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AUDIO TRANSFORMERS 
DO·T Pr i. D.C. Ma.t Sec. Pri. Res. Pr i. 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• 
100 CT 10 40 split 

' ' 
DO-T29 120 CT 10 3.2 10 500 

150 CT 10 4 
DO·T12 150 CT 10 12 11 500 

200 CT .10 16 
DO-T13 300 CT 7 12 20 500 

400 CT 7 16 
DO-T19 300 CT 7 600 19 20 500 Dl-T19 
DO·T30 320 CT 7 3.2 20 500 

400 CT 7 4 
DO·T43 400 CT 8 40 split 

500 CT 6 50 split 
500 Dl·T43• 46 50 

500 DO·T42 400 CT 8 120 split 
500 CT 6 150 split 

46 
'I' -

DO·T41 400 CT 8 400 split 46 50 500 Dl-T41 * 
500 CT 6 500 split 

DO·T2 500 3 50 60 
600 3 60 

DO·T20 500 CT 5.5 600 31 
DO-T4 600 3 3.2 60 
DO-T14 600 CT 5 12 43 

800 CT 5 16 
640 CT 5 3.2 43 

65 100 Dl-T2 

32 500 DT-T20 

100 
500 

500 

ACTUAL 
SIZE DO·TIDl·T'" : 

DO·T31 

DO-T32 

DO·T15 

DO·T21 
DO·T3 

DO·T45 

DO-T16 

DO-T33 

DO·T5 
DO-T17 

DO-T22 
DO-T34 

*DO-T51 

DO·T37 

*DO·T52 

DO-TlS 

DO·T35 

•DO·T4S 

•DO-T47 

DO-T6 
DO-T9 

DO-TlO 

DO-T25 

DO·T3S 

DO·Tll 

DO·T36 

DO·Tl 

DO·T23 

DO-T39 

DO-T40 

DO-T46 
DO-T7 
DO-T24 

800 CT 5 4 
800 CT 4 3.2 51 

1000 CT 4 4 
51 800 CT 4 12 

1070 CT 4 16 
900 CT 4 600 53 

1000 3 50 115 
1200 3 60 
1000 CT 3.5 16,000 split 120 
1250 CT 3.5 20,000 split 
1000 CT 3.5 12 71 
1330 CT 3.5 16 
1060 CT 3.5 3.2 71 
1330 CT 3.5 4 
1200 2 3.2 105 
1500 CT 3 12 108 
2000 CT 3 16 
1500 CT 3 600 86 
1600 CT 3 3.2 109 
2000 CT 3 4 
2000 CT 
2500 CT 
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 2000 split 195 
3 2500 split 
3 8000 split 195 
3 10,000 split 
2 8000 CT 320 
2 10,000 CT 
I 12 505 
1 16 
I 3.2 505 
I 4 
I 1200 CT 640 
1 1500 CT 
1 9000 CT 850 
1 10,000 CT 
I 3.2 790 
I 500 CT 780 
1 600 CT 
1 1200 CT 780 
1 1500 CT 
1 1500 CT 780 
1 1800 CT 
I 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 
0 1000 8500 
0 1000 CT 8500 

53 
110 

110 

87 

180 

180 

300 

870 

870 

870 

620 

870 

970 

815 

815 

DO· TSH Drawn Hi permalloy shield and cover 20 /30 db 

500 

500 

500 Dl-T21 
100 Dl-T3 

100 

500 

500 

100 Dl·T5 
500 

500 Dl-T22 
500 

100 Dl-T51* 

100 Dl·T37• 

100 Dl·T52* 

100 

100 

100 

100 

100 
100 Dl-T9 

100 Dl·TlO 

100 Dl·T25 

100 Dl·T3S• 

100 Dl-Tll 

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- lOOMW- IKC) .. for 

push pull , OCMA can be any balanced value taken by .SW transistors (under 5 % distor· 
tion-500MW-1KC) 00-T & 01-T units designed tor transistor use only. U.S. Pat. No . 
2,949,591; others pending. -+ *Units newly added to series 

§Series connected ; §§Parallel connected 

DO·T Dl-T 

Transistor TRANSFORMERS 
and INDUCTORS 

ALL ITEMS SUCCESSFULLY TESTED 
TO COMPLETE MIL-T-278 

ENVIRONMENTAL REQUIREMENTS 

*16 New Items Added to Stock Line 

IMMEDIATE DELIVERY tf3fk 
:·~ ... - =- - ..... "'"'°"" ~ 
~·I • ~ 
;·l •' Ohl[~ .: 100 ~ 
:t I' ' "'~· .' !c 

~IO ft}~ ·\ .' ~~ g ,;:_.... .. . lOO~ 

8' .... · ~~ 100~ 
TYPICAL 00-T PERFORMANCE : 

50IJllC[ 1AATtO PR I. IMP, ANOO.C. 
LOAD 1 UTED S(C. IMP. 

~ ...... - , ............. """'"" 
~ 0 • g-1 i5 

~-l 700~ 
~" , ... 500~ 
~I() "C., "il., ... i 
~' : .. : .... . . . =~-

TYPICAL 0 1-T PERFORMANCE 
~[ ~ug ~t. \::. ANO O.C. 

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 ... compare DCR 
Moisture Proof ... ..... .. ..... hermetically sealed to Mll-T-27B 
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 

DO ·T 
No. 

•Do-Tso 
(2 wdgs.) 

DO·T2S 

DO-T27 

DO-TS 

DO-T26 

*DD-T49 
(2 wdgs.) 

INDUCTORS 
Inductance 
Hys ciil ma 

§.075 HY /1 0 ma .. 06 Hy 130 ma 
§§.018 Hy 120 ma, .015 Hy /60 ma 
.3 Hy 14 ma, .15 Hy /20 ma 
.1 Hy /4 ma , .08 Hy /10 ma 
1.25 Hys l2 ma , .5 Hy /11 ma 
.9 Hy /2 ma, .5 Hy /6 ma 
3.5 Hys /2 ma , 1 Hy 15 ma 
2.5 Hys /2 ma , .9 Hy /4 ma 
6 Hys l2 ma, 1.5 Hys /5 ma 
4.5 Hys l2 ma, 1.2 Hys l4 ma 
§20 Hys /l ma, 8 Hys l3 ma 

§§5 Hys /2 ma, 2 Hys /6 ma 

DO·T 
DCRfl 

10.5 
2.6 

25 

100 

560 

2100 

5100 
1275 

Dl ·T Dl·T 
DCRf! No. 

25 D 1-T2S 

105 Dl-T27 

630 DI-TS 

2300 Dl·T26 

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

Write for catalog of over 
1,300 UTC TOP QUALITY 

STOCK ITEMS 
IMMEDIATELY AVAILABLE 

from your local distributor. 
UNITED® TRANSFORMER CO. 
DIVISION OF TRW INC. • 150 VARICK STREET, NEW YORK, N . Y. 10013 

Circle 900 on reader service card 

-



- ... 

- !> 

,. 

With HP's new spectrum analyzer up­
converter, wideband spectrum analysis 
can be extended down to 10 kHz, and the 
entire frequency spectrum from 10 kHz 
to 40 GHz can be inspected with a simple 
measurement system. 

Since all electrical devices generate un­
wanted signals, such as transients and 
harmonics that may interfere with sensi­
t ive electronic instrumentation, it often 
is necessary to specify the RFI from the 
upper audio frequencies into high micro­
wave frequencies. The development of the 
Hewlett-Packard spectrum analyzer and 
its 10 kHz to 40 GHz capability eliminated 
many of the problems of RFI measure­
ment, such as the need to use slowly 
tuned receivers that only covered small 
segments of the spectrum to be analyzed. 

Radiation from an electric drill held next 
to the antenna as displayed by the spec­
trum analyzer and up-converter. Hori· 
zontal scale, 30 kHz/ cm centered at 150 
kHz; vertical scale, 10 db/ cm. 

Not only does this instrument cover an 
extremely broad frequency range, but it 
also scans fast enough to detect tran­
sients often missed by older methods. 
This combination is equally valuable 
spectrum signature work. 

; M broadcast band in the Palo Alto, Cali­
'.l rnia, area displayed at 100 kHz/ cm 
iorizontal; vertical scale is 10 db/ cm, and 
the smallest signals are less than 1 µV. 

Electronics J September 19, 1966 

RFI is typical of the many problems pre­
valent in the congested spectrum. The 
Hewlett - Packard K15-85518 Spectrum 
Analyzer Up-converter (shown below with 
the Model 8518/ 85518 Spectrum Ana­
lyzer) is a very sensitive, flex ible device 
for extending spectrum analysis coverage. 
Analyzer range without the up-converter 
is 10.1 MHz to 40 GHz. Up-converter 
extends range below to 10 kHz. Model 
85518 RF Section , $7100; Model 8518 
Display Section , $2400; Model K15-
85518 Up-converter, $1555. 

:£ ~. , 

t1 ~~ r:.: • A 

Additional technical data on the analyzer 
and up-converter is available from your 
HP field engineer. Or write direct, 
Hewlett-Packard, Palo Alto, Cal iforn ia 
94304, Tel. (415) 326-7000; Europe: 54 
Route des Acacias, Geneva. 

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

A n extra measure of quality 
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new disciplines in DC 

~EWLETT • PACKARO 

ON VOLTAGE 

0-50 V 0-750 MA 

VO t TS 

20 30 40 
1~~5,°, 
o~~o < 3 .6 '> 

0 AMPERES 9 

+ GND 

CURRENT 

take the constant current model with< 200 microsecond recovery 
Accurate DC Voltage Monitoring Circuit Eliminates Output Resistance Degradation 

A new series of compact, prec1s1on regulated, all-silicon DC power 
supplies features constant current output useful down to the microamp 
region. Ripple, regulation, and stability are orders of magnitude better 
than comparably priced constant current supplies, and permit CCB 
models to be used as general purpose laboratory constant current 
sources for semiconductor circuit development, and for component 
evaluation and testing. 
A constant current DC power supply must be able to change its output 
voltage rapidly in order to minimize load current transients. With the 
CCB Series, less than 200 µS is required for transient load recovery to 
within 0, 13-even for load changes requiring full roted output voltage 
changes! 
Placing o voltmeter across the output terminals of a normal constant 
current power supply degrades the load regulation and diminishes the 
load current both by o factor of RL/RL + Rv. (RL = load resistance, 
Rv = voltmeter resistance.) The CCB Series eliminates this error by 
using an operational amplifier to feed the front panel voltmeter. This 
"replica" of the output voltage is also presented on rear terminals for 
possible connection to a more accurate differential or digital voltmeter, 
thus increasing the utility of these constant current supplies for com• 
ponent testing and sorting systems. 

Three-Position Oulpul and Meler Range Swilch, 10-Turn Oulpul Conlrol With Resolu· 
ti on to 0 .1 µA• Continuously Variable Voltage Limiting •Output Impedance lo 20,000 
Megohms, Depending on Model Number and Range • High Speed Remote Program• 
ming From Resistance or Voltage Input, Can Be Modulated Using External AC Source• 
No Overshoot on Turn·On, Turn-Off, or Power Removal • Front and Rear Output 

Terminals • Half Rack Width, Rack Mounting Hardware Available. 

CCB SERIES SPECIFICATIONS 

Output Current 0·750 MA 1 0-300 MA 1 0·100 MA• 

0·50V ] O·lOOV ] 
. 

Voltage Compliance 0-300V 

load Regulation less than 10 PPM of output +5 PPM 
of range setting 

Line Regulation Less than 10 PPM 

RMS Ripple Less than 100 PPM of output + 10 PPM1 
of range setting 

Size 31/2" (89 MM) H x SY.'' (216 MM) W 
x 125/e" (321 MM) D 

Model 6177A j 6181A 1 6186A 

Price $425. $425. 1 $425. 
-

Contact your nearest Hewlett-Packard Sa les Office for lull spec i f i cat ion~ 

HEWLETT 
PACKARD HARRISON 

DIVISION 
100 Locust Ave,, Berkeley Heights, New Jersey 07922 AREA CODE 201464·1234 rwx 710-984-7972 Il05A 
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I. Design 
Circuit design 110 Computer-aided design: part 1 

The man-machine merger 
The electronics industry is on the threshold 
of a new era in which the circuit designer 
and the computer establish a new relationship 
Donald Christiansen , senior associate editor 

115 Portfolio of computer-aided design projects 
In color. pictures of how some engineers 
are using computer-aided design 

120 Circuit analysis by computer 
High-speed computers can facilitate network 
analysis to formulate and solve complex design 
problems 
Joseph Mittleman , senior associate editor 

Circuit design 124 Designer's casebook 

Materials 

Communications 

• Sawtooth generator drives cathode-ray tube 
• Interlock protects display tube 
• Multirange d-c voltmeter 
• Fail-safe frequency divider 

129 Looking through glasses for new active 
components 
Renaissance in glass technology is providing 
hundreds of new materials for future 
semiconductor components, transducers 
and memories 
John D. Mackenzie, Rensselaer Polytechnic 
Institute 

11. Appl ication 
139 Integrated circuits and pulse coding mean 

new gains for telephony 
The switch to pcm is now economical because 
of the availability of microci rcuits 
A.E. Chatelon , Laboratoire Central de 
Telecommunications 

142 Pcm: advantages and basic principles 
A review of the background of pcm explains 
today's heated interest 
Leonard Weller , communications editor 

Avionics 151 Air navigation system testing 
grounded by signal simulator 
Device checks out loran airborne receivers; 
the technique could be extended to test other 
navigation systems 
Robert S. Stapleton, Teledyne Systems Co. 
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. Readers Comment 

Suggested guide to reliability 

To the Editor: 
Power supplies are among the 

most universal of electronic prod­
ucts. Thousands of engineers spe­
cify them, or use them, or evaluate 
them, or do all three. 

Yet, in spite of the ubiquity of 
power supplies in sys tems and in 
spite of the overriding demands for 
reliability, the industry has fail ed 
to produce a simple guideline for 
reliability. 

As president of a systems power 
supply company, I have, obviously, 
a vested interes t in the subject. It 
would be b etter if such a guideline 
came from the sys tems engineers 
who are heavy users of power sup­
plies. Nevertheless , I would like to 
propose such a guideline for reli­
ability in specifying power sup­
plies and invite comments on it. 

A specification of mean time be­
tween failure would provide an ex­
cellent reliability standard. It is 
practical because most vendors 
have the necessary know-how and 
experience to supply valid data. 
Validity can b e assured by stand­
ardizing on an acceptable mtbf cal­
culation procedure, such as that 
set forth in Mil Handbook 217. 

Most important, mean time be­
tween failure is handy for the 
power supply user. It enables him 
to apply one reliability standard to 
all vendors. It gives him a useful 
figure when assessing over-all sys­
tem reliability. It provides a good 
yardstick to determine if a redund­
ant power system will be required. 
Lastly, he can use it, along with 
other criteria , to evaluate the rela­
tive cost of one type of power sup­
ply sys tem against another. 

Most reputable power supply 
vendors offer unconditional guar­
antees of varying length on their 
modules. Many sys tems engineers 
will admit, however, that they find 
the guarantees more comforting 
than useful as standards. That is 
why some companies have been 
using mtbf in specifications for the 
past year or two. 

If there were suffi cient reaction 
from the fi eld, then all the power 
supply vendors would have to pro­
vide this specification for reliability. 
I'm sure this would represent a use-

Electronics I September 19, 1966 
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This is the typical wideband noise figure of Sp rague Types 2N4383 
and 2N4384 high -gain , low-level NPN silicon epitaxial planar tran­
sistors. Maximum NF is 2 .0 db, one db lower than the type that has 
been the industry 's most popular high-ga in, low-level transistor . 

Sprague Electric also offers Types 2N4385 and 2N4386, with 
noise figures of 1.0 db typ. , 3.0 db max. 

Characteristic Condi tions 2N4383 2N4384 2N4385 2N4386 
(T0-5 Case ) T0-18 Case ) (T0-5 Case ) (T0-18 Case) 

BVeeo le= lOµA 40V min . 40V min . 40V min . 40V min . 

SVeEO le = lOmA 30V min. 30V min . 30V min . 30V min . 

leeo Vee= 30V lOnA max . lOnA max . l OnA max. lOnA mqx, 

IEBO VEB = 5V lOnA max . lOnA max. - -
hFE VeE = 5V , le = lµA 60 min . 60 min . - -
hFE VeE=5V, le=lOµA 100 min . 100 min . 40 min . 40 min 
hfE VeE = 5V, le= lmA 120 min . 120 min . 100 min . l QQ_mln. 

NF VeE =5V, le = lOµA, r 9 =10Kf2, 
2db max. 2db max. 3db max. 3db max. Bandwidth = 10 Hz ta 15.7 kHz 

Evaluate these devices without delay. They're available~ 
in production quantities. Call your nearest Sprague Electric 
district office or sales representative for prices and delivery. 
Or, write Marketing Dept., Semiconductor Division, Sprague 
Electric Company, Concord, N.H . 03302. 

SPRAGUE COMPONENTS 

TRAN S IS TORS 

CAPACITORS 

RESISTORS 

INTEG RATED CIRCUITS 

THIN -FILM MICROCIRCUITS 

PULSE TRANSFORMERS 

INTER FEREN CE FILTERS 

PULSE-FORMING NETWORKS 

TOROIDAL INDUCTORS 

ELECTRIC WAVE FILTERS 

CERAMIC-BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSE MBLIES 

BOBB IN and TAPE WOUND MAGNETIC CORES 

SILICO N RECTIFIER GATE CONTROLS 

FUNCTIONAL DIGITAL CIRCUITS 

SPRAGUE® 
THE MARK OF RELIABILITY 

•spr~iiue · and ·@ - ar e re 21st ered trademark s of the Spraeue Electrn:; Co. 
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Select the oscillator you want, 

then choose the power supply that gives the perform­

ance you need ... power, frequency stability, pulse 

and/or square-wave modulation, amplitude-regulated 

output, 115-V or 230-V input. 

There are 32 different combinations offered here, 
each with a different set of features for your mea­
surement needs. The seven oscillators from which 
you can choose provide continuous frequency cov­
erage from 500 kHz to 2000 MHz and have typical 
outputs of several hundred milliwatts. All but two of 
these can be mated with any of five power supplies 
to provide a variety of operating conditions. Prices 
for oscillator /power-supply combinations range 
from $355 to $1104 in the U.S.A. 

Please write for complete information. 

Typical Oscillator /Power-Supply Combination 
Type 1361-A4 .... $680 

450- to 1050-MHz oscillator with a power supply that pro­
vides stable CW and 100% square-wave and pulse modu­
lation, bench model. This oscillator also usable with any 
of the other four power supplies, for bench use or rack 
mounting. 

BOSTON • NEW YORK • CHICAGO • PHILADELPHIA • WASHINGTON D c I 
SYRACUSE • DALLAS • SAN FRANCISCO • LOS ANGELES • ORLANDO 

CLE VELAND • TORONTO • MONTREAL 

GENERAL RADIO 
BOURNE END , ENGLAND ZURI CH, SWITZERLAN D WEST CONCORD, MASSACHUSETTS 
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ful step forward. 
William Perzley 

President 
Consolidated Avionics 
Westbury, N.Y. 

Laser correction 

To the Editor: 
A few errors crept into the ar­

ticle on IBM's laser-wavelength 
selector ["Many colors are b etter 
than one" July 11, p. 84). 

The second formula on page 88 
should read: 

1 . 
Z1 = .y

2 
A sm (wt + (J"'!I.) 

The crystal material is potas­
sium dideuterium phosphate 
(KDP). The sentence at the top 
of page 88 should read " the light 
travels down the x' axis" rather 
than x' axis. The memory reading 
system shown on page 90 does 
not require a selector-the word 
"selector" in the caption should 
read deflector. 

M.A. Habegger 
International Business 
Machines Corp. 
Poughkeepsie, N.Y. 

Significant contribution 

To the Editor : 
I would appreciate it if you could 

acknowledge the very significant 
contribution of William Follmer to 

the work described in my article 
"New twist for backward diodes" 
[July 11, p. 74). 

Manager 
Russell, 0. Wright 

Microwave Department 
Philco Corp. 
Spring City, Pa. 

Too many components? 

To the Editor: 
You say that pulse-width modu­

lation amplifiers have not b een 
produced with discrete compon­
ents [July 25, p. 43). However, we 
have been making such amplifiers 
for three years. Circuit complexity 
is not really a problem b ecause 
the components required are 
cheap . 

Some of the high-frequency, 
high-power switching transistors 
recently developed are ideal for 
this type of amplifier and we an tic­
ipate extending our range well 
above the 20 watts of our current 
X-20 amplifier. 

C.M. Sinclair 
Managing Director 
Sinclair Radionics Ltd. 
Cambridge, England 

• Many engineers will argue 
with reader Sinclair's statement 
that circuit complexity is not really 
a problem after examining the 
schematic of a pwm amplifier 
[below]. 

VECO 

THERMIGTDRG 
MILITARY 
GRADE* 

VECO Military Grade disk and rod thermis­
tors manufactured to the requirements of 
MIL-T-23648 are rugged, high-reliability, 
general-purpose, insulated thermistors suit­
able for use over the temperature range of 
- 55°C to + 125°C. They find widespread 
use in the areas of temperature measure· 
ment or control and especially in tempera­
ture compensation in transistor circuitry. 

.. 

accuracy 
VECO's unequalled investment in the most 
precise test equipment, standards, and 
controlled environmental baths and cham­
bers provides unparalleled thermistor cali­
bration accuracy. Calibrations are per­
formed with accuracies of 0.01 % or better 
on resistance and 0.01 °C or better on 
temperature. 

reliability assurance 
VECO's Reliability Assured Components Pro-

,.------.,__...,vv--..--.--.-......--.--.---t-1P---.---.-......--.---...----.--o-v gram has gained VECO an env iable reputa­

B 
A 

._____,._... _ _.__..__.... _ _._ ___ +----<...___. _ _.__....,._...,...~---o~---<>-o+V 

Are there too many components in a pulse·width modulation amplifier? 

..-----------
SUBSCRIPTION SERVICE 

Please include an Electron ics 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 wi th your payment 
and check D new subscription D renew my 
present subscription 

Subscription rates: in the U.S.: 1 year, $6; two 
years, $9; three years, $12. Subscr iption rates 
for foreign countries available on request L _________ _ 
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tion for high quality and reliability achieve­
ment. Every VECO thermistor undergoes a 
complete array of tests and inspections 
during its manufacture. 

experience 
VECO has pioneered in the development of 
thermistors and has consistently been the 
pacemaker to the industry expanding 
thermistor technology and establishing new 
standards of performance. VECO's staff of 
experienced engineers is available for R 
and D projects requiring further advances 
in the state of the art. 

Specify VECO thermistors whenever accu­
racy, stability and reliability are required. 
VECO stocks a wide range of thermistor 
types in a variety of res istance values for 
immediate delivery. Remember - the most 
reliable thermistors are VECO thermistors. 

Write for Techn ica l Bullet in MMT102 

VECO First in Progress • First in Service 
J·6906 

EC VICTORY ENGINEERING CORP. 
122 Springfleld 'Ave.,Springfield, N.J. 0708? 
Tel : 201 • 379·5900 TWX: 710.983-4430 
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FEATURING 
• Linear or Log response • Solid State, 
Tube, and Ultra-miniature • RFI Pro· 
tected • 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 MHz 
to 100 db 
to 1.4 db 
From $185 

In addition to offering t he widest line of 
off·the·shelf units in the Industry, an addi· 
tional 268 CUSTOM DESIGNS have been 
produced. The solut ion to you r problem may 
be on fi le in our libra ry now. 
F?r specials, test our ONE-DAY-QUOTE Ser­
vice. For standards, see complete listing in 
EEM Section 3400. 

~- [}=[] CCE8 
RHG ELECTRONICS LABORATORY, INC. 
94 Milbar Blvd., Farmingdale. LI., N.Y. !l735 • (516) 694-3100 

MICROWAVE FM and AM RECEIVERS • MICROWAVE MIXER PREAMPS 
r LINEAR and LOG IF AMPLIFIERS • RF and OCTAVE AMPLIFIERS 
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People 

Taking the position that oceanogra­
phy in the past has seen "a lot of 
poetry but not much leadership," 
Edward Wenk 
Jr. intends to 
take a s t r o n g 
hand as execu­
tive secretary of 
the N a t i o n a 1 
Council on Ma­
rine Resources 
a n d Engineer- ~ 
ing D eve lop-
ment. Wenk has a mandate to 'ride 
herd on the scattered oceanogra­
phic activities of the Federal Gov­
ernment. His mandate is Public 
Law 89-454. He also has the back­
ing of two of Washington's leading 
citizens, Lyndon Johnson and Hu­
bert Humphrey. 

The law was pushed through 
Congress by Sen. Warren G. Mag­
nuson (D.,vVash.), chairman of the 
Senate Commerce Committee and 
outspoken advocate of fishing in­
terests. It creates a 15-man advis­
ory commission to formulate long­
range oceanographic plans and a 
cabinet-level council to put the 
plans in motion. 

Electronics role. Wenk points out 
that oceanography has to move out 
of the era of "sealing wax and 
string instrumentation" and begin 
developing advanced techniques in 
data collection and real time data 
processing. H e also expects that 
oceanography, like other advanced 
technologies, will someday be 
spending half its dollars on elec­
tronics. But he warns against the 
mounting optimism of the past year 
or two. "Too many people have 
plugged this thing as if a great pot 
of gold is opening up," he says. 

In commanding the kind of co­
operation he will need, vVenk has 
one big advantage: he has been in 
both the legislative and executive 
branches of the Government. After 
graduating from Johns Hopkins 
University in 1940 he spent 14 
years with the Tavy's David Tay­
lor Model Basin. He then put in 
three years with the Southwest Re­
search Institute in Dallas before 
returning to the Government as first 
congressional science advi.•er at the 
Library of Congress. He rejoined 
the executive branch in 1961 as 
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..., Only the rugged Bendix B-5000 silicon power transistor is that promising, 
that inexpensive, that powerful. 25 watts at 2.5 amps, 10 volts and 100°C. 

If you still think the Bendix B-5000 is 
just another low-cost plastic silicon 
power transistor, you 're in for a 
pleasant surprise. It' s a real break­
through-in itself, and in what it can 
do for your design capability. 

The B-5000's small size and small 
price, coupled with its high power and 
high reliability, mean you can now 
afford to put silicon power to work 
in many industrial and consumer 
applications. Lighting equipment, TV 
sets, audio amplifiers and industrial 
controls-to name a few. 

What's more, the B-5000 can ex­
pand your production capability. You 
can tailor its mounting techniques to 
fit your needs exactly . For example, 
the B-5000 is readily adaptable to 
the newer assembly solder techniques 

without degradation . And it lends it­
self equally well to other production 
line techniques. Mounting assistance? 
Call on us. 

Reliability? The B-5000 already has 
500,000 hours of successful life-testing 
behind it without a single failure! And 
it exceeds environmental and mechani­
cal requirements of MIL-STD-750A. 

Only new manufacturing and 
packaging techniques make the 
B-5000 possible. The result is a simple, 
low-cost, rugged transistor, with no 
power compromise when mounted 
upon the normal heat sink. Leads and 
collector strips are highly conductive, 
offering excellent solderability, 
strength and ability to withstand flex 
and pull. Plastic encapsulation pro­
vides outstanding insulation resist-

Electrical specifications 

Charac- Limits Test Conditions 

teristic Min. Max. Un it VCB VCE IC IB TJ 
v v A mA ·c 

VCEO 35 - v 0.2 
ICEO - 10 mA 25 
ICBO - 1.5 mA 14 150 
VBE - 1.2 v 14 0.5 
hFE 30 250 - 14 0.5 
hFE 20 - - 14 1.0 
VCE(s) - 1.2 v 1.0 50 

Absolute maximum ratings 
VCE0 =35 volts , IC = 3 amps, IB=l amp, Tstg=-65 {() 
175°c, TJ =-65 to 150°c. 

ance, hermeticity, adhesion ability 
and high temperature characteristics. 
All for under 40¢ in volume. 
Why not contact us for all the details 
on the B-5000? You won't be dis­
appointed. 

Baltimore (Towson), Md.-(301) 828-6877; Chicago-(312) 637-6929; Dallas-(214) 357-1972; Detroit-(313) JOrdan 6-1420; Holmdel, N. J. 
-(201) 946-9400; Los Angeles-(213) 776-4100; M iami Springs, Fla.-(305) 887-5521; Minneapolis-(612) 926-4633; Redwood City, Calif. ­

* James S. H eaton Co., (415) 369-4671; Seattle-Ray Johnston Co., Inc., (206) LA 4-5170; Syracuse, N . Y.-(315) 474-7531; Waltham, Mass. 
-(617) 899-0770; Export-(212) 973-2121, Cable: "Bendixint," 605 Third Avenue, New York; Ottawa, Ont.-Computing Devices of Canada, 
P.O. Box 508-(613) TAibot 8-2711. 

Bendix Semiconductor Division ~ncfY 
HOLMDEL, NEW JERSEY CORPORATION 
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New from Sprague I 

J~~~ 
METFILM 'A' 
CAPACITORS 

METFILM* 'A' CAPACITORS ••• 
dramatically smaller in size, yet · more reliable 
than military-grade capacitors of the past! 

Just a few years ago, the only 10 µF capacitor considered dependable 
enough for military applications was Type CP70 (to JAN-C-25) , and 
was a block-busting 334" wide x 134" thick x 4" high. Today, you can 
get a military-quality l 0 µF tubular capacitor measuring only 11z" in diam­
eter x 214" long. And it 's more reliable than any capacitor of the past! 

Sprague Type 680P Metfilm 'A ' Metallized Capacitors meet all en­
vironmental requirements of MIL-C-18312, yet they occupy only one 
third the volume of conventional metallized film capacitors of equivalent 
capacitance and voltage rating. Employing a new thin organic film dielec­
tric system, Type 680P capacitors use a dual film totalling only 0.00008" 
thick, as compared to conventional polyester-film capacitors with a single 
film measuring 0.00015". 

Another distinct advantage of the Metfilm 'A' dielectric system is 
minimum degradation of electrical properties during life. 

Hermetically sealed in corrosion-resistant metal cases, capacitor sec­
tions are effectively of non-inductive construction, result ing in capacitors 
with performance characteristics superior to those of comparably-sized 
capacitors. 

Type 680P Metfilm 'A' Capacitors are available with capacitance 
values to 10 µF in both 50 and 100 volt ratings. 

• • • 
For complete technical data, write for Engineering Bulletin 2650 to Tech­
nical Literature Service, Sprague Electric Company, 35 Marshall Street, 
North Adams, Massachusetts 01247. 

•Trademark 

SPRAGUE COMPONENTS 

CAPACITORS PACKAGED COMPONENT ASSEMBLIES SPRnGUE® TRANSISTORS FUNCTIONAL DI GITAL CIRCUITS 
RESISTORS MAGNETIC COMPONENTS 

THIN-FILM MICROCIRCUITS PULSE TRANSFORMERS 
INTEGRATED CIRCUITS CERAMIC-BASE PRINTED NETWORKS 

THE MARK OF RELIABILITY 

INTERFERENCE FILTERS PULSE-FORMING NETWORKS 
'Spraeue' and'@' m reeislered trademarks of the Spraeue Electric Co. 

10 Circle 10 on reader service card 

People 

assistan t to the President's science 
adviser but went back to the Li­
brary in 1964 to head the new Sci­
ence Policy Research Division. 
Now he's moving back up Penn syl­
vania Avenue. 

r 

.. . 

John L. McLucas, new president of 
the Mitre Corp., has the task of re­
building the morale of his organi­
za ti on, w hich 
suffered when 
the Air Force 
imposed res tric­
tion s on non­
profit compa­
nies, including a 
ceiling on their 
g rowth [Elec­
tronics, May 2, 
p. 38]. "We can live with the re­
strictions," he says, although he 
frankly admits th e limitations of 
living in a gold.Ssh bowl. "Public 
scrutiny tends to make manage­
ment more conservative, like civil 
service. And that is not the idea 
behind Mitre." 

The Bedford, Mass., private com­
pany was chartered to work only 
for Government agencies. It was 
organized in 1958 principally to 
provide systems engineering sup­
port to the Air Force Elec tronic 
Systems division, also in Bedford. 
Its $33.5-million budget for Bscal 
1967 is about half that of its W est 
Coast counterpart, the Aerospace 
Corp. 

"The Air Force report cleared the 
air for us ," McLucas says. "We and 
the other nonpro.Sts were under 
Bre; our usefulness was questioned. 
Now it is clear the Air Force is con­
vinced we are needed. . . . 

I- -

"I was a critic of the nonpro.Sts 
myself in my Pentagon days ," Mc­
Lucas admits. He was deputy di­
rector of defense research and en­
gineering for two years b efore he 
left the Defense Department in 
1964 to b ecome State Department 
representative to the North Atlantic ~ 

Treaty Organization in Paris. 
Added tasks. McLucas is seeking 

to expand the Mitre budget, point­
ing to pressures for Mitre to take 
on added tasks for various agencies 
of the Defense Department, par­
ticularly in tactical communications. 
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Highest Power Level 
for RF operation at C-Band: 
MACHLETT miniature 
planar triodes 

For comparable size and weight in 
the C-Band region , and higher, 
the Machlett miniature planar triode 
provides the highest plate 
dissipation capability with 
correspondingly high duty eye;-, 
and rf power output.1 kW grid 
pulse operation is currently bei ng 
achieved at 6 Ge with the ML-8630. 
From cathode rf heater contact to 
anode rf surface contact, th ese 
new tubes ML-8629, ML-8630 and 
ML-8631 measure only .565 inches 
high by .7 inch diameter. These 
"8600 series " tubes wlll dissipate 
100 watts , or more , with suitable 
cooling dev ices. Frequency stable 
for quick on-frequency 
performance. Phormat cathode for 
high voltage stability. 

For complete details , write 
The Machlett Laboratories , Inc ., 
Springdale (Stamford), Conn . 06879. 

THE MACHLETT LABORATORIES, INC. 

A SUBSIDIARY OF RAYTHEON COMPANY 
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DESIGNER1S 
P.R. MALLORY & CO. INC., I NDIANAPO L I S, I N DIANA 46206 

Type TLS (CL64/ 65)Tantalum capacitors 
pass 10,000 hour life test 

AO o 

., 0 

•• 0 

J O O 

TLS LIFE TEST, 85'C 
270 MF0/15V UNITS 

WHICH HAD PASSED MIL 2000-HOUR LIFE 

' 

· ~·-~ \ ESR 

-~:c · ······ ····· ••m 

· ~~· \ A. Capacitance +-·-·· ._.1..--·-· 
' 

.~ 
~ DC leakage _./~ 

0 0 
~ _:s 

' 
Time: Thousands of hours 

10,000-hou r data at 85 ' C for typical group 
of TLS capacitors. 

Mallory Capacitor Company engi­
neers recently completed a series of 
life tests to evaluate the stability of 
electrical parameters of the Type 
TLS wet slug tantalum capacitors 
beyond the MIL 2000 hour require­
ment. These capacitors, which are 
the equivalent of CL64 and CL65 

per MIL-C-39006, demonstrated 
excellent retention of performance 
up to the 10,000 hours of the test, 
both at 85°C and at 125°C . .. and 
confirm the long term life capability 
of the Mallory TLS design. 

DC leakage performance remained 
well below specification limits . 
Equivalent series resistance of all 
TLS capacitors tested measured in 
the order of one-tenth of specifica­
tion values. Capacitance changes 
were relatively small, and these, 
too, stayed well within spec limits. 

Tests were made both on capacitors 
which had previously passed 2000-
hour MIL life test, and on excess 
MIL screening units which had not 
been life tested. Good correlation of 
results was observed for both tested 
and untested lots. Typical values 
are shown here for one of the sev­
eral different C-V values tested in 
this series. A copy of our Engineer­
ing Report is available on request. 

CIRCLE 191 ON RE A DE R SE RVI CE CA RD 

Avalanche rectifiers can take 
803 overvoltage 

Because of their ability to with­
stand switching and line transient 
voltage spikes well above steady 
state rated values, Mallory Type 
LA controlled avalanche rectifiers 
prove an ideal means of protection 
for power supply circuits of phono­
graphs, calculating machines, in­
struments and other industrial and 
commercial electronic products. 

The overvoltage capability of the 
Type LA is comparable to that of 
selenium rectifiers, without the ag­
ing characteristic of selenium. A 

special diffusion technique produces 
a silicon junction which can rectify 
safely over a broad range of applied 
voltage. Current ratings of %, 1, 2 
and 3 amperes are supplied. Maxi­
mum spike which can be tolerated 
safely is 80 3 above nominal volt­
age rating. Bv values, at 25°C, are 
200, 300, 400, 500 and 600 volts. 

Type LA is supplied in a molded 
case .375 " long and .200" in diam­
eter, with axial leads. 

CIRCLE 192 ON READER SERVICE CARD 

New Precision 
Film Resistors 
in new small size 
Price: under 10¢ in production lots 

For use where superior precision 
and stability are demanded, Mallory 
now offers precision fi lm resistors 
in 1h and 14 watt ratings. 

These MAF resistors are designed 
to meet the requirements of MIL­
R-10509. Their physical size, or 
volume however, is approximately 
one-half that allowed under the 
spec ification, and is about 25 % 
smaller than that of other precision 
r es istors of this type on the mar­
ket. The %-watt maximum size is 
.377" lon g and .127" in diameter; 
the 14-watt maximum size is .627" 
long and .189" in diameter. 

The cutaway drawing shows con­
struction. A nickel chrome alloy is 
vacuum deposited on a ceramic sub­
strate. Gold bands are fired onto 
each end, to assure positive, low 
resistance contact with end caps. 
Precision helixing produces tight 
tolerances. Dual protection against 
environment is provided by a s ili­
cone undercoat and an outer coat­
ing of molded epoxy. 

Load life stability i s excellent. 
After 1000 hours at full load, re­
sistance changes are typically less 
than + .25 %, and always less than 
± .5% . Temperature coefficients of 
± 100, 50 and 25 PPM/°C are avail­
able. Power ratings of 1h and 14 
watt are based on 125 °C ambient, 
and can be doubled for 70 °C ambi­
ent. Tolerances: ± 1.0 % and± .5 %. 

The 1h -watt size can be supplied in 
resistances from 30.1 ohms to 
499K; the 14 -watt size in values 
from 49.9 ohms to 1 megohm. 
CI RCLE 193 ON READER SERV I CE CARD 
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New line of medium 
power sealed 
silicon rectifiers 
The new Mallory HC rectifiers 
cover the complete range of current 
ratings from % to 25 amperes. All 
ratings are 75°C ambient. They use 
true hermetic glass-to-metal sealed 
cases, with either single-ended or 
axial lead construction. A passi­
vated silicon die affords superior 
high temperature stability. 

The%, 2 and 3 ampere types are in 
top-hat style flange cases, .450" di­
ameter at the flange .350" body di­
ameter. The 5, 10, 15, 18 and 25 
ampere ratings come in press fit, 
solder fit and conductive epoxy 
case configurations. All current val­
ues are available in Peak Inverse 
Voltage ratings from 50to1000 volts. 
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MALLORY 5B 

Improved performance for 
Mallory Alkaline Batteries 
UJ 1.4 (.!) 

<t 
~ __, 
0 
> 1.0 __, 
<t 
z 
~ 
a: 0.5 
UJ 
~ __, __, 
UJ 0 u 

32 96 160 224 229 288 
MINUTES 

Discharge characteristic of "AA" size Mallory Alkaline Batteries at 31°F. Two cel ls in pa ralle l 
feeding into 8 ohm lamp load . 

Now, standard Mallory manganese­
alkaline batteries (sizes "D", "C" 
and "AA") have completely new 
performance ratings when operat­
ing at freezing temperatures or 
under relatively high current drains. 

For example, the graph compares 
service life of the new Mallory 
MN1500 (size "AA") versus the old 
when cells are discharged continu­
ously through a PR-4 bulb at 31°F. 
This dramatic improvement in bat­
tery life was accomplished through 
changes in the battery's internal de-

sign (see cut-away), which increase 
the effective anode area in relation 
to cell volume and reduce internal 

"O"Ring-type switches in Mallory controls 
give long life, high reliability 

l. INSULATOR 6. OUTER CAN 

2. ABSORBENT AND 7. ZINC ANODE 
ALKALINE ELECTROLYTE 

3. MANGANESE DIOXIDE 8. CELL SEAL (GROMM ET) 
DEPOLARIZER 

The line switches supplied attached 
to Mallory volume controls have a 
unique 0-ring design which provides 
exceptional performance. Contact is 
made by a freely rotating ring ele­
ment that snaps into place between 
stationary contacts. There are no 
current-carrying springs. The ring 
rotates slightly as the switch is op­
erated, so that a new contacting 
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surface is presented each time and 
contact wear is distributed around 
the entire periphery. The result is 
long switch life, freedom from con­
tact failure and ample ability to 
handle overloads. 

These switches, designated Type 
OAC, are available in SPST, SPDT 
and DPST configurations, with UL 
ratings of 3, 5 or 6 amps AC at 125 
volts, in rotary, push-push or push­
pull action. Terminal arrangements 
can be supplied, identical with those 
of the volume control, for point­
to-point wiring or printed circuits. 
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4. INNER CAN 9. BARRIER 

5. ADAPTER SLEEVE 10. CONTACT SPRING 

ll. DOUBLE CELL TOP 

New internal construction 
of Mallory Alkaline Cells. 

impedance of the cell. Added refine­
ments in case and seal construction 
have also been made to insure relia­
bility of the seal under even the 
most severe vibration. 

The new Mallory alkaline batteries 
are ideal for lighting, photoflash, 
motor driven applications and other 
heavy drain service. 

CIRCLE 196 ON READER SERVICE CARD 
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The 
"constant" 

in the formula 
for core 
design 

PERMACOR® 
powdered iron cores 

There are many "variables" 
between concept and use. 
One company which is a con­
stant is PERMACOR. If you 
have a design problem, our 
engineers can help you solve 
it. If you have a production 
problem , we can help solve 
that, too. We have a full line 
of stock cores, and facilities 
for any custom core design 
and production. This is part 
of the reason why we are the 
number one producer of 
powdered iron cores. Write 
for the full story. 

PERMACOR® 
A Division of Radio Cores. 1nc. 

9540 Tulley Ave., 
Oak Lawn, Ill. 60454 

Phone: 312-422-3353 
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Meetings 

Conference on Tube Techniques, IEEE; 
United Engineering Center Auditorium, 
New York, Sept. 20·22. 

Broadcast Symposium, IEEE; Mayflower 
Hotel , Washington, Sept. 22-24. 

Communication Symposium, IEEE; 
Cedar Rapids, Iowa, Sept. 23-24. 

National Conference on Non­
conventional Energy Conversion, IEEE; 
International Hotel , Los Angeles, Calif. , 
Sept. 25-28. 

