construction 
reed relays. [432] 

Potentiometer production. SP Elettro­
nica SpA, Via Carlo Pisacane 10/4. Pero 
(Milan) . Italy. A four-color brochure 
illustrates the company's facilities for 
the manufacture of Spectral precision 
and trimming potentiometers. [433] 

Time-delay relays. Heinemann Electric 
Co., 252 Magnetic Drive, Trenton, N.J., 
08602. Twelve-page bulletin 5006 de­
scribes the company's line of Silic-0-
Netic time-delay relays. [434] 

Noise generator. Signalite Inc., 1933 
Heck Ave., Neptune, N.J., has issued 
a two·page illustrated data sheet on 
the type TN-1 miniature X·band noise 
generator. [435] 

Snap-reed switch. Cherry Electrical 
Products Corp., P.O. Box 439, Highland 
Park. Ill. . 60036, offers a brochure on 
the E66 series, which weds the 
mechanical utility of the snap-action 
switch to the electrical reliability of the 
reed switch in a single, compact and 
convenient package. [ 436] 

Feed-through terminals. Taurus Corp., 
Academy Hill, Lambertville, N.J., 
08530, has released a catalog on the 
SFU series subminiature feed-through 
terminals designed for snap-fit installa­
tion into predrilled or prepunched 
chamfered holes in electronic chassis. 
[437] 

Carbon film resistors. Pyrofilm Resistor 
Co., Inc., 3 Saddle Road, Cedar Knolls, 
N.J. A four-page folder describes a line 
of hermetically glass-sealed, deposited 
carbon film resistors. [438] 

Electronic measuring instruments. Bal ­
lantine Laboratories Inc., P.O. Box 97, 
Boonton, N.J., 07005. The 1967 cata ­
log contains photos and specifications 
for a variety of measuring instruments, 
including voltmeters and ammeters , 
a-c/d·c volt ohmmeters, amplifiers, 
calibrators, capacitance meters, a-c/ 
d·c linear converters, laboratory voltage 
standards, and accessories. [439] 
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TTL IC Drivers 
for NATIONAL® 
Readout Tubes 

From stock : Decoder/ Driver, Decimal 
Counter/ Driver and Decimal Counter I 
Driver with Latching Memory. 

• 15 MHz Counting Rate • For all sic;le 
and end view National readout tubes. 

NATIONAL 
ELECTRONICS, INC. 
a varian subsidiary 
PHONE (3121 232 4300 • GENEVA llllNOIS U S A 

REQUEST 
BULLETIN 

Circle 29 2 on reader service card 

Laminated 
plastic 
tubing 

at its ve ry best 

fabricated 
We're so well equipped that you can get prac tically any diameter, 
shape or wall thickness you want-in eYery commercial grade of 
Synthane laminated plastic tubing. 

And we stock so many finished tubes we can often fi ll your 
order from our inventory. This saYes you time if you do your 
own machining, gives us a flying start if we fabricate for you. 

Ask for Syn thane tubing by name. Write for information. 

YOU FURNISH THE PRINT . .. WE'LL FURNISH THE PART 

SYNTHANE CORPORATION 
3 6 RIVER ROAD , OAKS, PENNA. 
Synth1ne- Pacific, 518 Garfield Ave. , Glendale, Ca lif. 91204 

Circle 293 on reader serv ice ca rd 

What 
price performance 
in a quality filter? 

)0.31 

_L 

less than $15 
with Clevite's compact 
ceramic ladder filter.* 

JJ 
Q 

"' "' 0 
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z 50 
Q 
l­
a: 
~ 40 
z 
a: 
llJ 30 
5: 
0 
II. 

20 

10 

370 390 410 430 450 470 490 510 530 
FREQUENCY kH z 

Here's the smallest (less than 0.07 cu. in.), most rugged 
fixed-tuned filter on the market today! 

Clevite's 9-disc ceramic miniature is packaged in a hermetical ly­
sealed cylinder. meets all military environmental specifications. is 
ideal for transistorized i-f amplifier circuitry in AM and FM sets 
plus many other applications that call for a fixed-tuned fi lter. 
Stop band rejection: 50 db. Center frequency tolerance: 
± 3k Hz. Stability: within + 0.2% for 5 years ; within 0.2% 
from - 40' C to + 85' C. Impedance (in and out) a 27'C: 
10 kHz B /W 2000 ohms. 16 kHz B / W and above 1000 ohms. 

Following models standard at 455 kHz (A) or 500 kHz (C ) 
(custom models on special order): 

B / W @ 27 °C Model Number m i n. a 6db m a x. @ 60 db 

TL 1009-20 (A or C) 
TL 1609-32 (A or C) 
TL20 0 9-38 (A or C) 
TL3009-57 (A or C) 
TL40 0 9-72 (A or C) 

10 kHz 20 kHz 
16 kHz 32 kHz 
20 kHz 38 kHz 
30 kHz 57 kHz 
40 kHz 72 kHz 

*PRICES: 1-525 ea; 25-$20 ea; 100-$17.50 ea; 500-$15 ea ; 
1000-513.75 ea; 2500-$12 ea. 
(Prices subj ect to chang e withoul notice) 

Send order or request for Bulletin 94021 to: 
Clevite Corp .• Piezoelectric Div., 
232 Forbes Rd .. Bedford. 

Ohio44014, U. S.A. c LEVITE Brush Clevite Co. Ltd .. 
Sou thampton, England 

Circle 23 5 on reader serv ice card 235 



No amplifier 
needed 
with vernistat® 
a.c. POIS 
~ 

~ 
VERNI.ST/ff 

p-------

SIN{) 

You don 't need a buffer amplifier to drive 
a servomechanism-if you use a Vernistat 
a-c potentiometer. It has an output imped­
ance low enough to drive a resolver or 
other low input impedance device directly. 
Use an a-c potentiometer to simplify cir­
cuits, improve reliability, gain greater ac­
curacy and reduce circuit costs . For full 
information and data sheets, write to 
Electronic Products Division, Perkin-Elmer 
Corporation, 131 Danbury Road, Wilton, 
Connecticut 06897 

PERK IN- ELMER 

236 Circle 236 on reader service card 

New Literature 

Current-to-current converter. Fischer & 
Porter Co., 108 Jacksonville Rd ., War­
minster, Pa., 18974. Specification 
50EK1000 describes a converter for 
transforming current signals, in 
selected ranges up to 50 ma, to a pro­
portional 4 to 20 ma current signal. 
[440] 

Tunable electronic filters. Spectrum 
Instruments, Inc., P.O. Box 474, 
Tuckahoe, N.Y., 10707, offers a tech ­
nical data sheet on its line of type 
LH-42D spectrum analog electl'Onic 
filters. which are active network de­
vices usable singly or in pairs to ac­
complish a wide variety of frequency 
selective functions. [441] 

Magnetic shielding foil. Magnetic 
Shield division, Perfection Mica Co., 
1322 No. Elston Ave., Chicago, Ill., 
60622. Four-page data manual 185 
gives technical data on a new rust­
inhibited Blue Netic magnetic shield ­
ing foil plus a multitude of applica­
tions for other magnetic foil shielding . 
[442] 

Folded-array memory. Indiana General 
Corp., Crows Mill Road, Keasbey, 
N.J . A miniaturized, folded-array 
memory, the Microstack, is described 
in an eight-page booklet. [443] 

Potentiometers. Helipot division of 
Beckman Instruments, Inc., 2500 
Harbor Blvd ., Fullerton, Calif., 92634, 
has available a 72-page catalog cover­
ing prec1s1on potentiometers, trim­
mers, dials and servo system com­
ponents. [444] 

Angular accelerometers. Gulton Indus­
tries, Inc., 212 Durham Ave., Metuchen , 
N.J ., 08840. An illustrated bulletin de­
scribes compact, inexpensive, angular 
accelerometers for accurate measure­
ment and control of roll , pitch and yaw 
in aircraft, missile, shipborne and in ­
dustrial applications. [445] 

Thermoelectric module. EG&G, Inc., 
Products division, 160 Brookline Ave., 
Boston, Mass., 02215, has published a 
four-page data sheet on the model H9-
65 thermoelectric module, a device 
having an unloaded temperature dif­
ferential of 65 ' C at 9 amps. [466] 

Terminal junctions. The Deutsch Co., 
Electronic Components division , Munici ­
pal Airport, Banning, Calif., has re­
leased a four-page, two-color brochure 
describing terminal junctions, a new 
class of point-to-point interconnection 
and housing devices. [447] 

Limiting amplifier. Studio Electronics 
Corp ., Universal Audio division , 11922 
Valerio St., North Hollywood, Calif., has 
issued a technical data sheet, bulletin 
SE-15, to describe the Universal Audio 
176 limiting amplifier. [448] 

poly 
var icon 

4X-20 BET 

CONTRIBUTING ·· · 
To cut the production costs / 
To make highly reli able quality/ 
To rationalize the production line/ 

For cotolog , write lo : 

SAN-ESU ELECTRONICS CO., LTD. 
1 -2 , 6 -chome Nishioi , Shinogowo-ku , 
Tokyo , Jopon Tel. Tokyo (783 )) 7311 
Coble , SANES VA RIC ON TOKYO 

Circle 294 on reader service card 
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' Know the seven 
danger signals that 
may mean cancer. 
1. Unusual bleeding or discharge. 
2. A lump or thickening in the breast 
or elsewhere. 3. A sore that does 
not heal. 4. A change in bowel or blad­
der habits. 5. Hoarseness or cough. 
6. Indigestion or difficulty in swallow­
ing. 7. Change in a wart or mole. 
None of these is a sure sign of 
cancer. But if one lasts more 
than 2 weeks, see your doctor at 
once. It's worth it in peace of 
mind alone. 

American cancer society ® 
THIS SPACE CONTRIBUTED BY THE PUBLISHE" 
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• • ENCOURAGEMENT 
OF ENGINEERING 
CREATIVITY 

What makes one engineer more cre­
ative than another? Extra synapses in 
his brain? Better ability to tune in the 
unconscious? We at Sanders don't 
know the answer. 