Joint Engineering Management 
Conference, IEEE; Statler-Hilton Hotel, 
Washington , Sept. 26-27. 

Symposium on Gallium Arsenide, 
British Institute of Physics, Air Force 
Avionics Laboratory and Physical 
Society of England; Reading University, 
Berkshire, England, Sept. 26-28. 

lntersociety Energy Conversion 
Engineering Conference, IEEE; 
International Hotel , Los Angeles , Calif. , 
Sept. 26·28. 

Air Force Science and Engineering 
Symposium, Air Force Systems 
Command; Arnold Engineering 
Development Center, Tullahoma, Tenn., 
Sept. 27-29. 

Antimissile Research Advisory Council 
Meeting, Advanced Research Projects 
Agency; U.S. Naval Postgraduate 
School , Monterey, Calif., Oct. 3-5. 

Materials Research Symposium, 
National Bureau of Standards 
Institute for Materials Research; 
Gaithersburg , Md. , Oct. 3-7 

Environmental Test Equipment Show, 
Institute of Environmental Sciences, 
Bureau of International Commerce; 
U.S. Trade Center in Frankfurt, 
West Germany, Oct. 5-12. 

National Electrochemical Society 
Meeting, Electrochemical Society; 
Philadelphia , Oct. 9-14. 

International Astronautical Congress, 
American Institute of Aeronautics and 
Astronautics, International 
Astronautical Federation ; Madrid, 
Spain, Oct. 9-15. 

Underwater Photo-Optics Conference, 
United States Naval Missile Center, 
Society of Photo-Optical 
Instrumentation Engineers; Miramar 
Hotel , Santa Barbara , Calif ., Oct. 10-11. 

Ultrasonics Symposium, IEEE; Statler 
Hotel , Cleveland , Oct. 12-15. 

Canadian Symposium on 
Communications, IEEE; Queen 
Elizabeth Hotel, Montreal, Quebec, 
Oct. 13-14. 

Systems Science and Cybernetics 
Conference, Systems Science and 
Cybernetics Group, IEEE; International 
Inn, Washington, Oct. 17·18. 

International Exhibition and Congress 
of Laboratory Measurement and 
Automation Techniques in Chemistry, 
Swiss Chemical Society; Swiss 
Industries Fair, Basel Switzerland, 
Oct. 17-22. 

Military Aircraft Systems Meeting, 
Ameri can Institute of Aeronautics and 
Astronautics; Dallas, Oct. 18-19. 

Symposium on Microwave 
·Measurement, the International 
Measurement Confederation; Budapest, 
Hungary, Oct. 18-20. 

Symposium on Information Display, 
Society for Information Display; Hotel 
Bradford , Boston , Oct. 18-20. 

Nuclear Science Symposium, IEEE; 
Statler-Hilton Hotel , Boston , Oct. 19-21. 

International Trade Exhibition of 
Electronic Components, Electronica 66; 
Munich, West Germany, Oct. 20-26. 

Instrument Society of America 
Conference & Exhibit, Instrument 
Society of America ; New York Coliseum, 
New York, Oct. 24-27. 

International Symposium on 
Microelectronics, International 
Electronics Association, Munich, 
Germany, Oct. 24-26. * 

Machine Tools Industry Technical 
Conference, IEEE; general application 
group; Sheraton-Schroeder Hotel , 
Milwaukee, Wis ., Oct. 24-26. 

International Electron Devices Meeting, 
IEEE; Sheraton ·Park Hotel, Washington, 
Oct. 26-28. 

Call for papers 

American Society of Tool and Manu­
facturing Engineering Conference; 
C hicago, April 24-28, 1967. Oct. 24 
i s d eadline for submiss ion of 200- to 
250-word ab st racts to M arino Z apico, 
director of en gineerin g con ferences, 
A m erican Society of T ool and M anu­
facturin g Eng ineers, 20501 F ord 
Road, D earborn , Mich . 48128. 

Packaging Industry Technical Confer­
ence, IEEE; H oliday Inn , N ew York 
C ity , M ay 9-11 , 1967. Nov. 15 i s 
deadline for submiss ion of 60-word 
ab st ract s to John T . Winship , engi­
neering editor, M odern Pack aging 
M agazine, 1301 Avenue of the Amer­
i cas, New York, N . Y . 10019 . 

* Meeting preview on page 16 
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New TRIMPOT® Voltage Sensors: 
c1 0 to 1000 VDC Range, 1/2 Cubic-Inch Size! 

-·' 

At just 11z cubic inch, our new Model 3910 and 3917 TRIMPOT 
voltage sensors are the smallest you can buy. They' re ideal for 
such appl ications as fa il-safe circuits, go-no-go testing and 
monitoring of transducers. Each unit can sense voltages from 
Oto 1000 VDC with the unmatched accuracy of ± 1 % ! Choose 
Model 3910 for DPDT electromechanical relay output, Model 
3917 for SPSTNO solid-state output. Both models sense levels 
from 6 to 12 VDC without external components. With added 
resistors, both units sense to + 1000 VDC, and , with proper 
biasing, to - 24 VDC. When external components are used, a 
built -in potentiometer perm its screwdriver adjustment of 
six volts. 

These units are extremely rugged and well suited for mil itary 
use. While there is no MIL-Spec for voltage-sensing relays, both 
models conform in general to applicable portions of MIL-R· 
57570 and the moisture-resistance requ irements of MIL-STD· 
202, Method 106. They withstand 20G, 10-2000 cps vibration 
and 75G, 11-millisecond shock, are fully encapsulated, and are 
backed by the extensive testing of the exclusive Bourns Reli · 
ability Assurance Program. Write today for complete techn ical 
information. 

T RIM POT is a registered trademark of Bourn s, Inc. 
If it' s TRI M POT. it ' s BO U RN S 

Voltage sensing range 
Accuracy, static conditions 
Repeatability, environmental 

extremes 
Operating temperature range 
Dropout-to-pickup 

differential range 

Trigger input current 

I 

0-1000 voe Model 391Q 

± 1% 

• ± 5% 
-55 to + 105•c 

- 1 to-4% 
Model 39 17 standard 

- 1 to -25% 

• set at factory 
upon request 
0.7 mill iamp, 
max. 

units shown on e.third actual size 

B OURNS , l NC , TRIM POT DIVISION , 1200 CO L U MBI A AVE., RI VERSID E , CALIF. 
PHONE 684 · 1700 • TWX : 714·682 9582 • CA BLE : B OURNS INC. 

TRIM POT® AND PRECISION POTENTIOMETERS- RELAYS - MICROCOMPONENTS : TRAN SFORM ERS, INDU CTORS, RESISTORS AND CAPACITORS 
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ANGLE; POSITION INDICATOR 

'""' 3 0 2 0 ~ . j '\ ' 

111-ms . DEG MIN 

• 
NOR.TH A.Tt..4 NT:t0 .. , .. ,~ ... , ~·· 

how to measure resolver 
or synchro position 

w ith 30 second r epea tability 
In both product ion test and ground checkout systems, North At lant ic's high per­
forma nce Angle Pos it ion Ind icators provide except ional operator ease and prec ision 
in the measurement of synchro and reso lver pos it ion. Features incluqe · digita l 
readout in degrees and minutes, 30 second resolution, continuous rotat ion, plug-in 
sol id-state amplif ier and power supply modu les. Due to the design flexi bi l ity of 
these un its, they can be read i Jy provided with a variety of features for speci.fic 
requ irements. Typ ica l units in th is l ine incorporate combinat ions of the followi ng 
features : 

16 

• Single Synchro or Resolver Input 

• Dual Synchro or Resolver Inputs 

• Retransmit Synchro, Resolver, 
Potent iometer, or Encoder 

• 2-Speed Synchro Input 
• Mu lti-frequency Inputs 

• DC Input 
• 0-999 Counter 

BASIC SPECIFICATIONS 

Range . 
Accuracy ........... ..... .... . 

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

Repeatabil ity . . .. .. .. ........... ...... ............ . .. ... 30 seconds 
Slew Speed ......... ... _. ... .... ....... ..... ... .. .. .... .. 25° / second 
Power .. 
Size . .APl-8025 .......... .. 

APl-8027, .. .... ..... .. . 

...... 115 volts, 400 cps 

... 13A"h x 9Y211w x 9"d 
..... 31h"h x 4K6''w x 93/4"d 

Your focal North Atlantic representative has complete data on the API 
l ine. Call him today or wri te direct for technical literature. 

NORTH ATLANTIC in du stries, inc. 

TERMINAL DRIVE, PLAINVIEW, L. I., NEW YORK • OVerbrook 1·8600 

Circle 16 on reader service card 

Meeting preview 

Microelectron ics in Munich 
Solid-state devices and microelec­
tronic components , their manufac­
turing techniques and applications, 
will be major subjects at the Sec­
ond International Symposium on 
Microelectronics in Munich . The 
three-day meeting, Oct. 24-26, is 
sponsored by the International 
E lec tronics Association and will b e 
held during the Electronica 66 
show-a trade exhibition of elec­
tron ic components, Oct. 20-26. 

At least 1,000 engineers and sci­
entists are expected to a ttend the 
symposium. According to Jurgen 
Gun ther, chairman of the organiz­
ing committee, about 400 special­
ists registered before meeting pro­
grams were sent out. 

U.S. influence. More than 40 pa­
pers will be presented during seven 
sess ion s by experts from the United 
States , Japan and East and \ i\1 es t 
Europe. About half are by Ameri­
can authors. 

Leading off the meeting will be 
a paper by Edward Keonjian of 
Bethpage, N .Y., who will review 
predictions he made two years ago 
at the firs t microelectronics sym­
posium and progress made since 
then. Silicon-on-sapphire thin-film 
integrated circuits is the subject of 
a paper by W. Downing and P .J. 
H agon, of the Au tonetics division, 
North American Aviation , Inc. 

A.H . Benny and J.A. Hayers , two 
specialists from Manchester, Eng­
land, will describe metal oxide 
semicondu ctor (MOS) transistors 
in integrated arrays. A. Cerny of 
the Institute for Industrial Develop­
ment in Prague, Czechoslovakia, 
will di scuss some stability prob­
lems of MOS transistors and R. 
Paul of the T echnical University of 
Dresden, East Germany, will de­
scribe MOS transistor b ehavior at 
high frequencies . 

A researcher from the principal­
ity of Lichtenstein, F. Gaydou of 
Balzers AG, will analyze a method 
for manufacturing thin film s by ion 
a tomization in the 10- 4 torr region. 
H .T. Go, N .J. McAfee and H.C. 
Jones, all from the W estinghouse 
Electric Corp.'s Aerospace division 
will examine microelectroni cs re­
liab ility from a system manufac­
turer's point of view. 
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Warm-up 

When you take delivery of a Hewlett-Packard 3439A or 3440A 
DVM, you can b€ sure of one thing: It's going to work. We've al­
ready warmed it up for you. After it's tested and calibrated, every 
3439A and 3440A goes into this "oven" for an overnight dynamic 
test at 50°C. • All night long it's cycled. On, off, on, off, until 
morning. Then we retest it. If any troubles show up, they' re fixed. 
And then it goes through the whole procedure agai n. • This 
environmental test is only one rea-
sor these DVM's are the most reli­
able you can buy. Another example: 
the readout boards. Before assembly, 
each one goes through a 24-hour 
run-in, a million turn-ons. • Any 

+3446 
• 

so little trouble with it. And that's not just ta lk. • By the time it 
leaves our plant, we have enough faith in your 3439A and 3440A 
to back it up with a year's warranty. Ours is a confidence you don't 
find with other manufacturers. But th en, they don ' t have the 3439A 
or 3440A either. • So if you want a reliable DVM, we have one 
all warmed up and ready to go. • The 3439A. Solid state. 4-digit read­
out. Manual , automatic, and remote ranging. Extra-high sensitivity. 

Ac I de voltage I current resistance 
measurements (de accuracy better 
than 0.05% of reading ±1 digit). 
Price, $950. The 3440A has BCD out­
put. Price, $1160. Plug-ins, $40 to 
$575 . 

failures show up at our place, not ~-
yours. • We take a lot of trouble ~ O 
wi th your DVM. That's why you have ,.,,_ _ _,_ _____ .;,_ ___ ...::=======~"' 

• Da ta subject lo change wi1hou1 notice. 
Prices I. o. b. fac tory. 

HEWLETT · PACKARD 
A n ex tl'a measure of quali ty 

1892 
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HIGH-SPEED CORE MEMORY 
SENSE AMPLIFIER 

TYPE MC1540 
... with adjustable threshold voltage! 
Typical performance: 
• Fast recovery time - t, = 40 ns 

compatible with 0.5 microsecond cycle 
time memories 

• Saturated logic output signal 
• Narrow uncertainty region - 6 m V 

• High sensitivity - V+h = 17 m V 
(adjustable) 

' ,. c •.. 

. . . for all applications requmng core 
memory signal sensing - such as, indus­
trial control systems, data processors, and 
airborne computer systems. 

MOTOROLA 
ANNOUNCES ~ 

THREE 
NEW 

STATE-OF-THE-ART 
MONOLITHIC 

INTEGRATED 
AMPLIFIER 

CIRCUITS! 

>- -
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Electronics ! September 19, 1966 



• 

GUARANTEED LOW-NOISE FET 
FOR VHF AMPLIFIERS AND MIXERS 

Now, RF receivers, including high-quality FM 
sets, can be virtually fr ee from spurious re­
sponses, if you specify Motorola's new 2N3823 
state-of-the-art JFET . An extremely low 
100-MHz noise figure of 2.5 dB (max ) is com­
plemented by low cross-modulation and inter­
modulation distortion. 

l1,... \12 TURNS, :20TINf'oEO WIRE; 10 1 ~": UNGTH J1" 

Li - JL2 TURNS. :18 TI NNEOWIRE.10 1,~: 
LEN GTH 11~!TAPPEDAT11A TURNS T ool ,,rI DI!lr 
fR0"1 DRAIN! "':'" -= 15 Vdc 

200 MHz Low-Noise Amplifier Circuit 

• Symmetrical geometry in T0-72 package - can plug right into 
existing sockets. 

• Also useful in UHF applications - up to 500 MHz. 

• Low transfer and input capacitance •• _Cm = 2 pf (max). 

• C; .. = 6 pf (max). 

GENERAL PURPOSE JFETs OFFER 
LOW-NOISE & LOW-COST FOR 

INDUSTRIAL & CONSUMER USES 

100 mV )-A.....-1 
' * oi 1,r 

15 M~? 
2N4222A 

Tone Control for High-fidelity Audio Amplifiers 

Ease of converting audio preamplifiers to FET 
designs with Motorola types 2N4220A-22A has 
excited the imaginations of engineers. The high 
input-resistance allows for "vacuum-tube" design 
principles in selection of tone control elements -
permitting use of small, low-cost capacitors. 

The low guaranteed noise figure of 2.5 dB (max) 
at 100 cycles/sec. provides a definite advantage 
over bipolar transistors. For additional savings, 
the cost is only $2.90 ( 100-up) , even lower in 
larger production quantities. 

• N-c hannel for high gain !Yr.I = 1,000 pmhos (min) 2N4220A 
2,000 1,mhos (min) 2N4221A 
2,500 pmhos (min) 2N4222A 

N-CHANNEL IGFET OFFERS HIGH GAIN 
FOR GENERAL PURPOSE APPLICATIONS 

Motorola's new MFE3001 IGFET operates in 
both the enhancement and depletion modes, for 
a broad range of applications in industrial, mili­
tary, and consumer equipment. And, the 100-up 
price of $3.90 makes it practical for most appli­
cations. Typical uses are audio amplifiers, 
switches and controls. A low drain current results 
from its small geometry. and the n-Channel con­
struction provides high gain indicated by the 
IYrsl specification of 1,800 µ.mhos (typ ) _ 

;
~ • Extremely high input resistance 'f!-7' IGss < 10 pA at 10 Vdc r • High Signal-handling capability at low r drain currents. loss = 0.5 mAdc (min). 

FOUR MOTOROLA APPLICATIONS NOTES 
EXPLAIN NEW FET TECHNOLOGY 

To explain the advantages of field-effect tran­
sistors in both digital and ana log systems, 
Motorola's Applications Engineers prepared a 

• series of technical papers. The information covers 
a broad range of applications, and includes sam­
ple circuit designs as well as operational theory. 
Any one or all of them can be added to your 
semiconductor library, simply by completing and 
mailing the coupon below , to Dept. T .I.C., 
Motorola Semiconductors, Box 955 , Phoenix, fX Arizona 85001. 

l;" :~ r------"'-

~:; . 
~ ' .. 
"!!fl,-? 

~~~ -
f,: ·: 
~t'.: 
t1~~-.·, 
t:~ .. :; 
~~rT~. 
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AN-211 

FETs 
IN THEORY 

AND 
PRACTICE 

---------------------------------~ 
YES, I am interested in learning more about 
field effect transistors. Please send me the 
following Motorola Application Notes: 

Name _________ Title ___ _ 

Company ______ Address ____ _ 

City ______ State ____ Zip __ 

~---------------------------------~ 

MOTOROLA Semiconductors 
-wkze tkp~ Wj~ ~caw/ 
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SINGLE-CHANNEL 
Economical "briefcase-size" re­
corders. O MODEL 7701A 
100 mm chart. Frequency Range 
DC to 30 cps. Linearity 0.5% . 
Sensitivity (depending on "8800" 
Preamp used) I uv/ div to 5 
v/ div. Four chart speeds, 4 more 
optional. With case: $1,325 plus 
preamp. 0 MODELS 299, 301 -
32 mm chart. Frequency Range 
DC to 100 cps. Linearity 0.625 %. 
Sensitivity IO mv/ div ( Model 
299), 10 uv rms/ div (Model 301). 
2 chart speeds. Model 299: $800, 
Model 301: $850. 

DUAL-CHANNEL 
In portable, rack-mount, or mobile cart 
units. 0 MODEL 7702A - Two 50 mm 
channels . Frequency Range DC to 125 
cps. Linearity 0.5 % Sensitivity (depend­
ing on "8800" Preamp used) 1 uv to 
5 v/ div. Four chart speeds, fou r more 
optional. $1,675, plus preamps. O 
MODEL 7712A - Uses " 350" Preamps. 
Sensitivity 2 uv to 5 v/ div. With mobile 
cart: $1 ,770, plus preamps. O 320 
SERIES - Two 50 mm channels. Fre­
quency Range DC to 125 cps. Linearity 
0.5%. Sensitivity: 0.5 to 20 mv/ div and 
v / cm (Model 320 ), 10 uv rms/ div to 2 
mv/ div (Model 321) , 10 mv to 10 v/ div 
(Model 322). Four cha rt speeds, more 
on special order. Model 322 has zero 
suppression. Prices with cases : Model 
320 : $1,650, Model 321 : $1 ,650, Model 
322 : $1 ,395. 

FOUR-CHANNEL 
Sanborn MODEL 7704A recorder provides improved overall re­
liability, wider dynamic range, higher gain and more versatility 
through all solid-state "8800" Series preamps. Frequency range 
DC to 150 cps. Linearity 0.5 % . Horizontal chart plane, rtine chart 
speeds. Sensitivity (depending on "8800" preamp used) I uv/ div 
to 5 v/ div. In vertica l ca binet, $4,020 plus preamps. O MODEL 
7714A combines the convenience of horizontal chart plane with 
the flexibility and high perfo rmance o f interchangeable individual­
channel 350 Series prea mps. Four 50 mm channels. Frequency 
range DC to 150 cps. Linearity 0.5%. Sensitivity (depending on 
" 350" preamp used ) 2 uv/ div to 5 v/ div. Nine chart speeds. With 
vertical cabinet, $3,970 plus preamps. 



.. 

See all measurements -
down to the last microvolt 
with high resolution Sanborn thermal writing oscillography 

Resolve and read the smallest variations in your test parameters 
- even at higher frequencies, small amplitudes, and at slow 
chart speeds. Sanborn heated stylus oscillographic recording on 
matching Permapaper® charts gives you an immediate, permanent 
and clear record of test variables . . . lets you make "straight 
across" comparisons and correlations of multiple channels quickly 
and accurately because of rectangular coordinate traces ... lets 
you clearly see what happened - as it is happening, and at any 
future time for more study or proof of performance. 
The advantages of Sanborn thermal writing are available in many 
combinations of standard catalog system choices. The extensive 
Sanborn line allows you to select the number of channels, chart 
speeds, and the type of signal conditioning circuits you need , and 
to choose the packaging method that best suits your facilities. 
The wide range of signal conditioners includes low-cost built-in 
units, all-channels-alike amplifiers in six or eight-channel modules, 
and two series of individual channel plug-in units - miniaturized 
solid-state signal conditioners and highly sophisticated, maximum 
performance units. 

( 
\ ___ _ 

SIX AND EIGHT-CHANNEL 

Check the brief specifications of the systems shown 
below or call the H-P field engineering office in 
your locality for complete technical data and appli­
cation engineering assistance. Offices in 47 U.S. 
and Canadian cities, and major areas overseas. 
Sanborn Division, Hewlett-Packard Company, 
Waltham, Massachusetts 02154. Europe: Hewlett­
Packard S.A., 54 Route des Acacias, Geneva. 
Switzerland. 

H EWLETT 
PA CKA RD SANBORN 

DIVISION 

Circle 21 on reader service card 

These versatile recorders have a wide range of 
input capacities, are completely integrated from 
signal input to galvanometer, and field-proven elec­
tronics. Six channel systems have 50 mm charts, 
and eight channel systems have 40 mm charts. 
All have DC to 150 cps frequency range. Linearity 
0.5 %. Nine chart speeds, nine more optional. 
0 MODELS 7706A, 7708A - Sensitivity (depend­
ing on "8800" preamp used) I uv/ div to 5 v/ div. 
With 6-channel cabinet (7706A) $4,820 plus pre­
amps, with 8-channel cabinet (7708A) $5,495 plus 
preamps. 0 MODELS 7716A, 7718A - Sensitivity 
(depending on "350" preamp used) 2 uv/ div to 
5 v/ div. With 6-channel cabinet (7716A) $5,325 
plus preamps, with 8-channel cabinet (7718A) 
$6,350 plus preamps. D MODEL 7728A - Sen­
sitivity {depending on "950" amplifier used) JO 
uv/ div to 5 v/ div. With 8-channel cabinet $3 ,425 
plus amplifiers. D MODEL 7709A 8-channel "con­
trol panel" recorder for basic inputs such as tele­
metry and computer outputs and other relatively 
high level ac-dc signals. Economical system uses 
no preamps, but has individual-channel front panel 
controls for gain, position, sensitivity selection (7 
positions) and calibration. Polarity reversal is op­
tiona l. Frequency range DC to 150 cps. Linearity 

0.5%. Sensitivity 50 mv/ div to 250 v/ div. Nine chart 
speeds, nine more optional. Solid-state power ampli­
fiers, constant 1 megohm input impedance, low drift. 
In vertical cabinet $5,030. 



IN DC POWER SUPPLIES 

THE KEPCO VOLTAGE CONTROL 
MAKES THE DIFFERENCE! 

THE NEW KEPCO SM· ·A GROUP 
The familiar Kepco SM Power Supply is sporting a new 
suffix these days, " A. " The new "A" version, in the 
Kepco tradition , designates a product improvement, in­
troduced without price increase. Specifically, we've re­
designed the voltage control assembly of the SM 
Power Supplies to accommodate a precision, 10-turn 
potentiometer control of the type used in most other 
Kepco Power Supplies. 

This latest improvement continues a sequence of re­
finements that have marked the successful six-year his· 
tory of reliable SM Series Power Supplies. Last year, 
for example Kepco's engineers gave the SM a better 
reference and jacked up the loop gain to tighten its 
regulation from 0.1 % to 0.01 % line, 0.05% load. To­
gether with a 0.05% stability spec, less than a millivolt 
(rms) of ripple, and the new 10-turn control, the fifteen 
SM models are a pretty impressive group of supplies. 

The SM design employs a mechanically coupled vari­
able autotransformer and voltage control rheostat to 
limit dissipation, reduce overvoltage poten~al and con­
trol output. The new "A" models, with an efficient, 
low backlash gearing assembly, couples a full 3600° 
(10-turn) precision rheostat to the 320° variable auto­
transformer to improve resolution (to 0.05%). 

The supplies employ Kepco's patented Flux-0-Tran® 
regulatrng transformer in an RFl-free (non-SCR) control 
circuit which includes a full feedback series transisitor 
regulator. Plug-in circuit cards and plug-in transistors 
simplify maintenance (even the power transistors are 
"plug-in"). Front and rear output terminals are provid­
ed, with remote error sensing connections at the rear. 
The table on the right lists the available models. 

NEW 52 PAGE CATALOG 

CONTAIN·ING COMPLETE 

SPECIFICATIONS AND 

APPLICATIONS NOTES 

IS NOW AVAILABLE 

WR ITE FOR YOUR 
FREE COPY ! 

Applicab le Patent Nos. 
fu rnished on request 

<!<~P~«?) 
------------- ® 

REGULATION 
0 .01 <yo LINE - 0 .05<yo LOAD 

DC OUTPUT 
MODEL RANGE DIMENSIONS PRICE 

VOLTS AMPS H " W" 0 " 

SM 14-7AM 0-14 0-7 3112 19 13.ll _!_405.00 
SM 14-15AM 0-14 0-15 5li 19 13Vs- 525.00 
SM 14-30AM 0-14 0-30 83/.i 19 13Vs 725.00 
SM 36-5AM 0-36 0-5 31/ 2 19 13Ve 395.00 
SM 36-10AM 0-36 0-10 5% 19 13Vs 525.00 
SM 36- 15AM 0-36 0-15 83f.i 19 13Vs 625.00 
SM 75-2AM 0-75 0-2 31/ 2 19 13Vs 425.00 
SM 75-5AM 0-75 0-5 5% 19 13Vs 525.00 
SM 75-8AM 0-75 0-8 83/.i 19 13Vs 625.00 
SM 160-1AM 0-160 0-1 --3.¥2.. 19 13Jla 425.00 
SM 160-2AM 0-160 0-2 5% 19 13Vs 525.00 
SM 160-4AM 0-160 0-4 83f.i 19 13Vs 625.00 
SM 325-0.5AM 0-165-325 0-0.5 3.!Lz. 19 13 Vs 440.00 
SM 325- 1 AM 0-325 0-1 5% 19 13Vs 555.00 
SM 325-2AM 0-325 0-2 8% 19 13Vs 675.00 

See our complete Ca tafog m 

c:z:;a.;re i,~~~::,®a® 
KEPCO, INC.• 131 ·38 SANFORD AVENUE• FLUSHING, N.Y. 11352 •Phone: (212) 461-7000 • TWX #212-539-6623 • Cable: KEPCOPOWER NEWYORK 

22 Circle 22 on reader service card Electronics I September 19, 1966 

,. 

..... 

... 



.. 

I /( 

.. 

Electronics I September 19, 1966 

Editorial 

A traveler's lament 
Last month, when the Boeing Co. announced it 
·would proceed with its announced plan to build 
the 490-passenger Boeing 747, air travelers all 
over the world groaned in anguish. Those who 
remember the pleasurable experience of flying in 
the golden days of the DC-7 and Supercons tella­
tion have been complaining about the excursion­
bus atmosphere of today's jet travel. The pros­
pects of climbing aboard with 489 others are al­
most too enervating to face. 

\Vhat's wrong, of course, is that the airlines 
insist on following ground procedures they de­
veloped 30 years ago for the DC-3, even though 
they are flying jets now and talking about super­
loaded jets tomorrow. Most have given only lip 
service to changing their ways to take advantage 
of advancing technologies . Nobody who knows 
the slightes t abou t data-processing techniques 
and communications can understand why the air­
lines have so much trouble checking in a passen­
ger who has confirmed and reconfirmed a reser­
vation. 

The problem is more than just electronic 
equipment. Although American Airlines has in­
vested over $30 million in Sabre, a complex elec­
tronic data processor and communications sys­
tem, for all the good it does, the airline operates 
as if Bob Cratchit were sitting on a stool in the 
room behind the check-in counter and writing 
the reservations with a quill pen. But you can't 
point an accusing finger at American Airlines 
alone; others are worse. It takes almost as long to 
fl y to Japan as it does to check in on the Pan 
American Airways flight that takes you there­
with only slight exaggeration ; United Airlines has 
sold so many services it doesn't deliver that 
travel by it is virtual ly impossible; checking in at 
\Vestern Airlin es, Eastern Airlines, TWA, Na­
tional Airlines, or Northwest Airlines is an exer­
cise in frustration and futility. 

Instead of ju st mechanizing today's ground 
procedures, the airlines have to alter them to face 
up to increasing passenger loads and to utilize 
today's technology. For example, there's no rea­
son why a passenger has to check in three times 
(once with his baggage, once at the check-in 
counter and once at the departure gate) for a 
single trip. There's no reason vvhy data process­
ing cannot assign passenger seats when the res­
ervation is made instead of at the departure ga te. 
There's no reason why some form of information 

retrieval cannot be used to tell an agent how a 
passenger gets from New York to Omaha with­
out his having to thumb through five or six vol­
umes the size of the telephone book. There's no 
reason why an agent has to write a ticket out by 
hand . There's no reason why he has to use the 
backs of envelopes to calculate the cost of a 
ticket. 

The introdu ction of Boeing's giant 747 is likely 
to open a sizable market for electronic navigation 
equipment and communications gear. Yet the 
bigges t market ought to be for data-processing 
and communications equipment on the ground. 
Makers of electronic equipment have to educate 
thf' management personnel of airlines to the need 
of modifying reservation and check-in proce­
dures, just as computer-makers had to teach cus­
tomers that data processors could be more than 
electronic bookkeeping machines. 

If airline passengers have to ride in 490-
passenger airplanes, they ought to be able to 
get aboard quickly and painlessly. 

Moment of change 
Rarely can man recognize a chain of technology 
that will radically alter his way of working at 
the instant the new developments appear. Gen­
erally , only by looking back into history can one 
pinpoint those innovations that changed his ap­
proach to his job or the importance of his role. 
Computer-aided design seems to be an exception. 
It is just starting to take hold in industry, yet 
nearly everyone can see how it will alter the 
role of the engineer. With computer-aided de­
sign, some of the decision making normally done 
by an engineer will be accomplished by an elec­
tronic data processor. The series that starts on 
page llO may be one of the most significant ever 
published in Electronics. 

Computer-aided design can be more efficient 
because it speeds up engineering at least two 
ways: by doing computations quickly and by try­
ing a variety of designs and wiring interconnec­
tions in seconds. Some of the complex nehvorks 
and large arrays of integrated circuits cannot be 
engineered economically any other way. 

To many, such an advance is unwanted and 
undesirable. But it cannot be stopped. The clear­
es t clue of wha t lies ahead can be found at the 
engineerin g schools where courses are now being 
changed to teach students to use and rely more 
on computers. 

An engineer who chooses to ignore the prom­
ise of computer-aided design asks for a chance 
to become obsolete. 
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NEW! Four problem-solving 
P&B relays ... all immediately 
available at factory prices from 
leading electronic parts distributors 

Sol id State Time Delay Relays 
for as little as $17.50 
Here is a practical cost saving 
answer to many timing applications 
in the range of 1.0 to 180 seconds. 
You can save up to 603 on relay 
cost. They're available for AC or 
DC, knob adjustable, and accuracy 
is + 103 over a -IO°C to + 55°C 
temperature range and include· an 
internal IO amp DPDT relay. 

Versatile KUP relay can be a 
cost-saving answer to your 
plug-in relay problem 

Save up to $2.00 each over similar 
relays wi th octal-type plugs. Get 
greater reliability, too. Relay has 
quick connect / solder terminals. 
Nylon socket (sold separately) rated 
for IO amperes. One to three poles. 
Cover is heat and shock resistant 
lexan. For DC or AC operation. 

The answer to billions of 
trouble free operations and 
speeds up to 1 millisecond 
Mercury-wetted contact relay mod ­
ules give you fast response, reli a­
bility, high sensitivity and extremely 
long life. Designed for printed ­
circuit mounting. Has SPDT, break ­
before -make (Form C) contact 
arrangement for single-side-stable 
or bi-stable operation. 

Reed Relays may replace 
expensive solid state devices 
In many applications JR reed relays 
may be used in place of more ex­
pensive solid state devices over 
which they have one basic advan­
tage ... they are not subject to 
inadvertent switching by line trans­
ients. 

For applications where fast oper­
ate time, low power and long life 
are required. Their high sensitivitf 
and compact size recommend them 
for data processing , computer 
equipment, logic circuitry, for volt­
age or current sensing and various 
other types of control circuits. 

and there are 60 other basic types to choose from ... 
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They're all in this new Stoch Catalog 100. Free from your electronic parts distributor. 
Ash for your personal copy today . 

Circle 24 on reader service card 

POTTER & BRUMFIELD 
Division of American Machine & Foundry Company . Princeton, Indiana 
Export: AMF International, 261 Madi son Avenue , New York , New York 
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U.S. weighs plans 

for global network 

of listening posts 

laser identifies 

railroad cars 

Navigation satellite 

must communicate, 

committee reports 

Electronics Newsletter 
September 19, 1966 

The United States is quietly studying plans for an overseas network of 
seismic nuclear detection arrays modeled on the Large Aperture Seismic 
Array (LA.SA) in Montana [Electronics, July 26, 1965, p. 91]. The Defense 
Department's Advanced Research Projects Agency, which sponsored 
LASA, has turned the program over to the Air Force Electronic Systems 
division, Hanscom Field, Mass. Because of foreign policy and fiscal con­
siderations, final d~cision will undoubtedly come from the White House. 

LASA's performance in distinguishing an .earthquake from an under­
ground nucle~ explosion has been kept under wraps during its first 
18 months of operation. The g·oal of the 500-seismometer array in Mon­
tana is to increase bomb detection sensitivity at least tenfold. It has been 
estimated that 10 or 12 such arrays around the globe would be able to 
check and classify more than 80% of earth shocks. 

In addition to engineering problems, the Air Force is studying the pos­
sible effects of a global seismic network on disarmament negotiations 
and is weighing alternatives of construction and financing . 

One question is how the investment overseas will affect this nation's 
balance-of-payments deficit. The announced cost of the Montana LASA 
was $9 million, but actual cost is estimated to be more than $12 million. 
Also to be answered is how a network of the arrays can be integrated 
to yield the best information on earth shock waves. Another question 
is whether construction should be left to foreign countries or whether, 
for the sake of standardization, the U.S. should install the arrays and 
leave their operation to the host countries . 

A first of its kind is claimed for the automatic railroad car identification 
system recently developed by the Union Switch & Signal division of 
Westinghouse Air Brake Co., Pittsburgh. The system consists of a helium­
neon laser, two mirrors to direct the beam and a photo field effect transis­
tor for scanning. Railroad cars using the system have a reflective pressure­
sensitive tape stuck to their sides to reflect the laser beam back to the 
identification equipment. 

The company will introduce the system at the Railway Signal and 
Communications Suppliers Association meeting Sept. 20 in Washington. 
The system, expected to sell for between $12,000 and $14,000, will com­
pete with light-bulb optical systems, radio systems and microwave sys­
tems for a market estimated at $50 million to $70 million over the next 
10 to 15 years. 

A navigation satellite system that can't provide communications for ships 
and aircraft is not economically feasible, according to the final report of 
a committee set up two years ago by six Government agencies. Current 
navigation techniques are adequate for all projected needs, but the com­
mittee pointed out in its long-overdue report that air traffic controllers 
on the North Atlantic route have an urgent requirement for better com­
munications. The demand will be intensified when the supersonic 
transport aircraft is flying this route. 

Development of an initial satellite system for the combined job of 
navigation and communications would cost $66 million, according to the 
committee: $30 million for two satellites, $16 million for two Atlas-Agena 
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High costs keep 
auto electronics 
ata minimum 

On target 

RCA to market 
home tape units 

Grundig and CSF 
join to develop 
consumer products 

Electronics Newsletter 

launch vehicles, $17 million for ground equipment and $3 million for 
supporting research. 

The auto industry is putting more electronics in its 1967 cars-especially 
frequency-modulated radios and stereo tape decks. But the only tech­
nological innovation disclosed so far is the use of plastic optical fibers to 
transmit light to turn indicators and ignition switches in the big Chevrolets 
and Chevrolet trucks with automatic transmissions. Chevrolet, a division 
of the General Motors Corp., says the fibers , made by E.I. du Pont de 
Nemours & Co. [Electronics, June 27, p. 184], are as reliable as the bulbs 
they replace and cost about the same. 

The Ford Motor Co. offered a transistorized ignition system as a stand­
ard item in one of its cars and several heavy-duty trucks last year. This 
year more Ford cars and some from GM's Oldsmobile division will carry 
transistorized ignitions at extra cost. For two years GM's Pontiac division 
presented such systems as an option but admits the $63 extra charge 
($73 for air-conditioned cars) held sales down. 

The Gemini-11 astronauts' faultless performance in making a first orbit 
rendezvous with Agena was carried oH with a precision that did credit 
to the onboard electronics equipment. The Hight proved out a capability 
that the astronauts coming back from the moon will have to have-the 
ability to link up with the Apollo spacecraft in a single orbit. 

To get its share of what company market researchers think will be a six­
million-unit annual market, the Radio Corp. of America's Home Instru­
ments division has introduced 14 versions of transistorized magnetic tape 
recorders, including an eight-track unit that will play the stereo cartridges 
used in cars. 

RCA has turned to foreign manufacturers, undoubtedly Japanese, to 
keep prices of the units low-from $40 to $250. The lower priced units 
would be battery-powered; the more expensive versions could use either 
a-c or d-c power. 

Two major West European electronics companies-Germany's Grundig 
GmbH and France's CSF-Compagnie Generale de Telegraphie sans Fil­
have moved to strengthen their positions in consumer markets through 
joint development of new products. The two companies still have to nail 
down details, but they indicate their working arrangements will cover 
integrated circuits and color television receivers. 

The deal brings together a strong consumer electronics company, 
Grundig, and a heavyweight in component production, CSF. The French 
company produces some consumer products, but its sales in that sector 
have stagnated. CSF, though, should get a big lift in consumer markets 
when color tv broadcasts start in France next year using the Secam system 
developed by CSF [Electronics, June 13, p. 161]. Grundig is on the PAL 
side of the color-tv line since Germany, like most other West European 
countries, will broadcast color using the PAL system. But this won't 
hamper joint development of color-tv receivers. About 90% of the com­
ponents in PAL and Secam receivers could be interchangeable. 
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from SYLVAN IA Electronic Components Group 

INTEGRATED CIRCUITS 

Speed digital computations 
' .. 

with the fastest (50 MHz) J-K flip-flops yet 
~ Sylvania's two new TTL J-K flip-
• flops are the fastest in the integrated 

circuit industry. Twice as fast as our 
- ... own SUHL J-Ks, they will coast at a 
,.. logic rate of 50 MHz and retain the 

high noise immunity, high logic 
• swing, high fan-out, low power, and 
" capacitance drive characteristics of 

the SUHL II line. The extra speed of 
' "' h 

~ 

t e new units allows computer con-
trol and arithmetic sections to be re­
designed for faster operation. 

Both new devices, the SF-200 se-
. ries AND J-K and the SF-210 series 

..,. OR J-K, have a propagation delay of 
10 nsec off and 13 nsec on. This high 

.. speed capability is achieved by us· 
,., ing a fast switching flip-flop buffered 

by a SUHL II gate structure. This 
" means total delay of the circuit is the 
~ tdoff delay of the fast flip-flop plus the 

tdon of the SUHL output. 
The improved J-K flip-flops aren't 

,. restricted by the clock; asynchronous 

.. 

J-K Flip-Flop (AND Inputs) 

(K,) 1 

(K,) 2 

(CLOCK) 
3 r--<IH....-1 

(Vee) 4 

(J,) 5 

(J,) 6 

13(D.C.­
RESET) 

12(Q) 

11 (0) SF-200 
SF-201 
SF-202 
SF-203 10 

9(D.C. ­
PRESET) 

(J,) 7 i;;;;;;; __ ..;;;.;;=;;;i 8 (D.C .-
SET) 

On+!= J, 'J,- Jo'Qn + K, 'K,' K,. On 

entry permits operation in between 
clock pulses. The internal buffering 
also means that output loads will not 
affect input triggering. Output is sym­
metrical. 

Other performance characteristics 
include power dissipation of 50 mw, 
noise immunity of -+-1 volt, and logic 
offset of 3.5 volts for logic 'T' and 0.2 
volts for logic "O." Fan-out is from 9 
to 15 and fan-in is 3. Operation is 
from a single 5-volt source. 

Available in MIL ( -55 ° C to 
+ 125°C) and industrial ( 0°C to 
75 °C) grades and in dual in-line 
plug-in packages or flat packs, the 
SF-200 and SF-210 series have pin 
connections identical to other SUHL 
J-Ks. Thus, they can be used as re­
placements for present SUHL J-Ks. 

These new units can be applied to 
a host of digital systems including 
computers, communications equip­
ment, and digital readout systems. 

J-K Flip-Flop (OR Inputs) 

(K,) 1 

(K,) 2 

(CLOCK) 
3 

(Vee)4 

(J,) 5 

(J,) 6 

(L,) 7 

12(Q) 

11 (0) SF-210 
SF-211 
SF-212 

10 SF-213 

9(D.C.­
SET) 

8(L,) 

On+1 = (J, ·J,.+ L, · L,)·Q,+ (K , · K, + M, · M,) · On 

Specific digital subsystems which can 
be speeded up with these units are 
synchronous binary decade counters, 
synchronous binary counters, ripple 
counters, serial to parallel and paral­
lel to serial counters, up-down count­
ers, and circulating ring counters 
with decoded readout . 

In summary, these flip-flops can be 
used in synchronous applications, 
where registers and counters are set 
and reset in conjunction with the sys­
tem clock; and also in asynchronous 
applications, where registers and 
counters are set and reset independ­
ent of the system clock. 
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This issue in capsule 
Receiving Tubes-How a noise-free 
tube helps detect enemy submarines. 

Microwave Diodes-Newest varac­
tors reach highest reliability and power­
handling levels yet. 

C RTs-customed monoscopes and tar­
gets can speed up display. 

Integrated Circuits-How to im­
plement serial addition with SUHLcircuits. 

Diodes-Mono lithic arrays can elim ­
inate the need to match diodes. 

Television-True, more v ivid colors 
are assured with picture tube prestabili· 
zation. 

Receiving Tubes-H ighly reliable 
tube offe rs advantages for computer 
usage. 



RECEIVI NG TUBES 

Highly reliable tube offers advantages in 
computer applications 

,_ 

A miniature medium-mu twin triode, 
Sylvania's Type 5963, is being suc­
cessfully used in long-life computer 
applications, primarily as a fiip-fiop . 

Extreme stability throughout a long 
life, a high degree of balance within 
each device, and uniformity between 
different units are key characteristics 
of Sylvania's Type 5963 tube. Spe­
cially designed for accurate compu­
tation in computers, counters, and 
other digital equipment, this im­
proved tube offers an economical ap­
proach to circuit design. It eliminates 
the need for special temperature 
compensating networks, redundant 
circuits, and tightly regulated supply 
voltages while offering higher relia-

COLOR TELEVISION 

CHARACTERISTICS AND TYPICAL OPERATION 

Class Al Am plifier (Each Unit ) 
Plate Voltage . .. .... . ......... ...•...•................ 
Gr id Voltage .. .. . ............ . .... ............. ...• 
Am pl ification Factor .. . .......... .....•............ ... . 
Plate Resistance (Approx .) . . ...............• 
Transconductance . 
Plate Current 

67.5 Volts 
0 Volt 

21 
6600 Ohms 
3200 µmhos 

8.5 Ma 
, . I 

COMPUTER SERVICE 

Plate Supply Voltage ...... ............ .............. ... .... . . 
Grid Voltage ........................ ... . 
Plate Circuit Resistance 
Grid Circuit Resistance 
Plate Current .................. . ........................ . 

bility, easier maintenance, and lower 
initial component cost. 

In Type 5963, the extreme stability 
during operating life is the result of 
an improved cathode. With the spe­
cial alloys used in this tube, the 
severe "zero" to "one" switching asso­
ciated with flip-fl.op circuits is han­
dled easily. Even when these voltage 
changes are imposed rapidly after 
lengthy periods of standby opera­
tion, performance and life are not de­
graded. 

The high degree of electrical bal­
ance between the tube's two triode 
sections enhances flip-fl.op operation 
and eases the design requirements 
placed on associated circuitry. 

Cutoff 
Condition 

150 
-15 

20,000 
47,000 

0 

Zero B ias 
Condition 

150 Volts 
0 Volts 

20,000 Ohms 
47,000 Ohms 

5.1 Ma 
• 

Because all Sylvania 5963 tubes are ·, 
manufactured to meet rigid in-proc- _ 
ess and £nal test limits, they exhibit 
excellent uniformity from tube to 
tube. This means replacement is sim- .,. 
ply a matter of changing tubes. There 
are no trimmers to adjust, no compo­
nents to replace, and no preselection ., 
of devices. And these triodes are 
available from conveniently located ._ " 
Sylvania distributors. 

In addition to its application in 
flip -fl.ops and other switching appli- • 
cations, the 5963 is used as an ampli­
fier as indicated in the table which 
shows typical operation data. 
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True, more vivid color is assured with prestabilization 
~ 

~ Precise computer measurements 
at five points match face panel to mask. 

Three basic color picture tube refine­
ments that go into all color bright 85® 
picture tubes by Sylvania-the true­
tempered screen, computer precision 
alignment and cross-hair gun index­
ing-combine to reduce the effect of 
changes that may normally occur dur­
ing tube life. 

Sylvania's true-tempered screen is 
the result of a stabilizing process used 
for some time by Sylvania but not 
publicly announced until this past 
June. The most recent issue of IDEAS 
described how the glass face panel is 
prestabilized, actually tempered to a 
predetermined dimensional density. 
While other screens can shift as much 
as 2 thousandths of an inch, dur­
ing tube manufacture, color bright 85 

tubes have near perfect alignment 
between phosphor dots and the holes 
of the aperture mask. 

.. 

Precision alignment between aper­
ture mask and screen is assured in a ,.. 
new computerized process. The re- "' 
lationship of the shadow mask to the 
screen is determined automatically ~ 
and precisely as the computer takes _,, 
measurements in all four corners and 
in the center of rectangular tubes and "' 
adjusts for normal deviation and tol­
erances. (See drawing) 

The third essential ingredient is 
cross-hair indexing of the tube's three 
electron guns. Initial alignment of 
electron beams and phosphor dots on "' 
the proper axes is assured with posi- ... 
tive location and positioning of guns 



inside the tube neck. 
These controls are not the full story 

in controlling the performance of the 
end product. Because of the broad 
diversity among company divisions, 

-. Sylvania controls the production of 
. ,.. virtually all parts within its tubes­

phosphors, guns, aperture masks, 
tube bases, and electron optic parts 

,... included. 
There is 100% testing to critical re-

RECEI VI NG TUBES 
r ' • 

quirements throughout all processes. 
For instance, because of its in-house 
controls, Sylvania assures that all vital 
characteristics of electron guns are 
top quality. All Sylvania guns have 
a shielded cathode (for minimizing 
leakage and arcing) , shielded prefo­
cusing lens, low heater power (lower 
than most competitive types), double 
coated heater with premium rhenium­
tungsten, and Sylvania's own method 

of cutoff control. All of these aspects 
are fully checked long before further 
tests which will assure the precise 
rotational location of the three guns 
in the color tube. 

These controls are just a few of 
the set designer's and circuit design­
er's assurances that only the most ad­
vanced methods and materials are 
always used in Sylvania picture tubes. 
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How a noise-free tube helps detect enemy submarines 

~ 
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Sonobuoys provide a highly efficient 

• means of protecting surface ships and 
coastlines. By dropping a group of 
these units from a plane and then in-

• terrogating them, it is possible to 
determine the location of an enemy 
submarine. But interpreting the re­

-> sponse of Sonobuoy hydrophones is 
... a skilled art. Telling a sub from a 

whale or other natural objects is no 
" easy task. If noise generated by the 

tube used in the front end of the 
hydrophone masks the sound of the 

..: submarine, the fob becomes impos-
.. sible. Sylvania's Type 1254 submini­

ature high-mu triode is a low-noise 
amplifier tailored to meet the strict 

, requirements of Sonobuoy and simi­
lar applications. 

ELECTRICAL DATA 

,. CHARACTERISTICS 
Plate Voltage ............ ..... ......... 100 
Cathode Resistor .................... 1,500 

,..) Plate Current .......... .. ...... .... .... 0.73 
Amplification Factor .......... 70 

J Transconductance ...... .. .......... 1,700 
Grid Voltage for 

lb = SOM Ade Max ....... ...... - 2.5 

RATINGS (Absolute Maximum) 

150 Vdc 
680 Ohms 
1.85 mAdc 

70 
2,300 µmhos 

- 3.8 Vdc 

Plate Voltage .......... .. .. .................. ............ 165 Vdc 
' "" Peak Plate Forward Voltage ........... ......... 330 V 

Plate Dissipation ........................ ..... ......... .. 0.55 W 
Plate Current .... ..... ............ ... ... ...... ........... 3.3 mAdc 
DC Grid Voltage ...... .... ....... ............... ... ... . . 

Positive Value ........................... ............. 0 Vdc 
Negative Value ...................................... 55 Vdc 

Heater-Cathode Voltage 
Heater Positive with Respect 

to Cathode ........................................ 200 v 
Heater Negative with Respect 

f to Cathode ........................................ 200 V 
Grid Circuit Resistance .... ..... ... ................ 1.2 Meg 

The Sonobuoy application places 
severe demands on the tube which 
first amplifies the sound detected by 
the underwater microphone. The tube 
in this first stage of amplification must 
not only overcome the rough environ­
mental conditions seen by the other 
tubes, but it must amplify low-level 
audio and sub-audio signals without 
introducing any significant noise of 
its own. Modifying the features of 
tube Type 5719, a premium aircraft 
tube for multi-purpose use, Sylvania 
developed the Type 1254, a low­
priced, extremely low-noise device . 

Sylvania designers have gone to 
extraordinary lengths to produce 
these exceptionally low-noise charac­
teristics. The method and material 

processing were changed to further 
enhance the low-noise properties al­
ready present in Type 5719. Special 
test procedures and circuits were de­
veloped to evaluate the changes in 
processing and manufacturing and to 
test the final units. 

A typical example of these efforts 
is the noise test circuit shown here. 
A similar test is also used on tubes for 
front ends of high fidelity applica­
tions in the transferral of technology 
to benefit other markets. The same 
technology and skills used to detect 
enemy submarines are also now used 
to produce the lowest noise front 
ends in high fidelity history. 

There is no price premium for this 
low-noise characteristic and for the 
other features which Sylvania has 
built into its reliable line of tubes for 
industrial and entertainment audio 
applications-i.e., 6AN8A, 7543, 
12AU7 A, 7591A, and the 7868. 

You may not have any need to de­
tect enemy submarines - but if low­
noise performance is a must for your 
equipment, you are assured of the 
highest quality with Sylvania tubes 
- readily available from your local 
Sylvania distributor. 
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MICROWAVE DIODES 

Newest varactors reach highest levels yet 
in reliability and power handling 

SILICON I ALUMI NUM DOT 

Until now, the solder bonding tech­
nique was a major step in varactor 
construction and processing. Circuit 
designers found that, although these 
devices met the specifications that 
manufacturers published, there was 
still decided room for improvement 
in three regards - higher reliability, 
power-handling capability, and stor­
age temperature characteristics. 
Here's news of how the state of var­
actor art has just been advanced. 

Reliability and life of high-power 
varactors have been increased with 
new assembly techniques developed 
by Sylvania. High-temperature test 
results with these new diodes show 
an MTBF of over 5 years, based on 
100,000 unit hours of testing. As a 
result, these devices are suitable for 

INTEGRATED CIRCUITS 

new levels of exacting requirements 
and are especially suited for use in 
current manned space and commu­
nications satellite programs. 

After being stored for 2,000 hours 
at 250°C, these units have shown no 
changes in electrical or physical char­
acteristics. High-temperature capa­
bility, in fact, is the direct result of 
the new construction technique now 
being utilized with Sylvania's D-4800 
varactors. 

In the new process, after an alumi­
num dot is metallized to the silicon 
(see line drawing), an aluminum rib­
bon is then thermal-compression 
bonded to the dot. Note, too, that the 
underside of the silicon area is now 
metallized with gold, making possi­
ble a high-temperature bond of gold 
to gold. A molybdenum disk between 
the gold layer and copper pedestal 
acts as a thermal shock absorber that 
permits Sylvania to use high-temper­
ature bonding methods. 

Another critical step in varactor 
processing is cleaning. With the new 
Sylvania construction it is now possi­
ble to use superior cleaning proced­
ures within the package prior to 
baking and sealing. A further assur­
ance of varactor reliability is that 
Sylvania subjects all these units to a 

Storage Life Test 

10- 5 
STANDAJ D SPEC A~ 150 °C 

TEST CON DITIONS 
T 250 °C (STORAGE) 
1.(2S°C) 

AT 75% OF RATED 
BREAKDOWN VOLTAGE 

lQ- 6 

• 
l Q-7 HKiH-RELIABILITY SPEC LI MITS 

STORAGE TEMP 150°C 

" 
10- 1 

ACTUAL SYLVANIA TEST PERFORMANCE 
l Q-9 .. 

= 
STORAGE TEMP 250°C 

JO- IO 0 500 1000 1500 2000 2500 • ' 
100,000 UNIT HOURS 

300°C bakeout, driving off any mois­
ture and all volatile contaminants. • 
Finally, the packages are placed in 
a dry box and sealed in a controlled 
dry atmosphere having less than 20 ~ 
parts per million of water vapor. 
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It's easy to implement serial addition with SUHL ~ 
Before integrated circuits, how many 
different components and how much 
time did it take to wire a serial binary 
adder? With Sylvania's SUHL line of 
!Cs you need only two basic compo­
nent types, full adders and carry fiip­
fiops, and a bare minimum of wiring. 
Here's how these SUH L units can 
be used to implement a variety of 
serial additions. 

A serial binary adder accepts two 
bits of information at a time and adds 
them to produce a sum bit and a 
carry bit. The carry bit is stored in 
a flip-flop so that it's available for the 
next addition. In the 4-bit serial 
adder of Figure 1, initially one Aug­
end and Addend bit are added pro­
ducing a sum and possibly a carry. 

The next clock pulse shifts the first 
sum bit into the sum register and 
shifts the next Augend and Addend 
bits into position to be added. If a 
carry was generated by the first addi­
tion, it is stored in the carry flip-flop. 
Now another addition is performed, 
and the second sum bit and carry 
bits are formed. 

At the second clock pulse, the sum, 
Augend and Addend are all shifted to 
the right and the carry is stored in the 
carry flip-flop. This operation of add­
ing and shifting continues until all 
Augend and Addend bits have been 
summed. Since in this case there 
were four bits to be added, the final 
sum is available in the sum register 
after four clock pulses. 

CIRCLE NUMBER 305 

Figures 2, 3 and 4 show the actual 
.. 

implementation of serial addition us- '" 
ing the SUHL family of ICs. All the 
circuits use the SM-10 series single-
stage full adders. ~ 

In the basic serial adder with sin­
gle-phase clock (Figure 2) and the 
basic serial adder where the sum is ..., 
collected in the Augend register (Fig- J 

ure 3), the SUHL SF-50 J-K flip-flop 
is the only other type IC required. To '" 
make the Addend register of Figure • . 
3 into a circulating type, simply use 
one SUHL SF-60 OR-input J-K flip­
flop in place of the SF-50 in the MSD 
stage. 

Figure 4 shows how to build a se- "" 
rial adder with two-phase clock using • 
SM-70 four-bit binary registers. 



Figure 1 Augend serial shift right register 

AUGEND SERIAL SHIFT RIGHT REGISTER SUM SERIAL SHIFT RIGHT REGISTER 

* * SUM 
SF-50 SF-50 SF-50 SF-50 SF-50 SF-50 SF-50 SF-50 
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CARRY 
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SF-50 SF-50 SF-50 
FLIP-

SF-50 FLOP 
SF-50 
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ADDEND SERIAL SHIFT RIGHT REGISTER --

IT 

' "' 
Figure 2 Basic serial adder, single-phase clock 

. .. AUGEND - -+-----1 

AUGEND --+-------< 

CLOCK 

AooEND --------1 

ADDEND - --- ------; 

• Figure 3 Figure4 
Basic serial adder, sum collected in Augend register Serial adder, two-phase clock 

AUGEND ----

* * MOST SIGNIFICANT DIGIT 

AUGEND 
AUGE ND 

- ... 
SUM SM·lO 

.-~~~~~~~~~~---t 

r'l 

. ~ 
... ADDEND 

f ' 
ADDEND 

ADDEND .. * MOST SIGNIFICANT DIGIT 

.; .. 
.. 



CRTs 

Customed monoscopes and targets 
speed up display; add versatility 

Sylvania's FC-3830 

Because target configurations and 
general tube characteristics can be tai­
lored to user speci£cations, customed 
monoscope CRTs from Sylvania meet 
many of today's display needs. Abil­
ity of these tubes to generate test pat­
terns, alphanumeric symbols, charts, 
diagrams or maps at high speeds 
makes them ideal for a wide variety 
of uses. Applications include airline 
status boards, stock quotation sys­
tems, command control center dis­
plays, teaching machines, race track 
tally boards, and video test systems. 

Targets in Sylvania's custom mono­
scopes are supplied as speci£ed in 
the customer's own artwork. A typi­
cal target plate has a capability of 64 
characters-A through Z, 0 to 9, punc­
tuation marks, symbols, or just about 

SCAN 
& 

anything needed for the specific ap­
plication. These versatile displays 
are available in a wide selection of 
character fonts. They can also be sup­
plied in a variety of black and white 
patterns. 

In a typical application, a computer 
controls the scan and positioning cir­
cuits that determine which particu­
lar character on the target is to be 
read out by the tube's scanning beam. 
Secondary electrons emitted from the 
target are collected on a conductive 
band inside the tube. 

Since the non-printed portions of 
the pattern have a different second­
ary-emission ratio from the printed 
portions, the secondary-emission cur­
rent varies as the beam scans the 
character. This variable target cur-

HTR 

rent is terminated in a load resistor. 
The voltage variation across the re­
sistor now corresponds to the infor- A 

mation printed on the target. After ..._ 
ampli£cation, the information in this 
video signal is displayed on the out- l'4 

put monitor in a position determined _ ,. 
by the computer control circuits. 

The customed monoscopes from 
Sylvania provide high signal output ..., 
levels, good resolution and compact 
design. They are lightweight too. 9 

Featuring electrostatic focus and de­
flection, they are available with max­
imum ratings (with respect to ~ 
cathode) of: Collector, 2500 V de; 
Target, 2500 V de; Focusing electrode 
anode, 1000 V de; Accelerator anode, £ 

2500 V de; and Negative control grid, 
200 V de. Peak heater-cathode volt-
age is 200 V with heater negative or 
positive with respect to cathode. 

A standard line of monoscopes is 
also available. This means that circuit "" 
designers can use standard units with • -
conventional target configurations 
during preliminary d esign work. 
Then, when final system requirements • 
are set, the particular target and elec­
trical characteristics needed can be 
incorporated into a customed mono- • 
scope meeting the specific usage. .. 
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DIODES 

.. 
How Sylvania's monolithic arrays 

can eliminate the need to match diodes 

' r,. Chances are that any circuit require­
. i> ment for matched diodes can be met 

by one or more units from Sylvania's 
~ broad line of monolithic diode arrays. 
,., Packaged in pairs, triples and quads 

with either common anodes or cath-
~ odes, these matched units have wide 

- ;.circuit application and offer signifi­
cant advantages over conventional 

.,. discrete devices. 
"" Because these arrays consist of sili-

con diodes formed on a common ... 
substrate by an epitaxial planar pas-

~ -sivated process, the individual de­
vices exhibit remarkably similar 
characteristics. Thus, circuit applica-

.. 

tions requmng matched diodes are 
easily filled. And the excellent elec­
trical characteristics of each diode 
within the array further enhance cir­
cuit performance. High forward con­
ductance, low reverse leakage, fast 
recovery time, and high rectification 
efficiency at high frequencies char­
acterize each device . 

Increased reliability and reduction 
in assembly costs are direct results of 
the few external interconnections re­
quired with the multiple devices. 

Typical of the units in the Sylvania 
line is the SID4A-3, a common cath­
ode 4-diode array. Supplied in a 5-lead 

BASIC " OR" WITH FOUR 
INPUTS. 

T0-46 package, this unit replaces 
four discrete diodes in aerospace and 
similar applications where space is 
at a premium and reliability levels 
ml!tst be high. 

Basic OR and AND logic circuits 
point up the superior circuit perform­
ance of the 4-diode array. Because 
each diode's recovery time is short, 
propagation delay is reduced while 
pulse rise and fall times are quite 
small. Uniformity of forward V-I 
characteristics assures even current 
distribution between diodes under 
conditions of forward bias. In the re­
verse bias case, leakage current dis­
tribution with temperature change 
remains uniform. 

In addition to diodes with common 
cathodes or anodes, Sylvania's line of 
epitaxial multiple diodes includes 
diode bridges, ring modulators and 
discrete all-[ lass hermetically sealed 
silicon units molded in axial-lead and 
plug-in ep•Jxy packages. 
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HOT LINE INQUIRY SERVICE 
Use Sylvania's "Hot Line" in· 
quiry service, especially if you 
require full particulars on 
any item in a hurry. It's easy 
and it's free. Circle the reader 
service number(s) you're most 
interested in; then fill in your 
name, title, company and ad· 
dress. We'll do the rest and see 
you get further information 
almost by return mail. 

BUSINESS REPLY MAIL 
No Postage Stamp Necessary if Mailed in the United States 

POSTAGE WILL BE PAID BY 

SYLVANIA ELECTRONIC COMPONENTS GROUP 
Sylvania Electric Products Inc. 
1100 Main Street 
Buffalo, New York 14209 

Dept. No. AS 8 

FIRST CLASS 
Permit No. 2833 

Buffalo, N. Y. 



QUALITY CONTROL MANAGER'S CORNER 

Quality can be a neuter concept 
• 

"High quality," "excellent quality," 
"unsurpassed quality." Great! But 
useless terms all, unless .. . 

The Quality Concept is not just 
how well a product complies with a 
standard or specification. What really 
counts is its compliance with the 
needs and desires of a customer or 
with the market at large. 

One graphic example is color pic­
ture tubes. In early 1964, industry 
standards were well established. By 
late 1964, one manufacturer, Sylvania, 
anticipating consumer needs, had 
raised these standards to new heights 
by following the broader, more inclu­
sive approach to quality. Even now, 
two years later, this philosophy keeps 
color bright 85® tubes ahead of the 
field. Performance (via the Quality 
route) has made the big difference. 

But performance cannot be real­
ized without a strong control organ­
ization playing its role of watchdog 
-minute by minute, hour by hour, 
day by day. In our part of the elec­
tronics business, this means building 
each tube to the exacting standards 
established in Sylvania's engineering 
laboratories. 

Where we have a particularly big 
quality edge is in virtually total con­
trol and evaluation of raw materials. 

Sylvania is among a select few com­
ponent manufacturers who control 
their raw materials and component 
parts from start to finish. This includes 
our own parts, bases, leads, phosphors, 
emissive coatings, wires, tungsten and 
alloys. Almost everything except glass 
is fabricated under our own in-plant 
quality control systems to Sylvania's 
own demanding standards. And wher­
ever we use vendors, Sylvania care­
fully establishes quality specifications 
and controls to assure the perfection 
of all parts. 

All processes-mechanical, electro­
mechanical, physical, and chemical­
are carefully controlled and moni­
tored . This is especially vital when 
sophisticated componentry like elec­
tron tubes must themselves be mass­
produced, and then used in mass-pro­
duced radio, stereo and TV sets . 
Always bearing in mind that these 
devices are the brains and life's blood 
of an important end product, Sylvania 
builds in a high degree of uniformity 
of electrical and mechanical charac­
teristics from tube to tube. 

Our quality organization also per­
forms the important functions of fin­
ished tube evaluation and the subse­
quent quality assurance program. In 