We do know that a favorable environ­
ment enhances creativity ... and we put 
considerable effort into the brand new 
art of designing such an environment. 

Already definable elements include: 
pursuit of promising off-beat hunches; 
better ways of teaming individuals to 
explore new concepts; an open door 
policy that keeps red tape, compart­
mentalization and protocol down; en­
couragement of post-graduate work; 
"cross fertilization" via in-plant 
seminars. 

As we learn more about this art day­
by-day, we incorporate the things we 
learn into our company. 

Perhaps that is why we seem to be 
more successful than many others in 

attracting creative people. Most of 
them stay with us too, sustained by 
the certainty that the environment is 
in sympathy with their individual 
objectives. 

Blue sky? Hardly. We simply recog­
nize that individual creativity is our 
most important corporate asset. 

Where is this creativity directed? Into 
practically every area of advanced 
components and systems. We're 
heavy in phased arrays and other 
radar; information handling and dis­
play; long range communications; 
oceanographic telemetering; electro­
optics; lasers; instrumentation and 
control; microwave; flexible printed 
circuits; and systems-oriented, spe­
cial-purpose hardware. 

Senior level openings exist in re­
search, development, product design 
and manufacturing engineering. Write 
in confidence to Mr. Lloyd R. Ware, 
Staff Engineer. 

SANDERS ASSOCIATES a INC. 
NEW DIRECTIONS IN ELECTRONICS SYSTEMS 
An Equal Opportunity Employer (M&F) Nashua, New Hampshire 
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The Scientists and 
Engineers served by 
Corcoran in the last year 
have found the 
difference between 
"a job" and "the job." 

• Whether your search for a 
new working environment is 
based on a desire for larger 
responsibility, wider scope of 
action, broader technical inter­
ests, or for financial gain, the 
individual attention offered by 
Corcoran assures a greater 
chance of success. 

• Nationwide, we serve large 
and small clients on a fee 
paid basis. Please airmail back­
ground to: 

JOSEPH P. CORCORAN 
Personnel Consultants 

505 B Germantown Pike 
Lafayette Hill, Pa. 19444 

·------------....--• .®. ::EJ.::EJ' & I 

I
I l:Zf5' For FEE PAID positions 

I Send Coupon Today f 
throughout U.S. 

I ATOMIC PERSONNEL, INC. 
I Suite L, 1518 Walnut St., Phila., Pa . 
I Experienced Engineers .•. Working 
I "Full Time" .•. for You! 

Send resume today. (If none, send 
I coupon for confidential application.) 

I Name'-----------~l 
I I Address. __________ _ 

I City State __ _ 
.. _______________ _ 

WIRE AND CABLE OPPORTUNITIES 
• Enaineer, 6..'-'1>Crienced in design & 1>roduction of 

coaxial cables and electronic wire & cables. 
• Sales Mar., to handle strong distributor organiza­

tion for esta·blished manutacturer, must be experl­
encoo. • Shop Su pt .• wire & cable plant. must have 

experience in cord set molding, assembly, produc­
tion; com1>lete supervision. Excellent oovortunities 
for men wllling to relocate. Send all particulars to 

P-1933. Electronics 
645 N. Michigan Ave., Chicago, DI. 60611 

POSITION VACANT 

Electronics Technician-A large mldwestern 

university is seeking an Electronics Techni­

cian. Must be able to perform routine main­

tenance and repair of electronic, scientific 

equipment. Must have familiarity with both 

electron tube and solid state circuitry, and 

must be able to do design, construction. and 

modification of electronic circuitry, Apply 

Personnel Office, Univers·ity of Missouri at 

Kansas City, 6100 Rockhill Road, Kansas 

City, Missouri. 

238 

Do you need electronics en· 

gineers or technical man· 

agement men? Electronics 

magazine is the way to re· 

cruit them. Electronics is 

designed specifically for 

the working engineer. 68,-

000 subscribers and an ad-

ditional 133,000 pass·along 

readers turn to it to keep 

up with their industry. You 

can find the man that meets 

your qualifications with an 

advertisement in the Em-

p 1 o y m e n t Opportunities 

Section. 

For rates & information 

write: Electronics, a Mc-

Graw-Hill Publication. 

Classified Advertising Divi· 

sion, Post Office Box 12, 

New York 10036. 

In electronics 
it's Electronics 
magazine 
to sell used 
eauipmentl 
Your advertisement will produce 
Results in Electronics. Engineers 
turn to Electronics magazine for 
the latest technical developments 
- and for the latest buying 
information. You can reach them 
inexpensively in Electronics 
Searchlight Section. 

For information: 
Searchlight Section 
Classified Advertising Division 
Post Office Box 12 
New York 10036 
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RELAYS 
28 VOLT D.C. COILS 

Hermetically Sealed Cases 

9226-4 187 LEACH MS25269-DI With 6C- 5 Amp. 
Contacts 6 Pol e D. T. , Hook Lug Terminal s and 4 
bottom mountin g studs. 1'12" x I Y2 " x %" High. 

LOTS OF 10 - $12.00 EACH 
LOTS OF 100 - $10.00 EACH 
LOTS OF 1000 - $9.00 EACH 

MH -900.67 POTTER & BLUMFIELD, DUAL. W i' h 
One Pai r N. C. 5 A. Cont acts operated by a 2500 
Ohm Coil i ~ each section . I" x 3" x 2" high wit h 
Hook Termin als and four mounting studs. 

LOTS OF 10 - $4.00 EACH 
LOTS OF 50 - $3.00 EACH 

1 IHSX352-A MAGNECRAFT. DUAL, Each Section 
~as two 200 Ohm SEPARATE Coils which may be 
independently energ ized for i solation, and two 
Pai rs ~f N. C. 5 Amp. Contacts. Four st ud bottom 
mou~trng and two separat e headers wi t h 8 hook 
terminal s each. 2" x I Va" x 2". 

LOTS OF 10 - $4.50 EACH 
LOTS OF 50 - $3.50 EACH 

20389-4 -27QANC2 PHILLIPS CONTROL 3 Pole 
D. T. 15 Amp . Contact s Flan ge mounting 6 hole 
Base 2'/1" x 2V4", 2Va" x 2Va" x 2V2 • 

LOTS OF 10 - $5.00 EACH 
LOTS OF 50 - $4.00 EACH 

DIVERSIFIED 
COMPONENTS 

726 WEST CLINTON STREET 

ITHACA, NEW YORK 14850 

(607) 272-8800 

CIRCLE 971 ON READER SERVICE CARD 

MINl-FLl.~~'~"~~,~~ENSER ~ 
lor miniature polfing 
and encapsulatmg • 

Av•llab!e In 3 sizes )4 s3400 ' 
- ·a•-•• • • 

~ ~c~~~~n~~~L~~~~s~c~u~~~o~! 
CIRCLE 970 ON READER SERVICE CARD 

PROFESSIONAL 

SERVICES 

GIBBS & HILL, Inc. 
Consulting Engineers 

8y1tem1 En1ineer in1 
Operations Research Development 
Field Studies • Deafen • P rocurement 

Power • Transportation • Communlcattona 
Water Supply • Waate Treatment 

393 Seventh Annue New York l, N. Y. 

Donald C. Harder., Inc. 
Magn etic Component Engineers 

Reactors-Transformers- Filte rs 
Serving the Research Laboratory 

2580 K Street, San Diego, Calif. 92102 
Phone (714) 239-8021 
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AUTOTRACK ANTENNA MOUNT 

360 degree azimuth. 210 
degree ele\•ation sweep 
witll better than 1 mll. 
accuracy. Missile velocity 
acceleration and slewing 
rates. Amplldyne and 
servo control. Will handle 
up to 20 ft. di sh. Sup­
plt ed complete with con­
trol chass is. Tn stock­
irr medlate de livery. t:sed 
world 01·er by NA SA. 
USAF, MP-61 -B. T)lpe 
SCR-584 . Nike Ajax 
mounts also In stock. 

PULSE MODULATORS 
MIT MODEL 9 PULSER 1 MW-HARD TUBE 
Output 25kv 40 amp. Duty cycle. 002. pulse lengths 
.25 to 2 microsec. Also .5 to 5 mlcrosec. and .1 to .5 
microsec. Uses 6C21. Input 115v 60 c.rnle AC. Mfg. 
GE. Complete with driver and high voltage !lower 
supply. Ref : MIT Rad. Lab. Serles. Vol. 5. p . 152. 
2 MEGAWATT PULSER 
Outnut 3 O kv at 7 O amp. Duty cycle . 0 0 1. Rep rates. 
I microsec 600 ops. 1 or 2 mace 300 pps. Uses 5948 
hydrog•n thyratron. Input 120/208 VAC 60 cycle. 
Mfr. OJI::. Complete with htgh voltage vower supply. 
1 S KW PULSER-DRIVER 
lliased multivibrator type pulse generator us1ng 3E29 
Output 3kv a.t 5 amp. Pulse lgtbs . 5 to 5 microsec. 
easily adj. to .l to .5 msec. lnput l 15v 60 cy AC. 
$375. Ref. MIT Rad. Lab. Serles . Vol. 5 . DDS. 
157-160. 
MIT MODEL 3 PULSER 
Output: 144 kw (12 kv at 12 amp.) Duty ratio: .001 
max. Pulse duration: 5 , 1 and 2 mlcrosec. Input· 
115 v 400 to 2000 CDS and 24 vdc. $325 ea. Full 
desc. Vol. 5, MIT Rad. Lab. ser ies. pg. 140 . 
250 KW HARD TUBE PULSER 
Output 16 kv 16 amp. Duty cycle .002. Pulses can 
he coded. Uses 5021, 7 l 5C or 4PH60A . Input 115 v 
f\O CY . AC $1200 ea. 
PLAN POSITION INDICATOR CONSOLE 
Con1plete PPT console operatinJ! frnm 115 volt 60 
cyrle :\C . 1 O" CH'I' range 4 to :! !i O miles Dhdrnl 
Jleight readout. Compleh~ .AN" / CPA -'.!5. Price $1200 . 