addition to 100% tests and inspec-

tions for all vital characteristics, color • 
bright 85 picture tubes ( and other _,,. 
tube types) are sampled with special 
statistical techniques-still further as- 11 

surances of compliance to specifica­
tions. 

No one questions the import of ~ , 
long life performance. Our program -
through the years has included the 
evaluation of tubes under actual usage 
conditions in radio and TV sets. We 
conduct additional tests under more 
severe operating conditions to de­
velop an accelerated evaluation of • • 
life quality. With both of these test 

~ 
programs, Sylvania's able to statisti-
cally evaluate life performance while 
providing assurance of high quality 
tubes-not just initially, but for life. ""' ' 

Our quality story is not complete -. ... 
without mentioning that we maintain 

~ 

good and effective contacts with our 
customers. As a supplier, it is most 
important to us to maintain a feed- ~ 

back system of information of tube 
performance in customer manufac- ,. · 
turing lines. This helps us to provide 
engineering and qua lity service 
quickly to solve virtually any prob- • 
lem. 

~~ 
A. J. HEITNER 

SYLVANIA 
This informat io n in Sy lvania Ideas is furni shedr 

w ithout a ssuming any ob l igations. 
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E"R~L TELEPHONE & ELECTRONICS GT&E 
NEW CAPABILITIES IN : ELECTRONIC TUBES • SEMICONDUCTORS • MICROWAVE DEVICES 0 SPECIAL COMPONENTS 0 DISPLAY DEVICES 

Circle Numbers Corresponding to Product Item 

300 301 302 303 304 

305 306 307 

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
pl ify handling and save t ime. 

.. ' 

.. 
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Micro-machined from Jewel-hard Materials 
SEMICONDUCTOR PRODUCTION TOOLS ARE THE EXCLU­
SIVE PRODUCTS OF TEMPRESS RESEARCH COMPANY, 
based on unique processes developed by Tempress engi­
neers for micro-machining diamonds and jewel-ha rd mate­
rials, such as titanium and tun gsten-carbide . The company 
has become the principal source for the nation 's leading 
semiconductor manufacturers because of the extreme dur­
ability and precision of these tools, immediate deliv· 
ery from stock, and constant, personal ized service at 
a high technical level. Amon g the Tempress products 
displayed on this page are: hydrogen flame-off torches, 

DI AMONDS COURTESY OF M ICH AEL WERD IGER, INC. 

tun gsten carbide lead bonding wedges, tungsten carbide 
lead bonding capillary tubes, diamond scrib1ng tools, tung­
sten carbide probe contact needles, and diamond lapping 
points. If you have a requirement for any of these devices, 
let us place a highly detailed booklet in your hands, listing 
specifications, prices , and ordering information. Please 
write to us, noting the name of your company, address, and 

your specific applications . 

TEMPRESS 
Tempress Research Co., 566 San Xavier Ave., Sunnyva le, Ca l if. 
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- The 7100 cures last 
-_ digit jitters. 

"' 

-~ It corrects itself to 
~- compensate for component 
~~ drift and noise. 

~ It only measures the signal. 
- ~ 

~ The seCret is a 
_, ,_ measuring technique 
~ called Dual Slope 
-_ integration. How it works 
-- is no secret. 
, We'll give you all 
··~ the details in 

~, our 7100 data sheet. 
_: Get it . 
.., 

• & ----•) F=AIRCHILCJ 

" INSTRUMENTATION 

. ,., 

., 
FAIRCHILD INSTRUMENTATION I A Division of Fairchild Camera and Instrument Corporation • 475 Ellis Street, Mountain View,Ca1ifornia , (415) 9~2 - 2011 • TWX: 910 ·379-6944 
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Con Avionics' new silicon power supply has 
an M.T. B. F. of 100,000 hours 

and a 5 year guarantee. It costs $65. 

These de regulated power supplies are available in nearly 200 different 
voltage-current combinations. Si I icon transistors are used throughout and the 
units operate in ambients as high as 75 ° C, with a small external heat sink. 

The Mean Time Between Failure of the modules is 100,000 hours, calculated 
according to Mil Handbook 217. They are certified to meet the environmental 
tests of Mil ·E-5272, and most of the requirements of three other mil specs. 
In addition, they meet the RFI requirements of Mil-1-6181. 

Prices start at $65 . Every time you specify one of these supplies, instead 
of a comparable germanium unit, you save considerable money. If you 're 
using commercial supplies, typical savings~per- unit are about $40. For 
mil itary supplies it's much more. 

The fastest way to get complete technical information and prices is to 
write, call, TWX or wire Gerry Albers at Con Avionics. 

SPECIFICATIONS 
STANDARD ALL MODELS 

MODEL "A" MODEL Input 105-125 v ac, 47 to 440 cps 
Total Regula· Tempe rature 75• c ambient max. 
l ion (Line 95•c base plate max. 
and Load) :!:0.5% :!:0.05%. 

Response Time 10 microseconds or 2 mv , 
Ripple Mili tary Cert i fied to meet the en· 
(rms . max .) 10 mv I mv or Specif ications vironmental requirements 

.003% of MIL·E -5272 and the 
Temperature RFI requirements of MIL· 
Coefficient 0.07%/°C 0.015% .' "C 1·6181 

CONSOLIDATED AVIONICS A DIVISION OF 

800 Shames Drive • Westbury, L /., New York • (516) ED 4-8400 

Circle 38 on reader service card 
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• 70dB typ open-loop voltage gain 

. ,.l 
• 320 kHz typ bandwidth at -3dB point 
• 103dB typ common-mode rejection ratio 
• 92 ohms typ output impedance 

... • 14 volts typ output voltage swing 
• ±3V to ± 12V supply 
• -55°C to +125°C operation 

.. The industry's biggest performance/dollar values 
-, in monolithic linear integrated circuits 
, ~ New CA301512-lead T0-5 style ... $7.50 (1000+) 
~New CA301614-lead Flat Pack ... $8.50 (1000+) 

FOR MORE INFORMATION, check your RCA Distributor for his prices on CA3015 
· and CA3016, or contact your nearest RCA representative. For Techn ical Bulletin 

and Appl ication Note, write Commercial Engineering, Section 1cN9-3, 
~ . . . 

RCA Electronic Components and Devices, Hamson, N.J . 07029 . 

• _; Look into RCA's growing linear line 

CA3004 
CA3000 CA3001 CA3002 CA3005 CA3007 

CA3006 

DC Ampl Video Ampl IF Ampl RF Ampls AF Ampl 
• lo 

CA3008 
CA3010 

Opr 
Am pis 

AVAILABLE THROUGH YOUR RCA DISTRIBUTOR 

THE MOST TRUSTED NAME IN ELECTRONICS 

CA3011 
CA3012 

Wide· 
Band 
Am pis 

CA3013 
CA3014 

Wideband 
Am pl 
Di scrim-
inators 

Circle 325 on reader service card 38A 



Monsanto solves many-~ 



problems for you 

That's why airplanes fly better and 
why electronic instruments are more 
versatile than ever. 

The Men from Monsanto developed a 
hydraulic fluid that's never burned in 
flight. It is the reliable lifeblood of a 
modern jet's hydraulic system. So good, I 
it's specified by all of the world's major 
airlines. 

Last year this scientific, technically 
oriented company introduced 43 basic new 
products. And Monsanto scientists secured 
a new patent every day of the year! That's 
an example of the capabilities that have 
helped Monsanto grow six-fold in the past 
15 years. Through a broad mix of over 
1000 products, Monsanto serves 50 
industries. 

Monsanto's innovative efforts now 
stand behind a growing family of quality 
electronic instruments. These test and 
measurement instruments feature 
advanced microcircuitry. They are ready to 
help solve your problems today. Monsanto, 
Electronics Technical Center, 620 Passaic 
Avenue, West Caldwell, New Jersey 07006. 

ELECTRONIC 
INSTRUMENTS 



FREE! 
12 ways to use a 

Linear /Log Sweep Oscillator 
between .005 Hz and SO kHz 

······~ 
---~_,:;;:_. Our SD104A Linear/Log Sweep 

Oscillator is all-electronic, all 
solid-state and like no other sweep 
oscillator you've ever used. We 
designed it for your convenience . .. 
and for today's ever-broadening 
test requirements. Get your new 
Applications Manual to find out in 
detail how it does jobs like these ... 

• Frequency response plotting • "Fundamental 
only" frequency response plotting • DC hysteresis testing plus 

plotting • Fourier spectrum analysis • Power spectral density analysis • Stepped 
frequency scanning• Sinewave vibration testing • Fatigue testing and resonance phase 
lock • Medical stimulation/ AC equipment analysis • DC-to-LOG conversion • Order 
following and analysis • Oscilloscope sweep and observation 

And those are just the applications we've thought of! 

THE SD104 LINEAR/ LOG SWEEP OSCILLATOR: Exceptionally flat frequency re­
sponse .005 Hz to 50 kHz • 8 simultaneous outputs, including accurate de 
analog for di rect X-Y recording • Continuously variable, all-electronic linear 
and log sweep rates • Uninterrupted, automatic sweeps over full three-decade 
range • Automatic range switching of front panel meter tor unequalled ac­
curacy of frequency indication and resolution. 

SEND TODAY FOR THE COMPLETE STORY ON THE SD104A-WHAT IT IS ... WHAT IT DOES 

.:;;_ !':~~!~~~o~!~~~~c;rn~~!~~o~~~l~~12~~w~~~-2~!~~s~ 
~ . TELEPHONE 714-278-2501 

380 Circle 327 .on reader service card 
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INDUSTRIAL .APPLICATIONS FOR FAIRCHILD INTEGRATED CIRCUITS 



A tape reader Is one of the most frequently used Input 
devices for numerically controlled machine tools, small 

scale computers, and other data handling systems. We 

have built a tape reader and display unit at the Fairchild 

Applications Laboratories to demonstrate the use of Inte­

grated circuits In the control circuitry of such equipment. 

DESCRIPTION: The unit is designed to read standard 1 
Inch, 8 channel paper tape. Ten 8-bit characters are read 

simultaneously and eight of the ten characters are dis­

played on the lamp matrix. The remaining two characters 

are command signals and are not displayed. A stepping 

motor is used to shift the tape one character position 

each tum. The tape moves through two loose-fitting 

guides which control horizontal and vertical movements. 

The devices used in the read head are Fairchild FPM-

100 photoseneors, which combine a large photosensitive 

base with an optically flat window. This feature results in 

exceptional sensitivity without the need for critical allgn­

ment. The unit will read different colored t.ape with a 
single threahold eettlng by ~uatlng the data sensing 

CASE HISTORY: A numeric control system usl~ 
Fairchild Integrated circuits for control Is now on 
the market. The unit, a mulll-statlon drill press 
called Model 105. le manufactured by Machine Con­
trol Corporation of Venice, California. The machine 
accepts tape commands to operate up to four drill 
stations with two drills each. It Is capable of drill­
ing more lhan 50 hits (holes) per minute within .001" 
of one another and with a repeatability of .0003~. 

The 105 is programmed by punching a tape while 
an operator manually performs the required opera­
tions on the Initial run. Only seven MICROLOGIC® 
Integrated circuit boards, and one additional PC 
board, are requ ired for the controller of this unit, 
compared to 80 or 90 PC boards used in compar-
able conventional equipment. 

The use of Integrated circuits in this equipment 
has resulted, according to Machine Control Corpo­
ration, In labor cost savings of 80%, a 10 to 20% 
reduction In materials costs, and in an enviable 
reliability record of 4 million element hours with­
out failure. 

l=AIRCHILC 

SEMICONDUCTOR 

circuit to the most sensitive tape to be used. The spectral 

response is from 0.4 to more than 1.1 microns and the 

unit can operate with daylight, tungsten, and gallium 

arsenide sources. 80 FPM100 devices are used for the 

read head, soldered into a 3/16" brass plate on 0.1-inch 

centers. The flat window design permits mounting flush 

with the wear-plate, for minimum dust accumulation, 

maximum tape life and minimum crosstalk. 

DRIVER AND CONTROL CIRCUITS: Fairchild RT "L Integrated 

cir<:uits are used in the driver and control clrcuitly and 

in the data detection circuit. "L 9900 buffers are used to 

drive discrete transistors which in turn drive the motor 

windings under control of a µL 9923 J-K flip-flop operat­

ing in the toggle mode. A free-running clock comprised 

of half a "L 9927 gate and tw9 RC circuits provide the 

timing signals. Data detection is accomplished by eight 

circuits on one PC board operating under control of a 

J'L 9900 buffer. Voltage 1'.9Presentln9 the data threshold 

from the PhOtOdevlces is o«led through a ~ 9914 to ,a 

discrete lamp drive tr8118istor. 

Tape Reader 1111d Display 

J J J - --~ 

FAIRCHILD SEMICONDUCTOR / A Otvis1on of Fairchild Cemera and Instrument Corporation• 313 Fairchild Dnve, Mountain View. California C415) 962·5011 • TWX; 9JQ . .)79-6435 
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HIGH VOLT AGE LOW COST 
SILICON 

POWER TRANSISTORS 

Here are three new family additions to Solitron's 
line of High Vo ltage Silicon Power Trans istors . 
New productio n techniques have reduced the cost 
of these popular dev ices .. . and their perform­
ance matches that of similar higher priced units 
now on the market. A few of the many uses of 
these devices, available in a T0-3 package, in­
clude TV Circui ts, Audio A mplifiers, Converters, 
Inverters and Re lay Drivers. 

E3olitron 
2N3055 
V ceo = 60 yo Its 
le max= 15 ·amp 

2N3773 
Vceo = 140 volts 
le max = 30 amp 

SDT1000 
SERIES 

V ceo = 400 volts 
le max = 10 amp 

•700* 
*Prices indicated are for quantities of 1,000 and up. 

2N30SS 
Gain 20-70 @ 4A 
VCE (sat) 1. 1 Max @ 4A 
VBE 1.S max @ 4A 
V(BR)CEX 1 OOV Min 
Power 115 watts @ 25°C 

2N3773 
Gain 15-60 @ SA 
VCE (sat) 1.4 Max @ SA 
VBE 2.2 Max @ SA 
V(BRJCEX 160V Min 
Power 150 watts @ 25°C 

SDT 1000 SERIES 
Gain 30-90 @ 1.0A 
VCE (sat) O.SV Max @ 1.0A 
VBE (sat) 1.5V Max @ 1.0A 
V(BR)CEX 400V Min 
Power 100 watts @ 25°C 

All of these devices have built-in protection aga inst secondary breakdown 
and are associated with the high re liabilil ty standards associated with 
Sol itron. CONTACT US TODAY FOR COMPLETE PERFORMANCE DATA. 

T RA N s I s T 0 R D I v I s I 0 N ~ 011· t ro n 
~ D E VICES, INC. 
11 77 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 High-Pac Interconnection Systems. 

Electronics I September 19, 1966 Circle 41 on reader service card 41 



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 recording 
or other use. Because the mean value 
of random noise is zero, the output of 
the integrator will 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 appli­
cations as pulsed nuclear resonance, 
laser excitation decay, and biologi~al 
evoked response experiments. In gen­
eral, this instrument should be of 
value in any application where noise 
interferes with the recovery of repeti­
tive waveforms. 

42 Circle 42 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
seco'nds to 100 seconds in 1, 3, 10 
sequence. 
Holding Time: At least 106 times inte­
gration time constant for 10% F.S. 
change in output, up to 10s sec. 
Output: (a) lf2% 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. 
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 S"H x 14"0. 
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) 799·1222 
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Space electronics 

Venus squeeze play 

Prodded by Congress and the 
scientific community, the space 
agency has fin ally spelled out its 
plans for an ambitious program of 
unmanned Venus exploration. Cri­
tics in the House of Representa­
tives had demanded a full report 
on th e Venus plans, and top scien­
tists meeting earlier in the year at 
Woods Hole, Mass ., placed explora­
tion of Venus right behind the 
moon and Mars in importance. 

Res ponding to these pressures, 
th e National Aeronautics and Space 
Admin istra tion this month outlined 
two long-range Venus programs. 
Venus is "an important, puzzling 
and paradoxical planet, meriting 
contin ued examination by space 
flight missions," the agency re­
ported. This echoes the position of 
the rational Academy of Sciences' 
\Voods Hole conference, which 
urged that NASA support Venus 
exploration over the next 10 years 
on a level comparable with that 
proposed for Mars [see "Mars flyby 
drawing closer," pp. 197-199] . 

Looking for life. NASA told the 
House that Mars has been the focal 
point in interplanetary exploration 
because of the "tentative conclu­
sion" by the scientific community 
that it i the most likely place to 
find extraterres trial life. Hence, 
Mars is the main target for Voy­
ager, the unmanned planetary ex­
ploration program in the 1970's. 
But the agency added that the 
probability of life on Venus is high 
enough to warrant exploration. 

Of the two sets of Venus mis­
sions presented, one is based on 
current scientific priorities and 
"certain resource assumptions." 
This program plus Mars requires 
annual funding of $400 million by 
fiscal 1972, increasing to about $800 
million by fi scal 1975 and remain­
ing at that rate for the rest of the 
1970's. Four missions would b e 

planned to Venus through 1979 and 
six to Mars. 

The Mariner '67 Venus flyby, an 
attempt with a Mariner left over 
from the 1964 Mars mission, would 
be followed in 1972 by a larger 
Mariner-class spacecraft carrying 
an atmospheric probe to obtain 
data on the atmosphere and sur­
face hardness. A 1975 mission 
would complete the atmospheric 
profile of Venus prior to the initial 
Voyager mission to the planet in 
1977. 

Flexible plans. If early Venus 
missions indicate th at more em­
phasis should be placed on explor­
ing, NASA could switch to its 
second set of proposed Ven us mis­
sions. The 1972 mission in the 
original program could be moved 
ahead to 1970. NASA says the more 
advanced Mariner-Mars '69 design 
could be adapted for a 1970 Venus 
shot if the money is available. The 
agency says it is now "considering 
such a possibility" since the 1967 
Venu s mission "may indicate the 
des irabili ty of increasing NASA 
emphas is on Venus." 

The agency also h inted that Voy­
ager missions could go to Venus 
earlier than currently planned if 
the money is available. Under this 
second set of Venus plans, a mis­
sion would be scheduled for each 
launch opportunity-a total of six 
during the next 13 years . 

Star scanner to observe 
the pattern of fixed 
stars for spacecraft 
orientation is mounted 
on a test platform at 
Control Data Corpora· 
tion. Lens in center 
of the device focuses 
starlight through a 
slit onto a 
photomult iplier. 

Ball bearing 

An experimental navigation system 
has been developed to determine 
accurately a spacecraft's orbit 
around distant planets. Present star 
tracking techniques are accurate to 
abou t 0.1 mile in calculating earth 
orbits. But these techniques lack 
precision deep in space. 

The new system will be tested 
aboard the third Applications 
Technology Satellite (ATS-C), due 
to be launched into a synchronous 
equatorial orbit early in 1968. 

Instead of nvo star trackers that 
lock onto individual stars, such as 
Canopus, the new system devel­
oped by the Control Data Corp. 
for the National Aeronautics and 
Space Administration , uses a simple 
spring gun that shoots a three-inch 
ball at low velocity ahead of the 
spacecraft. The ball can be of any 
light-reflecting material but it must 
be dense enough to be unaffected 
by the pressure of solar radiation. 
(Balloons would be too light.) 

A sensor on the spacecraft 
watches the ball's trajectory against 
the pattern of fixed stars, monitor­
ing the angle of the ball's path. 
The spacecraft's orbit is then de­
termined from calculations based 
on the gravitational constant of the 
moon or planet being orbited. All 
of these constants have been es­
tablished by astronomers. 
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Scanner. The key to the system 
is the optical scanner, which is 
now being tested at CDC. The 
scanner, to be mounted on a spin­
stabilized spacecraft, has a lens 
with a two-inch aperture and a 
two-inch focal length . Light enters 
through a single slit and passes 
onto a photomultiplier and detec­
tor. As the image of each star 
crosses the slit, the detector gen­
erates a pulse that is transmitted 
to the computer. The timing of 
these pulses represents a pattern 
of stars that is processed by a 
computer to determine position and 
orientation of the scanner and the 
spacecraft. 

The scanner is currently mounted 
on a wobbly platform that simu­
lates the motion of a spin-stabilized 
spacecraft. Sitting in an open lot 
near Control Data's Minneapolis 
headquarters , the scanner watches 
the stars go by and transmits their 
posi tion to a computer in the com­
pany's building. A pattern recogni­
tion program in the compu ter cal­
culates the position of the scanner 
with an accuracy of one-half to 
two minutes of arc. 

This is the fir st time that a scan­
ner using pattern recognition tech­
niques has determined position 
from real stars. An earlier scanner 
built by CDC for a nonspinning 
satellite did its own spinning and 
was tes ted only against a simulated 
star fi eld of white spots on a black 
screen [Electronics , March 21, p. 
115 and April 4, p . 94) . 

Lookout. The scanner and the 
spring gun will b e aboard A TS-C, 
but the computer will b e on the 
ground. NASA's Goddard Space 
Flight Center, Greenbelt, Md., 
which is in charge of the ATS proj­
ect, has tentative plans to incorpo­
rate the scanner in other experi­
mental satellites. 

ATS-C will eject the ball and 
watch while it recedes several 
miles. The satellite will then wait 
one orbit to look for it again. Dur­
ing that time-28 to 30 hours at 
the sa tellite's 22,300-mile altitude 
-the ball should go out 50 or 60 
miles from the satellite, then re­
turn to within 15 miles, where the 
scanner will see it. The difference 
in trajectory b etween the two sight­
ings will allow the satellite's orbit 
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to b e determined within an ac­
curacy of about 10 miles. Accu­
racies up to 0.1 mile are forecast. 

The spring-gun technique will 
not attain top accuracy aboard the 
ATS-C, however, because the 
craft's fast spin and the pointing 
requirements for other experiments 
aboard will limit the choice of di­
rection of launching the ball and 
scanning it. ATS-C will telemeter 
the star scanner output to a com­
puter on the ground rather than 
use an onboard special-purpose 
computer to make the calculations. 
Control Data is working on the 
design of such a computer for later 
missions. 

Orbiting yardstick 
An extension to the successful geo­
detic satellite program is under 
study at the ational Aeronautics 
and Space Administration. With 
two geodetic sa tellites up and op­
erating-and a third due for launch 
toward the end of nex t year­
NASA is trying to determine just 
what other geodetic information is 
needed and the bes t methods of 
getting it. 

Parallel studies are under way 
a t two software contractors experi­
enced in satell ite computer pro­
graming: Wolf Research & Devel­
opment Co., Bladensburg, Md., and 
D . Brown Associates, Inc., Eau Cal­
lie, Fla. The ·contracts total just 
under $100,000 and call for five­
month studies by each company. 

Jerome D. Rosenberg, manager 
of the program at ASA headquar­
ters in Washington, calls the cur­
rent geodetic satellites the b est 
tracked unmanned spacecraft in 
history and claims that they have 
enabled geographers to measure 
the distance between points on 
earth to an accuracy of 10 meters. 
To be answered in the current 
round of studies is whether satel­
lites could measure changing fea­
tures such as shorelines and tidal 
motions. 

Another possible chore is cali­
brating the NASA and Defense De­
partment tracking stations around 
the globe. The two agencies have 
$150 million worth of C-band sta­
tions and they have never been 

calibrated so that all their elec­
tronic equipment is compatible. 
The Air Force had planned what 
it called a Calsat (Calibration Satel­
lite), but the program never got 
beyond the wishful thinking stage. 
In a sort of trial run , NASA plans ~ 
to place a C-band transponder on 
the next geodetic satellite, Geos B. > 

On the money. To emphasize the 
operational nature of the geodetic 
program, NASA moved it from the 
Physics and As tronomy division to 

<- " 

the recently formed Space Appli- ,._ 
cations Program s division, which 
also includes communications, 
weather , navigation and earth-re­
sources measurement sa tellite pro­
grams. NASA hopes these unro­
mantic satellites, with their poten- ·("' 
tial down-to-earth payoff, will pry 
more dollars for space out of the 
Administration an d Congress. 

The two sa tellites in orbit are an 
active and a passive craft. E xplorer 
29, the active satellite called Geos 
A before it went into orbit last ov. 
6, carries four Bashing lights to 
make tracking eas ier, four reflectors 
to return laser b eams, doppler bea­
con tran smitters, a range and range 
rate transponder and a Secor (se­
quential collation of range) tran­
sponder. 

The passive sate1lite, cal1 ed ~ 
Pageos (Passive Geos), is a 100-
foot-diame ter balloon that look<> 
like the E cho passive communica­
tions satellites. It was launched 
June 23 and serves as a target for 
tracking radars. 

E xcept for addition of a C-band 
transponder, Geos B is a copy of >­
E xplorer 29. To reflect the shift to ~ 
a new program office, the satellite 
will not get a number in the Ex­
plorer series if successfully orbited 
but will be called Geos 2. ~ 

To date the program has cost 
about $21 million, according to 
Rosenberg's breakdown: $7 million 1-

for the two Thor-Delta vehicles 
which launched the active satel­
lites , $6.5 million for the Thor- ,. 
Agena which launched Pageos, $2.5 
million for the balloon and its "' 
backup and $5 million for Geos A ,. 
and B and a prototype. The active 
spacecraft were produced by the 
Applied Physics Laboratory of 
Johns Hopkins University. Pageos 
was built by the G.T. Schjeldahl 
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Co., Northfield, Minn. 
The exact configuration of the fu­

ture geodetic sa tellites won't be 
known until the data requirements 
are established. If the decision is 
to proceed, NASA plans to put 
out a spacecraft definition contract 
next spring. And if there is a new 
geodetic satellite, Rosenberg plans 
to limit it to a launch vehicle no 
bigger than the Delta. However, 
there is a possibility that geodetic 
experiments will be carried piggy­
back on either the Applications 
T echnology Satellite now b ein g 
prepared by Goddard Space Flight 
C enter, Greenbelt, Md. , or the 
Saturn/ Apollo Applications Pro­
gram under study at Marshall 
Space Flight Center, Huntsville, 
Ala. 

Electronic switch 

A top space official with experience 
in running the multibillion dollar 
manned fli ght program will take 
over th e agency's principal facility 
for advanced electronics research 
next month. James C. Elms, num­
ber two man in the National Aero­
nautics and Space Administration 's 
Office of Manned Space Flight, will 
become di rector of the Electronics 
Research Center, Cambridge, Mass. 
H e succeeds the center's fir st di­
rector, \Vinston E. Kock, who is 
returning to the Bendix Corporation 
in D etroit. 

The con troversial center was 

es tablished despite congressional 
protests to do basic electronics re­
search in preparation for future 
space missions. It is almost the 
only NASA center w ithout some 
kind of satelli te project. However, 
Kock said th at the center mi ght 
eventually have its own fli ght proj­
ects; the naming of Elms as direc­
tor provides the experience for such 
ac tivities. 

Experience. Bypassed in the 
shuffie was Albert J. Kelley, former 
director of electroni cs and control 
at NASA headquarters in \Vashing­
ton. He once headed the task force 
responsible for planning the center 
and was considered the leading 
candidate for th e directorship. But 
when the center began opera tion 
on Sept. 1, 1964, he got the second 
spot. The speculation was that his 
experience was confined to govern­
ment, while Kock and E lms had in­
dustry background. 

Kock's departure comes just 
weeks before the scheduled ground­
breaking for the center's first per­
manent buildings. H e is due to re­
port to Bendix on Oct. 1 as chief 
scientist, vice president and a 
member of the firm's administration 
committee. In his previous time at 
Bendix he was vp for research, a 
lower caliber post. 

Attractive. F or Elms, the new job 
will be his third at NASA. H e was 
second in command at the agency's 
Manned Spacecraft Center in 
Hous ton for a year before going to 
the Raytheon Company in 1964 as 
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head of the firm's Space and In­
formation Systems division , Sud­
bury, Mass. That job is currently 
held by NASA's first manned space 
flight chief, D . Brainerd H olmes. 

At Bendix, Kock will do well if 
he can attract as many top pro­
fessionals as he did a t ERC. In 
his two years there, he built up 
the staff from the initial task force 
of 70 to a group of 550, including 
76 scientists with doctorates. Kock 
also will fill some of the gap caused 
when R.D. O 'Neal left hi s job as 
Bendix vice president and group 
executive for the firm's aerospace 
sys tems to become ass istan t secre­
tary of the Army for research and 
development. 

Military electronics 

Missile follower 

When the Army puts three of its 
new tactical missiles into the bat­
tlefi eld, two vans of test and repair 
equipment will be right b ehind the 
front lines. The missiles-the Shil­
lelagh, Lance and TOW (tube­
launched, optically tracked, wi re­
guided)-will be supported by a 
movable laboratory known as the 
Lan d Combat Support System un­
der development for the Army Mis­
sile Command at Redstone Arsenal, 
H untsville, Ala. 

The lab 's two mobile shelters 

Electronic test van (foreground) and repair shelter will support Army missiles in the field. 

Electronics I September 19, 1966 45 



Electronics Review 

weigh abo11t 7,000 pounds each and 
contain equipment to tes t, calibrate 
and repair electro-optical missile 
components. One shelter carries 
the tes t gear and the other is for 
repair and storage. The Radio 
Corp. of America's Aerospace Sys­
tems division , Burlington , Mass., 
has built and is testing three proto­
types of each . The £rm is negotiat­
ing with Redstone to produce 10 
operational systems to b egin the 
program. In production quantities 
the es timated cos t of each is 
$500,000. 

First clean booth. Amon g the 
novel feahues of the support sys­
tem are an area free of contamina­
tion called a clean booth and a pre­
cision optical b ench , each b elieved 
to be the Rrs t equipment of its kind 
designed for £eld use. The sys tem 
is a more compact version of the 
automatic checkout and tes t equip­
ment in maintenan ce depots [Elec­
tronics, Aug. 23, 1965, p. 88]. It is 
one of the Rrst Reid sys tems to use 
integrated circuits. 

Off-the-shelf integrated circuits 
from the Fairchild 900 series arc 
used in the check-au t and tes t logic, 
which is fundam entally the same 
as in larger systems using discrete­
component modules . RCA project 
manager John F . Currier es timates 
that the 2,468 integrated circuit 
chips redu ce the volume of rack­
mounted equipment by 50%. They 
will also cut cos ts in production , 
h e says. 

The optical tes t bench , enclosed 
in a plastic clean booth , provides a 
rigid platform for alignment of op­
tical components. Filtered air is 
forced out of the enclosure to pre­
vent contamination . Access is 
through curtain slits. 

To tes t infrared transmitters and 
trackers, the maintenance techni­
cian uses a plug-in source adap ter 
and a detector adapter controlled by 
a taped program. The source adap­
ter includes a vidicon tube that 
converts infrared radiation from a 
transmitter under tes t into electri­
cal signals carrying beam pattern 
and boresight inform ation . A cali­
brated detector measures intensity. 
A digital display provides readout 
to an operator and a paper tape 
gives sequencing instructions and 
keeps a permanent record. 
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For Vietnam. All three missiles 
for which the system was built will 
probably go to Vietnam. Though 
they were des igned primarily as 
anti tank weapons-and tanks have 
not been used against United 
States forces-the Army believes 
the missiles will be effective 
against any hard target, such as a 
pillbox. 

The Shillelagh, an infrared­
guided antitank weapon, is being 
produced in substantial quantities 
by the Philco Corp.'s Aeronutronic 
division and the Martin Co. Lance 
is built by Ling-Temco-Vought 
Inc.'s Michigan division using a 
simple inertial guidance sys tem. 
TOW, produced by Hughes Air­
craft Co ., can be fired from the 
ground or a helicopter ; it will be 
delivered and tested in the fast half 
of 1967. 

Consumer electronics 

Double play 
A multiplexing technique has been 
developed that allows two separate 
black-and-white television pro­
grams to be tran smitted simultane­
ously over any single channel. Al­
though Federal Communica tion s 
Commission approval is necessary 
before the technique can be put 
into opera tion , its developer sees a 
wide varie ty of potential applica­
tions. 

High on the list is the transmis­
sion of moneymaking programs, 
such as industrial training classes, 
by edu ca tional tv stations, which 
are barred from accepting adver­
tising. Other possibilities include 
data re trieval from a central loca­
tion by far-flun g businesses and 
transmission of coll ege courses 
over commercial tv to remote loca­
tions. The added programs would 
b e visible only on sets fitted with 
special adapters and would not 
interfere with commercial pro­
graming. 

Developed by Harold Walker, 
vice pres ident of DuoVision , Inc., 
New York, the sys tem employs 
techniques similar to those that 
permit black-and-white reception of 

broadcasts transmitted in color 
[Electronics , March 22, 1965, p. 
97]. The signals from both pro­
grams occupy the same bandwidth . 
The second program modulates a 
subcarrier tran smitted as a single­
sideband suppressed carrier signal. 

The DuoVision sys tem uses a 
video subcarrier fr equ ency of 4.24 
megahertz rather than color tv's 
3.58 Mhz. Although the bandwidth 
is slightly narrower than the 4.5 
Mhz specified for black-and-white 
pictures, Walker claims th e added 
signal's resolution will be as good 
as that of the regular signal. 

Eye averaging. DuoVision's sys­
tem depends on the eye's persis­
tence of vision or its ability to aver­
age the light intensity of a few 
consecutive tv fram es. Th e light in­
tensity changes because the phase 
of the added signal's sub carrier 
naturally reverses in every other 
frame-bright points on th e screen 
in one frame b ecome dark in the 
next. Consequently, the eye tends 
to see only the regular program b e­
cause the added signal averages 
out to gray. 

H owever, this phase reversal is 
not suffi cient by itself. DuoVision 's 
circuits perform two addition al 
tasks to prevent the two signaL 
from interfering with each other. 
First, alternate scanned lines are 
phase reversed. Second , the highe t 
level harmonics in the added signal 
are a ttenuated 20 decibels to limit 
the amplitudes of the multiplexed 
signal; hence, the picture h1be op­
erates with a more linear relation­
ship between th e applied voltage 
and the light output, resulting in 
better visual cancellation. 

Attenuation also insures that the 
added signal remains at a lower 
amplitude than the regular signal 
- even if the home viewer's set is 
mis tuned. 

Sound system. Sound for the 
added signal modulates onto a 
31.5-khz subcarrier that is trans­
mitted as a single-sideband sup­
pressed signal. The signal is multi­
plexed on to the audio carrier using 
techniques of fr equency-modulated 
stereo broadcas tin g. 

The adapter measures about 12 
by 8 by 3 inches and connects to 
a standard tv set's antenna termi­
nals without re'vviring. It removes 

Electronics I September 19, 1966 

,. -

r 



•\ 

,_ 

- .., 

SPEED: 80MHz GAIN: 50hFE@ 1A SATURATION: 1V @ 5A 

Every characteristic the designer needs for top perform­
ance airborne inverters and switching regulators are 
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the signal from the subcarrier and 
puts the scanned lines into normal 
phase. At the same time, it phase 
reverses the regular signal so that 
the eye cancels it. Then the adapter 
remodulates the multiplexed signal 
onto a tv carrier frequency not in 
use in the particular reception area. 
F inally, the signal is fed into the 
set's antenna terminals. 

The adapter would cost "under 
$150." The studio encoder, about 
the size · of a small suitcase, should 
cost less than $10,000. 

Although the system has been 
successfully tested over closed-cir­
cuit tv, tes ts over the air are 
needed to determine whether it can 
work without major changes in 
transmitting equipment approved 
by the Federal Communications 
Commission. Other unknowns are 
the maximum distance at which 
the added signal can be received 
and the effects of reflected signals 
on the added program's picture 
quality. 

New York's educational tv station 
WNDT has reques ted permission 
from the FCC to test the system 
during the hours when the station 
doesn't usually broadcast. If ap­
proved, WNDT hopes to begin test­
ing this fall . 

Airport's antenna tilts ••• 
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Avionics 

Landing on the beam 

When a plane heads toward a 
touchdown at an airport it's usually 
guided by the airport's glideslope 
signal, generated by dipole anten­
nas that use the half-mile or so of 
ground or water in front of the an­
tennas to reflect the signals. If the 
ground in front of the antenna is 
uneven, the reflected signals are out 
of phase and erratic, producing an 
incorrect glideslope. Now a wide­
aperture microwave antenna that 
eliminates these vagaries has been 
developed by Airborne Instrument 
Laboratory, a division of Cutler­
Hammer, Inc. 

Instead of using the ground to 
reflect the glideslope signal, the 
new antenna beams its signals di­
rectly at the aircraft. This means 
glidepath signals are consistent and 
the ground in front of the antenna 
needn' t be excavated or fill ed-an 
expensive and time-consuming con­
struction project in some areas . 

Two beams. The antenna looks 
as if it had been installed incor­
rectly: it's not mounted perpendicu­
larly to the ground but at an angle 
between 2% 0 and 3° from the per­
pendicular. This aims the two radi­
ated lobes from the antenna at the 
necessary glideslope angle. The 
two lobes are fed from both the 
top and the bottom of the antenna 
and are shaped by carefully posi­
tioned slots cut in the face of the 
antenna wall. 

The simultaneous radiation of 
the two beams produces a null 
reference-beam pattern by which 
a pilot steers his plane. A 330-
megahertz signal in the top beam is 
modulated by a 90-hertz tone that 
indicates to the pilot that his plane 
is above the glideslope; the bottom 
beam is modulated by a 150-hz 
code to indicate that the plane is 
below the path. 

Try it out. The antenna is about 
to be tes ted at New York's La­
Guardia Airport, where the area in 
front of the approach is tidewater 
and changes in water level affect 
the glideslope as much as 0.5°. The 
Federal Aviation Agency has au­
thorized LaGuardia to install one 

antenna at runway 422, which 
fronts on an inlet of Long Island 
Sound. At the same time, the FAA 
will evaluate a similar antenna at 
its test facilities at Atlantic City, 
N.J. 

In addition, the Air Force will 
soon receive a test antenna-for 
use at both strategic and tactical 
airports. So far nine military air­
ports are being considered for new 
antennas. 

And in Nice, French Government 
aviation officials are also tes ting 
such an antenna. 

Antennas 

Stanford's 5 & 10 
Making five antennas do the work 
of 10 is a new approach to radio 
astronomy that promises to be the 
simplest way yet to measure dis­
tant radio sources with very high 
resolution. Radio astronomers al­
ready have learned that a row of 
ten 60-foot-diamctcr dishes can do 
the job of one huge-and expen­
sive-675-foot parabolic antenna. 

Now Ronald N. Bracewell , pro-

• • • and shaped slots point beam 
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Tektronix oscilloscope 
displays both time-bases 
separately or alternately 

TYPE 547 and 1A1 UNIT 

DUAL 
TRACE 

SINGLE 
TRACE 

DC-to-50 MHz 
50 MV/CM 
DC·T0-28 MHz, 5 MV/CM 

2 Hz-to-15 MHz 
.5oo µ·v/cM 
(CHANNELS 1 AND 2 CASCADED) 

With automatic display switching, the 
Type 547 provides two independent 

oscilloscope systems in one 
cabinet, time-sharing a 

single-beam crt. 

Some Type 547 / 1A1 Unit Features 

CRT (wit h internal grat icule and controll­
able il lum in ati on) provid es bri ght " no· paral ­
lax" di splays of sma ll spot siz e and un iform 
focus over t he full 6·c m by 10-cm viewing 
area . 

Calibrated Sweep D elay extends con · 
tinuous ly from 0.1 microsecond to 50 
seconds. 

2 Independent Sweep Systems provide 
24 ca l ibrated time· base rates from 5 sec/ cm 
to 0.1 µsec/cm. Three magnified positions 
of 2X, 5X, and 10X, are common to both 
sweeps-with the 10X magnifier increasing 
the maximum ca librated sweep rates lo 
10 nsec/cm. 

. fil 
.. 

Single Sweep Operation enab les one · 
shot displays for photog raphy of either nor­
mal or delayed sweeps, inc luding alternate 
presentations. 

2 Independent T riggeri ng Systems 
simplify set.up procedures, provide slabte 
displays over the ful l passban d and lo be­
yo nd 50 MHz, and includ e brig htl ine auto­
mati c modes for convenien ce. 

Type 547 Oscilloscope • •••••••• $1875 
(without plug·in unit) 

Type 1A1 Dual·Trace Uni t • , • , •• $ 600 

Rack- Mount Mode I Type RM547 , , , $1975 

U.S. Sales Prices f.o.b . Beaverton, Oregon 

Tektronix, Inc. 
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Sing le-exposu re photo graph. 

2 signals - different sweeps 
Upper trace is Channel 1/A sweep, 1 µ sec/cm. 
Lower trace is Channe l 2/8 sweep, 10 µ sec/ cm. 

Using same OI' different sweep rates (and sens i­
tivities) to alternately display different signa ls 
provides equivalent dual-scope op2ration, in many 
instances. 
T riggering internally (normal) permits viewing 
stable displays of waveforms unrelated in frequency . 
Tl"iggering internally (p lug -in, Channel 1) permits 
viewing frequency or phase differences with re ­
spect to Channel 1. 

Sing le-exposure phot og raph. 

same signal - different sweeps 
Upper trace is Channel 1/ A sweep , 0.1 µ sec/cm . 
Lower trace is Channel 1/8 sweep , 1 µ sec/ cm. 
Using d ifferent sweep rates to alternately display 
the same signal permits close analys is of waveform 
aberrat ions in different time domains . 

S ing le-exposure phot ogra ph. 

2 signals - portions of each magnified 
Trace 1 is Channel 2/ 8 sweep , 10 µ sec/cm. 
Trace 2 (brighten ed portion of Trace 1) is 

Channel 2/ A sweep , 0.5 µ sec/cm. 
Trace 3 is Channel 1/8 sweep, 10 µ sec/cm. 
Trace 4 (brightened port ion of Trace 3) is 

Channel 1/ A sweep, 0.5 µ sec/cm . 
Using sweep delay technique-plus automatic 
alternate switching of the time bases-permi ts 
displaying both signals with a selected brightened 
portion and the brightened portions expanded to 
a full 10 centimeters. 
B sweep triggering internally from Channel 1 (p lug ­
in) assures a stable time-related display wi thou t 
using external tr·igger- probe. 

For complete information , contact your 
nearby Tektron ix fiel d eng ineer or write : 

Tektro nix, Inc., P.O. Box 500, Beaverton , Oregon 97005 
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fessor of electrical engineerin g at 
Stanford University, has devised a 
way to get the same results by 
spacing five of the smaller an­
tennas at strategic points and using 
a computer to integrate the in for­
mation they gather. 

Bracewell and a small band of 
helpers built the first of the five 
antennas and unveiled it last month 
near the university's campus at 
Palo Alto, Calif. They plan an array 
of dishes in a row 75, 150, 450 and 
675 feet from this original antenna. 
'iVith this arrangement, five an­
tennas can measure all possible 
75-foot increments up to 675 feet 
just as 10 antennas would do. 

Celestial picture. The purpose of 
the array is to produce an energy 
distribution profile of a celestial 
radio-frequency source. Since a 
known r-f source can be broken 
down into a series of sinusoidal 
Fourier components , BracewPll 
p lans to construct a profile of an 
unknown source by treating the 
output of each pair of antennas as 
one Fourier component. By addin g 
them he gets the des ired profile. 

The spacing of the antennas de­
termines the output signal th at 
each pair will produce in terms of 
a parameter that Bracewell call s 
the "spatial frequency." The in­
verse of this parameter is a wave­
length that can be expressed in 
minutes of arc. The nine useful 
pairings of the Stanford array will 
respond to wavelength s that range 
from 4.22 minutes to 23.l seconds 
of an arc. 

Each pair of antennas feeds a 
receiver that multiplies and inte­
grates the two inputs. The result is 
sampled four times per second and 
converted to digital form by a volt­
age-to-frequ ency converter and 
counter. The information is put se­
quentially onto a tape. 

An International Business :\fa­
chines Corp.'s 360/ 67 computer 
separates the information into nin e 
channels, each of which is con­
sidered a Fourier component. The 
components are than added with 
appropriate weighting to take into 
account amplitude and phase 
shifts. The result is a profile uf tli L' 
energy distribution of th e source. 

Sharp image. When the array is 
completed it will have a resolution 
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Stanford antenna is first of five in planned experimental array. 

of 16 seconds of arc at X band for 
a source on the meridian. The array 
will measure 675 feet with a wave­
length of 2.8 centimeters. The di­
ameter will be equivalent to some 
7,300 wavelengths, thus giving the 
very high resolution . Th e resolu­
tion is at least an order of magni­
tucle better than the performance 
of present large paraboloids, some 
of which cos t up to $5 million . 

Th e 140-foot dish at Green Bank, 
'iV. Ya., has a two-minute bearn­
width. The giant 1,000-foot dish at 
Arecibo, Pu erto Rico , operates at 
L band, with a wavelength of 75 
centimeters and has a 10-minute 
beamwidth. 

It will be a year or two before 
the Stanford array is completed, 
depending on how fast th e mon ey 
cornC:'s from the Air Force contract 
under which Bracewell has bef'n 
\\·orking. H e has been opera tin g 
under a contract that gives him 
$250,000 a year for research in 
radio astronomy. 

The Stanford array is expected 
to be particularly useful in study­
ing quasars , those distant sources 
of high power radio energy. The 
nearest quasars appear as only 
about a degree of arc in width 
while distant quasars project a 
fuzzy image of two minutes of arc. 

Components 

A little lithium 

Th e addition of lithium to silicon 
solar ce ll s to make them more re­
sistant to radiation is under study 
for th e :\ ational Aeronautics and 
Space Administration by four elec­
tronics firm s. If the method works 
as hoped, it co uld ex tend th e life 
of satellites traveling through the 
Van Allen radiation belts or orbit­
ing near th e sun. 

Th e concep t \\'as developed un­
der :\ASA con tract bv the David 
Sarnoff Research Ce;1ter of th e 
Radi o Corp. of America, Princeton , 
N.J. Three other companies have 
been asked wheth er th ey can dupli ­
cate RCA's results: the H Pliotek 
Corp ., Sylmar, Calif.; H offman 
Electronics Corp., El ~fonte , Calif.; 
and Texas In s lruments Incorpo­
rated of D allas. :\'ASA has spent 
about $300,000 with th e companies , 
more than half of it going to RCA. 

The work is being done for 
l\'ASA's Goddard Space Fligh t 
Center, Greenbelt, :\1d ., which led 
the switch from p-on-n to n-on-p 
solar cells two years ago. That 
switch, which placed the negative 
layer above a cell's positive layer, 
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NAND logic is old hat . 

We've invented SDS Natural Logic for our T Series 
integrated-circuit modules. It's a comprehensive 
set of gating structures that permit the terms of any 
B.oolean logic equation to be converted directly 
into hardware. 

Now you won't have to manipulate equations to 
make them fit the restrictions of NAND or NOR 
gates. With Natural Logic the hardware fits the 
equations without unnecessary inversions. 

So you won't need nearly as many circuits to 
build your logic system. Your system will cost you 
a lot less. It will be faster and more reliable. It will 
be easier to mechanize. And it will take up less 
room. 

Naturally. 

Scientific Data Systems ••!!!!!!!!!•• 
1649 Seventeenth Street , Santa Monica, California liiiililillliiiiil 
Offices in principal cities throughout the world 
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improved radiation resistance 10 
times and now all satellites carry 
n-on-p cells. RCA says lithium pro­
vides a 50-fold furth er improve­
ment, and NASA agrees- up to a 
point. 

Questions remain. Still unan­
swered, according to ' Villiarn 
Cherry, head of the space power 
technology branch at Goddard, is 
whether the lithium-doped cells 
will show the same radiation re­
sistance in the vacuum of space 
that they do in experiments on 
earth. He also wants more data on 
whether lithium atoms will pile up 
at the junction between the p and 
n layers and whether they will dam­
age the electrical contacts. So the 
center is having the companies 
build more lithium-doped cells. 
Some of them will be tortured in 
Goddard's radiation lab and others 
will be carried into space in De­
cember on the first Applications 
Technology Satellite. 

Cherry foresees two years of 
such exper iments before he is con­
fident enough to recommend the 
lithium-doped cells. But he notes 
that it took three years , seven 
months and 20 days before the n­
on-p cells were accepted. NASA 
fir st fl ew these cells on the Relay 2 
communications satellite launched 
Jan. 21, 1964. 

Lithium improves the radiation 
res istance because atoms of the 
element move freely in the cell and 
actually "heal" a rupture caused by 
the bombarding protons and elec­
trons of radiation. Other elements 
do the same thing, but lithium was 
chosen because it is the most mo­
bile, it is electrically neutral and 
it can easily be introduced into the 
solar cell material. 

A limiting factor is that lithium 
will do its job only at room tem­
perature, or at about 20°C. At 
- 40°C the lithium atoms don ' t 
move at all and near 100°C they 
damage the cell by moving so fast 
they break up the structure. The 
problem is not as serious as it ap­
pears, Cherry points out, since the 
thermal control system of a space­
craft keeps the solar cells at room 
temperature even in the extreme 
cold of space. 

Back to p-on-n. A side effect of 
the use of lithium, if it is accepted, 
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will be a return to the p-on-n solar 
cells. In silicon solar cells, boron is 
used for the p layer and phosphor­
ous for the n. Lithium can only 
work with phosphorous. Since the 
bottom layer provides 75% of the 
electrical current and logically is 
the one to protect from radiation, 
the p, or boron-diffused, layer will 
have to go on top. Lithium-doped 
cells will be a dull black instead of 
the bright blue of current solar 
cells. 

RCA began work under the 
NASA contract in January, 1964, 
and used very conventional solar 
cells 1 by 2 centimeters with an 
efficiency of 10%. Both lithium­
doped and undoped cells were sub­
jected to the same amounts of radi­
ation. The doped cells recovered 
after each radiation dose, reaching 
nearly the power output they ex­
hibited beforehand. The undoped 
cells degraded along an almost 
linear curve. 

Industrial electronics 

Transit tie-up 
The San Francisco Bay Area Rapid 
Transit District (BARTD) has de­
cided to simplify requirements for 
its automatic train control and 
communications system. The de­
cision means that bids will not be 
opened before January instead of 
the original target date, Dec. 6. 

The main change is a relaxation 
of stopping accuracy from 1 foot 
to 15 feet. BARTD will also relax 
some of its demands for guarantees 
and reliability testing, which one 
potential supplier says would have 
upped the cos t by several million 
of dollars more. 

With the changes, says engineer 
Benne Aboudara, BARTD has been 
assured that its target figure of $25 
million to $30 million is realistic. 
Some manufacturers had been 
talking of bids in the area of $45 
million if the specs were as tight 
as those originally outlined [Elec­
tronics, Aug. 8, 1966, p. 195]. 

More time. The extra time will 
give the Philco Corp.'s vVestern De­
velopment Laboratories a chance 

to revise its train control plans. 
Philco, a subsidiary of the Ford 
Motor Co., had tested a system 
using aluminum pickets that inter­
rupted a microwave signal, but 
BARTD shot it down on grounds 
that it did not provide continuous 
monitoring of the train. 

Philco considers the difficulty a 
matter of defining the word "con­
tinuous.'' The BARTD action "put 
a transient in our planning," ac­
cording to R.vV. Porter, manager 
of ground instrumentation subsys­
tems. The company is considering 

· two other methods. One takes a 
track transmission approach sim­
ilar to that of the Western Electric 
Co.; the company declines to dis­
cuss the other until BARTD de­
cides whether to use a-c or d-c in 
the propulsion system. 

Communications 

Home tv from space 
Although satellites won't beam 
television directly to home receiv­
ers for several years, the technol­
ogy has reached a point where 
community and educational re­
ceiving terminals appear to be 
economically feasib le. 

This conclusion can be drawn 
from a study just completed for 
the National Aeronautics and 
Space Administration by Atlantic 
Research Corp.'s Jansky & Bailey 
Systems Engineering department, 
Alexandria, Va. The report investi­
gated factors that would affect the 
cost and quality of reception of 
television transmitted via stationary 
satellites through 1970. The satel­
lites themselves were not studied. 

Satellites now lack the effective 
radiated power needed to get tele­
vision home receiver modification 
costs down to a price the owner 
would pay. In the lower satellite 
power ranges , however, ground 
terminals can be modified at costs 
within the reach of community an­
tenna television and educational 
television operators. 

Low cost. Jansky & Bailey cal­
culated that home receiver modifi­
cation costs on a mass production 
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basis (1 million units) could be as 
little as $15 per set if satellite 
power could be increased to 90 
decibels above one watt (dbw). 
But this signal strength is far above 
what can be achieved now or in the 
immediate future. By contrast, the 
Communications Satellite Corp.'s 
operating Early Bird communica­
tion satellite has an effective radi­
ated power of 10 dbw. 

At the more realistic satellite out­
put of 40 dbw, receiver modifi ca­
tion costs would run about $180-
too much for the average home re­
ceiver owner but within the range 
of the ins titutional user. 

Jansky & Bailey studied signal 
power between 30 dbw and 90 
dbw and projected cost and qual­
ity of all the trade-offs among fre­
quency, background noise and ef­
fective radiated power. After study­
ing a frequency range from 200 
megahertz to 12,000 Mhz, the in­
vestigators decided the best fre­
quencies from a cost standpoint are 
from 800 to 1,000 Mhz. 

The study revealed that equip­
ment costs generally increased 
sharply below 600 Mhz because 
atmospheric, man-made and cosmic 
noise levels are high in this range, 
necessitating a larger antenna. 
Above 1 Ghz, receiving equipment 
becomes very expensive because of 
the complex components needed 
for those frequencies. In the pre­
ferred range present ultrahigh fre­
quency tuner techniques are ap­
plicable. 

High level. For the study, the in­
vestigators used a 40 db signal-to­
noise ratio at the receiver output 
since this is considered to provide 
a high quali ty tv picture with the 
standard 4-Mhz bandwidth used 
for television transmission in the 
United States. 

A.M. Greg Andrus, NASA's com­
munications director, says that the 
$50,000 report was ordered because 
of confusion about the problems 
in direct satellite broadcasting­
particularly signal-to-noise prob­
lems in urban areas. Andrus said 
the next step is to examine the 
spaceborne link of such a system. 
He said that the space agency 
plans to seek industry propos­
als for this study in about two 
months. 
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Field-proven 
hp 200CD Wide-range Oscillator 
Accurate test signals, 5 Hz to 600 kHz 
Balanced output, better than 1 % over entire range 
10 volts output into 600 ohms, 20 volts open circuit 
Distortion less than 0 .2% below 200 kHz 

Use it for: 
Lab work, subsonic to radio frequencies 
Source for testing servo, vibration systems 
Test ing medical and geophysical equipment 
Checking audio amplifiers, circuits and transducers 
Testing sonar and ultrasonic apparatus 
Checking carrier telephone systems, video frequency circuits, 

low radio frequency equ ipment 

Here is a true standard of the industry. is 0.06% or less, 60 Hz to 50 kHz; 0.1 % 
Small and compact, the 200CD was de- or less, 50 kHz to 400 kHz; 0.5%, 5 Hz 
signed for extreme ease of use. Wave- to 600 kHz . Output is 7.5 volts into 
form purity is retained even with loads of 600 ohms. Price : H20-200 CD (cabinet), 
a few ohms. Output balance is better $245; H20-200 CDR (rack mount), $250. 
than 0.1 % at lower frequencies and ap- Ask your Hewlett-Packard field engi-
proximately 1 % at high frequencies. A neer for a demonstration of these oscil-
nominal source impedance of 600 ohms lators or write for complete information: 
makes it suitable for both audio and Hewlett-Packard, Palo Alto, Calif. 94304, 
carrier applications. Price: 200CD (cabi- Tel. (415) 326-7000; Europe: 54 Route 
net), $195; 200CDR (rack mount), $200. des Acacias, Geneva. 

A special low-distortion model, the 
Data subject to change without notice. 

H20-200CD, also is available. Distortion Prices t.o.b. factory. 

HEWLETT 
An extra measure of quality 

1042 
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Small Dimension 

BUSS QUALITY Fuses 
Thousands of different types and sizes of small dimension fuses and fuse 

mountings for protection of all types of Electric and Electronic Devices 

BUSS engineers have consistently acting", signal or visual indication types 
pioneered the development of new fuses •.. in ampere sizes from 1/ 500 up-in 
and fuseholders,-to assure you of safe, body sizes from only .140 x .300 inches 
dependable protection,- no matter what up . . . plus a companion line of fuse clips, 
the protection problem may be. blocks and holders. 

The complete B USS and "TRON For detailed information on the com-
Family" fuse line includes: dual-element plete line,-write for B USS bulletin SFB on 
"slow-blowing" , single-element "quick- small dimension fuses and fuse mountings. 

All standard items are easily obtained through your B USS 
distributor,-but if you don't find what you need, get in touch with us. 

For fuses and fuseholders of unquestioned high quality . . . ~-
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Every BUSS QUALITY fuse assures you safe, troubleafree 
protection because ... 

... Every BUSS QUALITY fuse, 
before it leaves the plant, is tested in a 
sensitive electronic device that automat­
ically rejects any fuse not correctly 
calibrated, properly constructed and 
right in all physical dimensions. 

As the future brings increased de­
mands for electrical safety, BUSS will 

continue to pioneer the development of 
safer and more advanced electrical pro­
tective devices, as it has during more 
than a half-century. To assure this 
continued industry leadership, BUSS 
maintains the world's largest fuse re­
search laboratory, with its engineering 
staff and testing facility. 

BUSSMANN MFG. DIVISION, McGraw-Edison Co., St. Louis, Mo. 63107 

.. for every protection need, insist on BUSS QUALITY 
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20 kW Anode vapor cooled 
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12kW 

1,SkW 

, 1'iUE CHASSELOUP-LAUBAT 

6kW 

• EASY OPERATION 

• LOW COST 

• HIGH RELIABILITY 

• LONG LIFE 

US OFFICE : THOMSON ELECTRIC Co INC. 50 ROCKEFELLER PLAZA· ROOM 916 • NEW YORK 20 (NY) USA· Ph one : Circle 5 .0444 
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Dig ital Equ ipm ent Corporation's PDP-8 pro­
gramed data proce ssor, in which t hese m odules 
are used , is a com pact general purpose digital 
computer with a hig h speed , random-access , 
magnetic-core m em ory for engineering, sc ienti· 
fi e, and educational appl ication s. 

Allen-Bradley hot molded resistors have established 
such a consistently superior performance record over the 
years that Digital Equipment Corporation uses them 
exclusively in their computers-with no substitutes per­
mitted under any circumstances! 

While Allen-Bradley quali ty is the number one reason 
for this standardization, Digital reports that excellent service 
from Allen-Bradley is an advantage of vital importance to 
them, too. For example: "Recent expansion of FLIP 
CHIP production to meet the demand for PDP-7 and 
PDP-8 computers quadrupled our component needs. With 
Allen-Bradley's help there wasn't a single hitch in the 
production speedup." 

The unvarying quality of Allen-Bradley resistors­
million after million, year in and year out-results from 
an exclusive hot molding process. The precision automatic 

HOT MOLDED FIXED RESISTORS are available in all standard EIA 
and MIL-R-11 resistance values and tolerances, and can usually 
also be furnished in values above and below standard limits. Sh own 
actual size. 

equipment developed and used only by Allen-Bradley 
produces such uniform properties that long term resistor 
performance can be accurately predicted. Please note, 
Allen-Bradley hot molded resistors have never been 
known to fail catastrophically in service. 

For complete specifications on Allen-Bradley hot 
molded fixed and variable resistors, please write for 
Technical Bulletin 5050: Allen-Bradley Co., 222 W. 
Greenfield Ave. , Milwaukee, Wis. 53204. In Canada: 
Allen-Bradley Canada Limited. Export Office: 630 Third 
Ave., 1'ew York, N .Y. , U.S.A. 10017. 65-os-•• 



• Allen-Bradley Type R adjustable fixed resistors are 
unexcelled for holding precise settings through extreme 
conditions of shock and vibration . This unusual rugged­
ness is the result of a manufacturing process-perfected 
and used only by Allen-Bradley-which hot molds the 
resistance and collector elements, terminals, and insulat­
ing material into an almost indestructible component. 
Thus, the controls can be mounted by their own rugged 
terminals without additional support. 

The solid resistance track assures such smooth control 
that it approaches infinite resolution. Its smoothness 
cannot be compared with the abrupt wire-wound turn­
to-turn resistance changes which may cause circuit 
transients. Since Type R controls are essentially non­
inductive and have low distributed capacity, they can 

: llczssu-=-----
2.~-MEll 

Here's your answer 
to shock and 
vibration problems 

be applied in high frequency circuits where wire-wound 
controls are impractical. The Type R molded endosures 
are both dustproof and watertight, permitting encapsu­
lation after adjustment. 

Allen-Bradley Type R controls are suitable for use 
from - 55°C to + l 25°C and are rated }i watt at 70°C, 
300 volts max. RMS. Available as standard in total 
resistance values from 100 ohms to 2.5 megohms with 
tolerances of ± 103 or ±203 . As special, can be 
furnished down to 50 ohms. Technical Bulletin B5205 
contains complete specifications. Please send for your 
copy today: Allen-Bradley Co., 222 W. Greenfield Ave., 
Milwaukee, Wisconsin 53204. In Canada: Allen-Bradley 
Canada Limited. Export Office: 630 Third Ave., New 
York, New York, U.S.A. 10017. 

Allen- Bradley Type R Adjustable Fixed Resistors-Shown actu al s ize 

ALLEN-BRADLEY 
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Our DTL offers one 
feature we didn't license 

~ 
~ 

on-time delivery 

ITT is licensed to build all DTL integrated circuits from 

the 930 series. Quantity production is a reality in ITT 

Semiconductors ' facility in West Palm Beach, Florida . 

Doubtful? Ask your ITT Semiconductor distributor, 

who has plenty of DTL circuits in stock. Ask your 

ITT Semiconductor factory salesman, who can arrange 

two-week ARO shipment of your quantity orders. 

It's easy to recognize the DTL circuits that come 

from ITT in West Palm Beach. They're the ones you 

don 't have to wait for. 

ITT Semiconductors is a division of International 

Telephone and Telegraph Corporation, 3301 Electronics 

Way, West Palm Beach, Florida. 

Type Number 

MIC930 

MIC932 
MIC933 
MIC944 
MIC945 
MIC946 
MIC948 
MIC949 
MIC950 

Circuit Function 

Dual 4-input Gate with 
Expander 

Dual 4-input Buffer 
Dual 4-input Expander 
Dual 4-input Power Gate 
R-S or J-K Flip-Flop 
Quad 2-input Gate 
R-S or J-K Flip-Flop 
Fast Quad 2-input Gate 
Pulse-triggered Binary 

ITT 
SEMICONDUCTORS 

,ACTOR t[ S IN W!ST PALM BEACH fLORIOA PALO AL TO. CALIFORNIA. LAWRENCE MASS ACHUSETTS. HARLOW ANO FOOTSCAAV. ENCLANO. FREIBURG ANO NURENBERC GERMANV 

~Circle 58 on reader service card Circle 59 on reader service card 

/ 

59 



M 
E 
R 
I 
T 

/1-o ;::2500 

1~ .. =190 

/1-o =125 

... -

'-

• 
·µ,a =35 

CERAMAG® FERRITE PARTS ARE CONSISTENT 
Stackpole offers over 30" grades of Ceramag® material. More 
are being developed continually . Such up-to-the-minute 
technology permits you to specify Ceramag® on every new 
application. Discover the unique advantages of the versatile 
Ceramag® ferrites: complete moldability to virtually any 
shape, and the important savings over steel alloys for low 
frequency applications. When high permeability is an im­
portant factor, Ceramag® is the answer. 

Hundreds of Ceramag® parts are already tooled as toroids, 
cup cores, insert cores, transformer cores, deflection yokes 
and rectangular solids. Special tooling is also available. 

Stackpole is a name long associated with quality components 
in the electronic field. Only the closest attention to every 
production detail can result in the kind of product uniformity 
available with Ceramag® ferrites . As one of our customers 

60 Circle 60 on reader service card 

put it, "Your ferrite cores are more consistent from order to 
order than any of your competitors." 

If you are about to select a ferromagnetic material for a new 
application, or if you are dissatisfied with the performance 

L 

and service of your present ferrite supplier, why not investi- -
gate Stackpole's Ceramag®? To discover how you can save 
and still insure superior performance, write for our Bulletin 
1-A, Stackpole Carbon Company, Electronic Components Divi­
sion , St . Marys, Pennsylvania 15857. Phone: 814-781-8521 
- TWX : 510-693-4511. 
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Who says 1-amp epoxy rectifiers can't stand humidity? 

Write for free water-soaked 
samples from ITT: 
C hoose the PRV rating that fits your appli­
cation best and write for samples. We 'll 
ship them immersed. You 'll find that ITT 
epoxy rectifiers exceed the humidity re­
quirements of MIL-STD-750. While you 're 
at it, check for cool operation, low thermal 
impedance and extreme stability. All are 
made possible by ITT's patented* " double 
nail-head " design . Send for your free bottle 
of ITT rectifiers today! •patent No. 3081374 

ITT SEMICONDUCTORS 
3301 Electronics Way 
West Palm Beach, Florida 

Please send me a pair of water-soaked 
1 - amp silicon epoxy rectifiers with the 
PRV rat ing I have indicated. 

D 100 v D 200 v D 300 v 
osoov 0600V oaoov 
NAME .. ..... ........ .. .. . ....... TITLE ... .. .......... . .. . . 

COMPANY ... ..... • ........... . ... . ..........•...•.• . . • ..•.• .. 

ADDRESS . .. ..... ... .... .......................... . .. ... .. ... . 

CITY .... .... .. ........... STATE .............. ZIP .. ...... .. 

ITT 
SEMICONDUCTORS 

JTT SEMICONDUCTORS IS A DIVISION OF INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION, 3301 ELECTRONICS WAY, WEST PALM BEACH, FLORIDA. 
FACTOR IES IN WEST PALM BEACH FLORIDA. PALO ALTO , CALIFORNIA. LAWRENCE MASSACHUSETIS HARLOW AND FOOTSCRAY ENGLAND FREIBUAG ANO NURENBEAG GERMANY 
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It has a circuit of dependable FORMICA® brand copper clad ..• 

They designed an etnergency landing 
light knowing it couldn't be babied 
in Arctic snow or jungle rainstortn. 

Power failure puts an airfield out of business-or rather it used to. 
Today, airfields throughout the world depend on Bekon* lights for such 
emergencies. These rugged little life-savers, thrown quickly from 
moving trucks, to serve as emergency runway markers, keep working 
in any climate, under any weather condition . The Bekon Light 
nerve center is a printed circuit, made of a FORMICA® brand 
copper clad laminate . If the dependability of the p. c. in your product 
is also important, write Dept. ID-6 for data on FORMICA® brand 
copper clad laminates. Look for the FORMICA® brand, your 
assurance of quality. 

There are many brands 
of industrial plastics 
but only one 

---- -:=' @ '; 

I FORMICA ---- B R A N D 

industrial plastics 

Leadership th rough innovation Formica Corporation • Cincinnati, Ohio 45232 • subsidiary of c:: c YA JV A~ ... .D =:-:::::. 

1•Made by Standard Parts & Equipment C'orp., Ft. Worth 6589 
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Want to generate a signal in the Ka band, test elec­
tronic gear on an aircraft, or check out the guidance 
system of a missi le? Servo designs and manufactures 
instruments for these appli cations. And many others. 

Our engineers are expert in producing micro­
wave pu lse-swept systems, microwave signal gen­
erators, m icrowave amp l ifiers and high voltage 
power supplies. Take the unit pictured above, for 
example. I t's the first 20-watt TWT amplifier avail­
able .. . and industry's most compact, too. Servo's 
ilmpli fiers have many unusual features! and are 

supplied in models for operation from 1 to 18 GHz;". 
in octave bandwidths. 

Our Servodynamics Division also supplies special 
synchro-to-digital and digital-to-synchro conver­
sion equipment and servo analyzers, digitally pro­
grammable function generators, and phase meters. 

Other Servo divisions design systems and prod­
ucts which serve safety through science: the Rail· 
road Products Division, the Infrared & Electro-Optics 
Division, and the Co mmunications & Navigation 
Division .• 

servo co rporation of america 

111 new south road 
hicksville, l.i ., new york 11802 
516 938-9700 



Andrew doesn't just make antennas ... we create them 

Advanced technology, practical engineering, and 
extensive field testing are the Andrew formula for 
effective antenna designs.• The new 4-port 
antenna shown above is an exciting break­
through in microwave communications. For 
dual frequency systems in the 5.9-6.4 GHz and 
10.7-11.7 GHz bands, it eliminates the need for 

a frequency combiner. Dual polarized inputs 
serve each frequency band. This Andrew 
advanced development meets tomorrow's 
communications needs today!• Contact 
your regional Andrew sales engineer or 
contact Andrew Corporation, P. 0. Box 807, 
Chicago, Illinois, U.S.A. 60642. 9-6& 

TELEMETRY ANTENNAS FIXED STATION ANTENNAS LARGE ANTENNAS 
! 

.~A~ 
29 YEARS OF ENGINEERING INTEGRITY 
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Years from now, people can still watch Surveyor's 
scan of the moon's surface 
.. . thanks to Memorex precision magnetic tapes. When Surveyor relayed its famous closeup 
photographs of the moon 's surface, Memorex tapes at JPL's Goldstone tracking station were 
busy recording these signals. All told , some 90 % of the video and instrumentation tapes used 
in the Surveyor Program were Memorex. Now used to evaluate the mission , these tapes form 
a permanent record for future study. 

Why was Memorex chosen? Simple. Space offi cials needed a tape that was rugged and 
reliable, and stood virtually no chance of missing any data. The log ical choice was Memorex. 
Because of advanced design , careful manufacturing and uncompromising inspection and 
certification , Memorex tapes consistently outperform all others, reel after reel , year after year. 

To find out what Memorex can do for you, call at one of 
our sales and service offices in this country and abroad, ME M 0 REX 
or contact us directly. We guarantee your satisfaction. PRE c 1s1 o N MAGNET 1 c TAPE 

M emorex Branch Offices in Boston, New York, Philad elphia, Washington, At lan ta , Orlando, Dayton, Ch icago, Detroit, St. Louis, Dallas , Denver, Los Angeles, San 
Fra ncisco, Honol ulu . Off ices and Affiliates in London, Cologne, and Pans. Distri butors in Japan, Canada, Ind ia, Austra li a, and New Zealand. 
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Tradet Tolerance 
Name Terminals• (%) 

200 Wirewound TRIMPOT l, s, p 

215 Carbon TRIMPOT l, S, P 

260 Wirewound TRIMPOT l , S, P 

235 Carbon TRIMPOT l, S, P 

236 Wirewound TRIMPOT l , S, P 

220 Wirewound TRIMPOT L, W 

224 Wirewound TRIMPOT l , S, P 

3000 Wirewound TRIMPOT 

3001 Carbon TRIM POT p 

3010 Wirewound TRIMPOT L, p 

L, P 

L, p 

3011 Carbon 

3012 Cermet 

3051 Carbon 

3052 Cermet 

3053 Cermet 

TRIM POT 

TRIM POT 

TRIMPOT l , S, P 

TRIMPOT L, S, P 

TR IM POT --P::-,-c5o---

3070 Wirewound TRIMPOT H, P, S, L 

Wirewound TRIMPOT ---­
P, W 

Carbon TRIMPOT - - P-.-W--

Wirewound TRIMPOT H 

±10 

±20 

± JO 

± 20 

± JO 

5 

± 

± JO 

± 20 

± 5 

± 20 

± JO 

-'= 20 

_ JO 

± JO 

± 

± 5 

± 20 

± 5 

0.50 

0.25 

1.00 

0.25 

0 .80 

1.00 

1.00 

0.50 

0 .20 

1.00 

0 .25 

1.00 

0 .25 

1.00 

0 .50 

1.50 

1.00 

0 .50 

0 .2 

Mar. Ad " 
Operating Tur~s 

Temp. (° C) 

125 

125 

175 

125 

135 

175 

J75 

J 75 

JSO 

175 

150 

J75 

150 

175 

J75 

J75 

J75 

150 

J75 

25 
Steady 
State 
Only 

Steady 
22 State 

Only 

Steady 
25 State 

Only 

22 Yes 

25 Yes 

15 Yes 

22 Yes 

J 5 Yes 

JS Yes 

25 Yes 

22 Yes 

25 Yes 

22 Yes 

25 Yes 

25 Yes 

JO Yes 

25 Yes 

25 Yes 

11 Yes 

Size (Inches) 
H W L 

Standard - ­
Resistances 

(Ohms) 

5/16 1/4 1·1/4 10-l OOK 

5/J6 1/4 1·1/4 5K-5 Meg 

5/16 1/4 l · J/4 JO-JOOK 

23/64 J9/64 J.JJ/32 SK .5 Meg 

23/64 J9/64 J·ll/32 JO.JOOK 

5/16 3/J6 

5/16 3/16 J -J / 4 

5/16 5/32 3/4 

5/16 5/32 3/4 

5/ J6 9/32 J -J/4 

5/ J6 9/32 J .J/4 

J0 -30K 

10. JOOK 

50.20K 

20K·l Meg 

JO . JOOK 

SK-5 Meg 

5/16 9/32 J-J/4 5008 -1 Meg 

5/16 3/J6 l · J/4 SK -5 Meg 

5/J6 3/16 J -J/4 SOOll -1 Meg 

5/16 3/J6 J -1/4 
20 -200 
2-200 

5/16 5/16 J -J/J6 JOO -SOK 

JO -SOK 
3/16 J/2 J /2 
7/32 J / 2 J/2 

3/16 J/2 J/2 
-c7o-1co3=-2 -c-J/cc2o---cJcc/co2-- 20K -1 Meg 

11 /64 J / 4 J /4 10-20K 

··-

' Key to terminal types: L=lnsulated stranded leads. S= Solder lugs (inc ludes panel mount bushings on Models 33005, 330JS, 3367S, 
3368S only). P= Printed circuit pins (flat mounting). W= Printed circuit pins (edge mounting) . Additional worm gear terminal clarifica­
tion: W= Printed circuit pins (edge mounting-top adjust). H= Printed circuit pins (edge mounting-side adjust). 
tTRIMPOT, TRIMIT, E-Z-TRIM, TWINPOT, are Registered Trademarks of Bourns , Inc. 



Model 

";. 
3280 

3281 

3282 

3300 

3301 

3307 

3317 

..,. 
3367 

3368 

3257 

271 
273 
275 
272 
274 
276 

3067 

3068 

207 .. 
3020 

209 

I 

Tradet Tolerance Power Mar. Adj. Element Name Terminals• (%) Rating Operating Turns (Watt) Temp. (' C) 

Wirewound TRIM POT l , P, W ± 5 1.00 175 25 

Carbon TRIM POT l, P, W ± 20 0.5 150 25 

Cermet TRIM POT l, P, W, H ± 10 1.00 175 25 

w 
Wirewound TRIM POT p ± 5 0.50 175 

s 
w 

Carbon TRIM POT p ± 20 0.25 150 
s 
w 

Wirewound TRIM POT p ± 5 0.5 150 

Wirewou nd TRIM POT 
w 

±10 0.2 105 p 

p 
Wirewound TRIM POT s ± 5 0.50 105 

p 
Carbon TRIM POT s ±20 0.25 105 

Wirewound TRIMPOT l, P, W ± 10 0 .5 105 25 

l 
Wirewound TRIMIT s ± 10 0.50 106 25 

p 

l 
Carbon TRIMIT s ± 20 0.20 115 25 

p 

Wirewound E·Z-TRIM s. p ± 10 0.50 85 15 

Carbon E·Z·TRIM S, p ± 20 0.20 85 15 

Wirewound TRIM POT L ± JO 2.00 175 25 

Wirewound TRIM POT L ± 5 5.0 200 25 

Wirewound TWIN POT L ± JO 0.5 (eack J35 25 element) 

Size (Inches) 
H w L 

Yes 13/ 64 3/8 3/8 10-SOK 

Yes 13/ 64 3/ 8 3/ 8 20K-l Meg 

Yes 3/8 x 13/ 64 x 3/ 8 2K-l Meg 

3/ 8 x 1/4 x 5/16 
Yes 5/16 dia . x 3/16 10-20K 

5/16 dia. x 15/32 

3/8 x 1/ 4 x 5/16 
Yes 5/16 dia . x 3/ 16 lOK-1 Meg 

5/16 dia . x 15/ 32 

Steady 3/8 x 1/ 4 x 5/16 
State 

5/16 dia. x 3/16 
50-20K 

Only 

No 3/16 x 1/ 4 x 5/ 32 20 to SK 

Steady 1/ 2 dia . x 15/ 64 
10-20K State 

l /2 dia . x 35 / 64 Only 

Steady 112 dia . x 15/ 64 
State 
Only 

No 

No 

Ne> 

No 

No 

No 

Yes 

No 

l / 2 dia . x 35/ 64 
20K-l Meg 

7/32 J/ 2 J/ 2 l0 ·20K 

5/16 1/ 4 J -1/4 10-20K 

5/ 16 1/4 1-1/4 5K-5 Meg 

23/64 9/32 50·20K 

23/ 64 9/32 20K-J Meg 

J3/1 6 9/32 J. J/ 4 100-JOOK 

2J /64 J/ 4 J . J/4 JOO-SOK 

5/JG J/2 1-J/4 10-SOK 
Circle 67 on Reader Service. Card 
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HZ60A6 
COUNTER 

HA42A6 
RESET TIMER 

START 

MINUTES 

SECOND S 

New Microflex 
Timer/ Counter 

D ials make 
accurate 
settings, 
easier! 

NEW TWISTER ... 
ACCURATE TIME/ COUNT CONTROL 

New and consistently better! At the left is 
the new face of our famous Microflex® reset 
timer s and counters. High-visibility , direc t 
reading dials enable you to make highly accu­
rate settings, easier! The larger, 20-turn scale, 
for example, may be in minute divisions with 
the inner in seconds. Settings as short as %0th 
of a second with ± 1/60 th second accuracy are 
readily obtained. Other dial selections to 120 
hours are available. After the desired pre-set 
time period, a variety of 15 amp. contacts can be 
opened or closed to control motors, solenoids, 
valves , etc. Uniform new lettering and attractive 
neutral grey color make units compatible with 
all other Eagle Signal types and with your most 
advanced machine designs. For full details about 
these new timers and counters, use Reader 
Service Card, circle number 480. 

TURN ... TURN ... TURN ... 

CLUTCH 

oo1J 
And not one turn too many' The operating characteristics of radio tuning 

coils depend on precise winding techniques. The Man from E.A.G.LE. did a 
good turn for a leading manufacturer when he suggested the system shown 
above . Using a Microflex counter, variations in motor speed resulting from 
wire tension changes are taken care of ... and an accurate. product _ is 
produced each time. The operator merely needs to set the h1gh-v1s1bil1ty dial 
and press the button. The arbor turns the pre-set number of revolutions and 
stops automatically. In this system, the Microflex counter controls brake, 
clutch and motor. Complete information is in Bulletin 730. For a copy, use 
Reade r Service Card, circle number 48 l. 

FILL'ER UP ... 

l 
MOTOR 

And not one ounce too many! A leading food suppl 
manufacturer presented the Man from E.A.G.L.E. with th~ 
packaging requirement shown at the left. This manufac­
turer wanted to accurately fill containers. A versatile 
M1croflex timer was the ?nswer. It moves the containers 
u_nder the hopper .... f1ll1 ng and advancing them by the 
time lapse tec~nique . The limit switch in this system 
act1vate_s th_e M1croflex which controls hopper-valve and 
~otor circuits. An accuracy of 1/10 % of full scale is con­
sistently maintained and the manufacturer can vary the 
container Siles. and amounts he wants them to carr 
Intriguing? Write for Bulletin 110 for full data ufe 
Reader Service Card, circle number 482. · 

The .. Man from. ~. A.G.LE . would like you to see his com­
plete showcase of process control ideas. May we send 
you our catalog? For your copy use the handy Reade s 
ice Card c· I b ' r erv­Signal o·'. _ire eEnum e_r 483, or write directly to Eagle 

rt 
1vis1on, · W. Bliss Company, Federal Street Dav 

enpo , Iowa 52803. · ' · 

l:J!FtJl•IEAGLE SIGNAL! 
A D IV I SIO N OF T HE E . W . BLISS COMPANY 
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22AP Plug-in General Purpose Relay 

... the epitome of relay craftsman· 
ship and design. Versatile to the .Nth 
degree on loads to 10 amps. Avail­
able in 8- and 11-pin styles for AC, 
DC and plate circuit requirements. 
Features include: forms to 3PDT plus 
specials on request; standard units 
have gold-plated contacts for longer 
shelf life; lower pull-in voltages me: 
70% of nominal, AC: 75% of nomi­
nal); AC operating voltages 0.5 to 
250, DC 0.2 to 130 in current ranges 
from .005 to 10 amp. Complete in· 
formation is in our new relay bulle­
tin. For your copy, use Reader Serv­
ice Card, circle number 484. 

SPECIFICATIONS 

• Contacts: SPDT, DPDT, 3PDT 

• Contact Rating: S and 70 amps. 

• Pull-in: 22 milliseconds average 

• Drop-out Speed: 72 mi'l/iseconds 
average 

• Size: J%•x2Ya•x 1Ya• 

• Weight: 3 ounces 

25PS Medium Power Relay 
/ POWERFUL PARTNER 

••• toss your toughest medium­
power-handling assignments to this 
workhorse. 25PS types carry loads to 
20 amps. on a fast duty cycle in a 
breeze. UL listed. Features include: 
rugged %" diameter silver cadmium 
oxide alloy contact; lower pull -in 
voltages me, 75% of nominal AC: 
76 % of nominal); AC operating' volt­
ages 4 to 250, DC 1 to 130 in cur­
rent ranges from .02 to JO amp. For 
full technical information on this and 
other Eagle Signal general purpose 
and medium power relays, use 
the Reader Service Card, and circle 
number 485. 

RELAY DESIGNERS' RELAY 

25AA Open Frame General Purpose Relay 

Ask the man from E.A.G.LE. to open 
his "showcase" of ideas for you. 
Many can help solve your process 
control problems. Want our com-

lete catalog? Use the handy Reader 
gervice Card, circle n~~b_er 487, or 
write· Eagle Signal D1v1s1on, E. W. 
Bliss.Company, Federal Street, Dav­
enport, Iowa 52803. 

Electronics I September 19, 1966 

.. and boy what a relay .it is! Ve,r­
satile, dependable, economical. You It 
find hundreds of uses f?r these ~.or 
.10 amps., UL listed. h1gh-rel1ab1hty 
types Standard units have gold· 

lated. contacts which permit longer 
~helf life. Other significant features 
include: lower pull-in voltages rD~: 
70% of nominal, AC: 75% of nomi· 
natJ AC operating voltages 0.5 to 
250. DC 0.2 to 130 in current ran_ge.s 
fro~ .005 to 10 amp. Detailed spec!· 
fications on these and other Eagle 
Signal general purpose rela¥s are 
given in a new technical bul!et1n. For 
your copy, use Reader Service Card, 
circle number 486. 

SPECIFICATIONS 

• Contacts: SPDT 

• Contact Rating: 20 amps. 175/230 
VAC 60 cycle resistive • 1 HP.@ 
175/230 VAC motor- inductive 

• Pull- in: so milliseconds max. 

• Drop-out Speed: 30 milliseconds 
max. 

• Weight: 3 ounces 

SPECIFICATIONS 

e Contacts: SPDT, DPDT. 3PDT 

• Contact Rating: SA and 10A @ 1/15 
VAC• SA-1/10 HP@ 71S VAC, 1 6 
HP@230 VAC e lOA-7/6 HP@ 1l5 
VAC, 7/3 HP@ 230 VAC 

• Pull-in: 22 milliseconds average 

• Drop-out Speed: 12 milliseconds 
average 

• Size: 1Ys • x 7Jfz ' x 1x · 
• Weight: 2 ounces 
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Meet any programable or fixed voltage needr 
Up ta 150 volts • Up to 95 amps 

A B 

FEATURES and DATA 
Full line of accessories and options to meet your system 
needs. Meet Mil. Environment Specs. RFl-M IL-I-16910: 
Vibration: MIL-T-4807A: Shock: MIL-E-4970A ·Proc. 1 & 2: 
Humidity: MIL-STD -810 • Meth . 507: Temp . Shock: 
MIL-E-5272C (ASG) Proc. 1: Altitude: MIL-E-4970A • 
(ASG) Proc. 1: Marking: MIL-STD-130: Quality: MIL-Q-9858: 
Fungus Proofing (optional) all models available with 
MIL-V-173 varnish for all nutrient components. 
Convection cooled - no heat sinking or forced air required 
Wide input voltage and frequency range- 105-132 VAC, 
(200-250 VAC, optional at no extra charge) 45-440 cps 
Regulation (line) 0.05% plus 4MV (load) 0.03% plus 3MV: 
Ripple and Noise-1 MV rms, 3MV p to p 
Overvoltage protection available for all models up to 
70 VDC 
High Performance Option -All models ava ilable with these 
specifications for $25.00 extra: Line regulation- .01 % 
+ lMV; Load regulation- .02% + 2MV: Ripple and Noise-
112 MV rms; 1112 MV p to p: Temp. Coef.-.Ol%°C 

ACCESSORIES 
and OPTIONS 

LRA-5 • 3 112" height by 2 ri_ 6 " depth . Price $35.00 

LRA-4 • 31/z'' height by 14" depth. (For use with chassis 
slides) Price $55.00 

LRA-5 and LRA-4 mount the followi ng combinations of 
LM models: up to 4 A package sizes • 3 B or 3 C package 
sizes • 2 A and 1 B or 1 C package sizes 

LRA-3 • 5 1.4" height by 2ri_6 " depth . Price $35.00 

LRA-6 • 51.4" height by 14" depth . (For use with chassis 
slides) Price $60.00 

LRA-3 and LRA-6 mount the following combinat ions of 
LM models: up to 4 A, B or C package sizes • 3 CC package 
sizes • 2 D or 2 E package sizes. · 2 A, B or C and 1 CC or 
1 D or 1 E package sizes • 1 CC and 1 D or 1 E package 
sizes • 1 D and 1 E package sizes 

Metered Panels • 3 1/z'' Metered panel MP-3 is 
used with rack adapters LRA-4, LRA-5 and packages A, 
B and C. Price $40.00 

51.4" Metered panel MP-5 is used with rack ada pters 
LRA-6, LRA-3 and packages A, B, C, CC, D and E. Price $40 .00 

To order these accessory metered panels, specify panel 
number which MUST BE FOLLOWED BY the MODEL 
NUMBER of the power supply with which it wi ll be used. 

F and G LM Packages are full rack power supplies ava il­
able metered or non-metered. For metered models, add 
suffix M to the Model No. and $30 to the non-metered 
price. 

Other Options • Also ava ilable are Overvoltage 
Protectors, Fungus . Proofing, and High Perform ance Op­
t ions at moderate surcharges. 
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WIDE VOLTAG.E RANGE . .· , . 
PROGRAMABLE LM SERIES MODELS 

PACKAG E A AD J . VOLT. r-ioMcA~~p~ AT ~TiN;l~~: I 
l ¥1 . "•J l~·· 11i '/1" R ANGE voe Price•• 

LM 251 07 0" 0 31 0 29 0 27 • 69 
L M ZOl 0 7 0 85 0" 0 70 0 55 79_ 
LM 202 0 7 17 15 " II 89 
LM 252 0 7 20 I 8 " II •• 
LM 257 0 I • 0 27 0 24 0 73 0 22 69 
LM 203 0 14 0" 0 40 0 J8 0 28 79 
LM 204 0 14 090 0 80 • 75 0" •• 
L M 258 0 14 1 2 II I 0 0 80 •• 
~9 0 24 0 18 0 16 

0 " 
0 14 69 

L M 260 0 24 0" O JO 0 25 0 20 79 

~~I 0 24 0 70 0 65 0 60 0 45 •• 
LM 262 0 24 0 80 0" 0 70 0 60 •• 
LM 263 0 32 0 14 0 12 0 II 

~*-t-~:--1 LM 205 0 32 0" 0 23 0 20 
LM 206 0 32 0 50 0 4 5 0 40 0 JO 89 --
LM 264 0 32 0 66 0 60 0 50 0 J2 99 
LM 265 0 60 0 08 0 07 0 07 006 79 
L M 207 0 60 0 13 0 12 0 II 008 89 
LM 208 0 60 0" 0 23 0 21 0 16 99 
LM 2£.6 0 60 0" 0 31 0 28 0" 109 
L M 267 0 120 0 10 0 09 0 08 0 07 109 
L M 268 0 120 0 13 0 12 0 10 0 09 119 

PA CK AG E B ADJ . VOLT . 0 MA X. AMPS AT AMB IEN T OF : 
J l{, .. "14 \·· •6 '1' RANGE voe 40 e 50 e 60 e 71 e Puce•• 

LMB·0· 7 0 7 28 26 23 15 '1 09 
L MB-0-14 0 14 I 6 " 13 1 2 109 
L M B -0-32 0 32 0 80 0 70 060 0 5 109 
l M B-0-60 0 60 0 45 0 •O 0" 0 J 109 
LM -217 8 5 14 21 19 17 IJ 119 

LM-2 18 13 23 " 13 12 I 0 119 

L M-2 19 22 32 12 II I 0 0 BO 119 
lM-220 JO 60 0 70 0 65 0 60 0" 129 

PACKAGE C AO J VOLT . MA X AMPS AT AMBI ENT Of 
31·. 14 ·1 • • 9 1, RANGE voe •o e 50 e 60 e 71 e Pr ice •• 

l M -225 0 7 4 0 J 6 JO 2• $ 139 
L M C·0 -14 0 14 22 20 I 8 15 IJ9 
L M C-0-32 0 32 II I 0 0 90 0 80 139 
l M C-0-60 0 60 0 60 0" 0 50 0" IJ9 
L M -226 " 14 JJ JO " 20 139 
L M -227 13 23 23 21 17 " 139 .-
L M-228 i!Z' " 20 18 " 12 139 
LM-229 30 60 II 10 0 BO 0 60 149 

PACK AGE 0 AO J VOLT MA X. AMPS AT AMB IENT Of ; 

4 11. 1J ''1"' 1!t1 , RANGE voe • O e 50 e 60 e 71 e Price•• 

L M-234 0 7 BJ 73 • 5 " $ 199 

lMD·0-1' 0 14 .. " " 27 199 
L M0-0-32 0 32 " 21 17 13 180 
L M0-0-60 0 60 IJ 11 0 95 0" 239 
l M -235 " 14 71 68 60 4 8 199 
l M -236 13 23 58 51 4 5 J 6 209 
l M -237 22 32 50 44 39 JI 219 
L M-238 JO 60 2 6 23 20 I 6 239 

PACK AGE E ADJ . \IOLT. " MA X. AMPS AT AMSI ENT OF. 
41\J,.··11•:"111 '1" RANGE voe 40 e 50 e 60~ 7 _.£_ Pri ce •• 

L M E-0-7 0 7 12 0 10 5 8 5 6B $249 
L M E-0 -14 0 14 74 64 52 •1 249 
LME-0-32 0 32 37 32 2 6 21 249 
LM E-0-60 0 60 21 17 14 II 249 ,. 

PACK AGE f ADJ . \IOLT. 
J •'i"'•l!l11ti l.'i" RANGE \IOC Ptice ~• 

L MF-0-7 0 7 $4 25 ,..,. 
PACK AGE G ADJ . \IOLT. 

51'. '"•" "•16·:·· RAN GE voe Price •• 

LMG-0-7 0-7 $575 

Electronics I SeptembP.r 19, 1966 
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with Lambda Modular Power Supply Systems 

G 

FIXED VOLTAGE RANGE 

MAX . AMPS AT A M BIENT OF : 

l-~~~~"--+~~~-'-+-40 c so c 60 c 71 c Pnce• • 

33 " 16 J ll9 

'6 16 119 
JJ ?6 16 11 9 

13 ?6 16 119 

15 

15 119 

119 

NOTE: 

Space does not permit listing all LM Series 
f ixed-voltage power supplies. In every pack­
age size there are models for each voltage 
range listed under the B package. Call or 
wr ite for data and prices. 

LM SERIES MODELS 

NEW 
PACKAGE CC 

4 111i,." 14 •V,."19 h " 

LM CCJ 
LM CC4 
L M CC4PS 

LM CCS 

LM CC6 

LM CCJ2 

LM CC15 

LM CC20 
LM CC24 

LM CC28 

LM CC48 

LM CCI~ 

PACK AGE 0 
4 1i; .. " 1 7 1; 1" 1'H 1" 

L M 0) 

LM 04 

LM 04PS 

ADJ . VOLT . · M AX . AM PS AT AM B IENT or: 
RAN GE voe 40 c 50 c 60 c 71 c Pro ce •• 

3 _!. 5 % II 0 9. " 55 $1 79 . _'._ S"'- II 0 9. " 55 179 

45 ·5.,. 10 5 90 8 0 55 179 

5 ., .. 10 5 90 80 55 179 

6 .,,. 90 8. 77 55 179 

" 
., .. 73 68 59 " 169 

" 
., .. 60 56 51 '3 169 

20 ~ 5% 50 46 " J 6 169 ,. ..!: 5 % • 0 37 " JO 169 

28 :!: 5 % 35 " 31 2 8 169 

48 =. 5% 25 ,. 
" l 9 189 

150 :!: 5% 01 0 61 0 62 0 55 199 

Price "'" 

3 .5•., 13 I J l 3 9 2 6 2 $199 

4 ::_ 5% 13 I 11 3 9 2 6 2 199 

45 "'.. S ... 131 113 9 2 62 199 

LM OS 5 ·So,. 126 108 9 2 61 199 

LM 06 ·Se.. 12 4 106 89 60 199 

LM 01 2 l 2 ..!. S""' 10 0 9 2 8 3 S 7 199 

LM OI S IS ..!. 5°" 90 8 4 79 53 209 

" Current rating is from zero to I max. at ambient. ~~ ~:~ :~ ; :~ ~; : ~ : ~ : : :~ 
Current rating applies over entire output voltage l---',"'.,~0°'2"'8-+-~,"'8~-"°,,.~--o • ..,0-+-05-06-+-=-,c;.,-+-,-, "",-t---;;20:19;-1 

range. LM 048 48 . 5"- 4 I 3 9 3 6 3 I 239 

Current rating applies for input voltage 105-132 
VAC 55-65 cps. 

For operation at 45.55 cps derate current rating 
10%. 

For operation at 360-440 cps consult factory for 
ratings and specifications. 

"* Prices F.O.B. Factory, Melvi lle, N. Y. All speci· 
fications and prices subject to change without notice. 

LM Ol SO I SO :::_ 5% 11 10 090 080 2S 4 

4 n~~~~I~~.~ ~1,, · :.!'~G~0vl;c t-it~_:_ A~P~ ~~B~~;~-T Pr ice• • 

L M EJ 3 =.5% 220 200 165 100 $ 269 

LM E4 4 :!: 5% 2 1 0 19 0 165 100 269 

LME-4P5 4 5.!. 5% 200 180 16 4 100 269 

L M ES 5 :!: 5% 20 0 18 0 16 4 10 0 269 

LM E6 6 :!: S•. 190 173 156 100 269 
L M E1 2 12 :!: 5% 150 136 123 9 5 269 

L M E24 24 ; 5% 11 O 10 0 9 0 7 6 269 

LM E28 28 ~ s"'I. JO 0 9 0 a 0 7 I 269 

LM EU 48 :!: 5 .._ 6 0 5 4 4 9 4 3 299 
LM EI SO 150 :!: 5"'- 1 4 13 1 2 10 299 

PACK AGE F ADJ . VOLT. 
J l,'1" l19" 1 16 1/J" RANGE voe 

L M FA3 3 :!: 5% 
L M FA4 4 ::. 5 % 

LM FA4PS 4 S ::!: S ~ 

LM FAS 5 :!: 5% 
L M FA6 6 :!: 5.,_ 

L M FA12 12 :!: 5% 

" MA X. AM PS AT AMBI ENT OF: 
40 c so c 60 c 71 c 
31 5 28 s 24 0 18.0 
3 1 5 28 s 24 0 18 0 

31 5 28 5 24 0 18.0 

JI 5 27 7 237 18 0 
30 5 26 0 22 .0 18.0 
22 0 19 0 16 2 13.2 

LM FA15 15 :!: 5' 19 4 18 3 15 2 126 
L M FA 20 20 ::!: 5% 16 0 14 7 12 6 105 

LM FA24 24 ::!: S•o 14 0 13 0 II 4 9 0 

L M FA 28 28 ..!. 5 ' 135 120 104 85 

LM FA48 48 -s-.. 8 I 7 S 6 5 5 .4 

LM FA l 50 JSO =.. 5% 2 4 2 1 18 14 

LM F3 3 =:: 5..., 48 O 4 2 0 34 0 25 .0 
L M F4 

L M F4P5 

L M F5 

LM f6 

L M Fl 2 

L M FIS 
L M F20 

LM f24 

LM F28 

LM f48 

L M fl SO 

PACKAG E G 
5 1:. " 119" 11& •1i·· 

LM Gl 

LM G4 

L M G4PS 

LM GS 

L M G6 

L M Gl2 

L M GlS 

LM G20 

L M G24 

LM G28 

L M G4 8 

LM GI50 

4 =:: 5% 

20 .• s o,. 

24 -:=: S"-

ISO -5% 

ADJ. VOLT. 
RANGE voe 

3 :!:S% 

4 =:: 5% 

6 =:: 5% 

12 :!:S% 

15 :!: 5% 

20 :!:S% 

24 :!: 5% 
28 .... 5% 

48 :!: 5% 

ISO =:: 5% 

48 0 4 2 0 34 0 25 0 

48 0 420 340 250 

480 41 0 330 2S .O 

470 400 320 24 .0 

33 0 28 0 22 0 17 0 
280 24 0 190 160 

230 200 170 130 

200 170 14 0 110 

19 0 160 130 100 

100 90 75 6 .0 

3 I 2 6 2 I 1.6 

' MAX. AMPS AT AMBIENT OF: 

co c so ~c 60 c 11 •c 
95 .0 80.0 62 .0 4S .O 

85 0 80 .0 62 0 45 .0 

85 .0 80 .0 62 .0 4.5 .0 

800 750 620 45.0 

80 .0 7S 0 6 2.0 45 .0 

56 .0 46 0 37 .o 29 .0 

45 .0 4 2 0 36.0 28 .0 

35.0 32 0 28 .0 21.0 

32 .0 26 0 2 1.0 16.0 

28.0 250 210 16.0 

17 .0 140 12 0 9 .0 

5.5 5.2 4 .5 3 .7 

Price •• 

$37S 
375 
315 
375 

375 
375 
375 
350 

3 50 
350 
375 
41 0 

425 

425 
425 
425 
425 
425 
425 
395 

380 

380 

425 
460 

$575 

575 

575 

57 5 
525 

525 
525 

525 

480 

480 

57 5 

675 

SEND FOR NEW CATALOG ON FIXED VOLTAGE 
AND WIDE RANGE MODULAR POWER SUPPLIES 

&LAMBDA E L E c T R o N I c s c o R P. A rV~ sus s 101ARY 

616 BROAD HOLLOW RO.AD · MELVILLE. L.1., NEW YORK• 616 MYRTLE ( . 4200 ~ 
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Now you can throw out 
less versatile storage 
techniques. A Ferroxcube 
core memory costs as 
little as $1, 190. 

~Ii!••- We haven't been a 
• leading core 

memory manu­
facturer all 
these years for 

nothing. We learned how 
to mass produce core memories 
and thereby sell them to you at 
prices competitive with less re­
liab~, less versatile storage tech­
niques. 
Aside from price (we'll get back to 
that in a moment), consider the 
advantages of core memory sys­
tems. Speed. Random access. 

FERROXCUBI! 
CORPORATION 
OF AMERICA 

Non-dissipative. And they're non­
volatile. We could go on and on. We 
won't because you've probably al­
ways wanted to design your system 
around core storage anyway. Only 
the cost stopped you. 
Now you can buy a Ferroxcube 128 
x 8 core memory system complete 
with stack electronics, data regis­
ter and timing for a paltry $1,190. 
That's our FX-12. Its capacity 

ranges up to 512 x 8. The FX-14 
picks up there and goes on to 
4,096 x 32. Prices are comparably 
low. Moreover, the FX-14 is avail­
able with almost any choice of in­
terfacing elements. Buy only what 
you need to interface with what you 
already have. 
In brief, Ferroxcube core memories 
make both functional and eco­
nomic sense. Write or call for Bul­
letin M661. 

Ferroxcube ~ 

Englewood, Colorado Boston Chicago Dallas Los Angeles Minneapoli s New York Area Phoenix Philatlelphia Washingto n, O.C 
303-771-2000 617-899-3110 3 l 2-26 l -788l• 2 1 4-255-0441 213-837- 148~ 612-888-468 ' 20 l -267-5888 602-265-1792 215-927-6262 703-893-4900 
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Target Tracking Depends on 
Te1nperature Tracking ••• 

and you can depend on 
AMELCO to deliver 0.5 nA/°C 

1YPICAL SPECIFICATIONS- lYPE 8851 
30 nA Input Offset Current 
1 1111 n Input Impedance 
-90 db Common Mede Rejection Ratil 
.... db Power SUpplf Rejection Ratio 
96 db Open loop Gain 
:t:l c11a 111n Ylriation, -ss•c • +m•c. 
26 Volt ,. ..... ,.. Output SWlnt 
.... Ckalt ,...., 
TD·S Pacbp 

Don't confuse Amelco's new 805 Series Operational Amplifiers 

with any others ... even our own! Type 8058, for example, 

operates from a ± 15 volt supply and delivers a 26 volt output 

swing, has 0 .5 nA current tracking, and fits most existing 

circuits without modification. Short circuit proof, too. 

Cost? From $27 to $45 in quantities of 100 or more, depend· 

ing on type. Four types are available and in stock at your, 

Amel co distributor. You can depend on that, too! 

AMELCO SEMICONDUCTOR 
DIVISION OF TELEDYNE, INC. • 1300 TERRA BELLA AVENUE • MOUNTAIN VIEW, CALIFORNIA • Mail Address: P. 0 . Box 1030, 
Mountain View, California • Phone: (415) 968-9241 I TWX: (415) 969 · 9112 I Telex : 34 -8416 • REGIONAL OFFICES: Southwest -
Suite 213 , 8621 Bellanca Ave., Los Angeles, California 90045, (213) 678 -3146 • Northwest-1300 Terra Bella Ave. , Mountain View, California, (415) 968 -9241 
East-P. 0 . Box 2091 , Paterson, New Jersey 07509, (201) 696-4747; P. 0 . Box 366, Kimberton , Pennsylvania, (215) 885-1755 • Northeast-543 High 
Street , Westwood, Massachusetts, (617) 326-6600 • Southeast-711 Magnolia Avenue, Orlando, Florida, (305) 423 -5833 • Midwest-650 West Algonquin Road, 
Des Plaines, Illinois, (312) 439 -3250; 3020 Woodlark Lane, St. Paul , Minnesota, (612) 646-1161 • Canada-Deskin Sales, Montreal, Quebec , (514) 384 -1420. 

f": ....... 1 .... "'7"'\ - - --- ....I -
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MARRIAGE OF 
CONVENIENCE 

How Sperry blends the best 

of two technologies into a . . 
superior microwave source 

A V band Sperry klystron with matching solid-state power supply. 

System designers who want to capital­
ize on the obvious advantages of solid ­
state without enduring the crippling 
power and frequency limitations are 
discovering a new solution: the pack­
aged power su pply/ klystron oscillator 
combination from Sperry Electronic 
Tube Division . 

Sperry now offers single low-voltage 
(28 volts) DC-to-microwave frequ ency 
sources which combine the best fea­
tures of solid-state circuitry and klys­
tron oscillators. The source consists of 
an all solid-state power supply , a reflex 
klystron , and (if required) a stalo 
cavity and an isolator. 

For many applications. Sperry has 
already proved that such a combina­
tion can equal the size and weight of 
an all solid-state source and show con­
siderable improvement in reliability, 
power handling capability, noise and 
other characteristics. 

The Sperry designs are based on 
existing hardware and technologies. 
Tubes, power supplies and stalos al­
ready in production require only minor 
modifications to become usable com­
ponents in packaged source combina-

Precise prediction of the inter­
action between microwave and 
solid-state elements requires 
in-depth understanding of both 
technologies. Such understand­
ing is the principle ingredient 
in Sperry's " Storehouse of 
Knowledge ." Put our under­
standing to work for you today. 

DIVISION OF 
SPERRY RAND 
CORPORATION 

tions. Because no development work is 
required , you can expect peak reliabil­
ity from the first unit - the "learning 
curve" stage is completely eliminated. 

Sperry delivers the source in a com­
pact, integrated package . . . for a 
typical X band application it may be 
as small as 100 cubic inches and weigh 
as little as four pounds. While power 
supply maintenance should be con­
ducted at depot level, the tube and 
stalo may be replaced , at any level, 
thanks to the fixed reflector voltage 
feature of Sperry reflex klystrons. 

In packaging the units, Sperry pays 
particular attention to environmental 
requirements, mounting requirements 
and optimum RFI shielding. 

If you're concerned with the per­
formance and reliability of an all 
solid-state source to meet your specifi­
cations, or if you want to avoid the 
agony of matching a klystron to its 
power supply, get more information 
about Sperry's packaged source capa­
bility . For your free copy of a new 
technical paper, ask your Cain & Co. 