SCR 584 AUTOTRACK RADARS 
our 584s in like new condition, ready to go, and In 
stOf'k ror Immediate delivery. Ideal for telemetry re­
search and developmem, missil t' tracking, satellite 
tracking. Fully Desc. M IT Rad. Lall . Serles. Vol. l, 
DPS. 207-210 , 228, 2 ~ 4-286. Comp. Inst. Bk avail­
able J2!i .OO each. 

.------------------, 
I TEST EQUIPMENT I 
I For over 20 years 1peclaliz ln11 In top bra nd s I 
I ~only. Write for our la test li stino I 
I \ \ 1 We buy compl ete inventor ies. I 
I ELECTRONIC SALES I 
I 1413 Howa rd street. Chicaao. Illinois 60626 I 

Telepho ne RO gers Park 4-0600 

~----------------J CIRCLE 968 ON READER SERVICE CARD 

YOU'RE HIRED! 
Do you need electronics engineers or 
technical management men ? Elec­
t ronics ma gazine is t he way to re­
cruit them. Elect ronics is designed 
specifically for t he working engineer. 
68,000 subscriber s and an additional 
133,000 pass-alon g readers t urn to it 
to keep up with t heir industry. You 
can find the man that meets your 
qualifications wit h an adver t isement 
in the E mployment Opportunities 
Section. 

For rates & information write: Elec­
tronics, a McGraw-Hill P ublication. 
Classified Advertising Division, Post 
Office Box 12, New York 10036. 

e CLASSI FIED ADVERTISING 
e BUSINESS OPPORTUNITIES 

e USED OR SURPLUS EQUIPMENT 

MICROWAVE SYSTEMS 
L BAND RF PKG. 
211 KW peak 990 to 1040 MC. Pulse width . 7 to 1.2 
micro sec. Rep. rate 180 to 42 0 pps. Inout 115 vac 
incl. Receiver $1200. 

200-225 me RADAR SYSTEM 
I Megawatt output, 200 nautical mile range for lon 11 
range detection of medium and high altitude Jet air 
craft as well as general search. Complete system ir 
stock. Input 120 / 208 V. 60 cy. Type TPS-28 . Mfg 
Hazeltine. 

C-BAND RADAR 
250 KW output. C-band. PPJ lndtcator. 5C22 thy ra 
tron modulator . Antenna hi gain paraboltc section 
Tnput 115 volts 60 cycle AC. complete $2750.00 . 

200 TO 2400 MC RF PKG. 
200 to 2400 MC CW. Tuneable. Transmitter 10 to 30 
Watts . Output. As new $475. 

500 KW L BAND RADAR 
500 kw 1220-1359 msc. 160 nautical mlle !earc1 
range P.P.1. a nd A sOOJ>e8. MTl thyratron mod 5J2t­
magnetron. Complete system. 

100 KW X SAND RADAR 
Complete I 00 k\v output air borne system with AMTI 
5C22 thyr. mod. 4J52 magnetron. PPI, 360 deg ar 
sweep, 60 deg. elev. sweep, 1rro atabt llzer, hl-1atn 
revr Complete with all pluga and cablea. 

AN / GPG-1 SKY­
SWEEP TRACKER 
3 cm . automatic track· 
Ing radar system. Com · 
plete package with ln · 
dlcator system. Full 
target acquisition and 
automatic tracking. I n· 
put I 15 volts 60 cYCle 
~ew In stock for lm 
mediate delivery. EntlrP 
System 6' long. 3' 
wide. lO' high, Ideal 
fo1 Infrar{'d Tracker. 
Drone Tra1·ker, Missile 
'l'rackn, R . & D. 
500KW S BAND RADAR 
250 miles search 115V 60 cy AC. Mfg. O.E . 

Automatic Blank Sorter buut In 1961 by Selmltsu 
Kog.ro Co. for Transistor Dice Including Feeding 
~fecha.nism. 

Bauer Machinery Co. 
1114-16 Frankford Ave. 
Philadelphia, Pa. 19125 

CIRCLE 966 ON READER SERVICE CARD 

I ELECTRON TUBES 1---. 
KLYSTRONS • ATR & TR e MAGNETRONS 
S UBMINIATURES • C.R.T. • T. W.T. • 5000-

6000 SERIES 
• SEND FOR NEW CATALOG A2 • 

A & A ELECTRONICS CORP. 
1063 PERRY ANNEX 
WHITTIER. CALIF. 

696-7544 
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Esterline Angus doesn't keep handing you the same old linel 
We keep developing new graphic recorders 
and new features to incorporate in estab­
lished recorders . . . to satisfy your needs. 

We've developed a trouble-free servo 
motor with only one moving part. No pul­
leys, drive cords or gears. It delivers 2/1 0 
second response over a 1 O" span and 1 /8 
second response over a 4%'' span. 

Our new Multipoint has an exclusive 
Programmed Printing option. It lets you 
select points electrically with switches. 

You can now order our Permanent-Mag-

net Moving-Coil recorders with magnetic 
amplifiers (to increase sensitivity) or with 
power transducers (to measure watts, volts, 
amperes, vars . . . ) . 

We've designed a Rapid Response (1 /1 0 
second) Voltmeter. It records 100 milli­
second voltage transients with full accu -
racy . .. especially valuable in monitoring 
power suppl ied to data processing units. 

In addition to our best selling Ink Type 
Event Recorders are new lnkless and High 
Impedance Event Recorders. The high im-

EXCELLENCE IN INSTRUMENTATION FOR OVER 60 YEARS 

Circle 240 on reader service card 
--~ 

pedance instrument can be bridged into 
low power (i.e., telephone) circuits without 
upsetting their operation. 

Want to record more than one channel 
of information on the same chart? We now 
have six types of two-channel recorders, 
plus an Analog-Event Recorder which pro­
vides one channel of analog information 
and eight channels of event information. 

Oscillo Graphs? Choose from nine units 
including portables and cabinet models. All 
with frequency response above 12 5 cps. 

Write for our full line brochure. You'll 
discover we make more kinds of graphic 
recorders than just about anybody else. 
Esterline Angus Instrument Co., Inc. 
Box 24000E • Indianapolis, Ind. 46224 
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Color-set makers 

in Japan face 

antitrust action 

Production models 

of tiny U.K. radar 

year or so away 

ICT long on orders 

but short on cash 
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Japanese set makers have their problems even though they're poised to 
push color television receiver output past the I-million mark-double the 
1966 figure-during the year ahead. 

Late this month, hearings will begin in an antitrust action the govem­
ment has launched against six major producers. 

The government's fair trade commission contends that the leading 
producers violated Japan's antitrust laws by setting a minimum retail 
price of $500 for 19-inch color sets at monthly meetings of company vice­
presidents at the Palace Hotel in Tokyo. The commission has raided the 
companies three times to gather evidence. 

The companies-Matsushita Electric Industrial Co., Hitachi Ltd., 
Tokyo Shibaura Electric Co., Mitsubishi Electric Corp., Sanyo Electric 
Co. and Hayakawa Electric Co.-admit their executives hold regular 
meetings. But at the hearings, they'll maintain there's been no price fixing. 
They claim their prices-the popular 19-inch sets are bunched around 
$550 retail-are realistic. 

What's more, the six producers say their meetings are justified and will 
continue. Their argument: exchanges of information among domestic 
producers is important since they'll eventually be up against strong out­
side competition because of the government's policy to ease restrictions 
on foreign investment in the country. 

The matchbox size low-power radar developed at Britain's Royal Radar 
Establishment should be on the market in a year or so, predicts RRE's 
Cyril Hilsum. Hilsum led the research team that worked on the gallium 
arsenide Gunn-effect oscillator used as the radar's microwave source. 

The GaAs oscillator, encapsulated in a 3 by 5 millimeter package, was 
developed jointly with Mullard Ltd., a subsidiary of the Dutch company 
Philips Gloeilampenfabrieken NV. Mullard now is getting yields of 70% 
on the oscillators but production versions of the radar won't be forthcom­
ing until further development is done on the resonance cavity. 

In addition to Mullard, the Plessey Co. and Standard Telephones and 
Cables Ltd, a subsidiary of the International Telephone and Telegraph 
Corp., have the "mini" radars under development. 

Success has put Britain's leading computer maker, International Com­
puters & Tabulators Ltd., in a bind for cash and the company is looking 
for help from the government. 

JCT came up with a best-seller with its 1900 series, introduced two 
years ago. Since, the company has delivered some 250 systems and has 
orders in hand for an additional 400. But most of the machines are 
rented; so JCT needs tide-over financing, at a time when money is tight, 
to keep up its fast expansion. 

With the Labor government determined to maintain an independent 
computer industry, JCT can almost certainly count on some sort of aid. 
The company currently has talks under way with the government's 
export-credit agency for financing overseas deliveries and with the 
Ministry of Technology for domestic deliveries. But ICT's plight brings 
up again the perennial and perturbing question of how many computer 
companies the British economy can support. 
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East German goal: 

national computer 
network by 1970 

Bull-GE withdraws 
pair of computers 

French fail in bid 
to win Austrians 
over to Secam 

Nippon Electric wins 

USAF contract 
for microwave net 
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Newsletter from Abroad 

A countrywide complex of computer centers will be set up in East Ger­
many by 1970 if the plans of Guenther Kleiber, newly appointed state 
secretary for data processing, pan out. 

Kleiber's scheme calls for more than 100 computer installations-linked 
together-at major industrial firms, research institutes and government 
agencies. At present, there are some 25 computer centers in the country, 
almost all of them equipped with Bull Gamma-10 machines. But the 
existing centers operate individually as service bureaus. 

The East Germans most likely will tum to Russia for the hardware and 
build their complex around Ural, Minsk and BESM computers. There's a 
slight chance, though, that U.S. third-generation machines would be 
integrated into the complex should the North Atlantic Treaty Organiza­
tion ease its embargo on exports of advanced data-processing equipment 
to Communist-bloc countries. 

The General Electric Co.'s worldwide troubles with software delivery 
for its 600-series computers have doomed a pair of models developed by 
GE's French subsidiary, Bull-General Electric. To slim down the GE 
computer line, Bull-GE last week dropped its Gamma 140 and Gamma 
145 models, two small machines introduced last year. 