man or write Sperry, Gainesville, Fla. 

SPERRY ELECTRONIC TUBE DIVISION, Gainesville, Fla. 
National Rep resentatives: 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, 463-0462; Washington, 296-8265; South Amboy, 

727-1900; Huntsville, 534-7955; Dade City, 422-3460; Montreal, 844-0089. 
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The high cost 
of expansion 

Congress fears 
antisub slowdown .. , 

••• while Navy goes 
ahead with Autec .•• 

None if by land 

Washington Newsletter 

September 19, 1966 

The proposed suspension of the 7% investment tax credit may not slow 
electronics as much as other industries. There is serious concern the war 
effort may be hindered if expansion of the electronics and other key 
industries are hampered. Thus, to fill military orders, some expansion, 
even at the more costly rates, may still he necessary. Also, electronics 
firms have shown more restraint in their expansion plans than the rest 
of the economy. 

President Johnson has sent his proposed legislation to Capitol Hill, 
where hearings have already begun in the House Ways and Means Com­
mittee. The bill, which seems assured of passage, would make expansion 
more costly and cause companies to defer such expansions until the credit 
is reestablished-probably in January, 1968. The President proposed that 
the credit suspension be made retroactive to Sept. I. 

Commerce Department figures forecast electronics expansion for the 
rest of this year at 2.4% above the previous quarter, compared to a 3% 
rise for all industries. Investment in new plant and equipment by the 
electronics industry-paced by the communications segment-was $6.09 
billion for the year's first three months, went to $6.27 billion for the 
second quarter and $6.53 billion in the third. Investment is expected to 
climb another $6.7 billion between now and year's end. 

Components manufacturers account for $575 million of the projected 
fourth-quarter total, computer firms another $206 million, and the com­
munications giants are planning a $5.9 billion growth. Computer firms 
cut their expansion plans to a level below the last quarter's, but the com­
munications companies more than made up the diHerence. 

L. Mendel Rivers (D., S.C.), chairman of the House Armed Services 
Committte, wants to make sure that Pentagon concern with the war in 
Vietnam doesn't shortchange the Navy's antisubmarine warfare program. 
He has asked Samuel S. Stratton (D., N.Y.) to find out whether antisub­
marine defense against a potential Soviet threat is being sacrificed to the 
land war in Southeast Asia. 

Stratton, who headed the congressional subcommittee that visited 
Vietnam in April, has had some preliminary interviews with Vice Adm. 
Charles B. Martell, director of the Navy antisubmarine program; hear­
ings are planned before the full committee. 

Despite the fears of Rivers and his committee, progress is reported in one 
area of antisubmarine warfare research. The Navy's Atlantic Undersea 
Test and Evaluation Center (Autec) is ready to begin limited operations 
and a three-year, $10.8-million contract has gone to the Radio Corp. of 
America to manage and maintain the ocean test bed off the Bahamas. 

Returning Gemini and Apollo spacecraft will continue to splash down 
in the ocean, but dry landings may be possible for early flights in the 
Apollo Applications Program now under study by the National Aero­
nautics and Space Administration. John Kiker, head of landing tech­
niques at NASA's Manned Spacecraft Center in Houston, says that 
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Air Force tests 

emergency network 

for communications 

Westinghouse seeks 

better sonar 

for rescue sub 

California share 

of spending drops 

Essa3comes 

to the rescue 

76 

Washington Newsletter 

budget problems are delaying ground landings as much as the tech­
nical difficulties. Spending for Vietnam cut into funds that NASA engi­
neers had hoped to use for the limping land landing program for Apollo 
[Electronics, Aug. 8, 1966; p. 48] : 

A system that worked well during the East Coast blackout last Nov. 9 
may provide the Defense Department with an emergency communica­
tions network; when the lights went out stations switched to standby 
power and continued both commercial and emergency teletypewriter 
broadcasting over a-m broadcast facilities. 

The teletypewriter system-under test by the Air Force-operates at 
100 words a minute. Messages are squeezed onto the broadcasting bands 
along with commercial programs-without interference-by shifting car­
rier-wave signals 18 hertz. Twelve stations in the northeastern United 
States have been equipped for the tests. 

The system is compatible with digital air-to-ground communications 
equipment at high frequencies and with low-frequency systems used to 
contact submarines and underground command posts. 

The Navy has ordered development of a sonar for its deep submergence 
rescue vehicle (DSRV) that will sound out and display small parts of 
a disabled submarine. The Westinghouse Electric Corp.'s Underseas 
division, Baltimore, is designing the sonar with a display resolution of 
one foot for an object 15 feet away. This difficult-to-obtain resolution is 
vital if the rescue vessel is to find and latch onto the hatch of crippled 
subs when the water is too turbid for visual observations. 

To obtain the desired resolution, Westinghouse shortened the pulse 
rate to 20 microseconds and narrowed the beam to one degree. Power 
is held to less than 50 watts, and the external transducer and scan pack­
age can be no larger than 4 by 4 by 10 inches. Westinghouse has a $150,-
000 contract to build two systems for the DSRV program. Delivery is 
scheduled for mid-March. 

California is receiving a smaller share of a bigger defense procurement 
budget and Texas is getting a bigger share, but otherwise the state-by­
state breakdown of defense contract dollars looks like business as usual. 
However, California still holds a 2-to-l lead over runner-up New York. 

In fiscal year 1966, which ended June 30, California firms received 
$5.8 billion in prime contracts, or 18.3% of the $35. 7 billion total defense 
procurement. In the previous year, California companies got $5.1 billion 
-22.1 of the $26.6 billion spent. 

Trailing California in 1966 were New York with 8.9%, Texas with 7.2%, 
Connecticut with 6.5% and Pennsylvania at 5.3%. · 

The third in the series of operational weather satellites and the first of 
its kind to carry a one-inch vidicon camera system will be launched for 
the Environmental Science Services Administration on Sept. 21. Essa 3 
will resume the global cloud picture coverage interrupted by the failure 
last month of one of Essa l's two half-inch vidicon systems and the tape 
recorder that stored pictures for Nimbus 2's one-inch vidicon system. 
Earlier Essa satellites carried half-inch vidicons. 
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What increased 
chemical cleaning 

production 20% 
and cut solvent 

costs in half? 

ITT says: 
U500l§@[~r solvents 

and Branson 
Ultrasonics. 

At ITT's Electron Tube Plant in Easton, Pa., 
components are now cleaned in a Branson 
ultrasonic system using FREON TF solvent. 
Standard degreasing just couldn't do the job 
as efficiently. Time and money were lost 
through recleaning. 

Now, FREON leaves components micro­
scopically clean -the first time through. With 
its low surface tens10n it reaches into the 
smallest pores and crevices. With its high 
density, FREON carries off all traces of dirt, 
cutting oils and other contaminants. It dries 
quickly, leaving no residue. 

The result : chemical cleaning production 
up 20% ... solvent costs down 52% from 
$100 to $48 per week. 

And, because FREON is nonexplosive and 
relatively nontoxic, no special exhaust system 
is needed. Its high stability permits recovery 
and reuse after simple distillation. 

FREON solvents could be the answer to your 
cleaning problems. For more information, 
write Du Pont Co., Room 4342, Wil-

l 
mington, Delaware 19898. (In Eu­
rope, write: Du Pont de Nemours 
International S.A., "FREON" 
Products Div., 81 Route de l' Aire, 
CH 1211 Geneva 24, Switzerland.) 

Better Things for Better Living 
•.. through Chemistry ~ ............. 

Electronics \ September 19, 1966 Circle 77 on reader service card 77 



Type T 
•TINTED ES T A ft SAFETY BASE 

INDUSTRIAL X-RAY FILM 

T-54 
I 

Now just apply a factor of 2, 
and you can establish a 
technique to rely on. 

78 Circle 78 on reader service card 

New KODAK Industrial X-ray Film, 
Type T (ESTAR Base), completes the 
most comprehensive line of industrial 
x-ray emulsions available; the five most 
popular Kodak films increase in speed 
by an approximate factor of 2. This 
means no more complicated calculation 
in selecting a film for a particular job. 
All you have to do is remember the fac· 
tor of 2-then apply it. 

Type T fits halfway between Type M 
and Type AA. It's the fastest extra-fine­
grain film Kodak makes. It's specially 

Elect ronics I Sept ember 19, 1966 
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In the abo\'e illustration , (I) and (2) are the diagnostically significant images. KODAK Industrial X-ray 
Film, Type AA (ESTAR Base), is twice as fa st as KODAK Industrial X-ray Film, Type T (ESTAR Base). - ., 

- .J 
designed to do a number of critical jobs 
better than they could ever be done be­
fore . For instance, if specs ca ll for an 

' extra-fine-grain emulsion, but you need 
shorter exposures for higher production, 
you want new Type T ; it has twice the 

..... speed of M, ha lf the speed of AA. 
Kodak's comprehensive line of indus­

trial x-ray film emulsions means greater 
.. versatility and less mathematics in multi­

ple-film exposure techniques. Now multi­
ple-film exposures using Kodak films can 

Electronics I September 19, 1966 

be applied to a greater range of casting 
thicknesses, even extremely thick- and 
thinwall specimens. 

Use the table on the right to choose the 
best combination of films for your needs. 

Want to know more about KODAK 
Industrial X-ray Film, T ype T (ESTAR 
Base), and how the factor of 2 table can 
make life simpler? Contact your Kodak 
x-ray dealer or write us to have a repre­
sentative call from Kodak's Radiography 
Markets Division, 

FACTOR OF 2 TABLE 
Approximate 

Type of Film Relative Speed * 

R ( Single-Coated) 1 
R 2 
M 4 
T 8 
AA 16 

*at 200 kv 

EASTMAN KODAK COMPANY 
Radiography Markets D ivision 
ROCHESTER , N . Y. 1465 0 
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ASTRO 348 

Illustrated: 16·55 Astro/ 348 subminiature 
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raises the limit 
on reliability 
AMPHENOL HIGH-DENSITY SUBMINIATURE PROVIDES: 

1. Maximum of 85 #22 contacts in size 18 shell. 
2. lmpr9ved contact retention design eliminating metal 

retention clip, permitting .021 " minimum dielectric 
separation on .085" contact centers. 

3. Environmental performance to MIL-C-26500/38300 
except temperature range - 55 C to 150 C. 

4. ·Elimination of damage to receptacle male pins 
during blind mating. 

5. Optional assembly of contacts into retention disc 
· outside of connector shell. (For visual assurance that 

contacts are installed properly.) · 

® AMPHENOL CONNECTOR DIVISION 
. AMPHENOL CORPORATION 

M 

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



Announcing the Brush Mark 250, 
first strip chart 
recorder for 
the perfectionists 
of the world. 
Meet the fas test, 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 recorde r for the perfectionists 
of the world! 

1 Unmatched frequency rhsponse. 
Flat to 10 cycles on full 4 1/z" 

span! Useful response to lOOcycles. 
Nobody has a strip chart recorder 
in the same league. 

2 Wide selection of signal cond i-
tioners. Choose from 21 inter­

changeable preamps. Use one to­
day; plug in a different one when 
your recording requirements 
change. 

3 Cri sp , clean rectili near writin g. 
Patented. pressurized inking 

system puts smudge-proof trace 
into the paper not just on it. 

4 Contactless, non-wea ring feed-
back system. Same one used in 

our multi-channel Mark 200 re­
corders . (No slide wires 1) Accuracy? 
Better than 1/2% ! 

5 Multiple chart speed s. Push-
button choice of twelve ... from 

5 inches/second to l/lOofan inch/ 
minute (up to 8 days of continuous 
recording) . 

6 Portable or Rack mounting. And 
either way you get the exclusive 

new dual position writing table. 

7 Removable chart paper maga-
zine. Great for desk top record 

reviews. Man·sized manual wind · 
ing knobs let you roll chart forward 
and back. Chart reloading is a 
ctn ch . 

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 , 3633 Perkins Ave .. Cleve­
land , Ohio 44114. 

CLEVITE 
brush INSTRUMENTS DIVISION 

, Circle 493 on reader service card 

CLEVITE !:>rush 1 

- . -.. 
- ' .. .. -.. . 

Shown· approx. 76% of actual size with 1 µv preamplifier 
RD 4215 -70; event markers optional. 



1TE &,..ush 

0 
chlll't tapeed 
lnch• /sec 

D 
inch•/mtn 

O.C.~R 

se.natUYity 

' 

intel'foctt 
warning 

The Brush Mark 250 
First recorde r for perfectionists 
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NEW FET CHOPPER-MFE2133 
FOR MILITARY/ INDUSTRIAL DESIGNS 

.. . featuring low rd, "on" - 60 ohms (max) 

Here is one high-impedance device that can dissipate 1.5 
watts. In addition, Motorola's T0-39 package -with low 
thermal resistance (6.7 mW / °C ) - keeps the junction rela­
tively free of troublesome temperature swings. The MFE2133 
also offers low transfer capacitance (5 pF ) in proportion to 
the low drain-source resistance. And, the combination makes 
for better all-around switching performance. 

The MFE2133 is suitable for 

large gate voltage swings as a 

chopper. The circuit as shown 

allows input voltages of 10 

volts . No transformer is re­

quired. The result, of course , 

is circuit simplicity and savings 

in component costs. 

ISK 

IOOK 

MEDIUM-POWER AMPLIFIER JFETs 
FOR INDUSTRIAL & CONSUMER USES 

The industry's first medium-power, high-gain, economical 
JFETs are Motorola types MFE2097 & MFE2098. Because of 
their natural high impedances, combined with a medium­
power capability, you can often eliminate one transformer 
as well as large coupling and bypass capacitors in most de­
signs. Even greater savings result from the low 100-up price 
of $4.90 - less than half the price of comparable devices! 
While these new FETs are ideal for driver stages of audio 
amplifiers and other audio communications equipment, they 
a re also well-suited for use in analog control systems. 

• Medium-power capability results from large 
geometry with many current paths. 

• loss ranges from 15 to 50 mA - MFE2097 
40 - 100 mA - MFE2098 

• IY"I = 10,000 11mhos (min) - MFE2097 
14,000 ,,mhos (min) - MFE2098 

. .. for extremely high gain. 
• High-dissipation package - T0-39 with 1 Vz" 

leads. 

MAKE 
YOUR MOVE 

TO FETs 
WITH 

ANYONE OF 
FIVE 

NEW PIECES 
FROM 

MOTOROLA 
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RF-IF 
CASCODE AMPLIFIER 

TYPE MC1550 
... with excellent AGC performance! 

Typical performance: 
• Very low internal feedback (y12 < .001 

mmhos) -for easy alignment and high 
stability 

• High power gain - 25 dB@ 60 MHz 
• Constant input impedance over entire 

AGC range 
• Low noise figure - 5 dB @ 60 MHz 

r------
1 
I R, 

R, 

L _____ _ 
CASE_/ 

I 
I 
I 
I 
I 
I 
I 

-----! 
1 7 

v+ 

... ideal for your newest communication 
equipment designs. 

'.·: 
~~1;' l' ; .. .-
::Cli'~ 

:I 
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-~if~~ t 
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HIGH-GAIN 
OPERATIONAL AMPLIFIER 

TYPE MC1533 
... with extremely low drift (±3 11-V/°C} 
Typical performance: 
• Open loop gain - 60,000 
• High-input impedance - Z;n 

= 1 megohm 
• Adjustable input offset (set V off = 0 

volts for minimum possible error signal) 
• Large-output voltage swing - 13 volts 

(-+- V = 15 volts) with 2 K load 

V '3 OUIPUT LAC 

. . . for application in all types of low­
level sensing equipment and analog 
computation systems. 

Units for immediate evaluation are in 
stock at your nearest Motorola franchised 
semiconductor distributor. For complete 
technical details and/ or application assis­
tance in designing with these new inte­
grated circuit amplifiers, contact your 
nearest Motorola field representative. Or 
write: Motorola Semiconductor Products 
Inc., Technical Information Center, Box , 
955, Phoenix, Arizona 85001. 

MOTOROLA Sen>i conductors 
- wlzeu -tM, p!Zie&M int/~ a ~.1 
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Our opti cal processors can. achieve 
coherent tim e-b an.d-vv-idth products of 101 0 

Perhaps you don't need this full capability. 
The important point is that advanced optical tech­

nology is the key to achieving optimum performance in 
both coherent and noncoherent processors. 

At Perkin-Elmer, we can accurately predict the per­
formance of your optical processor prior to hardware 
commitment through the use of modern computer 
design programs. Over twenty.f ive years experience in 
the design and fabricat ion of precision optics assures 
successful execution of your program. 

Of course, the ability to discuss your data process­
ing problems and apply optical technology to them is 
also important. That's why we've been selected to study, 
design, and develop electro-optical processors and cor­
relators for critical requirements in communications, 
ELINT, ECM , reconnaissance, biomedics, radar, seis­
mology, and sonar. 

If you think your requirements are special, we do, too. 
Call or write : Optical Group, Perkin -E lmer Corporation, 
Norwalk . Conn. 06852. Tel.(213) 847 -0411. 

PERKIN- ELMER 
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Series 170* 
1/ 2' Square 

Series 171 * 
1/ 2' Square 

CTS Cermet Trimmers 
± 100 PPM/°C T.C. Available (Series 185) 

Series 180PC* 
1-1/ 4" x .325 x .295 

Rectilinear 

Series 385* 
11/32' dia., single turn Series 172,• 

1/ 2" Square 

Series 660 PC 
3/ 8' dia., single turn 

Series 600L T* 
2' dia. , single turn 
locking bushing 

Series 630 
1/ 2" dia., single turn 

NEW Series 630 P 
1/ 2' dia. 

single turn 

NEW Series 8180 
1.30 x .378 x .385 

Rectilinear 

NEW Series 8185 
1.30 x .378 x .385 

Rectilinear 

NEW Series 185 
1-1/ 4" x .345 x .290 

Rectilinear 

CTS Wirewound Trimmers 
Infinite Resolution Available. Stability .025% (Series IRW) 

Series Pl15* 
3/ 4" dia., single turn Series K350 * 

1/ 2" dia., single turn 
knob operated Series 110* 

Series 350 * 
1/ 2' dia .• single turn 

Series C140·* 
l·l/ 4' x .325 x .295 

Rectilinear 

3/ 4" dia., single turn 

Series XPC110 
3/ 4' dia., single turn 

CTS Carbon Trimmers 
for Lowest Prices 

Series 330 
1/ 2' dia., single turn 

Series 220* Series Cl40PC* 
1·1/ 4' x .325 x .295 

Rectilinear 7 / 16" x 1/ 2" single turn 
Series U201 * 

19/ 32" dia., single turn 
knob operated 

Series 115 
3/ 4' dia., single turn 

Series 160 
1 u x .320 x .180 

Rectilinear 

NEW Series 116 
3/ 4" dia. 

single turn 

NEW Series 330 P 
1/ 2' dia. 

single turn 

Series X201 * 
19/~' dia. , single turn 

knob operated 

7 New Tri er addecl to CTS' Enenslve Une 
CTS TECHNOLOGICAL SUPERIORITY GIVES YOU: 

• Broadest Line of cermet trimmers. a Engineering versatility for challenging 
A Wide range of wirewound and carbon trim· W design requirements. 
W mers. 8 Precision controlled production from raw 

• 
Prices from 1~ to $17.60 for industrial, a materials to finished product. 
military and entertainment applications. w Unsurpassed mass production capability. 

•Jmmedlately available fl'Otn distributor stocks. 
CTS will also design to your Request New Time-Saving Trimmer 
exact specifications. CTS is Selection Catalog. Contains 
a major trimmer supplier. complete technical data for 

Founded 1896 

CTS 
CORPORATION 
Elkhart, lndlana 

Electronics I September 19, 1966 

every CTS trimmer. 

Sales Offices and Representatives conveniently located throughout the world 
Principal Products Subsidiaries: 

Variable Resistors CTS of Asheville, Inc., Skyland, N. C. 
Selector Switches CTS of Berne, Inc. , Berne, Indiana 
Loudspeakers CTS of Paducah, Inc., Paducah, Kentucky 
Trimmin( Potentiometers Chicago Telephone of California, Inc., 
M·cro 1·n··t re Co e ts South Pasadena, California 1

& cTrcuTt ':>acka;rn n CTS of Canada, Ltd. , Streetsville, Ontario 
Crystals, filters. CTS Microelectronics, Inc., Lafayette, Ind, 

Oscillators & Ovens CTS Research, Inc., Lafayette, Indiana 
CTS Knights, Inc., Sandwich, lllinola 
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INACTION 

Vintage 1952 

That's 14 years at 25C . .. with capaci­
tance change less than 5%. The bou­
q•Jet's still there! And long shelf life is 
only one reason for using G-E tantalum 
foi I capacitors. Here are 3 others: 
PROVED OPERATING LIFE: Our 85C tan­
talum foil has been on continuous test 
for over 50,000 hours, our 125C for more 
than 40,000 hours ... with no capaci­
tance change significant enough to af­
fect performance. And with General 
Electric's Minuteman-proved true her­
metic seal (now offered on most foil 
units for a small additional charge), life 

can be extended indefinitely. 
REVERSE VOLTAG E STRENGTH: G-E 
tantalum foil capacitors are designed 

to withstand unsuspected reversals. 
SELF HEALING: Forget about low im­
pedance circuit problems and cata­
strophic failures. G-E tantalum foil ca­
pacitors are self-healing. 

G-E tantalum foil capacitors are avail­
able in ratings up to 450VDC, 0.15 to 
3500uf, -55 to 85 or 125C. 

We've been proving-and improving­
them for 17 years. They're virtually risk­
proof. And may cost a bit more. But 
don't the best grapes make the best 
vintage? 

For all the facts on G-E tantalum foil 
reliability, write for Reliability Report, 
Section 430-27, General Electric Co., 
Schenectady, N. Y. 12305 

14 years proved shelf life is 
just one more reason for 

G-E tantalum foil 
ELECTRONIC COMPONENTS DIVISION 

GENERAL fl ELECTRIC 
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Why? 
Turn the page ... 
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BUSINESS REPLY MAIL 
Postage Will Be Paid by Addressee 

No Postoge Sta mp Necessary If Ma iled In The Un ited Sta te s 

4 POLARAD ELECTRONIC INSTRUMENTS 
• • 
0 

0 

• • 

A Division of Polarod Electron ics Corporation 

34-02 Queens Blvd. 

Long Island City, N.Y. 11101 

First Class 

Permit No. 18 
Long Island City, N.Y . 



Here are 10 of the reason I • 
1. Lowest Cost-yet highest quality, 
widest range, greatest flexibility . Always 
your best buy- and we can prove it! 

2. True Modular Compatibility-buy 
only what you need , and add new capabili­
ties as required-without wasteful overlap 
or performance compromise! 

3. Highest Inherent Reliability- due to 
exclusive rock-solid ceramic klystron, ultra ­
rigid castings, advanced thermal design , 
and the most generous operating margins 
ever provided in this class of instruments. 

4. Full Mechanical Flexibility- rack or 
stack these modern, attractive packages, in 

any combination-easiest instruments to 
use, to convert, to " build-in" ! 

5. Over 100 Useful Combinations-
from only 11 basic modules; and that means 
capital-budget economy for the small 
laboratory or production-test facility! 

6. Most Compact in their Class-more 
range, more function per cubic inch, per 
panel inch, per lb, per dollar- than is 
offered by any other precise microwave 
signal instrumentation. 

7 + 0 .5% Accurate Digital Fre­
quency Readout- programmable by rear 
tuning shaft extension, too . 

8. Ultra-Stable, Ultra-Pure- extremely­
well -regulated power supplies, low thermal 

gradients, bimetallic cavity stabilization, 
and advanced shielding / filtering /isolating 
design ensure lowest drift, lowest incident< 
AM and FM, greatest freedom from spuriou 
signals. 

9. Full Phase-Lock Compatibility-all 
models designed to accept phase-lock 
frequency stabilization from the Polarad 
Model 3815- the highest-performance 
master-crystal stabilizer you can buy. 

10 In-Stock Availability- in small quan· 
tities, we ship from continually-replenished 
stock; larger quantities are scheduled on a 
15-45 day cycle, currently. (Demos? Over-' 
night by air!) 

Yes IT'S TRUE- more engineers standardize on POLARAD Modular Microwave Signal 
Instrumentation every year .. . won't use any other kind, in fact . The card below will bring ~ 

you a// the reasons for PE l 's popularity-by return mail! 

Gentlemen: 

I want ta see and try a Polarad My application is __________ _ 

Signal Generator. Have my local 
Pola rad Field Engineer call me at once The frequency range of interest to me is __ _ 

ta arrange for a demonstration . 

I may have a requirement soon. 

Send me Bulletin EIS-663 by re­

turn mail , and have my local Palarad 

Field Engineer get in touch with me 

shortly thereafter, ta discuss my require­

ments. 

I have no immediate requirement, 

but I want the complete new 

Polarad Signal Generator Catalog for 

my files. 

Nonie·----- -----------

Title ____________ ___ _ 

Company _ ________ ____ _ 

Address---------------

City _______________ _ 

Stote ___________ ziP·----

Tel. ___________ Ext.----

Bl 23456 
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Keystone 
Thermistors 

. . .very much 
part of the picture 
for Jerrold CATV 

""I 

."'\. iD. 
'T ,-

r --
\.L .. '.Lr) ' ) r ) l 

.J.. ..i: v 
An essential element in the constant picture quality provided by 
Jerrold El ectronics Corporation· s Starli ne all- band so l id state CATV 

distribution system are 
thermal equalizers em ­
ploying Keystone disc type 
thermistors (see arrows). 
Stationed at every third 
trunk amp lifier location . 
each of these units. con­
trolled by our thermistors. 
equalizes for 17db of cab le 
at 216 me at 70°F and 
compensates for tempera ­
ture changes for 60 db of 
cable from a w intry low of 
-40°F to a summer high 
of 1 20°F. • We make ther­
mistors that measure and 
control temperatures. pro ­
vide pow er surge protec ­
tion. sense liquid levels. 
etc .. in over 400 standard 
types 1 Resistance va lues. 
temperature coefficients 
and physical sizes range 
w idel y to meet your needs. 
Let us have your inquiry. 
KEYSTONE CARBON 
COMPANY. St Marys. Pa. 
15857 

~-stone 
~·leads 

in versatile thermistor design 
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JFD ELECTRONICS CO. / 
COMPONENTS DIVISION 
15th Ave . at 62nd St. 
Brooklyn, N. Y. 11219 

Please send me 

For any capacitor requirement 
... fixed or variable ... 
glass, quartz, air or 
ceramic dielectrics 

Write 
=1lL I 
VIM I 
~I 

r:o::T::~~--~-·-~~--~-1 

15th Ave. at 62nd St. 
Brooklyn, N Y. 11219 =m= I 

VAM Air Va,iable Capacitor Bullet in VAM -65 

I 
I 
I 
I 
I 
I 
I 

COMPONENTS DIVISION ~ MODUTRIM I 

Please send me Modutrim Ceramic l 
Variable Capacitor Bulletin MT-66 I 

Title·--------------------- Title•---------------------
Company, ___________________ _ 

Company·--------------------

Address•--------------------

I 
I 
I 
I 
I 
I 

---------------~-------~ 
1::: ____________________ J 
~--------~---------------,------------~----------1 

JFO ELECTRONICS co. I I I JFO ELECTRONICS co. I =1lL I 
COMPONENTS DIVISION UNICERAM I I COMPONENTS DIVISION STAN6ARD I 
15th Ave. at 62nd St. f f 15th Ave. at 62nd St. 
Brooklyn, N. Y. 11219 I ( f Brookl yn , N. Y. 11219 =m= I 

Name-----------------~--~ 

Please send me Uniceram Ceramic I I Please send me Stangard Ceramic I 
Fixed Capacitor Bu l let in UNM-65-2 I I Variable Capacitor Bulletin STD-65 I 

I I I 
I I Name I 

Title ____________________ _ ( f Title I 
Company ___________________ _ f I Company I 
Address ___________________ _ I I Address I 

I I l 
l I I I 
-------~---------------~~-----------------~-----J 

JFD V AM air variable capacitors 
maintain highest Q at high frequen­
cies, offer ultra stability, smallest 
size. Request Bulletin VAM-65. 

ramie variable series for commercial 
and industrial applications provide 
8 wide 6 'C in 4 versatile configura­
tions. Write for Bulletin STD-65. 

tions, JFD's Super Max-C Extended 
Range EMC series offers unusually 
wide 6 'Cs-as wide as 1.5 to 300 pf 
with a single standard unit. 

Modutrim ceramic variable ca­
pacitors feature wide 6 'C in ex­
tremely small and ultra stable 
circuits. Now 9 models in 4 configu­
rations. Request Bulletin MT-66. 

Uniceram High-Q Ceramic Fixed 
Capacitors combine exceptional sta­
bility, small size with minimum Q of 
5000. Send for Bulletin UNM-65-2. 

Low-cost Stangard miniature ce-

And remember JFD also offers in­
dustry's widest line of piston trim­
mer capacitors .. . over 3500 standard 
and special panel-mount and 
printed-circuit units. They're avai l­
able with glass, quartz, air and ce­
ramic dielectrics, with a wide variety 
of drive mechanisms for every re­
quirement. Here are two examples. 

For tuning and trimming applica-

" TODAY'S COMPONENTS BUILT FOR TOMORROW'S CHALLENGES" 

If space is highly limited, the min­
iature 950 series offers capacitance 
ranges as wide as 1.2 to 16 pf in a 
unit only 5/16" long. 
These and many others 
are fully described in 
Catalog C-66. To 
obtain a copy, just add 
"and C-66" to any of JFO 
the coupons above. '-----~ 

D 

JFD JFD ELECTRONICS CO. I COMPONENTS DIVISION • 15th Avenue at 62nd Street • Brooklyn, New York 11219 / Phone 212-33!-IOO() 
Sales Offices - Arcad ia, California / Chicago, Illinois / Baltimore , Marylan d . I Saxonville , Massachusetts / Brooklyn, New York 
New Hartford, New York / Cincinnati, Ohio / Ph iladel phia , Pennsy lv.ania I P rtts~rgh, Pennsylvania / Paris, France / Azor, Israel 
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Fast conve ient 
direct rea ing 
measurements of 
impedance and 
phase angle 500 kHz 
to I 8 MHz .... 

""'-.......... ,,, ... 

THE 481SA RF VECTOR IMPEDANCE MET ER 
This new Vector Impedance Meter is a 

·· versatile instrument that provides fast, 
direct reading measu rements of imped· 

~ ance and phase angle over the frequency 
range from 500 kHz to 108 MHz. It is 
continuous tuning over this frequency 
range, and does not require balancing or 
data interpretation . Thus, it is an ex· 
tremely useful tool for the evaluation of 

,. the complex impedance of both active 
circuits and components. The conven· 

~~ ience of probe measurement, ease of 
operation, and direct reading features 
make the instrument equally useful for 
laboratory, receiving inspection or pro· 
duction line meas-urements. 

Electronics I September 19, 1966 

The 4815A is a convenient and powerful 
measuring tool for any application in· 
valving measurements over a band of 
frequencies or in-circuit measurements. 
It may be used to determine the self· 
resonance point of capacitors, t he series 
and parallel resonance points of crystals, 
or the characteristics of high frequency 
transformers and transducers . Price: 
$2650 f.o.b. factory. For complete spec· 
ifications, contact your loca l Hewlett· 
Packard field engineer or write Hewlett· 
Packard, Rockaway Division, Green Pond 
Road, Rockaway, N. J. 07866; Europe: 
54 Route des Acacias, Geneva. 

HEWLETT 

Advantages: 

Fast, continuous tuning from 
500 kHz to 108 MHz 

Provides data directly in impedance 
and phase angle, 1 ohm to lOOK ohms 

Oto 360° 

Convenient probe for in-circuit measurements 

Analog outputs permit permanent 
data recording 

Self ca libration check provides 
measurement confidence 

Low-level test signal minimizes 
circuit disturbance 

A n extra ?neasure of quality 
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The small pin hole in the center of this circle is more 
tile~ enough light for MT/ Image Orthicon Television Cameras. 
MTI ·.s the world 's largest manufacturer of low light level TV systems. This simply means that low light levels are 
our specialty. Specifically, at 1 x 10-5 foot candles of ambient light (approaching tota l darkness) MTI image 
0 chicon TV cameras will produce high resolution pictures. So the amount of light illustrated by the pin hole is 

1ore than enough. 

There are hundreds of applications for MTI low light level equipment. Here are just a few: viewing nocturnal 
animals performing tasks, observing stars, examining small components such as transistors, diodes, capacitors 
and relays for minute flaws, and so on. In any application where low light levels are of prime importance, 
MTI can solve your problems. 

Seven different line scan frequencies are available "off the shelf". Specific details available on request. 
If you have an application problem, call us. We can help. 

m ..-i MARYLAND TELECOMMUNICATIONS, INC. 
York & Video Roads, Cockeysville, M aryland I Area code 301 , 666·2727 
WORLD'S LARGEST MANUFACTURER of low l ight level image Orth icon cameras 
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What brings a silicon chip 
like you to Taiwan, anyhow? 

m Low-cost packaging, what else? 

Our new Taiwan production fac ility packages a com­
pl ete line o f trans istors and integrated ci rcu its at the 
mos t competitive p rices around . And avail abl e, now. 

FOR EXAMPLE: IMMEDIATE DELI VERY ON PLANAR 
AND PLAN AR EPITAXIAL SILI CON TRANSISTORS. 

RF amplifier, general-purpose ampl ifie r medium -speed 
swi tc h, high -s peed switching saturated-logi c c ircui ts. 

Cal l to r th e name of your nearest d istr ibu tor . Philco Microelectronics Div i. 

s ion Sales Off ices : 2920 San Ysidro Way, Santa C lara . California (408· 

245-2966) 999 No rth Sepulveda , El Seg undo . California (213-772-6226) / 594 
PNP: General-purpose amplifier medium-speed switch . Marre tt Road . Lexington, Mass. (617-862-6000) Benson Mano r. Suite 1148, 

NPN: AM-FM receivers , 400 kc IF amp I ifi er. 10.7 Mc IF Washington Lane , Jenki ntown , Pa . (21 5-885-0430) 314 South M issouri Ave· 

ampl ifie r, RF and vi deo ampl if ier, low-noi se high-gain nue , Su ite 212 , C lea rwater , Florida (81 3-446-0124) 815 Connect icu t Aven ue 

ampl ifie rs at low-level operation , UHF/ VHF osc illa tor N . w .. Washington , o. c . (202 -965-0903). 

~!?c'!~!~?~~?s~~~~ -~!~!!!?~ I ~.~~~2 
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Sometimes 
we worry about 
Jim 
becoming 
a Narcissist. 

It all started with Celanar Polyester Film. 
We go to extremes to make it the cleanest, 
strongest, smoothest film available. Then ---..t 
challenge Jim, and our quality control ex­
perts, to find a flaw in it. But stare as he_ 
may, it's a rare day when Jim finds a 
wrinkle, a cross-buckle or other visual de­
fect to mar his own reflection on a roll of 
Celanar. Which is enough to turn anyone 
into a narcissist. 

The cleanliness of Celanar starts in our 
" White Room" production area at Greer, 
S.C., where air filtration systems trap dirt 
specks as tiny as 0.3 micron. But clean just 
begins to describe Celanar. It's stronger 
than the other polyester film. Retains its 
strength at elevated temperatures. Its gauge 
thickness is more uniform. We assure its 

96 Circle 96 on reader service card 

. uniformity by radioactively inspecting every­
foot of every roll before it's shipped. And 
Celanar film has excellent aging character-

• istics, resists embrittlement. 
What's more, we go a long way to supply 

Celanar in the roll lengths, widths, and 
gauges most convenient to you. Even guard 
it during shipment with temperature record­
ing flags. Or impact recorders, when 
necessary. 

Send for complete details about Celanar 
Polyester Film-and how we can help you 
make the best use of it. Celanese Plastics 
Company, Dept. 133-C, 744 
Broad Street, Newark, N. J . 

Celanese Plastics Company is a division 
of Celanese Corporation of America. 
Celanese® Celanar® CELANESE 

Electronics I September 19, 1966 
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Unt il recently, there was only one type AOLux glass laser rod . 

Today there are 10. 
'fhey're all made by American Opti­
cal and designed to suit the pur­
pose of just about every system. 
They all require less input power 
than other solid-state materials. 

We've expanded the line of gen­
eral-purpose glass rods to include 
dopings of 2%, 3% and 6%, to give 
you a wider selection for high pump 
uniformity. This group of rods ex­
hibits very low loss, is essentially 
inclusion-free , and is available with 
special -purpose claddings . 

For you who want long fluores­
cent lifetime, higher efficiency for 

" Q" switching and better energy 
storage for amplifier applications, 
use the AOLux long-lifetime 3%, 4% 
and 6% neodymium-doped rods. 

Also available is a high-durability 
rod for extra-large laser systems, 
in dopings of 3% or less. Then 
there are AOLux neodymium YbNd 
double-doped rods with a 2 milli­
second lifetime, st il l with 1.06 mi­
cron output. And AOLux ErYbNd 
triple-doped rods with 14 milli­
second lifetime-with outputs of 
1.54 microns. 

Naturally, such considerations 

as present cavity configuration and 
power supply, output wavelength, 
output power, pulse duration, beam 
spread, repetition rate , shape of 
spike, cooling, etc., will condition 
your selection. 

That's where American Optical 
comes in. We pioneered neody­
mium-doped glass laser rods; we 
now offe r 10 standard types. We're 
ready and willing to help you match 
our laser rods to your specifications. 
Contact American Optical Com­
pany,Space-Defense Division, 4709 
Baum Blvd., Pittsburgh, Pa. 15213. 

fil AMERICAN OPTICAL COMPANY 
~® SPACE·DEFEN SE DIVISION-SOUTHBRIDGE, MASSACHUSETTS 
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Are design __ engineeis choosy 1 

You bet they are! And the more discerning they are the better we 
like it. 

That's why CAMBION ® RF chokes molded with epoxy resins 
ofter triple the advantages of competitive chokes. Th ey provide 
greate r resistance to external contaminants, cooler operating 
temperatures and tighter electrical toleran ces. They are five times 
more water resistant, have 50 % more dielectric strength and de­
velop only half the heat of chokes encapsulated with alkyd resins. 

Because they run cooler, CAMBION chokes last longer .. 
achieve greater reliability. And by radiating less heat to neigh­
boring components, these chokes improve the total reliability of 
your circuit assemb li es. 

CAMBION quality is a tangible thing . Special techniques, new 
equipment and our quality co ntrol program assure precise wind­
ing and careful handling of epoxy resins . 

Seals are stronger, too . Th ere is a more uniform bond between 
the epoxy, the windings and the terminal leads. Our molded RF 
chokes are rugged ... built to take rough treatment both in pro­
duction and in th e field. 

What's more, CAMBION advanced techn iques in epoxy molding 

98 Circle 98 on reader service card 

permit winding with larger diameter wi re to give you reduced d-c 
resistance and high Q. 

And you can specify tolerances to 5% or 10 %. St andard 
CAMBION RF chokes combine consistency and uniformity in a 
variety of values, styles and sizes . Th ere's a CAMBION choke 
built to meet your particular requirements , ready for immediate 
delivery oft the shelf. W e also produce many popular styles of RF 
chokes in conformance with Military Specifications. All CAMBION 
chokes are guaranteed for quality regardless of quantity. 

Contact your nearest CAMBION distributor. Be choosy - there 
are 18 styles of CAMBION RF chokes in over 500 different in­
ductance ratings, stocked and ready for shipment. For complete 
technical data , write Cambridge Th ermionic Corporation , 401 
Concord A venue, Cambridg e, Massachusetts 02138 . In Los 
An geles, at 8703 La Tijera Boulevard, 90045. 

Standardize on CAMBION . .. 21,541 1uaranteed electronic components 

Electronics , September 19, 1966 
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AES dry-reed 
switches are 
soggybobbinproof 
On our PC Correeds, we soggy-proof 
the bobbins by molding them from 
a fiberglass-reinforced nylon. This 
strong material is marvelously low in 
moisture absorption. It keeps its 
shape even when humidity stays at 
the saturation point. 

That's good to know if you're de· 
signing AE Correeds into a piece of 
remote equipment that must 
work in a Louisiana bayou. 
Or anywhere that is ex­
posed to moist atmos­
pheres . 

connection than possible with solder. 
And for high-density packaging, 

we have designed low profiles, mag­
netic shielding and standard printed­
circuit terminal spacing (multiples of 
0.200"). 

You can get PC Correeds with 1, 2, 
3 and 5 reedcapsules. In contact forms 
A, B, C and magnetic latching. Many 

of these modules are available di­
rectly from stock. Soggy-proof 

bobbin and all. 
Could you use some helpful 

new design information? Ask 
Enough about bob­ ~o . your nearby AE representa-

~~ ~ tive for Circular 1070-B. bins. Let's take a look at 
the "business end" of a PC 
Correed. VVe separated the 
leads from the terminals - to 
eliminate strain. VV e welded the 
terminals, for a better electrical 

11~,~~ Or write to the Director, 
~<. Electronic Control Equip-

~-r., · · . ment Sales, Automatic 
· Electric Company, 

Northlake, Ill. 60164. 

AUTOMATIC ELECTRIC 
GEN

1

ERRAL TELEPHONE & ELECTRONICS G1&E 
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Report from 

BELL 
LABORATORIES 

High-performance 
amplifiers 

for coaxial transmission 

Field-trial installation of the new tran­
sistor amplifiers in manhole near Dayton, 
Oh io. Amplifiers and associated circuits 
comp ri se repeaters ; they are mounted 
in drawer-type boxes, then placed in 
gas-tight cylindrical housings. With the 
new system, a pair of coaxials will carry 
up to 3600 telephone conversations on 
an 0.5-MHz to 20-MHz band . A fully 
utilized coaxial cable could handle up 
to 32,400 conve rsations. On a coast-to­
coast connection over the new system, 
about 2000 repeaters would be needed 
fo r each direction of tran smission , with 
a t otal one-way amplification of as much 
as 75,000 dB. 

Low-distortion, wideband transistorized 
amplifi er developed at Bell Laboratories 
fo r a new coaxial cable system. 

Every "hi-fi" enthusiast knows that 
faithful reproduction of music re­
quires an amplifier with constant gain 
and low distortion over a wide band 
of frequencies. Amplifiers for such 
purposes are available today with 100 
watts of power, gain deviation of less 
than 1.0 dB from 20 to over 20,000 
hertz, and less than 0.4% distortion. 
This high level of performance has 
been obtained by utilizing to the 
fullest the best of today's electronics 
technology. 

At Bell Telephone Laboratories, the 
development of modern coaxial cable 
systems for transmitting thousands 
of telephone conversations also re­
quires amplifiers which push elec­
tronics technology to its lim its . The 
low-frequency limit for these ampli­
fiers need not be as low as that for 
h i -fi amp.l ifiers, but the high-fre­
quency limit must be much higher-
20 megahertz. The power ou tput can 
be less-on the order of 1/ 10 watt­
but the gain deviation must be less 
than 0.25 dB, and the distortion must 
be limi ted to 0.0004% . These require­
ments arise from t he large number of 
simu ltaneous vo ice signa l s which 
these amplifiers must transmit and 
the large number of amplifiers that 
must be connected in tandem for a 
coast-to-coast system. 

In the past, such amplifier perfor­
mance was impossible. Today it is 
possible because of circuit-design 
techniques which include close con­
trol of feedback and the use of digital 
computer techniques to opt im ize cir­
cuit parameters. And of cons ider­
able importance to the design, new 
transistors were developed at Bel I 
Laboratories with properties that are 
constant over wide dynamic and fre­
quency ranges. 

('ii;'\ Bell Telephone Laboratories 'eJ Re•earch and Development Unit ol the Bell System 
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DUAL BEAMS DOUBLE SCOPE VERSATILITY! . 
Two Completely Independent Traces In One Display Make 

Electronics \ September 19, 1966 

Comparisons Easier/ 

Capability of many different displays through two inde· 
pendent CRT beams easily doubles versatility of the hp 
Model 132A Dual Beam Oscilloscope. This two-in-one 
scope allows simultaneous comparisons of two different 
traces-quantitatively and qualitatively! 

Waveforms look the same from range to range with 
the Model 132A because the high sensitivity, stable 
vertical amplifiers retain full bandwidth of 500 kHz at 
all sensitivities from 1 mv/cm through 20 v/cm . At the 
most sensitive range, 100 µv/cm, bandwidth becomes 
200 kHz . 

Stability of the two vertical amplifiers is provided 
through use of Nuvistor tubes in an aluminum shock· 
mounted block . This heat sink keeps Nuvistor tempera­
tures identical , which gives the scope excellent DC drift 
stability. When DC coupling is not needed, drift can be 
eliminated entirely by using the AC amplifier coupling 
switch. 

Internal time base may be applied through one or both 
horizontal amplifiers, thereby allowing two different 
sweep speeds or a simultaneous X-Y and Y vs . time 
display. 

Compare these and additional features such as out· 
puts from each vertical amplifier for monitoring and 
recording; front panel beam finder to facilitate location 
of off-screen traces; non -glare , parallax-free internal 
graticule CRT ; plug-in circuit boards for easy servicing. 
Get the double versatil ity of the hp 132A for the low 
price of $1275. Call your hp field representative for a 
demonstration . Or, write Hewlett-Packard, Palo Alto, 
Californ ia 94304, Tel (415) 326-7000; Europe: 54 
Route des Acacias, Geneva . 

Circle 101 on reader service card 101 



Why 
Photocircuits' 
tape readers 
were selected 
for ... APOLLO 

GEMINI 
LEM 
MINUTEMAN 
TITAN 11 
SHILLELAGH 
GSM 133 
CENTAUR 
DI MATE 
LCSS 
TEAMS 

102 Circle 102 on reader service card 

... because of the simplicity and reli­
ability of the printed motor single cap­

stan drive, with the electronic control 

of all tape movement. Troublesome, 

high-maintenance components such as 
pinch rollers, brakes and clutches have 

been completely eliminated. 

The fully militarized 500RM was 

specifically designed as a military unit 

•.. not a "beefed-up" version of a com­
mercial tape reader. It has successfully 

passed mil specs, MIL-E-16400 Class 3, 

MIL-T-21200 Class 2 and MIL-T-945; 

tests for shock, vibration, RFI, alti­
tude, salt, sand, dust and heat and cold. 

I -' 
I 

I 
·1 

I 

.I 

1 $ 

..... ~-~-----------· 

The 500RM reads bidirectionally at 

up to 1000 char/sec., has eight inch 

reels with proportional reel servos, ac­
cepts 5, 6, 7 or 8 level tape and has a 

MTBF of 5000 hours. 

For full specifications on the 500RM, 

or on Photocircuits' complete line of 
commercial tape readers, contact: 

Photocircuits Corporation, Tape 

Reader Division, Glen Cove, N.Y. 

Electronics I September 19, 1966 
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SPRING-BACKE I) CUSHION-BACKED FIXED 

look for this watch out for this 

SPRING-BACKED JEWELS (left above) dissipate much of the shock energy on a movement's 
moving part. This prevents damage to the jewel and avoids subsequent "stickiness" or 
inaccuracy. In contrast are the two constructions shown above right . .. so-called cushion­
backed and fixed jewels. The fi xed absorbs no shock at all . The cushion-backed protects 
a little, but still won't do the job under the rugged use to which most of us put meters 
and test equipment. • On the other hand, a spring-backed jewel permits full deflection 
with less than 20°/o increase in pivot pressure. Simpson makes a complete selection of 
spring-backed meter movements as well as fixed . The spring-backed type costs on ly about 
20¢ more than a cushion-back, and 40¢ more than a fixed jewel. Is the spring-backed 
jewel worth the small extra amount? You bet it is, say most of our customers. • Write for 
Stock Catalog No. 2073 which lists 1400 sizes and types. It may well be the cure for meter 
headaches and complaints in your equipment. 

I NSTRUMENTS THAT STA Y ACCUAAT£ 

SIMPSON ELECTRIC COMP A NY 
5209 W. Kinzie Street, Chicago, Ill. 60644 • Phone: (312) EStebrook 9-1121 
Representatives in Principal Cities . . . . See Telephone Yellow Pages 
Export Dept. : 400 W. Madison St., Chicago, Ill. 60606 Cable, Simelco 
In Canada: Bach-Simpson Ltd. , London, Ontario 
In India: Ruttonsha-Simpson Private Ltd., Vikhroli, Bombay 

WORLD'S LARGEST MANUFACTURERS OF ELECTRONIC TEST EQUIPMENT 
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MIL-T SPECS call for 22% to 32% 
wax coating on LACING TAPE. 

• But what really is the right amount 
for trouble-free, tight-knot lacing? 

• GUDEBROD KNOWS. They make yard after 
yard after yard exactly tlgbll 

• GUDEBROD TAPE cuts harness costs! 

You are often req uired to lace with tape that meets MIL-T Specs­
with a specified range of wax content. But that's no assurance tha t 
you are using a tape that ties tight, holds tight , that probably won't 
be rejected -unl ess , of course , you have Gudebrod Gudelace. Like 
all Gudebrod Lacing Tapes it's manufactured under strict quality 
control including the wax coating. Every yard of Gudelace is im­
pregnated exactly the same, exactly right. You can count on that-and on 
speedier, easier, better harnessing. That's where you save real 
money. Want to know more? Get in touch with Gudebrod. 

GUDEBROD CABLE-LACER 

you ' ll get when you order Gudebrod 

tape- every time . 

The first hand tool engineered for wire harnessing. 
Hand le holds bobbins , feeds tape as needed, 
grips tape for knotting. Speeds , eases 
harnessing. Pays for 
itself in time saving.~ 

\ I 

A rea Code 215 , WA 2 - 1122 

UDEBROD BROS. SILK C0.1 INC. 
~~~~~~~~- FOUN D E D IN1 8 70~~~~~~~~~ 