With two less models to sell and service, GE expects to fare better 
with its larger machines in the French market. GE had to recall one 600 
machine installed at the state-owned public utility Electricite de France 
and lost a sale-because of program difficulties-for a second machine 
tentatively ordered by the French weather bureau. 

Executives at West Germany's Telefunken AG now are fairly confident 
that Austria will end up on the list of countries that have adopted the 
company's PAL (for phase-line-alternation) color-television system. 

The French made a year-end bid to win Austria for their competing 
Secam (for sequential and memory) system but their demonstration didn't 
make much of an impression on Austrian broadcasting officials. Mean­
while, PAL has acquired a powerful supporter: Austria's Federal Cham­
ber of Commerce, which represents the country's business community. 
The Chamber of Commerce is convinced PAL would work best in the 
mountainous country and would simplify exchange of color programs 
with neighboring West Germany and Switzerland. They both already 
have opted for PAL. 

The United States Air Force has picked the Nippon Electric Co. as prime 
contractor for $13.7-million microwave communications system in the 
Kanto Plains area of Japan. The system will link 24 U.S. military stations 
and connect into the regular Japanese communications network. 

Despite the Pentagon's "Buy American" policy, Nippon won out over 
ITI' Federal Electric Corp. Nippon is the only company now producing 
the 300-channel equipment that was specified for the job. Nonetheless, 
the system, which will cover Tokyo and four surrounding provinces, 
will have considerable U.S. hardware. Nippon has awarded a $6-million 
contract to the Lenkurt Electric Co., a subsidiary of the General Tele­
phone & Electronics Corp., for the multiplex equipment. 

Electronics I January 9, 1967 

,. 

•· 

.. 





international exhibition 
of electronic components 
THE MAIN INTERNATIONAL MEETING OF THE YEAR ... Paris - From 5 to 10 April 1967 

The first Exhibition of Components was held in 
1934, and the event took on its international 
scope in 1958. 
In 1966 there where: 900 exhibitors represen­
ting 20 countries... 140.000 visitors from 70 
countries ... 

In 1967 the International Exhibition of Electro­
nic Components promises to be more brilliant 
and on a larger scale than ever. 

It will be open from April 5 to 10 - the month 
when Paris is most attractive in the Exhibition 
Halls at the Porte de Versailles. 

A double goal 

The International Exhibition of Electronic Com­
ponents has taken only a few years to become 
the greatest world-wide intercomparison in the 
field of components, semiconductors, tubes, and 
electronic accessories. Exclusively open to ma­
nufacturers it pursues - with constantly increa­
sing success - two objectives: 

• to present every year, a vast synthesis of 
the most recent world production, giving 
manufacturers an opportunity to meet discuss, 
exchange ideas, and prepare for the future; 

• to offer every year, to many specialists, engi­
neers and technicians coming from all countries, 
a technical information centre where, in the 
most favourable conditions of rapidity, they can 
discover the latest novelties in their respective 
fields, obtain documentation and equipment ... 
and make an appraisal of the evolution and pros­
pects for the Electronic Components Industry. 

TECHNICAL CONFERENCES 

Within the very framework of the International 
Exhibition of Electronic Components, a number 
of Technical Conferences will give you the 
possibility of reviewing the latest technological 
developments - Programme on request. 

INTERNATIONAL EXHIBITION 
OF AUDIO EQUIPMENT 

Held jointly with the Exhibition of Electronic 
Components, the Exhibition of Audio Equipment 
will open its doors during the same period to 
engineers and specialists from all over the world in 
adjacent halls to those of the Exhibition of Elec­
tronic Components. 

For many years, Audio Equipment was presented 
within the Components Exhibition. The constant 
development of this Exhibition together with 
a rapid expansion of Audio Equipment have 
led organizers to separate these two manifesta­
tions which are, both of them, international and 
technical. 

INTERNATIONAL CONFERENCE 
ON 
ELECTRONICS AND SPACE 

From April 10 to April 15 - International Confe­
rence on Electronics and Space - Programme and 
conditions of registration will be sent on request. 

This conference aims at investigating how the 
new constraints imposed by space applications 
have led to an adaptation or a renovation in the 
field of electronics. 

s.o.S.A. - RELATIONS EXTERIEURES - 16, RUE DE PRESLES - 75 PARIS 15•, FRANCE - PHONE 273.24.70 

Official Air-Lines of the Exhibition call for information : Al R FRANCE. 
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ELECTRONIC COMPONENTS 
PARIS 5th to 1o•h APRIL 

Using advanced techniques . . . 
THE RESEARCH LABORATORIES AND FACTORIES OF 

LA RADIDTECHNIQUE - CO PRIM - R. T.C. 

DREUX: picture tubes Manufacturing Center 

NUCLEAR INSTRUMENTS 
The fastest photomultipliers in the world 

150 different types 
Scintillators - Photoscintillators 
Semiconductor radiation detectors 
(Diffused, Surface-barrier, Li-drifted Ge and SD 

SEMICONDUCTORS 
and MICROELECTRONICS 
- 111-V semiconductor compounds - Epitaxy 
- Solar cells and sensors 
- Lasers and electroluminescent diodes 
- Optoelectronics 
- Microtransistors 
- Hybrid microstructures 
- Integrated thin-film circuits 
- Linear integrated circuits 
- DTL or TTL logic integrated circuits 

COLOUR TELEVISION 
"Direct-v·iew" picture tube A 63 - 11 X 
Magnetic shield 
Special receiving tubes : 

Chrominance amplifier . P and ECF 202 
Booster diode . ..... P and EV 500 
Reference tubes ..... P and ED 500 
Line output pentode ... P and EL 505 
EHT. . . . . . . . . . . . . GY 501 

Standard semiconductors and receiving tu bes 

• Deflection unit • Focussing unit 
• Line and EHT output transformer 
• Frame output transformer 
• Cushion-correction transducer 
• Focus-correction coils 
• Reflection glass delay-line 
• PTC, NTC and VDR resistors 
• Potentiometers • Capacitors 
• Tube sockets ... 

CAEN: Semiconductors research-Manufacturing Center 

At the disposal of the electronic industry the most complete 
range of tubes, semiconductors, other components and sub-assemblies. 
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HEAD OFFICE: 51, rue Carnot· 92 SURESNES <France> 
Sales department : 130, av. Ledru-Rollin - PARIS (11e) - Tel. 797.99.30 
Factories and research laboratories : 

Caen, Chartres, Dreux, Evreux, Suresnes 
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INTERNATIONAL EXHIBITION OF 

ELECTRONIC COMPONENTS 
PARIS 5th to 1o•h APRIL 

HIGH 
RELIABILITY 
COMPONENTS 

Tantalum capacitors. Polystyren 
capacitors. Ferrite pot cores. Silicon 
zener diodes. Silicon planar diodes. 
Silicon planar transistors. Delay 
lines. Microwave components. Radar 
echo reflectors. (Luneberg Lenses). 

For further information check appropriate line and mail to : 
Societe L. T. T ., 89, rue de la Faisanderie. Paris 16e. tel. 870.45.50 
Cables : GRALIFIL-PARIS. 

D Capacitors 
D Ferrite cores 
D Silicon semi-conductors 
D Delay lines 
D Microwave components 

246 Circle 246 on reader service card 

Name .............................. . 
Title .... . .......... ............. .... . 
Company .......................... . 
Address ........................... . 
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Information Technology 

• Mission Simulation, Display Technology 

Radar and Fire Control 
• Airborne Systems and Simulators 

Navigation, Stability, Guidance & Control 

• Stability and Control, Computer Design, 

Servo Analysis 

Electronic Systems 

• ECM, Penetration Aids 

Electronic AGE 

• Microwave and Computer Design 

Electronic Laboratories 

• Circuit Design, Flight Test Instrumentation 

Electrical Installation Design 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

t 

These are a few of the long range programs 
at the Fort Worth Division of General 
Dynamics. Here you will find a highly 

diversified engineering and research organiza· 
tion assigned to the 111 programs 

or other advanced aircraft projects; missile 
assignments. space systems, mission 

analysis or other R&D. 

You'll enjoy living in modern , metropolitan 
Fort Worth where superior housing, cultural 

advantages . a variety of sports and other 
recreation, graduate studies at one of three 
major universities. and mild weather are all 

part of an attractive package . 

Call collect- 817 PE 2-4811 extension 3551 
or send a resume of your education and 

experience to J . 8 . Ellis, Industrial Relations 
Administrator . Engineering, General Dynamics. 

Fort Worth Division, P. 0. Box 748E, Fort 
Worth. Texas. An equal opportunity employer. 

~~ F-lllA • F-11 IB • FB-llJ ·RF-Ill· MARK II • F-lllK 
.. 

.. 

• 
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BORON FILAMENT 
and other advanced 

aircraft and space programs 

GENERAL DYNAMICS 
Fort Worth Division 
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TI takes the heat 
off power supplies. 

Heat build-up is a serious problem in 
power supplies, computers and other 
electronic and electrical equipment. 

That's why many manufacturers of 
these products have turned to the posi­
tive protection afforded by Texas In­
struments cooling effect detectors. 

The Klixon® 2ST detector is a sen­
sor-switch combination designed to 
protect air-cooled electronic and electri­
cal equipment against overheating due to 
the decrease of air flow and/or increase 
of incoming temperature. It is used in 
conjunction with Texas Instruments 

4 MC Magnetic Circuit breaker to give 
warning of a dangerous condition or to 
cut off power. 

The 2ST not only eliminates the need 
for vane switches and thermostats, but 
offers many advantages over these de­
vices at little or no extra cost. 

The 2ST functions perfectly in any 
position. It's rugged . .. can withstand 
the ordinary knocks of installation and 
maintenance. The sensor reacts to the 
cooling capacity of the air . . . it is not 
affected by the individual parameters of 
velocity and/or temperature. The sens-

• 

ing element is a thermal analog of the ·,. 
equipment being protected. Its thermal 
characteristics can be matched to ther- ,. 
ma! limitations and requirements of the 
equipment. Other successful applica­
tions of the Klixon 2ST cooling effect 
detector include computer high-speed 
printers and card-reader-punch units , ,• 
copying machines and projectors. 

Texas Instruments and other manu- • 
facturers get together daily to solve 
problems. Perhaps we have the answers ._ 
to help you , too. Get more information. 
Circle reader card 488. 

~ Texas Instruments makes it happen in industry. 
Electric utilities going solid state for 
power control and protection. 

Electric power. It must be generated 
.. . controlled. There must be protection 
against blackouts .. . against damage to 
company and consumer equipment. 

One unique electronic protective de­
vice is Esco Manufacturing Company's 
CM-78 inverse timer and control. It is 
made to sense overcurrent conditions 
in power lines and generate a command 
signal to trip circuit breakers before 
damage can be done. 

The CM-78 is a custom-designed, 
solid-state electronic assembly made for 
Esco by Texas Instruments. All its semi­
conductor components are produced by 
TI ... SCR's, silicon transistors, silicon 
rectifiers, and silicon diodes. Precision 
resistors and 
solid tantalum 
capacitors from 
TI are also em­
ployed. The cir­
cuits are solidly 
encapsulated in 
epoxy in a module 
only 5" x 4" x l1/s ". 

The advanced new 

electronic module offers a multiplic'ity 
of advantages over the electromechan­
ical devices now in general use, yet it 
costs no more. It's faster, more reliable, 
and many times smaller. 

Esco came to Texas Instruments be­
cause they found that TI offers the 
broadest, most complete line of semi­
conductors in the industry and because 
TI can provide these products in pre­
assembled, pretested electronic assem­
blies. This eliminated the need for large 
capital investments in new production 
facilities and extensive electronic engi­
neering capability. Considering solid­
state electronics? Send for a free packet 
of detailed information by circling 
reader service card no. 489. 

TI semiconductors help brokers 
read market quotations easier 

Texas Instruments semiconductors 
will soon be in brokers' offices all over 
the country as part of a new stock 
quotation display made by Trans-Lux 
Corporation. 

The new "Trans-Jet" display is a 
brokerage-size, self-contained unit that 
·can be mounted on a wall or hung in 
the middle of the room for viewing 

from both sides. It takes incoming sig­
nals directly from the stock exchange 
communications network and con­
verts them to a moving display via a 
new electronic-electromechanical-pneu­
matic system. 

The new system incorporates Texas 
Instruments low-cost industrial inte­
grated circuits, Silece" plastic-encap­
sulated silicon bipolar and unijunction 
transistors, 
germanium 
transistors, 
silicon di­
odes, SCR's 
and semi­
conductor 
light sensors. 

.. 

In the conventional display an electro­
mechanical tape-feeding system and 
film projector require a separate con­
sole. The new "Trans-Jet" built-in elec- ..,. 
tronic control is only 12" x 10" x 6". 
And maintenance has been reduced 
from bi-weekly to semi-annually. 

Semiconductors offer a wide range of 
opportunities for miniaturization relia­
bility, efficiency and economy. For in­
formation and application assistance 
circle reader card 4':JO. 

TEXAS INSTRUMENTS 
INCORPORATED 





Open a silicon savings account-specify IR assemblies 
Convenience without extra cost .. . performance guaranteed 

Everybody saves when pre-engineered IR silicon 
power rectifier, SCR or hybrid modular assemblies 
are on the bill-of-materials. 

Equipment Designers appreciate these proven 
time-savers because they make prototype produc­
tion fast and accurate ... and assure that units de­
veloped will be reliable in production. Mechanical 
Engineers like the accurate data regarding size 
and shape of assembly to be mounted and cooled, 
and Production Engineers enjoy the ease of simply 
bolting on and making connections to the finished 
assembly. 

Purchasing Agents favor the convenience of 
one-stop shopping for heat-sink and rectifier com­
ponents together ... especially when they discover 
that pre-engineered IR Silicon Assemblies fre­
quently cost out less than individual parts, even 

without considering the inspection, assembly and 
testing time paid for by IR. 

Perhaps the biggest savings of all are realized 
by the rectifiers themselves, for using IR standard 
or custom assemblies guarantees proper cooling 
and end-item performance that both manufacturer 
and customer can bank on. 

FREE 80-PAGE CATALOG OF PRE-ENGINEERED 
SILICON ASSEMBLIES ranging to 2,100 amps and 
up to 200,000 vo lts ... the first comp ilation of silicon 
assembly information in the industry, complete 
with rectifier circuit diagrams and circuit values. 
Write for Catalog D-66 and learn how you can save 
time and money in equipment design . For immed i­
ate help, contact your nearest IR Sales office 

I \' R ~2~!~8~2~~I1E96~!~ E~S~G~!!~J!~ 
2ENER AND REFERENCE ZENER DIODES D SILICON CONTROLLED RECTIFIERS 0 SELENIUM RECTIFIERS 0 HIGH OR LOW POWER SILICON RECTIFIERS 
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Japan 

All aboard 
For most electronickers involved in 
the Lilliputian world of integrated 
circuits, large-scale integration 
means just one thing-hundreds of 
tiny silicon chips mounted on a 
common substrate and intercon­
nected. But for circuit designers 
at the Hayakawa Electric Co., 
large-scale integration has a sec­
ond meaning-hybrid circuits large 
in size, rather than complexity, for 
radios and television sets. 

Hayakawa now has on the mar­
ket a six-transistor radio with all 
16 of the set's resistors integrated 
on the component side of the set's 
printed-circuit board. This first use 
of the circuits will be followed by 
even larger boards for frequency­
modulation radios and tv sets. 

The big advantage of the inte­
grated resistors is that they elim­
inate a substantial number of sol­
der joints, a major cause of rejects 
in transistorized consumer equip­
ment. \Vhat's more, the integrated 
resistors cost less than discrete re­
sistors, even in the pilot produc­
tion Hayakawa so far has used to 
fabricate the boards. 

Making passes. For the inte­
grated resistors, Hayakawa uses a 
combination of carbon black and 
binders similar to the "inks" found 
in volume controls and multivalue 
printed resistors. But the company 
says it has a patent on the silver 
paste that connects the resistors to 
the copper terminals on the printed­
circuit boards and a design patent 
on the idea of putting resistors 
directly on the board. 

The resistors are laid down after 
the copper printed wiring has been 
etched on the reverse side of the 
board. First, a thin layer of phen­
olic varnish is applied to areas 
where the resistors will go. The 
varnish is baked, then the resistors 
screened on and baked. For a ra-
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dio with resistors ranging in value 
between 100 and 100,000 ohms, 
three or four different inks with 
different resistivities are needed; 
each ink is screened on and baked 
in turn. 

Once the resistors are in place, 
the silver-paste terminal areas are 
screened on and baked. In the 
process, the paste is forced into 
holes that connect the resistor ter­
minals to the copper terminals on 
the reverse side of the board. Fin­
ishing operations include a protec­
tive phenolic varnish over the re­
sistors and a phenolic-base solder 
resist over silver-filled terminals 
on the wiring side of the boarcl.. 

Good values. The integrated re­
sistors vary in length from about 
2 millimeters to 12 mm. However, 
Hayakawa is trying out even 
smaller sizes-lengths -as short as 
0.5 mm. \Vith careful screening, 
the process gives a resistor toler­
ance of ±20%, good enough for 
transistor radios. For higher toler­
ances the values can be adjusted 
by shortening the resistor's active 
'length with additional silver paint 
at the terminals or by abrading the 
resistor after baking, Stability un­
der load is about 1 % or 2%, about 
the same as the discrete composi­
tion resistors normally used in ra­
dios. The resistors fabricated so 
far are conservatively rated at :i'2 
watt and can range up to 1/s watt. 

Although Hayakawa is in pilot­
plant production ·with integrated­
resistor boards for one of its traNs­
istor-radio models, the company 
still is tinkering with the technique. 
It is trying different resistor shapes 
and sizes and has work under way 
aimed at integrating capacitors 
onto the printed-circuit boards 
along with resistors. • 

Fast on the punch 
Circuit designers who need high­
speed pulses may soon have a new 
device to work with-a punch-

On-board. All 16 resistors for 
Hayakawa six-transistor radio are 
integrated onto printed-circuit 
board on side opposite copper. 

through avalanche transistor. 
The transistor, faster than the 

conventional avalancl1e devices 
often used to generate high-speed 
pulses, has been developed by the 
Electrical Communication Labora­
tory of the state-owned Nippon 
Telegraph and Telephone Public 
Corp. in cooperation with Fujitsu 
Ltd. 

Nrr sees the punch-through av­
alanche transistor (PAT) as a pos­
sibility for a high-speed pulse code 
modulation system it is consider­
ing. But the transistor also seems 
a good bet for a variety of other 
applications like sampling oscillo­
scopes, pulse generators, voltage 
comparators and analog-digital 
converters. Fujitsu currently is 
looking at the potential market and 
may put PAT into production even 
if NTT decides not to use it. 

Short. Punch-through, sometimes 
called electrical reach-through, oc­
curs in a transistor when the space 
charge region of the collector ex­
tends through the base layer to 
the emitter. Under this condition, 
a nondestructive short circuit de­
velops between collector and emit­
ter; for that reason, the effective 
base width narrows and the re­
sponse time is not limited by car-
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Researchers at the Electrical Communication Laboratory of the state-run 
Japanese telephone system check characteristics of punch-through 
avalanche transistor for high-speed pulse generation. 

rier transit time in the base as it 
is in conventional avalanche trans­
istors. 

The PAT operates very close to 
the punch-through condition and 
thus has a fast response time. How­
ever, some avalanche multiplica­
tion of minority carriers is neces­
sary in the base region to get a 
higher-than-one current amplifica­
tion for regenerative switching. The 
key to the combination of near­
punch-through operation with some 
carrier multiplication is an av­
alanche breakdown voltage only 
slightly higher than the punch­
through voltage. 

To hold the voltage spread, and 
at the same time get adequate 
yields in production, Fujitsu and 
NTT jointly developed a proprie­
tary electrode structure and fabri­
cation methods for the silicon npn 
PAT. Makato Wantanabe, the com­
munication laboratory engineer in 
charge of device design, says the 
PAT compares favorably with two­
terminal devices like snap-off di­
odes, tunnel diodes and hot-car­
rier diodes as a source of high-speed 
pulses but has an additional ad­
vantage- it can be tailored for 
various applications. 