~-L)~ 
12 SOUTH 12th STREET , PHILADELPHIA , PENNSYLVAN .IA 19107 
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Familiar with TEFLON®? 
Try this quiz. 

TEFLON is transparent! TRUE 

TEFLON can be cemented! TRUE 

TEFLON can be heat sealed , TRUE 
thermoformed, heat bonded! 

A TEFLON film is made by Du Pont! TRUE 

All are true with 
TEFLON® FEP film: a new 
dimension in TEFLON 
Let u·s tell you more. 

FALSE 

FALSE 

FA LSE 

FALSE 

r•••·----------·••••••••••••••••••••••••••••••••• 
I Du Pont Company, Room 4612, Wilmington, Delaware 19898 
I 
I 

., I 
I 
I 
I 

TEFLON FEP fluorocarbon fil m brings the fami liar propert ies of TEFLON plus a new form, versatility and ease of fabrica­
t ion for applications like: conveyor belting, crit ical industrial packaging, gaskets, roll covers, reinforced plast ics cu ring, 
closures, high temperature electrical insulation, f lexible f lat cabl e, printed circuitry. 

The application I am considering is ______________________________ _ 

I To do the job, a material with the following critica l properties is required: 
I 

, I 
._J I 

I 
I 
I 
I 

'-" I 
I 

... I 
I 
I 
I 
I 
I ., I 

TEFLON FEP FILM 

Mechanical ............ high impact, abrasion, tear strength. Useful at 
cryogenic temperatures 

Thermal resistance ....... from -240 to +200°C. continuously ....... . 
Chemical resistance ... . .. the most inert of all plastics . ..... . . . ..... . 
Release, anti-stick ........ superior . . .. . . . ... .. ..... . .......... . 
Electrical .. . ........... No tracking, non-wettable, non-flammable, low 

power factor and dielectric constant, dielectric 
strength: 4,000 vpm for 2 mil film. 

Weatherability . .. ....... high transmittance of ultraviolet and all but far 
infrared, inert to outdoor exposure 

I am interested in these forms and processing techniques: 
Fi lm thickness .......... %, 1, 2, 5, 10, 20 mil ....... ......... . .•• 
Heat bonding ........... directly to metals . . ......... ..... .... ...• 
Heat sealing ............ provides a plastic weld at 300°C ........... . 
Cementing ............ . avai lable with one or both surfaces treated to 

accept conventional adhesives, for laminating 
to metals, rubber, glass cloth, asbestos fabric, 
etc ... .... ...................... ... . . 

MY REQUIREMENTS 

from _____ to _____ _ 
to ____________ _ 
yes _____ no _____ _ 

thickness _________ _ 
substrate _________ _ 
yes _____ no _____ _ 
substrate _________ _ 
one side _________ _ 
both sides _________ _ 
yes _____ no _____ _ 

I 
I I Thermoforming ......... a true thermoplastic, thermoform at 525 °F., shape __________ _ 

with conventional equipment .. . .......... . I 
I 

" I 
I 
I 
I 
I 
I 

Please send full appropriate technical data. 
Name ____________________ Address __________________ _ 

Company City _______ State _____ Zip ____ _ 
Job Responsibility Business Phone _______________ _ 

~ '"·'·'·,.' °'' BETTER THINGS FOR BETTER LIVING •• • THROUGH CHEMISTRY 

TEFLON® FEP fluorocarbon film 
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If every design engineer knew 
what Slater can do 

in solving semiconductor problems 

we would be 10 times larger! 

We're not a large company because we are not 
widely known .. . as yet. But we 're getting there be­
cause of our specialized skills in solving unique semi­
conductor problems. 

Slater produces in volume single junction diffused 
1 and 2 ampere silicon diodes up to 2000 volt PIV. 
All units provide a 20% safety factor on all specifica­
tions and are controlled avalanche. 

We would be pleased to send you samples of our 1 
ampere hermetically sealed diodes up to 1000 volts 
PIV with guaranteed recovery times of less than 100 
nanoseconds. We want you to see how these Slater 

units expand operation of your circuits into very high 
frequency applications. 

Don 't just accept these claims; test us . Find out ,.. 
first hand how Slater can supply 1N3189 series diodes 
to MIL-S-19500 I 155 and high voltage rectifiers and 
assemblies at the lowest price per voltage and ampere 
rating in the industry. 

Let us sample you with our product. Then offer us 
an opportunity to quote to your requirements . Test us 
on the quality and reliability of our rectifiers and as­
semblies and the down to earth prices we offer. You 'll 
like the answers you get. This is the way we'll grow. 

H Slater I 

106 Circle 106 on reader service card 

SLATER ELECTRIC INC. 

SEMICONDUCTORS DIVISION 
45 Sea Cliff Avenue • Glen Cove, N. Y. 
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Round 
Trip 
Ticket 

.. , 

What more can we say about 
relay reliability. In the strange en­
virons of space, warranty can be a 
pretty empty word. We like" integ­
rity" better ... a projectable promise 
backed by the relay industry's most 
comprehensive quality assurance 
progra~. 

Babcock's tenure in space be­
gan with the earliest satellites 
under mission-critical conditions, 
progressed through the life­
critical missions of Mercury and, 
Gemini, and continues now with 
Apollo. This is not only exper­
ience and capability .. . this is 
responsibility . 

To illustrate, let 's look at 
Apollo -from the ground up. 

Transistor Can, 
SATURN I C stage 

IO ·amp.,4 PDT 
Latching & 

Non-Latching 
APOLLO 

service module 

10 amp. , Crystal 
Can, Latching & 

Non-Latching 
SATURN II & 

IV B stages 

ot>ca<'I< ; 
-el<>Y5

_ J 

I '1 ' l ' f 
V2-S ize, Latching 

a nd Non-Latching, 
APOLLO 

command module 

Each of these units has its own 
pedigree, and is produced on our 
own "TLC" line with Tender 
Loving Care. Each is the result 
of close customer liaison and ap­
plication assistance. Each is the 
finest, most reliable relay of its 
type in the world . 

Get acquainted with Babcock 
... our service and the complete 
Babcock line of high reliability 
and general purpose relays. Write 
Babcock Relays., Division of Bab­
cock Electronics Corp., 3501 
Harbor Blvd.,Costa Mesa, Calif.; 
(714) 540-1234. 

a 
R 
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THERE'S A NIXIE TUBE FOR UNDER $5. NOW THERE'S A NIXIE" 
q UNDER $5. NOW THERE'S A NIXIE TUBE FOR UNDER $5. Nf 
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l\IOW THERE'S A NIXIE r,.- si.de-viewi~g bulb 
__ .,. DER .,..,. ,..- with full-size 

11111 .,..., characters 

NEW 
Stem designed for 
maximum printed-----­
circuit line width 
and spacing 

NEW 
------short bulb minimizes , 

panel height 

NEW 
i------.750" max. bulb 

width permits 
<.BO" c-c tube 
spacing 

NEW ll[]lll·-----Internal decimal 
points optional , 
positioned left 
and right, 
(50¢ additional) 

NEW 
-----Socket permits 

flush mounting, 
up-front viewing 

ACTUAL SIZE 

Here it is! Our all-new NIXIE tube-the industry's Jowest­
cost electronic readout*, and one sure to usher in a whole new 
generation of low-cost digital instrumentation. 

Dealers across the country. 
Before you freeze a new design, before you commit your 

company to a costly and irreversibly uneconomical position, 
call, wire or write for samples or prototype quantities . 

.. 

But-don't be misled by its low, low cost. It's all NIXIE 
tube-in name, in design, in construction, in performance, in 
quality, in Jong, trouble-free life. 

Remember- the low cost of the new NIXIE tube Type ' r 

B-5440 precludes consideration of other types of numerical 

r 

Important new design and manufacturing techniques have 
made its low price possible. Now check the important new 
features shown-they make the new NIXIE tube more func­
tional and easier to use. 

readouts such as electro-luminescent and projection types where .. 

The new NIXIE tube Type B-5440 is available now-from 
stock-both from the factory and from Burroughs Stocking 

cost is a major factor. Get a real NIXIE tube with real NIXIE­
tube performance and acceptability. 

Use the reply card for full information on the new NIXIE 
tube and complete readout-application assistance. 

'' $4.95 in quantities of 1000. 

Only 811rro 11ghs 111anu/ac t11res N IXIE Tubes m Burroughs Corporation/ ELECTRONIC COMPONENTS DIVISION 

" See us at NE'C, Booths 728-730" PLAINFIELD , NEW JERSEY 07061 
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tests grounded: 
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The electronics industry is on the threshold 
of a new era of circuit design. The 
computer .is invading the decision-making 
province that was once exclusively the engi­
neer's. Computer-aided design is changing 
the role of the circuit des igner and promises 
to increase engineering effi ciency. This arti­
cle is the fir st in a series th at will appear 
throu gh most of the res t of 1966. For the 

cover, a photographer at the Norden Division , United Aircraft 
Corp. caught a Calcomp plotter as it drew an integrated 
circui t design created by a computer. 

Glass can now b e made to have the same properties as 
semiconductors, photoconductors, magnets, transdu cers, opti­
cal switches, memory materials or insulators and dielectrics. 
Yet device designers have not used this versatile material to 
its fullest advantage. The author describes some of the 
unusual properties that make glass useful in active electronic 
components. 

Pulse-code modulation in communications is an extremely 
attractive idea because telephone engineers can see a rising 
demand for digital data transmission coming from everywhere 
in the world as more government agencies and companies go 
to computerized operations. In addition, pcm means more 
channels on a line and can lead to improved voice quality. 
Integrated circuits now make the conversion from traditional 
analog circuits to pcm economically feasible. 

Loran navigation receivers once had to be taken on long 
flight tests to make sure they worked properly. A new simu­
lator, developed for the Federal Aviation Agency, permits 
full scale tes ts in the laboratory. The techniqu es may be 
extended to tes t other navigation sys tems and coordinate 
converters. 

• Voltage-tunable filters 

• Using glass in integrated circuits 

• Switching pulse-code modulated signals 

• Electronics in an orbiting laboratory 

• Opinion: R~buttal on obsolescence 



Circuit design 

Computer-aided design: part 1 
The man-machine merger 

The circuit designer and the computer are headed for a new relat ionship, 

say the experts, with the computer as the bright, young , 

jun ior partner and the designer as the undisputed boss 

By Donald Christiansen 
Senior associate ed itor 

" When this ci rcuit learns your job , what are you 
going to do? " asks a poster now appearing widely 
in subways and buses. Intended to alert the public 
to the need for job retraining to replace obsolete 
skills, the rhetorical ques tion can strike momen­
tary terror in the heart of the circuit designer, 
who suddenly wonders if he is designing himself 
out of a job. 

Unmistakably, the electronics industry is on 
the threshold of a new era in circuit des ign. 
Directly ahead is the period in which circuits­
specifically, computer circuits-designed by an 
engineer may invade the decision-making area that 
was once the engineer's exclusive province. The 
circuits he designs may in turn design new cir­
cuits. 

Faced with this probability, the old-time elec­
tronicker, operating solely by intuition and ex­
perimentation, has cause for fear , but only if he 
turns his back on the revolution in progress and 
ignores the fact that the computer is already 
working on circuit des ign. The machine is assisting 
the engineer by 

• Performing repetitive calculations. 
• Evaluating the effec ts of changes in circuit 

parameters caused by component tolerances, 
drift, e tc. 

• Studying the feasibility and cost of circuit op­
timization. 

• Simulating component failure. 
• Developing optimum physical device layouts 

and optimum circuit interconnection paths. 
A computer can do a little or a lot; it can b e a 

modest aid or a tremendous help. It can be used at 
few or many stages of the des ign process. To 
decide on the bes t use of so versatile a tool, com-

110 

puter application consultants at the International 
Business 1achines Corp. suggest that the design 
process itself be examined fi rst. After that, one 
can judge which stages of the process should b e 
computerized. The designation of a program de­
pends on this judgment. Unfortunately, confusion 
is rampant in definitions that relate to cornputer­
aided des ign . Among terms used fr equently and 
often indiscriminately are these: design synthesis, 
des ign automation and computer-aided design. 

Design synthesis may be thought of as the 
creation of a set of specifications describing a 
circuit. Design automation, on the other hand, 
would include detailed specifications and machine 
instructions required to fabricate the circuit. And 
computer-aided design (CAD) indicates the use 
of a computer at one or more stages of the design 
process. 

The design process 

The designer usually goes through some se­
quence like this: statement of the problem (or 
goals), choice of attack, paper des ign, breadboard­
ing or modeling, optimizing and checking effects 
of limit devices. 

At the optimizing stage he diddles potentiom­
eters and otherwise changes parameter values, 
then checks circuit performance. The process is 
cut and try. Since his equipment must operate 
with components that have some production spread, 
he then searches for limit devices (transistors with 
high and low-limit beta, for example) plugs them 
into the breadboard and notes the output. If it is 
not within spec he'll go back, change some other 
component or parameter value, and check the 
result once again. At some point short of per-
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fection he'll freeze the design, knowing full well 
that he'd better, or the equipment may become 
obsolete even before the prototype is built. 

Super slide rule 

Assigning the repetitive cut-and-try tasks to 
a computer is the opening wedge to completely 
automated design engineering. IBM calls this use 
of a computer the "big slide rule" technique. While 
helpful, it is limited both in sophistication and 
payoff. 

If a computer can simulate a circuit, it can 
easily perform a given calculation on demand. It 
is when the computer is called upon to employ its 
decision-making powers that it plays its most sig­
nilicant role. Then, it can be used to relieve the 
designer of many intermediate decisions ("Do we 
have enough gain in this stage, or should we go 
back and change a resistor?"). 

Such an approach represents the beginning use 
of the computer in design synthesis with the com­
puter as a junior partner in the man-computer 
merger. 

Design automation: an example 

Since the goal of the design process is to build 
equipment, the ultimate use of the computer would 
be its control of the fabrication process for the 

equipment it has "designed." When design engi­
neering and manufacturing are linked by computer, 
the process is termed design automation. Carried to 
its extreme, the technique would mean that equip­
ment could be manufactured directly from the 
customer's order with little manual engineering. 
At that point, the computer will be in the main 
stream of the design function; preparing the engi­
neering paperwork-detailed configurations, ma­
chine tool instructions and manufacturing control 
data-by which the equipment is manufactured. 

An example of how close design automation is 
to reality-at least in one area-is the work done 
by the Norden division of United Aircraft Corp. 
under an Air Force contract. Using the same basic 
circuit definition that was used in analyzing the 
circuit, Norden developed programs that-through 
a series of man-machine interactions-convert the 
circuit to a practical integrated circuit format, 
occupying a minimum of area, with an optimized 
interconnection pattern. The intermediate-frequency 
amplifier on page 118 was designed this way. 

I. Among the techniques, dilemmas galore 

The computer is a rigid machine, refusing cate­
gorically to accept information it cannot compre­
hend. Communicating with it poses a barrier to 
the circuit designer because, the experts say, de­
signers know little about programing and program­
ers know less about circuit design. 

"What shall we tell the computer a circuit is?" 
is the basic question. Once a model of the circuit 
has been developed that the computer can assimi­
late, it is relatively simple to feed the machine a 
list of trial inputs, parameter values and constraints. 
In effect, the computer is told: "Here's what we 
want in, here's what we want out, and here's a 
trial design-let's see what happens." 

Model behavior 

The accuracy of the circuit model fed to the 
computer determines how valid the computer 
analysis is. A bad model yields a doubtful result. 

Some circuit elements such as resistors are 
better behaved than others-and can quite readily 
be represented lo the computer. But active devices 
are tough to model because they're not linear and 
react to temperature and frequency in a way that 
is not easily formulated. 

Research on what cons ti tu tes good models has 
Jed Cyrus Harbourt, a professor at the University 
of Texas, to zero in on the narrower, but extremely 
salient question: "What shall we tell the computer 
a transistor is?" 

Harbourt says a good device model should suc­
cessfully predict actual device performance; con­
tain only parameters which can be determined 
from practical measurements made on real-life 
devices; and finally, it must be capable of being 
understood by the computer. 

A device model can be simple or complex. Com-
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plexity permits a more accurate representation 
of the device over a wide range of circuit condi­
tions. But the use of an overly complex model for 
the task at hand is time-wasting. Conversely, a 
simple model is efficient when assigned an appro­
priate task, but useless when overtaxed. 

Perhaps the most complex transistor model is 
the one for NET-1, one of the two widely used 
general-purpose computer programs. A h·ansistor 
type is defined for TET-1 by 36 parameters, which 
can be prestored on a library tape, or developed 
for a new transistor. 

In contrast, the other major electronic circuit 
analysis program, ECAP, uses a do-it-yourself 
device model. ECAP provides resistors , capacitors, 
inductors, dependent current sources, and a gen­
eralized ideal switch. The chief asset of the switch­
ing function is that the value of parameters can be 
altered when selected currents reach predetermined 
values. 

Most designers say ECAP is superior when 
flexibility is sought, but they give the nod to 
l\'ET-1 for accuracy. Harbourt notes that with 
NET-1 a complex model must be used even when 
dealing with problems as simple as a saturating 
logic circuit. 

Users of NET-1 express dissatisfaction with 
the library of device models available to them. 
Time, effort , and a free interchange among users 
may resolve the difficulty. 

Little work has been done on models for the 
more exotic solid state devices. Even fi eld effect 
transistor models are hard to come by. Moreover, 
some phenomena encountered in devices are diffi­
cult to model-minority carrier storage time is an 
example. One of the few companies developing 
models for offbeat semiconductor devices is De­
sign Automation, Lexington, Mass. 

The designer is still a long way away from 
the day when he'll push buttons that feed circuit 
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' • performance requirements into a computer and 
get a finish ed circuit-integrated or otherwise. 
Today he is more likely to make his inputs in the 
form of cards or tape bearing data that defines 
portions of the circuit, operating constraints, and 
input signal conditions. Outputs for the most part 
are printed out. 

Toward the ideal: NET-1 and ECAP 

The experts guess that there are anywhere 
from 200 to 2,000 programs for aiding circuit de­
sign. Admittedly, the bulk of them are limited in 
scope and documentation. Programs proliferate 
b ecause it's often quicker to develop a new pro­
gram than to locate, decipher and debug someone 
else's. 

Like the ideal secretary, a computer program 
must be versatile, efficient, accurate, and above 
all, available. To gain wide acceptance, a program 
should handle steady state (a-c and d-c) analysis 
as well as transient analysis. Franklin Kuo, net­
work analysis expert for Bell Telephone Lab­
oratories, Murray Hill, N.J., thinks the perfect 
program would have a simple input language, 
handle a wide range of models of physical de­
vices, and provide a nonlinear analysis capability. 
Kuo says that if automatic parameter modifications 
were added-it could replace breadboarding-a 
des ign engineer couldn't ask for anything more. 

The two programs which come closest to meeting 
the ideal requirements are NET-1 and ECAP. 
NET-1 was developed on the Maniac II computer 
under the auspices of the Atomic Energy Com­
mission at the Los Alamos Scientific Laboratory 
of the University of California, Los Alamos, . M. 
Since its completion in 1962, the program has been 
translated into versions for the IBM 7040, 7044, 
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7090 and 7094 computers, and is used at over 60 
commercial, government and university installa­
tions here and abroad. 

One of the chief virtues of NET-1 is that it' s 
easy to u se. Specifically, the user need not know 
how to solve simultaneous nonlinear differential 
equations, nor manipulate matrix algebra, nor cope 
with numerical instability. He doesn' t even have 
to know simple programing techniques and, when 
analyzing a circuit, needn' t have the slightest idea 
how the circuit works. 

If instructed properly, the computer will deliver 
an accurate circuit analysis-one which may pro­
vide some insight into hazy circuit operation. 
NET-1 can simulate fixed value resistors, capaci­
tors , inductors and mutual inductive couplings. 
Additionally, it can handle both junction tran­
sistors and diodes, fixed-value voltage sources and 
several classes of time-dependent voltage sources 
-including trapezoidal, sinusoidal, exponential and 
tabular waveshapes. 
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The transistor model for NET-1 requires speci­
fication of 36 parameters ; the diode model, 13. 

ECAP, the other major general-purpose pro­
gram, stemmed from the joint efforts of IBM and 
the Norden division of United Aircraft. ECAP is 
written in Fortran for the 1620, 7090 and 7094. 

Using ECAP, the designer develops an equiv­
alent circuit based on the circuit he plans to 
study. In it, he is free to use any representation 
of a transistor or diode that he chooses, providing 
it is modeled with conventional circuit elements . 

In ECAP, the matrix approach is fundamental 
and information on basic network branches are 
key entries to the computer. Each branch com­
prises three network elements, pictured on the 
next page-a passive element (resistor, capacitor or 
inductor) a voltage source and a current source. 
Branch terminations are called nodes. 

Cards, representing the branches of the equiv­
alent circuit, are punched. Each branch card 
contains data that tells where the nodes are con­
nected, identifies assumed direction of current 
flow, and provides the value of voltage, current 
and passive element. The input to each card is 
user-oriented ; no translational language is needed. 

ECAP can perform d-c, a-c and transient analysis 
and has options for sensitivity, standard deviation 
and wors t-case analysis. 

Arinc program 

The Arinc Research Corp. at Santa Ana, Calif. , 
has a general-purpose program that can be used 

., ., ., 
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Basic branch for which an ECAP data card is prepared. 
E and I are voltage and current sources, respectively, 
e and i are branch voltage and current, Y is the 
conductance of the passive element, and e' and e" 
are node to datum voltages. 

e" 

without knowledge of either Fortran or machine 
language. A circuit to be analyzed is described by 
a linear equivalent circuit for which n simultane­
ous equations in n unknowns are written. A source 
deck of punched cards contains the circuit equa­
tions in standard matrix notation as well as equa­
tions describing the desired output solutions. 

Parameter data for the Arinc program goes on 
a separate deck of punched cards. Each card 
represents one circuit element, and contains such 
data as nominal value, tolerance limits , tempera­
ature drift limits , production distribution char­
acteristics and, if appropriate, alternate values. 

The engineer feeds the two card decks to the 
computer, then specifies the analysis options. 
These include one-at-a-time parameter variation 
and sensitivity tes ts , worst-case solutions with all 
components at drift limits , a Monte Carlo analysis 
to determine the probable spread of circuit per­
formance in large-volume production , and solutions 
repre5enting combinations of circuit values. 

An example 

It may be profitable to follow the steps of the 
Arinc program on a very simple common emitter 
amplifier [p. 119]. First, the des ign er converts 
the schematic to the equivalent circuit shown. 
Then he writes a matrix of five simultaneous equa­
tions representing th e five circuit loops . 

Each of the elements of the equivalent circuit 
gets an input variable number, V1, V2, Va ... etc. 
Each of the coefficients of the equations is punched 
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on a separate card in terms of input variable 
numbers. 

Then cards are punched-one per input variable 
-that contain the nominal value, tolerance limits , 
distribution shape, and so forth. For this example, 
data on the card is listed in the first five columns 
of the table below the circuit schematics. If an 
order goes into the computer for a sensitivity test, 
using the circuit and input variable data that 
the designer has supplied , the machine will print 
out the data listed in the last three columns of 
the table. It's evident that the culprits are Ra, 
R4, and the transistor beta; that is , if the values 
of R3, R4 and hFE are permitted to reach their 
tolerance limits , large shifts occur in amplifier gain. 

It should be obvious that the Arinc program 
cannot be listed among the most sophisticated, 
since the user must s till write the circuit equa­
tions. But in the future he'll merely have to sup­
ply the equivalent circuit, says Robert Mammano, 
specialist in circuit analysis for Arinc. 

II. Practice: Some successes, some failures 

Among firms already applying computers in cir­
cuit design are the Autonetics division of North 
American Aviation, Collins Radio, Hughes Air­
craft, Friden Corp., RCA, and Bell Telephone 
Laboratories . 

Having worked on computer-aided design since 
1959, Autonetics has produced several home-grown 
programs. Mostly th ey are for digital circuitry, 
such as computer circuits for Minuteman airborne 
computers. For two years Autonetics has used a 
program which accepts point-to-point topology 
and prepares equation s automatically [See "Cir­
cuit analysis by compu ter," p. 120]. The division 
has also applied computer-aided design to ad­
vanced radar systems using integrated circuits. 

Simulating failures 

Autonetics also has a failure mode and failure 
effects analysis program. In the program, destruc­
tion of one circuit element is simulated and over­
stress of other components noted. At the same 
time, voltage readings at monitor points within 
the circuit are recorded. \Vith this data as a guide, 
the engineer can rapidly judge which component 
has failed in an actual circuit, without removing 
individual components for testing. Th e advantage 
is obvious, but a specific example is the Minute­
man D37 computer; once a component-even a 
good one-is removed it cannot be replaced. 

In one of Autonetics' programs, a computer will 
select the bes t device among several. In effec t, 
the computer is fed the characteristics of several 
transistors along 'vvith the circuit requirements. 
The program picks the bes t transistor and reads 
out the biasing voltages required. 

The Collins Radio Co. uses ECAP for the des ign 
of linear circuits and some digital circuits. Its 
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Talking to computer calls for new techniques 

CAD expert Jacob Katzenelson communicates with Project MAC's 
time-shared computer in an on -line demonstration using the MIT 
Electronic Systems Laboratory console. Using light pen 
and typewriter he draws an emitter-coupled multivibrator and assigns 
component values by typing or sketching characteristics on the display 
console. Following computer analysis of the circuit, waveforms can 
be viewed on the console, evaluated, and the circuit returned to the 
screen for modification . The experiment is carried out by a CAD 
program called AEDNET, written in MIT's AED-0 language. 

Operator's eye view of console screen. 
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A giant step 
in design automation 

Many-circuited wafer is coated with photoresist, exposed 
in unique pattern by ultraviolet beam (bright spot). 

Lead wires are affixed 
to finished array by 

thermocompression bonding. 

At IBM, an experimental program 
tests each integrated circuit on a 
completed wafer of many circuits, 
records the results on punch cards. 
Cards are fed to a computer along 
with the interconnection instructions 
to produce, for example, a small 
arithmetic and control unit contain­
ing about 500 circuits. The IC wafer 
is then coated with photoresist and 
mounted on indexing table beneath 
stationary ultraviolet beam. Under 
computer control , the table is rapidly 
indexed in horizontal plane while uv 
beam exposes a unique pattern that 
connects only good circuits. Metal 
interconnection grid is then etched 
by conventional techniques and lead 
wires attached . 
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Blurred table is rapidly indexed to generate 
interconnection path under fixed beam . 
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Checking results of computer's aid 

Electronics I September 19, 1966 

Spider-like multiprobe tester checks one of 
IBM 's completed integrated circuit arrays 
whose interconnections (close-up at left) 
were computer-generated . 
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Computers deliver the goods 

At this console in the I BM World Trade Center in New York, an engineer from the Norden division of 
United Aircraft instructs an IBM 360 computer in a point-to-point wiring exercise, part of a project Norden 
has under way to develop on-line methods of man-machine interactions for computer-aided integrated 
circuit design . The experiment is conducted under an Air Force contract. 

Integrated circuit intermediate-frequency amplifier designed using the 
Norden-developed CAD program . Components are located and 

interconnection paths developed with an assist from the computer. 

final design of i-f amplif ier at the r ight is drawn automatically by the plotter. 
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Variable Ampl ifier Gain 

Number Name 
Nominal Low High With With Percent 

value tolerance tolerance low tol . high tol. change 

1 Ei n 1.0 v 11.74 11.74 0 .0 
,_ 2 R. 1.0 kfl 900.0 fl 1.1 kn 11.84 11.63 1.8 

3 C1 0.2 µf O. l6µf 0.24 µf 11.67 11.77 + 0.8 
4 R2 33.0 kfl 29.7 kfl 36.3 kfl 11.69 11.77 + 0.7 
5 R1 300.0 kfl 270.0 kfl 330.0 kfl 11.64 11.81 + 1.5 
6 rb 1.2 kfl 800.0 fl 1.6 kfl 11.84 11.64 1. 7 
7 re 10.0 fl 5.0 fl 20.0 fl 11.85 11.52 2.8 
8 Ra 470.0 fl 423.0 fl 517.0 fl 12.88 10.78 - 17.8 
9 Beta 100.0 50.0 200.0 11.06 12.10 + 8 .9 

10 rd 50.0 kfl 25.0 kfl 100.0 kfl 11.65 11.78 + 1.1 
11 R. 10.0 kfl 9.0 kfl 11.0 kfl 10.98 12.44 +12.4 
12 C2 0.2 µf O. l6µf 0 .24 µf 11.73 11.74 + 0.1 
13 RL 20.0 kfl 19.0 kfl 21.0 kn 11.55 11.91 + 3.1 

~, To carry out a sens itivity study of the common emitter amplifier shown here, using the Arinc program, an 
equivalent circuit , top right, is first developed. Then a description of each element of the equivalent circuit 
(first five columns in table) is fed to a computer, along with the loop equations and a request for a 
sensitivity analysis. The computer then provides the results tabulat ed in t he final three columns. 
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des igners find the program particularly useful for 
design of small-signal amplifiers , d-c amplifiers, 
balanced modulators , phase detectors, active fil­
ters, and power supplies. A major use of ECAP 
by Collins is in checking circuits for tolerance to 
parameter shifts. 

Worst-case studies 

The Hughes Aircraft Co., Culver City, Calif., 
uses ECAP for worst case, transient and frequency 
analysis. At Hughes' Research and Development 
division ECAP aids in the design of linear circuits 
in airborne radar and communications packages 
such as those for Early Bird and Syncom satellites. 
ECAP has been very u seful in detecting errors and 
in es tablishing tolerances, Hughes says. 

ECAP helps the Friden Corp.' s military products 
section, San Leandro, Calif., in digital circuit de­
sign, primarily for circuit analysis and reliability 
studies, and in optimizing topological layout. Its 
big advantages, Friden engineers say, are in sav­
ing time, providing insight, and pointing ou t 
redundancy. So far, Friden has not u sed ECAP 
in design synthesis. 

NET-1 is at work for the Radio Corp. of Amer­
ica's Aerospace Systems division, Burlington, 
Mass., along with home-built programs, selecting 
existing circuits to perform a specifi ed function, 
determining circuit response, optimizing circuit 
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performance, and studying circuit reliability. 
The special programs used by this RCA division 

include a small-signal a-c program based on nodal 
analysis , a nonlinear large-signal program using 
mesh techniques, and a piecewise linear program. 

Fairchild Semiconductor's active filter facility , 
Mountain View, Calif., uses computers for filter 
des ign. Two Fairchild-developed programs-one 
for synthesis , the other for analysis-are used. 
' i\Ti th the fir st, the cus tomer's specifi cations go 
directly into the computer. The computer then 
spells out the structure and element values needed 
to realize the specifications (the output is a list 
of capacitors and resistors). The second program 
accepts a circuit description and reads out the 
filter characteristics to b e expected. 

For two years the Centralab division of Globe 
Union , Inc., Milwaukee, h as u sed ECAP in design­
ing hybrid circui ts. The circuits contain film-type 
passive components deposited on a ceramic sub ­
strate, with active chips added. J.E. Brewer, 
Centralab's manager of advanced design, notes 
that an advantage of the hybrid technique is that 
all the resis tive components are accessible and 
can be precisely trimmed. Among other things, 
ECAP can spell out the required tolerances, re­
sis tor by resistor. 

At Norden, some of the most advanced work in 
CAD is under way. "We pick and choose among 
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Circuit analysis by computer Domain analysis. The time-and 
frequency-domain analysis pro­
grams can be used with circuit­
analysis programs or independ­
ently. T ime-domain programs 
analyze the network's transient re­
sponse as a function of time and 
solve the convolution integral (an 
intricate interweaving of two math­
ematical fun ctions) numerically. 
This eliminates the necess ity of 
finding roots of high-order poly­
nomials and has the additional ad­
vantage that the excitation signal 
need not be specifi ed analytically, 
but only in numerical form. 

By Joseph Mittleman 

Senior associat e ed i to r 

High-speed computers can t rans­
fmm tedious and difficult network­
analysis computations to simple 
routine. The common denominator 
that ties the computer to network 
analys is is matrix algebra. It pro­
vides a desired generality as well 
as a convenient mode of expression 
that can later be translated into 
machine language. In essence, the 
computer is indifferent to whether 
the problem is electrical or me­
chanical in nature; it reaches a so­
lution only by computation. 

Network theory provides a uni­
fi ed method of both fo1mulating 
and solving a very large and im­
portan t class of problems. Thus, 
it is possible to write a network 
analysis program capable of trans­
forming a large scale digital com­
puter into a kind of super-analog 
machine of great versatility. 

Digital computers are widely 
used in circuit analysis, time-and 
frequency-domain analysis, circuit 
(filter) design and optimization or 
iterative design (calculating a 
desired result by repetitive opera­
tions that come closer and closer 
to the des ired result). Programs for 
these tasks are built algorithmi­
cally, that is, step by step. 

Circuit analysis. Linear circuit­
analys is programs, where the aim 
is to obtain responses to prescribed 
signal excitations, are based on a 
variety of methods. Among them 
are: mesh and nodal analysis (an-

alyzing a network using Kirchhoff 's 
voltage and current laws); topo­
logical formulas (analyzing a net­
work graphically from its physical 
structure), and state variables (an­
alyzing a network using matrix al­
gebra to manipulate a set of simul­
taneous differential equations). 
Most of these handle active ele­
ments such as transistors, diodes 
and vacuum tubes by using equiv­
alent circuit models. 

State-variable programs based 
upon Bashkow's1 A-matrix formu­
lations perform calculations di­
rectly in the time domain by means 
of numerical integration and mat­
rix inversion. The ou tputs of these 
programs provide network re­
sponses to impulse and step inputs 
in tabular form. 

Most circuit analys is programs 
perfo1m their calculations in the 
frequency domain . The program 
user need specify only the topology 
of the network, the element values 
and the transfer fun ctions desired . 
The computer does the rest. It cal­
culates the specifi ed transfer func­
tions in polynomial form , calcu­
lates the poles and zeros of these 
fun ctions and can also provide 
transient and steady-s tate response. 
With versatile input-output equip­
ment, the output can also provide 
a schematic of the original net­
work, as well as plots of time­
and frequency-response character­
istics . 

F requency-domain programs an­
alyze the network's steady-state 
response, given the transfer fu nc­
tion in factored or unfactored fo rm. 
The program user must specify the 
numerator and denominator poly­
nomials of the transfer functions 
and the type of steady-state re­
sponse des ired (amplitude, ampli­
tude in decibels, phase, delay, etc.) . 
In addition, he must indicate the 
frequency and time date points at 
which the calculations are to be 
performed-if evenly spaced data 
is des ired, only the minimum point, 
the number of points required and 
the increment between them need 
be specified . If data is on ly de­
sired at certain points, this must 
be specified at the input. 

Filter design. An example of the 
profitab le use of computers can 
be seen in programs for filter de­
sign. Digital computers are the 
logical choice when designing in­
sertion loss filters to meet certain 
amplitude requirements because 
even the simplest designs require 
tremendous amounts of numerical 
calculations. Although considerable 
time is needed to construct a gen-

available p rograms," says M artin Goldberg , CAD 
speciali s t. " F or a-c an alysis we're u sing ECAP; 
for transient analysis, ET-1, and for nonlinear 
work we're u sing our own nonlinear exten sions 
of ECAP." 

on 32,000-word memory) . ECAP can handle 50 
nodes, 200 branches, 200 dep endent sources , and 
200 switches in its 7094 version, but only 20 nodes 
and 50 bran ches for the 1620. 

Dennis Walz, h ead of circuit and component 
design for Collins Radio's facilities a t Newport 
Beach and Santa An a, complains that accounting 
for nonlinearities, in diodes for example, is accom­
plished b y ECAP only in " raw approximation s." 

Shortcomings 

Most criticism of existing programs for com­
puter-aided design focuses on their limited fl ex­

. ibi lity or l imited capacity. Frequently voiced com­
plaints concern the programs' limited ability' to 
h andle nonlinear circuits and res tric tions on the 
size of the circuit tha t can b e sh1dicd . NET-1, 
for example, can h andle 300 each of res istors , 
capaci tors an d inductors, 63 fixed-voltage sources, 
63 time-dependent sources and 200 nodes (based 
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The driving-poin t functions novv available for 
linear circui ts don't cover all the p oints Coll ins 
would like to h ave, Walz says. ECAP, h e adds, 
can' t handle discontinuous sine waves adequ ately. 
Collins is trying to modify the time-s tep routine 
so that the program w ill hand le a larger ne twork, 
shorter t ime in tervals, and more of them-up to 
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era! filter synthesis program it is 
worth while in cases where large 
numbers of filters must be designed 
to meet different specifications. 