Ready for market. Fujitsu al­
ready has set tentative characteris­
tics for the first production PAT. 
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It will operate either in triggered 
or recurrent mode and generate (at 
half-width) I-nanosecond pulses. 
The interval between pulses is less 
than 5 ns and the typical trigger 
delay 0.5 ns. Pulse output is 1 volt 
into a 50-ohm line. A second ver­
sion now in development will be 
even faster with an interval be­
tween pulses of less than 2 ns. 

The PAT will work in many dif­
ferent circuits. It can be triggered, 
for example, by pulse inputs to the 
collector, base or emitter. About 
the only circuit precaution needed 
is to keep the total bias voltage 
across the emitter and co1lector 
slightly lower than the turn-on 
voltage; otherwise the PAT will gen­
erate pulses on its own without 
trigger pulses. The turn-on voltage 
differs slightly from device to de­
vice but remains stable over a wide 
temperature range so this is not a 
serious drawback. 

Murmur monitor 

Japanese doctors soon will be able 
to turn over to their aides the chore 
of screening people by the hun­
dreds for heart defects. 

Tokyo Shibaura Electric Co. 
(Toshiba) plans to have ready for 
the Japan International Trade Fair 

in April the commercial version of 
a special-purpose analog computer 
that automatically spots suspicious 
heart sounds. Using the equipment, 
a nurse or a technician can run a 
heartbeat test in less than a minute 
and refer to a doctor any patient 
with an abnormal-sounding heart. 

Toshiba isn't the first to develop 
an electronic heartbeat analyzer. 
The Humetricas division of the 
Thiokol Chemical Corp. produces 
a portable unit, for school heart­
test programs, that can detect heart 
defects in three minutes [Elec­
tronics, Dec. 13, 1965, p. 38]. Toshi­
ba's analyzer, though, is faster and 
more sophisticated. It shows what 
phase of the heart cycle is ab­
normal, not merely that something 
sounds wrong. 

Two mikes. Inputs for the heart­
beat analyzer come from two mi­
crophones. One is placed against 
the patient's chest to pick up the 
heartbeats; the other is placed 
against his throat to pick up his 
carotid pulse. A cathode-ray-tube 
monitor shows when the micro­
phones have been properly placed. 

The carotid pulse input identifies 
the start of a cycle, during which a 
normal heart produces two distinct 
sounds called first sound and sec­
ond sound. The rise 'in the carotid 
pulse corresponds to the first sonnd 
and the notch in the pulse to the 
second sound. 

The analyzer processes signals 
from the chest microphone in anar 
log logic circuits, which compare 
the signals to normal heart-sound 
patterns. Because the start of the 
comparison is timed by the input 
from the throat microphone, the in­
put from the chest microphone is 
delayed for 80 milliseconds to off­
set the time it takes for the carotid 
pulse to travel from the heart to the 
neck. The delay is obtained by 
passing the chest microphone sig­
nal through a continuous-loop tape 
recorder with the recording and 
playback heads spaced for an 80-
msec delay. 

Three beats. Toshiba's analyzer 
makes a checkup during just three 
heartbeats. In tests at the medical 
school at the University of Tokyo, 
technicians using the equipment 
fared as well at spotting abnormal 
heart sounds as general practi-
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tioners using stethescopes. The an­
alyzer even bested the average 
practitioner at picking up second 
sounds split into two parts, a sym­
tom very hard to detect with a 
stethescope. 

A lighted-panel display on the 
analyzer shows what suspicious 
sounds have been detected by the 
comparison in the analog logic cir­
cuits. The readouts include ampli­
tude of the heartbeat if it's 20 deci­
bels or more outside the norm, 
murmurs between first sound and 
second sound or between second 
sound and first sound, over-fast or 
too-slow heartbeat, split second 
sound and irregular beats. 

There is also a chart recorder 
that can be switched on when a 
record of the heart-sound wave­
form is desired. 

Great Britain 

In the picture 

Aircraft traffic control radar spe­
cialists long ago found a way to 
cull ground clutter-fixed echoes 
from high terrain or buildings­
from radar displays. The technique, 
called moving target indication, 

I 
I· 
' 

feeds to the display only echoes 
from objects that have moved in 
toward the radar antenna or away 
from it during successive sweeps. 

But standard MTI can't spot an 
aircraft that is moving on a tan­
gential course at right angles to the 
radar beam. As long as the radar 
is located at an airport, the tangen­
tial fade doesn't create much of a 
problem since the planes are flying 
toward or away from the radar. 
But with more and more remote 
radars going into air traffic control, 
the fade is becoming a serious de­
fect. At a 60-nautical-mile distance, 
for example, an aircraft flying at 
400 knots on a tangential course 
will disappear from the display for 
about 1.5 minutes. 

Selective. Now the Solartron 
Electronic Croup Ltd., in collabo­
ration with Britain's Ministry of 
Aviation, has come up with equip­
ment that does away with tangen­
tial fade. Essentially, the Solartron 
system switches in the moving tar­
get indication for sectors of the 
radar sweep where there's ground 
clutter and :-.u1 is necessary. In 
all other sectors, the display shows 
raw radar echoes and, since there's 
no MTI cancellation , aircraft flying 
tangential courses show up. 

Key to Solartron's scheme is a 
video plate of the sort used to make 

Nurse using Toshiba's an.alog analyzer can detect abnormal heart 
sounds as accurately as can the average general practitioner using 
a stethescope. Analyzer checkup takes less than one minute. 
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video radar maps. The plate is 
opaque over most of its surface 
but has clear areas that match the 
permanent clutter pattern. The 
plate is used in one channel of a 
dual video map display and 
scanned by a flying spot. vVhen the 
spot hits a clear area, a photomul­
tiplier on the back of the plate de­
velops an output that drives a 
transistor switching circuit. The 
transistor switch is biased to feed 
raw radar input to the display ex­
cept when there's an output signal 
from the photomultiplier. 

On trial. The selective MTI sys­
tem is currently being evaluated 
by the Ministry of Aviation at Lon­
don's air traffic control center and 
by Canada's Department of Trans­
port as well. As an addition to 
existing Solartron video map equip­
ment, the system will cost about 
$2,000; it can also be adapted to 
other manufacturers' displays. 

White paper on color 

The Labor government last month 
killed any chance that Britain 
might go on a double-standard for 
her early years of color telecasting. 

Despite a clamor by independent 
broadcasters for color on both 405-
line and 625-line standards, the 
government in a year-end vVhite 
Paper on the future of broadcasting 
in Britain confirmed its previous 
position-color tv on 625 lines in 
the ultrahigh-frequency band using 
the West German PAL (for phase­
alternation-line) system. 'i\' hat's 
more, Labor made it clear that it 
would eventually phase out black­
and-white tv broadcasting on the 
original British 405-line standard in 
order to have a uniform system 
throughout the country. 

There was additional black news 
for independent broadcasters in the 
vVhite Paper. In Britain there are 
four uhf channels available, three 
of them already earmarked. The 
commercial tv companies have long 
coveted the fourth channel and 
three years ago had a half-promise 
they'd get it eventually. Now the 
government says the precarious 
state of the economy makes a 
fourth tv channel a luxury Britain 
can't afford and that no allocation 
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of the channel will be forthcoming 
for at least three years. 

Color broadcasts, though, will 
start as previously planned late 
this year. This early start, the gov­
ernment feels, will help British set 
makers in European export markets 
as well as give a lift to lagging set 
sales at home. The 625-line PAL 

system has been chosen in practi­
cally all West-European countries 
except France. 

Transmitter manufacturers stand 
to pick up some new business from 
a policy set forth in the White 
Paper. Plans for radio include local 
very-high-frequency stations run 
jointly by the government-owned 
British Broadcasting Corp. and pri­
vate interests. At present there is 
regional radio in Britain but no 
really local stations. 

Export exchange 
By deliberately thinking small in 
electronic telephone exchanges, 
Great Britain may have hit on a 
way to cut a big swath in world 
markets for telephone gear. 

Last month Britain's General 
Post Office, which runs the coun­
try's telephone network, put into 
service its first production model 
electronic exchange. Britain thus 
trailed the United States by nearly 
two years in getting a full-fledged 
electronic exchange into service. 
But Britain is off the mark fast in 
exports. Already Ericsson Tele­
phones Ltd., the Plessey Group 
company that supplied the ex­
change, has orders for the produc­
tion-line electronic exchange from 
telephone systems in Jamaica and 
New Zealand. 

Big switch. The exchange, devel­
oped by Plessey in cooperation 
with four other major British manu­
facturers of telephone switching 
gear, has a capacity of 2,000 lines 
and is called the TXE-2. Although 
Britain has a 50,000-line exchange 
under development, the much 
smaller TXE-2 exchange will be a 
bread-and-butter item for com­
munications equipment producers 
during the next few years. Nearly 
two-thirds of the exchanges in Bri­
tain have less than 2,000 lines and 
the Post Office plans to convert 50 
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exchanges to electronic switching 
during the next 18 months and then 
step up the conversion rate to 80 ex­
changes yearly. 

The British believe that world 
demand for electronic exchanges 
will be overwhelmingly for small 
units. The few export sales to date 
bear them out; of a half-dozen ex­
changes, only one has large ca­
pacity, the 30,000-line system that 
Sweden's L.M. Ericsson Telephone 
Co. will deliver to the Netherlands 
[Electronics, Dec. 12, 1966, p. 258] . 
Under the arrangement set up by 
the Post Office to develop the TXE-2, 
all five major British telephone 
equipment makers can produce the 
Plessey design using their own pro­
duction techniques. 

Reed sections. The TXE-2 equip­
ment consists basically of blocks of 
switching matrixes that connect 
callers, plus electronic controls. 
Reed relays are used for the matrix 
switching functions. The control 
electronics is built up of silicon 
semiconductors, tin oxide resistors, 
and reed relays. The circuits are 
fast enough to allow a single set 
of call control equipment to handle 
all the calls through the exchange 
in sequence. 

The switching matrixes are 
grouped in five-by-five blocks. Each 
of the 25 reed relays in a block 
has four reeds actuated by a single 
coil. Two of the reeds carry the 
speech path, one carries a metering 
line and the other the actuating coil 
current. This arrangement is less 
sophisticated than the one used in 
the Bell System's No. 1 ESS exchange 
[Electronics, Oct. 19, 1964, p. 72]. 
However, the TXE-2 can handle all 
the extra facilities associated with 
electronic exchanges - pushbutton 
dialing, direct dialing to an exten­
sion, transfer of calls to another 
line by a subscriber and abbrevi­
ated dialing. 

Denmark 

Anew voice 
So far, the best electronic aid avail­
able to people rendered speechless 
by the loss of their larynx has been 

a clearly visible throat transducer. 
But now Danavox International has 
come through with a cleverly dis­
guised speech aid for men-a 
white-noise generator built into a 
pipe. 

Held as if its user were a pipe­
smoker who chomps on an unlit 
pipe, a loudspeaker in the speech 
aid injects into the throat a mix­
ture of the main sound frequencies 
found in the human voice. The user 
then articulates the words he wants 
to say and in so doing speaks. The 
action resembles to a large extent 
natnral speaking, where the larvnx 
generates the spectrum of voice 
sounds and the articulation appara­
tus shapes them. 

The pipe's sound output is a mix­
ture of frequencies from 60 to 2,500 
hertz. The basic frequencies are 
produced in a pair of transistorized 
multivibrators and then fed to 
an amplifier-mixer stage. Output at 
the mouthpiece loudspeaker is 136 
decibels on a reference level of 
0.0002 microbar, equivalent to a 
speech intensity of 65 db. 

A potentiometer in the mixer 
stage adjusts the frequency mix to 
the best value for individual users. 
An on-off switch on the pipe bowl 
enables the user to inject one burst 
of sound for each syllable. A con­
stant tone would make speech in­
distinct. 

West Germany 

Stretching the fax 
The Kiel-based firm of Dr.-lng. 
Rudolf Hell is small even by Euro­
pean standards. But Hell has no 
qualms about tackling the Ameri­
can market. 

Last summer, Hell's computer­
controlled typesetting equipment 
was put on the United States mar­
ket through the sales and service 
network of the Radio Corp. of 
America. Now Hell has appeared 
on the U. S. scene again with a 
desktop facsimile transmission sys­
tem called Zetfax. 

In so doing, Hell has entered the 
arena with some U. S. giants like 
the Westrex division of Litton In-
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Just one number for any electronic component 

2 2-973-5710 
(MATSUSHITA) 

And we do mean any. We make more than fifty thousand different types of 
electronic components. In fact, we produce over one billion electronic com­
ponents a year. 

We provide all types of electronic components from one handy source. 
Examples of our custom-made components are shown above. All of them 
meet or exceed military specs. We'll custom-design to your specs, if you wish. 
Supply any quantity. Guaranteed delivery anywhere. 

Matsushita of Japan is one of the biggest electronic component makers on 
earth. For more facts, including our free illustrated 464-page catalog, send 
us the coupon. No obligation. Do it now. 

Matsushita Electric Corp. of America 
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dustries Inc. and the Zerox Corp. 
But Hell figures its typewriter­
sized Zetfax can match in perform­
ance and price the small facsimile 
systems of its American competi­
tors. In Europe, Hell has already 
sold the equipment to banks, hos­
pital::, libraries, hotels and indus­
trial plants. 

Quick check. In many cases, the 
small facsimile units do jobs that 
heretofore had to b e done by ex­
pensive closed circuit television 
systems. A bank, for example, uses 
Zetfax to speed check handling be­
tween branches and the main office. 
Checks presented at branches for 
payment are scanned by a branch­
office transmitter at the teller's 
booth and sent to the central office 
receiver. 

The central office, after verifying 
the signature and the balance, ap­
proves the check by actuating re­
motely a cancellation stamp at the 
transmitter. At the same time, a 
green "accept" lamp lights up at 
the transmitter. A red lamp lights 
up at the transmitter if the central 

Doctor's orders. Nu rse get s diagnosis 
by facsimile transmission over 
te lephone lines from specialist 
at hospit al 100 miles away. 
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office decides the check should not 
b e paid. The facsimile of the check 
is used by the central office as a 
temporary voucher until the origi­
nal check comes in. 

Self-starter. The basic Zetfax 
system consists of a transmitter 
and a receiver but up to 10 receiv­
ers can be hooked up in parallel to 
a single transmitter. In the trans­
mitter, information written on orcli­
nary paper is scanned optically by 
bouncing light off the paper and 
onto a photocell. The scanning res­
olution is 100 lines per inch. 

The output of the photocell, 
which varies as the light hits dark 
and light areas on the paper, is 
amplified by a transistor amplifier 
and the signals sent over a 2-wire 
line to the receiver. Since the band­
width for the facsimile transmisson 
is narrow-1500 ± 800 hertz-the 
units can also be linked by radio 
or by a normal telephone line. 

An incoming signal to the re­
ceiver automatically turns on its 
writing mechanism. A paper tape 
travels past a metal scribing point, 
which presses the paper against an 
inked writing spindle to duplicate 
the original copy. At the end of 
each message, the transmitter 
sends a stop signal that shuts off 
the receiver's writing mechanism. 

The transmitter exists in two 
versions. One uses a llO-yard-long 
roll of paper strip 11/z" wide on 
which messages are scribbled for 
transmission to the receiver. The 
other is designed to handle indi­
vidual sheets of paper up to 61/z x 
81/z inches in size. 

New frontiers 
Travelers going by train from one 
country to another on Europe's 
electrified main lines must often 
put up with delays at border cross­
ing poinJ:s because engines have to 
be changed. That nuisance results 
from the four different power sys­
tems European countries have 
adopted for their electric railways. 
In Austria, \Vest Germany, Switz­
erland, Sweden and Norway, for 
instance, electric trains are driven 
by a single-phase, 162/a-hertz, 15-
kilovolt power system. In the Soviet 
Union and most of France a single-

Silicon controlled rectifiers are basi s 
of cont rol circui t s in German 
locomot ive that can run on all four 
European rai l power supplies. 

phase, SO-hertz 25-kv supply is 
used. Belgium, Italy and some East 
European countries use 3-kv direct 
current, while the Netherlands and 
southwestern France have also 
adopted d-c but at 1.5 kv. 

This variety of power supplies 
has led to the construction of mul­
tisystem locomotives that can run 
anywhere on the Continent. How­
ever, because such locomotives re­
quire complex rectification and 
control gear, they are far from 
becoming standard railway equip­
ment, and many travelers still en­
counter delays at border stations. 

The key to relieving the situa­
tion is the silicon controlled rec ti­
fi er, which is finding application in 
various European railroad control 
projec ts [Electronics, Sept. 6, 1905, 
p. 177]. 

Four ways. Engineers of th e 
Allgemeine Elektricitaets - Gesell­
schaft and Fried. Krupp Machinen­
fabriken have built a rnultisystcm 
locomotive engine employing regu­
lation and control techniques based 
on scr's. At 84 tons and 4,300 horse­
power, th e engine has roughly the 
same weight and output as the 
single-system types currently in 
operation on Germany's electrified 
main lines. The new locomotive, 
called "Europa," can travel on any 
electrified standard-gauge line on 
the Continent regardless of the 
power supply system used. It's the 
first Ser-controlled, four-system 
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unit ever built, according to AEG. 

The first of three such engines 
has been delivered to the German 
F ederal Railway to be put into op­
eration next spring on runs between 
Cologne and points in Belgium and 
the Netherlands. 

Ser bridge. High-power, AEG­

made scr's are the key control ele­
ments in the engine's electric trac­
tion system. Each scr can handle 
up to 170 amperes at a peak volt­
age of 900 volts. Connected in a 
bridge circuit configuration, they 
not only fun ction as rectifiers but 
also as voltage control elements . 
The voltage is controlled steplessly 
without loss of power and no me­
chanical control switches are re­
quired. Used in inverter circuits, 
the scr's act as variable-frequency 
dc-ac converters. 

The locomotive's basic electrical 
system is laid out for single-phase, 
162/a- and 50-hz operation and is 
made up of transformers and scr 
bridge rectifiers . The transformers 
step down the -a-c voltage derived 
from overhead contact wires to a 
level suitable for drive-motor oper­
ation. The rectifiers deliver to the 
four drive motors a pulsating direct 
current that is steplessly adjusted 
by the scr's. Each motor has a one­
hour rating of about 800 kilowatts 
at 1,050 volts and 1,150 l·evolutions 
per minute. 

For operation on d-c supplies 
of either 1.5 or 3 kv, the inverter 
changes the power derived from 
the overhead contact wire into a-c 
voltage. The inverter consists of 
two scr bridge circuits connected 
in series for 3-kv engine operation 
and connected in parallel for 1.5-kv 
operation. 

Czechoslovakia 

Righting the balance 
A do-it-yourself kick in Czechoslo­
vakia bodes no good for Wes tern 
electronics firms seeking business 
there. To cut down on their for­
eign exchange deficit the Czechs 
are huning out their own radars, 
television sets and semiconductors. 

The exception is computers . Four 
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TELLING THE PHANTOM 
WHERE TO STRIKE 
A Phantom II's pilot must pay attention to those things which he -
and only he - can do. Determining the distance from his target is done 
continually for him by a " black box" manufactured by Eclipse Pioneer 
Division of Bendix. The precision conductive plastic potentiometers 
in this uncanny computing device are Gamewell precision products. 
They are included in this package as part of a unique clutch module 
which precisely stops the units where desired for navigational accu­
racy. These Gamewell conductive plastic potentiometers illustrate 
two aspects of our capability: (1) the ability to meet the most demand­
ing requirements with creative new product designs, and (2) the ability 
to make precision electronic subassemblies. 

FREE - Send for new design information on 
precision Gamewell potentiometers, conductive plastic 
and wire-wound styles in rotary or translatory configurations. Pot require­
ments take a turn for the better when you contact us at Gamewell Division, 
E.W. Bliss Company, 1301 Chestnut Street, Newton, Massachusetts 02164. 

FIRST ... WHEN PRECISION COUNTS! 

1:n~111~1oaMEWELL1 
A DIVISI ON OF THE E. W. BLI SS COMPANY 
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Miniaturization by 
Mitsubishi! 

·s7Mc 

114 Mc 

VHF-UHF circulators (isolators) small 
enough to fit in the palm of your hand ! 

Frequency (Mc) 

Power (W l 

Forward Loss (dB) 

Backward Loss (dB ) 

Input VSWR 

Band Width (Me l at 25°C 

Temoerature Range (°C) 

Dimensions (mm ) 

Performance 

57 114 170 413 680 1000 

50 40 30 30 15 10 

1 0 .7 0.7 0 .6 0.6 0.5 

[ 0.8] [ 0.5 ) [ 0.5 ) [ 0 .4 ) ( 0 .4 ) ( 0,35) 

15 15 15 20 20 20 

( 20) [ 20) [ 20) [ 20) [ 20) ( 20) 

l.4 1.4 1.4 1.3 1.3 1.3 

[ 1.3 ) ( 1.3) [ l.3 ) [ 1.3) [ 1.3 ) ( 1.3) 

1 2 3 15 20 40 

- 10 - + 40 (usable up to +60) 

(approx. 50 x 70 x 33) 

) indicates typical va lue . 

These new Mitsubishi 

circulators stabilize 

amplifiers, oscilla­

tors, and multipliers 

in solid state circuits 

and reduce transmit­

ter intermodulation. 

The special inner fab­

rication devised by 

Mitsubishi engineers 

reduces size and weight, yet permits these circulators to be used in extremes of high and 

low temperature. They are protected against magnetic interference and constructed to 

withstand severe vi brat ion. For complete information on the frequency ranges listed 

(or, for that matter, any other frequency) write to Mitsubishi's head office in Tokyo or 

cable directl;y to MELCO TOKYO. 

MITSUBISHI ELECTRIC CORPORATION 
Head Office: Mitsubishi Denki Bldg., Marunouchi, Tokyo. Cable Address: MELCO TOKYO 
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Electronics Abroad 

orders have recently been snagged 
by Western firms. But for other 
areas of electronics, the production 
drive means less dependence on 
foreign equipment. 

In the past two years, most of the 
country's semiconductor produc­
tion has been concentrated in the 
CKD enterprise at Prague-Pankrac. 
Transistors, diodes and power 
thyristors are produced. 

Similarly, television sets are 
manufactured in the factory-village 
of the Tesla-Orava enterprise in the 
Tatra mountains near the Polish 
border. Production amounts to over 
200,000 sets annually, some 85% 
of the Czech output. The Czechs 
even manage to export some tv sets. 
During 1965, the Tesla enterprise 
alone sold some 20,000 sets abroad, 
and reportedly topped that figure 
in 1966. 

Tesla still imports picture tubes 
and loudspeakers from Hungary 
and the vVest, but the firm makes 
its own printed circuits, and buys 
transistors from CKD and other 
plants in the state Electrical and 
Electronics Trust. 

The drive also threatens foreign 
supplied radars. The first trial of a 
Czech-built radar will be held early 
next year, as the Czechs seek to 
supply the demands for equipment 
for ships navigating the Danube. 

However, the Czechs continue to 
purchase computers from the \Vest. 
They recently spent $630,000 for an 
Elliott-Automation Ltd. 4130 ma­
chine for the Prague National Re­
search Institute for Computer 
Techniques and Automation . and 
$1.4 million for an English Electric 
computer for the State Pension 
Office. Two other computers, an 
IBM 1410 and a 1905 from Interna­
tional Computers and Tahulators 
Ltd., have also been purchased. 

Around the world 

France. The computer company 
set up six months ago to build an 
all-French third generation com­
puter under the de Gaulle govern­
ment's "Plan-Calcul" finally has a 
name: Compagnie Internationale 
pour l'Infor111atique, INFI for short. 
INFI was dubbed Societe "S" for 
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the six months it had no official 
name. The company joins the com­
puter manufacturing subsidiaries of 
th e Schneider industrial group 
and two major F rench electronics 
companies - Compagnie Generale 
d 'Electricite and CSF-Compagnie 
Generale de Telegraphie Sans Fil 
[Elec tronics , June 27, 1966, p. 197] . 

Britain. Hawker Siddeley Dy­
namics Ltd., a leading missile 
maker, has developed a profitable 
sideline-building rece1vmg sta­
tions to process pictures taken by 
weather satellites. The British Me­
teorological Office has bought five 
of the $28,000 stations. Singapore, 
Cyprus and the Maldive Islands 
also have stations. Plans call for 
a worldwide network of 50 stations 
to keep an eye on the weather. 

Hungary. The electronic score­
boards for the 1968 Olympics in 
Mexico City will be built by 
Electro-Impex. The contract was 
awarded to the Hungarian com­
pany by the international Olympic 
committee, which will pay 85% of 
the cost, and by the Omega Watch 
Co. of Switzerland. 

France. CsF-ConirJagnie Generale 
de Telegranhie Sans Fil has a con­
tract to set up a school for elec­
tronics en.gineers at Dekouaneh, 
near Beirut in Lebanon, to help 
meet the nation's demand for con­
sumer electronics . The center, with 
facilities for up to 200 students, will 
house a pilot television and radio 
production deoartment. CsF will 
provide a technical assistance team, 
testing and instructional equipment 
and tv and radio comnonents. Some 
components will eventnally be 
made in Lebanon under CSF license. 

India. The first commercial plant 
for development and manufacture 
of electronic process-control in­
strumentation has begun produc­
tion in Jaipur, Rajasthan state. The 
$10.6-million facility, built with 
Soviet aid , is exnected to turn out 
an estimated $15 million in elec­
tronic equipment annually by 1970 
or 1971. 

Britain. Production of semicon­
ductor devices has outstripped 
thermionic tubes and related com­
ponents for the past two years, ac­
cording to the British tu be and 
semiconductor manufacturers trade 
association. 
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• SILICON MAGITRAN® 
VARIABLE HIGH-CURRENT POWER SUPPLIES 
• All-Silicon Design • Automatic Overload Protect ion 
• Low Cost for all Systems Applications • Series or Parallel Operation 
• Long Term Stability Less Than 8 MV • Remote Sensing 
• Current Ranges up to 25 Amps • Ungrounded Outputs 
• Continuously Adjustable 0 to 36 VDC • Convection Cooled 
• Operating Temperature to + 65°C • Functional Design- Easily Serviceable 
• Temperature Coefficient • Minimum Size and Weight 

Less Than 0.01%/ °C • Front and Rear Terminals 
• Closely Regulated • Relay Rack or Bench Mounting 
• Low Ripple Content • Removable Panel Mounts 
• Automatic Short Circu it Protect ion • Removable Power Cord 
• No Fuses or Circu it Breakers to Reset • Extended Warranty 

GENERAL SPECIFICATIONS 

Input Voltage Range : 105-125 VAC 
Input Frequency Range: 50-400 c ps 
Regulation Line: ± 0.01 % or 5 mv 
Regulation Load: 0.05% or 8 mv 
Long Te rm Stability: Less than 8 mv, 

consta nt li ne, load and tem perature 
Ripple: Less than 1 mv, RMS 
Transient Response: Less t han 50 µsec 
Operating Temperature : -2o· c to + 65"C 
Temperature Coefficient: 0.01 %/"C or 3 mv 
Automatic Overload Recovery 

Short Ci rcuit Protection wi t h 
automatic recovery 

Remote Sensing 
Parallel and Series Operation 
Vernier Voltage Control 
Output Terminals (Ungrounded): 

Location, front and rea r 
Reverse Voltage Protection 
Cooling: Convection 
Metering: Separate Current and 

Voltage Meters 

STANDARD MODELS 

Model Voltage Current Price 

SL36-2M o-36 voe 0-2 amps $235.00 
SL36-2/ 2M 0-36 voe Dual Q..2 amps Dual 465.00 
SL36-4M o-36 voe 0-4 amps 290.00 
SL36-8M 0-36 voe Q..8 amps 355.00 
SL36·1 2M 0-36 voe Q..12 amps 455.00 
SL36·25M 0-36 voe Q..25 amps 650.00 

• 

Fo r com ple te info rmat ion wri te for Catalog Supplement # 133a. 

ELECTRONIC RESEARCH ASSOCIATES, INC. 
Dept. E-1, 67 Sand Park Road, Cedar Grove, N. J. • (201) CEnter 9-3000 

SUBSIDIARIES: ERA Electric Co. • Advanced Acoustics Co. • ERA Dynamics Corp. • ERA Pacific, Inc. 
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Ir Pie"•,,., me a FREE oopy of "T""''''°"''"otari'ti" ~ 
I related to circuit performance," along with detailed speclfl· I 

cations on ITI strip line transistors. 
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Company ....................................................... . 

I ....... ························································· I 
ll ~--· · . ·~···· - ~· A 

ITT's exclusive strip line packaging makes 
VHF/UHF transistor circuits work better 

The strip line package reduces or eliminates many of the 
difficulties that were formerly inevitable when working with 
high-power VHF-UHF transistors. 

Consider these advantages: strip line configuration 
simplifies final tune-up by virtually eliminating instability; 
low-inductance package means easier matching to driver 
stages and broad bandwidth . For 400 MHz application, you 
may select the 3TE440 (15 watts output) or the 3TE450 
( 4 watts output). 

For full details fill in the coupon above. Or see for 
yourself - sample quantities are available off the shelf 
from your ITT distributor or factory representative. 

ITT 
SEMICONDUCTORS 

ITT SEMICONDUCTORS IS A DIVISION OF INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION, 3301 ELECTRONICS WAY, WEST PALM BEACH, FLORIDA. 
FACTORIES IN WE ST PALM BEACH, FLORIDA: PALO Al TO, CALIFORNIA; LAWRENCE . MASSACHUSETTS: HARLOW ANO FOOTSCRAV, ENGLAND; FREIBURG ANO NUR.ENBERG, GERMANY 
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