One program for fi lter design 
has been written by Szentirmai.2 

The program is complete in that it 
handles the approximation and syn­
thes is problem. It can handle low­
high- and band-pass fi lters with 
prescribed zeros of transmission . 
There are provisions for either 
equal-ripple or maximall y flat-type 
pass-band behavior, for arbitrary 
ratios of load-to-source impedances 
and for predistortion and incidental 
dissipation . The second program 
syn thesizes low- and band-pass fil ­
ters with maximally flat or equal­
ripple-type delay in their pass b and 
and monotonic or equal-ripple-type 
loss in the stop bands. 

The engineer is free to specify 
both the zeros of the loss peaks 
and the network configuration de­
sired. If his specifications include 
ne ither, the computer is free to 
p ick both configuration and zeros 
of transmission. The computer 
chooses a network in which the 
inductance values are kept at a 
min imum . The network can be 
syn thes ized from both ends. 

Finally, the computer prints out 
the network confi guration, its dual, 
the normalized elemen t values and 
the denormalized ones . Info rmation 
such as amplitude and phase re­
sponse, as well as p lots of these 
responses obtained from a micro­
fi lm printer, are also provided by 
the computer. 

F ilter designs obtained us ing the 
computer are completed in minutes 
ra ther than days and at a typical 
cost of $20 rather than $2,000 (not 
includ ing initial p rograming costs). 

Network topology. It is some­
times necesary to compute a net­
work function in symbolic rather 
than numerical fo1m. Although 
symbolic determinants can be eval­
uated, the process is slow and 
complicated. Topological formu las 
provide a solution . 

The generation of trees (a way 
of representing a network by a set 
of open branch elements that in­
clude all nodes of a given circuit) 
with the proper sign is the main 
problem of topological analysis of 
networks. For this purpose, sev­
eral procedures have been designed 
for the computer. However, the 
use of topological formulas for net­
work analysis does not appear as 
efficient as other methods. This is 
primari ly due to the fact that the 
number of trees of a network with 
say 11 nodes and 21 branches can 
be about 13,000. 

Optimization. Network design is 
not always accomplished by simple 
substitution in formu las . Trial-and­
error processes are often used. The 
network designer starts with a 
set of specificat ions, selects a net­
work configuration and makes an 
ini tial guess about the element 
values . He then measu res or cal­
culates the desi red responses and 
compresses them with specifica­
tions. If the measured responses 
differ widely from the specifi ed 
respon~s, the designer changes 
the values of the elemen ts and 
compares again . The process is re­
peated unti l the measured re­
sponses agree with the specified 
responses within a p reset tolerance. 

A cut-and-t ry p rocess can be 
made to converge qui te rap idly 
using the method of steepest de­
scent.3 A steepest-descent Fortran 

program used for designing delay 
networks has been described by 
Semmelrnan .4 

To use the program, the net­
work designer first selects the in­
itial values for the parameters Xi. 

He must also provide the specified 
delays Ri and the frequency data 
points fi. The program successively 
changes the parameters xi so that 
the squared error is minimized. 
The program provides for 128 
match points and 64 parameter 
values. It is capable of meeting 
requ irements s imultaneously in the 
time and frequency domains . The 
des igner is not restricted to equal­
ripple approximations or infinite Q 
requ iremen ts. H e is free to impose 
requirements such as nonuniform 
diss ipation and ranges of available 
element values on the design . 
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several thousand steps. 
Since chopping a nonlinear problem into chunks 

to provide a linear approximation is tedious, 
Hughes Aircraft hopes to get around the problem 
by developing subroutines for ECAP. 

Herbert Scheffier, who is on the technical staff 
of the director of engineering assurance at Au to­
netics, says the fi rm is swi tching to an IBM 360 
from its 7094 to handle larger circuits. A small 
company, Scheffier noted, would probably have 
to rent time on a big machine. "Even here at 
Autonetics, one of our problems is that we can ' t 
get immediate service on the computer," Scheffier 
says. "You submi t your problem one day and get 
it back the next, so a designer can't always follow 
through on his train of thought." 

Debugging a program can also take time, Schef­
fler says. "No matter how you try to write a 
program that will take into account every pos­
sible occurrence, you never do it the first time," 
he says. In one case, Au tonetics wanted to simu­
late a shorted resistor, and tried to represent it 
by setting its value equal to zero; the computer 
could not handle it. 
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Expensive data 

When using complex device models, such as 
those for ET-1, the data needed is seldom found 
in its entirety on the device maker's data sheets, 
notes Texas U's H arbourt. As a resu lt, either 
the circuit designer must develop the needed 
p arameter data through expensive tes ts, or the 
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vendor must be asked to supply it. Asked which 
transistor model would b e best for circuit problems, 
Harbourt said there is no "best" transistor model; 
the choice depends on the nature of the problem. 

He explained: "Two ideal diodes and a depen­
dent current source may be fine for determining the 
states of transistors in a saturating logic circuit. 
Eight small-signal parameters might be ideal for 
a video amplifier frequency-response calculation. 
Yet neither of these would suffice in precisely de­
termining the olfset voltage in a high performance 
analog gate circuit." 

Tracking the results 

Brewer's experience with ECAP at Centralab is 
that an enormous amount of data begins to accu­
mulate as a design proceeds. 

In the iterative loops, which represent design 
modifications, portions of the data become obsolete. 
The designer, Brewer notes , must carefully and 
completely identify all intermediate data as well 
as the lates t version of the des ign. "In all but 
th e simplest analysis it has been found neces­
sary to use an elaborate identification code to keep 
track of computed results , he says. "While ECAP 
generates detailed information it does not help the 
des igner with his data coordination problem." 

Since Centralab uses ECAP to analyze hybrid 
circuits that contain chip transistors and diodes, 
a big problem is device modeling. Brewer says the 
problems of generating model data and developing 
product control procedures that relate well to the 
models are most difficult. The money spent by 
Centralab to come up with complete modeling 
capabilities, he said, was 50 times grea ter than that 
spent to install ECAP in the first place. 

An obscure error-confusing the letter 0 with 
a zero, in keypunching, for example-can throw a 
monkey wrench into a computer program. It can 
take days to find such a mistake, Brewer says. To 
avoid the most-feared error-the one that provides 
an erroneous result but gives no signal that it's 
wrong-Centralab checks against a breadboard at 
an early stage of design. 

Sometimes, says Brewer, what the program can 
do and what the des igner wants just don' t jibe. It 
is difficult, for example, to predict the extremes of 
power dissipation in a transistor because maximum 
power does not coincide with either maximum volt­
age or maximum current. 

Facts of life 

Hobert Mammano, assistant program manager at 
Arinc's W estern division, urges the designer to 
keep uppermost in his mind the basic problem of 
relating his computer analysis to the facts of life. 
"Do you really know the distribution of values for 
the components being shipped by your particular 
supplier?" Mammano asks. 

Component manufacturers may be reluctant to 
reveal distributions b ecause they relate to yield and 
to special selection processes which mutilate the 
basic distribution. 

122 

" Here's what we'll tell it this time ... " 

Mammano's solution is a Monte Carlo approach , 
which, he points out, can only be done with the aid 
of a computer b ecause of the large number of 
solutions required. \i\Tith Monte Carlo, Mammano 
says, the computer "builds and tests" multiple 
circuits, selecting individual component parameters 
from a "bin" of values preprogramed as input data. 
Errors caused by inadequate knowledge of com­
ponent tolerances are less significant when Monte 
Carlo is used. It is particularly appropriate for 
monolithic IC designs , Mammano says, since the 
circuit must "take what the manufacturing process 
gives-and that is often a normal distribution." 

Monte Carlo, it must be noted , has its opponents . 
Arnold Spitalny, chief of the computer branch , 
advanced engineering section, Norden, says 'Tm 
agin' it." There are ways to get the same informa­
tion, Spitalny says, with much less use of valuable 
computer time. 

111. Master and slave 

Transcending the technical aspects of computer­
aided circuit design are philosophical and psy­
chological questions. "Will the computer replace 
me?" the circuit designer wonders. "Can the des ign 
process be so systematized that a computer can 
handle it from beginning to end? And if so, does 
this imply that the design engineering function is 
not truly creative?" 

Most experts in CAD have weighed these ques­
tions carefully and have strong opinions on them. 

The computer-circuit designer relationship may 
well turn out to be a master-slave relationship, says 
Kuo, but " the engineer will still b e the master; he 
is the designer of the program that commands the 
computer." The engineer must still recognize the 
need for the circuit, determine its specifications, 
find out if there already are programs to design 
his circuit and, if so, prepare the input data in 
language that the computer can handle. 

Defensive move 

Many engineers become defensive on first en­
countering CAD. They regard the computer as the 
enemy, assigning to it many human traits and 
crediting it with powers it does not possess. An 
engineer will blame the computer when the answers 
come up wrong-or when the program won't run. 
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"The computer is not so smart," he'll gloat, for­
getting that the burden of "educating" the com­
puter falls on the program designer in the fir st 
place. Moreover, when existing programs fall short, 
revamping them or constructing better ones is the 
engineer's job. 

A good example of how this is done is a monster 
p rogram being developed by Autonetics. Rich ard 
Miles, who supervises des ign and analysis methods 
in the computing technology department, says the 
program may be working by the time the IBM 
360 system is operational-hopefully, toward the 
end of the year. The program, to be used during 
preliminary circuit des ign, will have an optimiza­
tion technique tied in with analysis. Written in 
F ortran IV, it will feature an overlay technique. 
With the overlay, the complete program need not 
be in the computer at any one time. The program, 
Miles says, has outgrown the 7094's memory. 

Parameter range sweeps on two parameters at 
a time will be possible through progress ive selec­
tion of incremental values of one parameter while 
sweeping the entire range of the other parameter. 

A pair of optimization routines, one a direct 
search type and the other a gradient method will 
be tied into the d-c program. Miles says; "The 
idea of having an optimization routine tied into the 
analysis package is that you can describe the 
specs of a circuit and tell the computer you want 
the output voltage to be within a certain range, 
and temperature sensitivity to be a certain value. 

"Using these specs you write an error function. 
In the case of an amplifier, you 'd want a certain 
gain, plus or minus a certain percentage. You can 
write an error function which states th is is equal 
to the desired gain minus the calculated gain. You 
want to minimize this fun ction so that the amplifier 
will have the gain you require." 

Writing the error functions is one of the toughes t 
parts of the job, Miles says. 

Garrulous computers 

Often, the engineer would like to query the com­
puter b y feeding it a scribbled schematic. H e'd 
like the answer in a speci.6c form (a plotted curve, 
fo r example), unencumbered by extraneous results. 

But, except for a few large general-purpose pro­
grams, such simplicity is still more dream than 
reali ty, though work is under way to accelerate it. 

At the output end, the computer still tends to 
talk too much . It is an effi cient paperwork genera­
tor , and the more prolific it is, the more the wanted 
results b ecome obscured among the chaff . 

There's a project a t the Massachuse tts Institute 
of Technology to permit on-line design modifica­
tions, using the time-shared Project MAC computer 
[Electronics, F eb . 7, 1966, p.39]. With a light pen . 
and a typewriter, a circuit diagram can be fed into 
a computer. An operator at a console views an 
oscilloscope upon which he locates or moves circuit 
elements with a light pen, and assigns parameter 
values by u sing the typewriter. Outputs can also 
be displayed on the oscilloscope. Thus, plots of 
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branch parameters against time or against one 
another can be observed. 

The experts are sharply divided about who ought 
to be a t the console. Some say the designer should; 
he can learn a lot and speed the design process. 
But, referring to Centralab's present u se of ECAP, 
Brewer says "The concept of an engineer sitting 
at a 1620 console does not seem worthwhile. The 
only assured result is wasted engineering time and 
additional machine expense." 

Centralab permits only selected technicians and 
computing-center personnel to prepare and run 
programs. This policy, Brewer says, fits the en­
gineer's working pattern-requesting an ECAP 
run is like having a breadboard constructed. 

Central clearinghouse 

Finding out what has already been done is one 
of the mos t difficult jobs facing the potential user 
of CAD. Frequently the task is impossible; the 
designer throws up his hands and embarks on his 
project from scratch. Even if he does find a pro­
gram that promises to do what he wants, it may be 
so poorly documented that he'll abandon it. 

There are other deterrents. Among them are the 
proprietai·y nature of some special-purpose pro­
grams, and the cost of others. 

The problem, a monumental one, is b eing scru­
tinized by observers who are convinced that the 
same programs will be developed over and over, 
often at the taxpayer's expense, if something is not 
done to publicize the availability of programs. 

The National Aeronautics and Space Administra­
tion's Technology Utilization Branch has issued a 
grant to the Computer Center at the University of 
Georgia, Athens, to adminis ter a program called 
Cosmic that will es tablish a library of verified pro­
grams. The inputs to the lib rary are from ASA 
program libraries at the Marshall Space Flight 
Center, Huntsville; the Manned Space Center, 
Houston ; and the Electronics Research Center, 
Cambridge. NASA intend s to make programs avail­
able to industry fo r a nominal fee. 

Users of IBM equipment can participate in 
Share, a closed interchange of in fo rmat ion about 
program applications or obtain, from the Journal 
of the Associa tion fo r Computing Machinery, 
monthly listings of new programs. 

Other groups have gone their separate ways, each 
with the inten tion of developing a comprehensive 
library of CAD programs. The bes t way to resolve 
the problem is still un certa in. 

One thing, however, is certain-CAD is here to 
s tay and it will grow, perhaps fas ter than the 
experts think. 

This overview of co mputer·aided design of circuits 
is the f irst in a series of arti cles. Among the 
contributors, in future issues, will be such CAD 
experts as Franklin Branin, Harlow Freitag, Martin 
Goldberg , William Happ, Cyrus Harbourt , Waldo 
Magnuson, Allan Malmberg , and Arnold Spitalny. 
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Sawtooth generator 
drives cathode-ray tube 

By C.C. Hoo 
Paratronix lnstrument os Elect ronicos, Sao Paulo, Brazil 

A transistorized sawtooth generator with an os­
ci llating frequency range of 6 hertz to 450 khz 
(cliviclccl into £ve ranges), good linearity and con­
stant amplitude is shown below. The unit is used 
to drive a cathode-ray tube when a portable oscillo­
scope of light weight and low power consumption 
is des ired. Transis tors Q1 and Q2 form the sawtooth 
oscillator; Q~ is in a bootstrap circuit used to in­
crease linearity. 

R1 
8.2 k 

o, 

Rz 
220 k R4 

50 k 

Rs 
10 k 

I 

range. When one of the ' capacitors is connected by 
the range switch to the emitter of Q2, the capacitor 
charges quickly. ·when C3 charges, th e collector 
current of Q2 decreases, th e current through Rz 
causes Qi to condu ct and the voltage drop across 
R1 makes Q2 cut off. Capacitor C~ now is dis­
charged by R8 and R9 to th e potential of C8 . When 
C:i is discharged, C2 again conducts and, the cycle 
repeats . 

During the time that Q2 is conducting, Cs is 
charged through Q~ and th e condu cting diode D, . 
·when the sweep begins , the base and emi tter of 
Q;i become less negative. Since c~ is large enough 
to remain almost fully charged over tho complete 
sweep cycle, the voltage across R8 and RD is prac­
tically constant. Hence, the current through these 
elements is constant and the sweep voltage pro­
duced is linear. 

Resistor R4 is a semivariable potentiometer 

FREQUENCY TUNING 

- 9v 
(-3.6 mo ) 

OU TPUT 

Tr ig ger ----l---' 
INP UT 

+ 
Cz 
10 fLI 

R5 
10k 11111 5.6 k 

+ 9v 
(- 3.6mol 

C3 C4 C5 Cs C7 
---4~---_. ______ _... ___ __:'-+--~-~----=-._.-:...._~_...------~ov 

Portable-scope driver is com posed of transistors Q,, Q, and Q •. The first two form a sawtooth oscillator, the latter 
is in a bootstra p circuit. The design provides constant amplitude over the frequency range of 6 hz to 450 khz. 

A trigger voltage of 0.5 to 5 volts root mean 
square is applied to the base of tran sistor Q1 and 
synchronizes the oscillation to the input waveshape. 
vVhen the circuit is connected to its power source, 
the current through resis tors R1 and R4 causes Q2 
to conduct. Capacitor C 1 and C2 arc charged by 
the current through R7• Resistor R7 should be 
small so that the charging time is short compared 
to the sweep duration . The voltage division _b e­
tween R7 and capacitors C 1 and C2 drives the 
b ase of Q1 positive. When the base of Q1 goes posi­
tive, the transistor cuts off completely. 

Capacitors C3 through C7 select the frequency 
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provided to adjust linearity. Too small a value 
causes poor linearity; too large a value stops the 
oscilla tion. Resistor R4 also influ ences amplitude 
and frequency range. Th e best point is achieved 
when good linearity is obtained on both th e h ighes t 
and lowest frequencies. This point is not crit ical. 
Resistor R5 is u sed to eliminate parasitic oscilla­
tion at the highes t frequen cy range. Resis tors R3 

and R6 stabilize the transis tors. 
The following results were obtained : Nonlin­

earity: less than 1 % from 20 hz to 200 khz, less 
than 15% from 6 hz to 450 khz; output voltage: 
3 volts peak to peak; triggering voltage: 0.5 to 5 

.Electronics I Sept ember 19, 1966 

-1 
i 

] 

.... 

\... 



volts sinusoidal; triggering range: ± 10% at ·2 
volts or above; free running frequency: 6 to 48 
hz for CR = 8 µ.f , 47 to 630 hz for c4 = 0.68 µ.f, 
470 hz to 5.9 khz for C 5 = 0.068 µ.f, 4.7 to 59 khz 

Interlock protects 
display tube 

-l By' Karl E. Springer 

-,-4 I Hughes Airc raft Co., Culver City, Calif. 

f ._.t Cathode-ray tubes, like mos t rubes should not have 

f
~ r high '(Oltage applied to the anodes without filament 

I ~xcitation . The interlock circuit in the diagram mini­
-- · ~izes . the possibility. This circuit provides protec-
-- I rion against filament power-supply failure or under-

yoltage, overvoltage and open and shorted filament 
I -i feed lines. 
I Under normal conditions the voltage drop across 

R1 is greater than the breakdown voltage of D1 but 
less than that of D2. The supply voltage, v., is 
also less than the breakdown voltage of D3 . Current 
only flow s into inverter 1 through D1, drayving Qi's 
collector voltage down and enei:gizing K1, thus 
clos ing the high voltage interlock contacts . 

F our possible system faults activate the circuit 
as follows: · 

• If the filam ent supply voltage, v., fall s below 
its normal value, the voltage drop across R1 is not 
sufficient to b reak down D 1• vVith no input current 
to converter 1, relay Ki is de-energized, and the 
interlock contflcts open. 

::i ~3 __ --· ~-
1N,964B ; 

I Of 

1 N750A 

CRT I 

for C6 = 6800 p~ and· 50 to 450 khz for Cr = 560 pf. 
The transistors used were the germanium-alloy 

diffused -type (AF117) -with HFE = 150 and f1 = 
75 Mhz. 

• If V. becomes greater than normal, D i remains 
in the avalanche (breakdown) state. D3 also breaks 
down , causing current to flow into inverter 2. The 
current tha t was flowing into the base of Qi is 
shunted through Q2 to ground. Relay K1 becomes 
de-energized, causing the interlock contacts to 
open. 

• If the filam ent feed lines are opened, there is 
no voltage drop across Ri. Circuit action is then 
similar .to that in the first fault described. 

• If the filament feed lines are shorted, the vo.lt­
age drop across Ri is greater than the breakdown . 
of D 2 • Current flows into the input of inverter 2. 1 

Circuit action is then similar to that in the second · 
fault. The interlocking circuit can accommodate a • 
wide range of filam ent voltages and currents .if 
the following relationships governing the critical 
paraprnter selections are used: 

R
' _ V. - Vr 
i I Ir 

(1) 

\1 DI-~ \18 - \1 I - 1 I (2) 
v 0 2 ~ v. - v f + 1 (3) 
V02 < V. (4) -
V 0 3 ~ V. + 1 (5) 

Where V. is the supply voltage, Vf is the B.IamJnt 
voltage, and V 0 1, V 0 2 , and Vo, are zener diode 
vol tages . 

Selection of zener voltages to fulfill the condi­
tions of equality of equations 1 through 5, yields "· 

HIGH 
VOLTAGE 

- --1 
Fl LAMOJT ---------+--~.._,f---.JVVV---.-----+--1>-----'"-I Ot I 

2 N t 711 

-< 
R1 
19 . 

I 

D2 
I N754 A - - , 1, R3 

I 4.7K 

I 
I 
I I I 1N48 58 

1' - - I 
I L :::_ - - - - :.... - - _J INVERTER 1 

I 
_ _ - __ _J INVERTER 2 

Interlock circ-uit p r-otects cathode-ray ~u be aQainst four possible system fa ults. 
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the narrowest margin of under-over voltage control, 
but requires greater precision in other circuit com­
ponents. 

There are other inherent advantages in addition 

Multirange d-c voltmeter 

By Richard Traina 
Airborne Accessories Corp., Hillside, N.J. 

Full-scale meter deflection of 1.0 volt is obtained 
independently of the input voltage with the circuit 
shown below. The I -volt range may b e positioned 
anywhere between 0 and 7 v d-c. For example, the 
meter may be set to read 1 to 2, 4 to 5, 3.5 to 4.5, 
and so on. 

A varying electric fi eld applied across a fi eld 
effect transistor produces the very high input 
impedance, essential for optimum operation in a 
voltmeter. The higher a meter's input impedance 
the less the meter affects a measured circuit. With 
this circuit a voltmeter with an input impedance 
(sensitivity) of 1.0 megohm per volt is obtained 
for all scales. 

With the rotary switch in position 1 the 100-
microampere meter is connected in parallel with 

SIA CD 

Rs 

S1a CD 
@ 

+ D 

INPUT 
2N2386 

680 
1M 

10 k 

+ 

to the circuit's protective features. Line losses may 
be compensated for by reducing the resistance R1 

from its original calculated value. Further reduction 
of R1 brightens the crt display. 

a shunt resis tor, R •. At the same time resistor R, 
which is approximately equal to the meter's in­
ternal res istance, is connected in the metering 
circuit. This combination of resistors increases the 
meter range to 500 microamperes and measures the 
drain current. 

With the input set at the low limi t of the voltage 
to be measured, the drain current of the FET is set 
at 350 microamperes (approximately the point of 
zero temperature coefficient of the FET used) 
with the suppression-adjust potentiometer. This 
action sets the bias of the FET. The increased bias 
voltage re turns the bridge essentially to a zero 
input condition regardless of the applied input 
voltage. 

The rotary swi tch is moved to position 2. The 
meter now replaces resistor R and R2 is short 
circuited. The zero-adjust potentiometer zeros the 
meter. 

The input voltage is now raised 1 v d-c above 
the low limit and the calibration-adjust potenti­
ometer gives full-scale deflection on the meter. 
The meter reads 1 volt full scale with an accuracy 
of ±2% and good stability. 

CD 

2 k 
CALIBRATION 
ADJUST 

R 
5.1 k 

5 k 
ZERO 
ADJUST 

, 

10 k .... 
SUPPRESSION 
ADJUST " 

5.1 k 1.0 k 

An FET circuit coupled with a 100-microampere meter movement makes a d-c voltmeter with a 1-volt full-scale 
range. Range can be set between 0 and 7 volts. Accuracy of the voltmeter is ± 2%. 
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Fail-safe frequency divider 

By A. L. Plevy and E. N. Monacchio 
Consulting Engineers 

Frequency division by as much as 60 to 1 is pos­
sible when the emitters of the astable multivibra­
tor, formed by transistors Q1 and Q2, are tied to the 
collector of Q3 instead of being reh1rned to ground 
as in a conventional circuit. The frequency-divider 
formed stops oscillating if the clock fails and is 
locked when the clock is running. 

Normally, the multivibrator operates at the de­
sired output frequency with a repetition rate, tr, 
expressed as: 

tr = l/2(0.7)R1C1 ~ l/2(0.7) R2Gi. 
A half-wave rectifier made up of components 

D1, Ra and C3 is connected to the base of Qa. Ca-

Dt 
68 k 

I 
= 

pacitor Ca is charged by the clock and provides a 
negative voltage that keeps Qa biased on. Resistor 
Ra limits the base current supplied to Qa. Compo­
nents R3 and Ca are selected to offer ripple to the 
base of Q3 at the clock frequency. This ripple is 
amplified and fed to the multivibrator through Qa 
and serves to lock the multivibrator to the clock. 

If the clock fails, Ca discharges and Q3 is h1rned 
off, providing a high impedance path to ground. 
As a result, the multivibrator stops oscillating. The 
circuit runs at 10 kilohertz when Q3 is on, and is 
easily synchronized to a 92-volt sinusoidal or 
square-wave clock over a frequency range of 10 to 
600 khz. Photographs below show locked Lissajous 
patterns that indicate a 10-to-l and 60-to-l fre­
quency division. To obtain these patterns the output 
of the multi, which is a good square wave, was pur­
posely distorted by uncompensating the scope 
probe. The waveshape used for the patterns appears 
at the right. 

-10v 

--+---- OUTPUT 

Up to 60 frequency divisions are possible from the astable multivibrator connected to the 
half-wave rectifier. The emitters of Q, and Q. are not returned directly to ground, as 
in the conventional astable multivibrator. Instead, they are connected to the collector of 
Q •. When Q. is biased on, it provides a ground return path for the multivibrator. 

Locked Lissajous patterns indicate a 10-to-l and a 60-to·l frequency division (left and center). To obtain these Lissa­
jous patterns the square-wave output of the multivibrator was distorted purposely by uncompensating the probe of 
the oscilloscope. The waveshape for the Lissajous patterns is shown at right; it was measured at 100 kilohertz with a 
vertical scale of 2 volts per centimeter and a horizontal of 0.1 microsecond per centimeter. 
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Bandwidth 500 cps. 

Unique Features 

• Extremely wide frequency range : 10 kc to 30 me. 
• Fine frequency adjustment: ± 2.5 kc. 
• Bandwidth, selectable: 500 cps and 5 kc. 
• Full-scale deflections, 1 µ,v to 1 v. 
• Six input impedances from 50 fl to 500 kl1 

Here is a highly sensitive superheterodyne receiver whose output 
voltage is indicated by a diode voltmeter. A switch permits selection 
of any of the conventional input impedances. Single frequency 
changing is used for input frequencies from 10 to 1000 kc, double 
frequency changing for 1 to 30 me, the bandwidth being 5 kc 
in both cases. Additional frequency conversion takes place in 500-cps 
narrow-band operat ion. 
The local oscillator can be varied in frequency by ± 2.5 kc and thus 
permit shifting of the 500 cps pass band over the 5 kc bandwidth 
present up to this frequency conversion . 
The meter is calibrated in vol t s and decibels, and features an addi­
tional expanded scale with a relative cali bration from 0.7 to 1. A 
head-phone output provides aural monitoring. A built-in calibration 
oscillator permits checking and adjustment. The power supply is 
electronically regulated for greater stability wi t h regard to gain anG 
frequency accuracy. A high impedance probe I amplifier is available. 

Typical Measurement Applications 
• Frequency response on four-terminal 

networks, especially at low 
voltage levels. 

• Frequency response on amplifiers or 
filters within their pass bands. 

• R-f distortion of long-, medium­
and short-wave transmitters. 

• Modulation depth. 
• Envelope distortion . 
• Inter-channel cross-talk 

attenuation . 
• Signal-generator attenuat'on. 
• R-f leakage on shields and 

r-f chokes. 

Get The Extra Capab i l ity, 
Greate r Rel iability, and 
Longer Useful Life Of .•• 

~ ROH D E & SCHWARZ 
~ 111· LEXINGTON AVENU E, PASSAIC, N. J . 07055 • (201) 773-8010 

Inquiries outside the U.S.A. should be directed to: Rohde & Schwarz, Muehldorfstrasse 15, Munchen 8, West Germany. 
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Materials 

Looking through glasses 
for new active components 

Renaissance in glass technology is providing hundreds of new 

materials-including amorphous alloys-with potential applications as 

low-cost semiconductor components, transducers, memories and other devices 

By John D. Mackenzie 
Rensselaer Polytechnic Institute, Troy , N.Y. 

Glass isn't an ordinary electronic material, even 
though most component designers only use it in 
ordinary ways. Many kinds of components, from 
switching and memory diodes to computer mem­
ories, might be cheaply produced with glass if re­
cent discoveries by glass scientists were exploited 
by electronics engineers. Glasses can now be made 
as sem iconductors, photoconductors, magnets, 
transducers, optical switches, memory materials 
and superior insulators and dielectrics. 

Present applications are mainly based on just a 
few of the obvious physical characteristics of glass. 
Most engineers think of it as an easy to form , trans­
parent, nearly impervious solid with high electrical 
resistivity. So they use glass for optical parts, tube 
envelopes, protective coatings, insulators and sub­
strates. All are secondary roles, compared with the 
primary roles assigned to such materials as ferrites 
and crystalline semiconductors . 

This general concept of glass as an auxiliary ma­
terial is actually very narrow in contras t with the ca­
pabilities of hundreds of new glasses. Few people 
realize, for example, that glasses are not solids, but 
rigid liquids that can have an almost infinite variety 
of compositions. Their room temperature resistivity 

The author 

John D. Mackenzie, known 
internationally for his work on 
glass, was born in Hong Kong and 
educated in England. After a post­
doctoral fellowship at Princeton 
University, he did research 
at the General Electric Co. and 
became professor of materials 
sciences at Rensselaer in 1963. 
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can range from only 100 ohm-centimeters to 1020 ; 

ohm-cm. They can conduct both ionically and elec­
tronically. Their structures can be controlled so that 
the glassy matrix is host to millions of ferrite crys­
tals , opening up the possibilities of producing 
microminiature but numerically vast arrays of mem­
ory elements. 

Device designers can't really be faulted for not 
having exploited these and other potentially signifi­
cant features of glass. Materials scientists have still 
not thoroughly probed all the inherent electronic 
properties of glass and some of the glasses that en­
hance such properties are new and untried. But it 
is apparent that glass is enjoying a technological 
renaissance certain to make it an increasingly im­
portant electronic device material in the coming 
decade. Some of the recent discoveries have already 
been converted into practical hardware. 

Uniqueness of glass 

If device designers are to make maximum use of 
glass's inherent electronic properties they should 
recognize that it is unlike any other material. It can 
be put to work both as a liquid and a solid because 
it is a "frozen-in" liquid. Like most liquids it can­
in the absence of physical disturbances and impur­
ities-be cooled well below its freezing point with­
out crystallizing. The viscosity of a watery liquid 
is 0.01 poise and that of glycerine is 10 poise. When 
the liquid becomes so cold that its viscosity has 
risen to 1014 poise it b ecomes rigid. Such a liquid is 
defined as glass. Many materials can be rendered 
into the glassy or vitreous state in addition to the 
common glasses. 1 

Since glass is a rigid liquid it never melts but 
only softens when heated. This makes the fabrica­
tion of glass objects easy and permits materials to 
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One ion blocks another to make a better glass substrate 

KEY: Q -OXYGEN • - SI LICON Q - SODIUM ION · -CALCIUM ION 

Divalent ions such as calcium im prove resistivity of glass by preVF~nting ionic cond ition . Weak electrostatic bonds 
hold monovalent sod ium ions in place (upper left) . A direct -current field, indicated by colored electrodes, 
ca uses the ions to move between the glassy chains (upper right) . The stronger bond of a calc ium ion (lower left) 
allows it to block the ions behind it when there is a d-c field (lower right). 

b e dissolved in glass at high temperature. The 
added material can then b e precipitated out in a 
controlled manner when the glass is cooler and 
rigid. This explains why a second phase-such as 
fe rrite crystals of controllable size-can b e uni­
formly distributed through the glass and why the 
compositions can be so varied . 

The inexhau stible Hexibi lity of composition 
means , of course, wide Hexibi lity in properties. In 
contrast, most solids consist of crystals. Since crys­
tals are stoichiometry compounds-having fixed 
proportions-the control over their properties is re­
stricted. Yet the atomic defects that make crystals 
so usefu I in electronic applications can be dupli­
ca ted in glass. Glass b ehaves much like crystal in 
its short-range order (over spacings of a few atomic 
distances). How advantageous this is , is demon­
strated, for example, in the manufacture of high­
power lasers . A neodymium-doped glass laser rod 
4 feet long and 3 inches in diameter is readily made 
by conventional glass-making techniques . But there 
is no practical way of making a sufficiently uniform 
single-crystal ruby laser of like size. 

Glass's fabrication ease should help make prac­
tical other new electronic systems, too. For instance, 
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it is difficult to produce fin e, superconducting mag­
net wire with adequate insulation. Many years ago 
glass workers learned to draw hollow, hair-like 
fibers of glass by pulling on a softened glass tube. 
Insulating supercondu cting wire can now be made 
inexpensively by putting a slug of the superconduct­
ing metal into a tube and softening and pulling both 
a t once. 

High-resistivity glasses 

Formulating the glass to suppress ionic conduc­
tion improves insulating substrates, such as those 
for thin-film circuits. Common oxide glasses may 
not be chemically inert to the components they 
carry because they contain mobile and reactive 
alkali metal ions , particularly sodium ions . In sili­
cate glasses, for instance, ionic electrical transport 
is entirely clue to sodium ion s. Their motion deterio­
rates circuits placed on the glass .2 

Using pure silica glass, with a minimum of so­
dium ions, prevents deterioration. But such glass is 
difficu lt to fabricate, is expensive and its coefficient 
of thermal expansion is negligible-too low for good 
adherence of metal films. H owever, the motions of 
the sodium ions can b e suppressed in inexpensive 
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silicate and borate glasses by addi ng calcium and 
barium ion s.3 Ionic conduction becomes neglig ible 
des pite appreciable quantities of alkalis . Some 
newer glasses containin g calcium ions are even 
much better insulators than s ilica, as th e graph 
a t th e right indicates. One such glass, simply 
fu sed wollanstonite, is a silicate of the composition 
CaO·Si02. 

Because ionic conduction occurs on an atomic 
scale, it has not b een seen visually, but the mech­
anism is probably that diagramed at the left. Ap­
parently the sodium ions must travel in preferen­
tial paths, which highly immobile ions such as 
calcium can block to pin down the sodium ions. 

Normally, the sodium ions are held in place be­
tween the silica tetrahedra (silicon atoms bonded 
to four oxygen atoms) by electrostatic binding, as 
in th e upper left drawing. The sodium ions are 
ca tions (positively charged) while the oxygen has 
a negative charge. However, when there is a d-c 
potential across the glass, as in the upper right 
drawing, the greater attraction of the negative 
elec trode causes the sodium ion numbered 1 to 
vacate its original site. Ion 2 can then move through 
the opening in the polymer-like chains of tetrahedra 
and replace ion 1. Ion 3 can then replace ion 2 and 
so on until ion 5 has moved along the path. 

Sodium ions move easily because their valence 
is low, only 1, and electrostatic binding is propor­
tional to the valence, or charge, squared. Calcium 
and barium are divalent so their electrostatic bind­
ing is four times as strong. The lower set of dia­
grams show how a calcium ion-the solid colored 
circle-stays put in a d-c field. Sodium ion 1 can 
still move to the negative electrode but sodium 
ions 3, 4 and 5 are blocked. This blocking can 
occur millions of times in a piece of glass , effec­
tively suppressing ionic conduction and making the 
glass more inert and more resistive. 

Semiconducting oxide glasses 

Most polyvalent cations are not only immobile 
in glass-even at temperatures of 200° to 300° C­
bu t because they have different valence states they 
make possible electronic conduction in glass. 
H ence, glasses can be semiconductors, often sur­
prisingly good ones. Some of the possible applica­
tions for such glasses are tabulated at the right. 

In a crystalline transition metal oxide like iron 
oxide, electronic conduction occurs by means of a 
highly complex charge-transfer mechanism. The 
mechanism involves carriers of low mobility, say 
less than 1 cm2 per volt-second. Electron motion 
in an n-type conductor may be represented by: 

Fe2+-0- Fea+ + Fe3+- 0 - Fe2+ 
Electronic conduction can also occur in glass 

when enough variable valence ions are present, 
since the glass's short-range order is considered 
similar to a crystal's. Silicate glass containing 10% 
iron oxide has high resistivity but is also elec­
tron ically conducting, so it is a semiconductor. 

In glasses the charge transfer is generally called 
"hopping" and is thought to be similar to impurity-
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Ionic blocking of calcium or barium ions gives 
glasses containing sodium much higher resistivity than 
silica glass, which is nearly free of sodium but expensive. 

band conduction in doped germanium. This hop­
ping, together with polarization induced b y the 
charge, is called a polaron, which is now thought 
to be the most likely conduct ion mechanism. In 
glasses containing vanadium oxides, which the 
author has studied ex tensively, the hopping process 
is represented by: 

VH- Q- Va+ + VH- 0 - VH 
Many hundreds of such semiconducting glasses 
have been made recently.4 Conduction is a bulk 
effect so the semiconductors are not polarized. 
Resistivity can vary with the concentration of vari­
able valence ions and other factors. 

Semiconductor glasses are superior to conven­
tional silicate glasses for all direct-current applica­
tion s. An immediate and important application is 
improving the long- term performance of image-or­
thicon tubes. The targets of these tubes are glass 
disks 2 to 5 microns thick and about 2 inches in 
diameter. Their thickness must be uniform and the 

Possible uses of semiconducting glass 

Glass system Use Source 

Iron -vanadium· television Genera l Electric 
borate camera tuaes Co. 

Alu minosi licates infrared English Electr ic 
detection Co. 
devices 

Va nadates surface Bausch & 
junction Lomb, Inc. 
detectors 

Complex electronic Ph illips 
ceramics Gloeilampen· 

fabrieken N.V. 

Barium-iron· magnetic Osaka Govern· 
borate ceramics ment lndustriai 

~esearch 
Institute 

General transducers J.D. Mackenzie 
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Superior ity of semiconducting glass and glass-bonded 
mica over ionically conducting materia ls is indicated 
by effect of 200 volts of direct current. Increase 
in resistance with time indicates deterioration. 

glass resistivity should remain at about 1012 ohm­
cm at room temperature. Targets made of common 
glass deteriorate in time-ionic charge transfer 
under the d-c potential of tube operation causes 
electrolysis. Targets made of the new semiconduct­
ing glass g ive the tubes long life because the 
charge transfer is largely by electrons, not ions, 
and electrolysis does not occur. 5 

Crack-proof dielectrics 

Semiconducting glasses can also improve glass­
bonded mica, widely used in electronics because of 
highly desirable dielectric and mechanical proper­
ti es provided by the mica it contains. Unlike ordi­
nary glass , cracks apparently do not propagate 
through this composite material , so it can be made 
into complex shapes by machining or molding. 

However, charge buildup during prolonged ex­
posure to electrons leads to dielectric breakdown. 

Semiconducting glass-bonded mica 

Sample 1 

Glass (300-mesh 7V20 5e3P20 5 

muscovite mica; 
100-mesh glass) 
Hot-pressed at 

Electrical 
resistivity 
Densi ty 
Flexural strength 
Elasticmodulus 
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340°C, 2,700 psi, 
5 minutes 
2.4X 109 ohm-cm 
at 25°C 

Sample 2 

450°c, 1,500 psi, 
5 minutes 
3 .4 X 106 ohm-cm 
at 25°C 
2.336 gm per cc 
15,000 psi 
6 X 106 psi 

This is clu e to the ionic nature of the glassy phase. 
If semicondu cting glass is substituted for common 
silicate glass , electron conduction overcomes this 
diffi culty,0 as shown at the left. Furthermore, the 
composite's res istivity range, controlled mainly by 
th e glass phase, is greatly extended. 

The layered s tructure of the mica, as in the photo­
micrograph a t the right, is probably what pre­
vents crack propagation.6 Many other inorganic 
materials also have a layered structure. Among 
them are boron nitride, a good dielectric, and 
graphite, a good conductor. The author form ed 
composite glasses with both th ese materials . They 
arc machinable and possess interesting electrical 
properties. Varying the amount of graphite changes 
the resistivity and its temperature coefficient. The 
glass containing boron nitride has very low-loss 
factors, indicating it would be a superior capacitor 
material. 

Glass transducers 

Exploitation of glass semiconductors as active 
semi conductors is stil l in its infancy. But it appears 
that oxide-glass semiconductors could make good 
temperature and pressure transducers and that 
other glasses can be made into switching and ac­
tive but nonvolatile memory components. 

Many oxide-glass semiconductors have large See­
beck coefficients (a measure of thermoelectric con­
version efficiency), as indicated by the typical val­
ues given in the graph and table at the right. 

The graph indicates also that th e Seeb eck co­
effi cient is relatively stable over wide ranges of 
temperature and that the glasses can b e made as 
p-type semiconductors (upper curves) or as n-type 
(lower curves). Thus, these glasses might make 
good, low-cost temperature sensors. 

Another distinction between semiconducting 
glasses and ionically conducting glasses is that 
the electronic conductivity of semiconductors in­
creases with physical pressure. The resistivity 
change can be remarkably linear, as plotted by the 
author in the graph on page 134. The pressure 
was applied hydrostatically at room temperature; 
at 100° C, the resistance drops about an order of 
magnitude but is still very linear. Analysis indi­
cated that the conductivity increase was due to com­
press ion of the glassy matrix, which increased the 
concentration of vanadium atoms per unit volume 
and in creased conduction by the hopping process. 

An obvious potential use of this glass is . as a 
pressure tran sducer. Such a transducer could have 
advantages over con ventional pressure sensors, 
sin ce the pressure sensed by a calibrated device 
could be read directly as a resistance value or 
used to initiate a control signal without converting 
from a nonelectronic value. 

Glass ceramics 

U neon trolled crystallization in glass is undesir­
able because it makes the physical properties un­
controllable. However, in recent years the con­
trolled crys tallization of glass has b ecome a highly 
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successful technology w ith electronic implications 
far wider than the present use of the technique to 
produce supporting materials. 

Glass can crystallize because it is a metastable 
solid-one whose structure may be radically 
changed by an impurity or physical disturbance. 
It tends to crystallize at temperatures that make 
the ions sufficiently mobile because the crystalline 
phase is invariably more stable thermodynamically. 

The glass ceramics widely used in elec tronics 
for missile radomes, high-temperature circuit 
boards and other components are an example of 
controlled crystallization. The in sulating types are 
detailed in a recent book.7 The crystals , whose 
formation is triggered by electromagnetic radiation 
and hea t, are less than a micron in diameter and 
closely knit toge th er, so mechanical properties are 
excellent. They can also have high electrical re­
sistivity and low loss factors. 

Glass ceramics with active electronic properties 
-such as the semiconductor glasses-can also b e 
produced today. So it should b e possible to furth er 
tailor and enhance their electronic properties. 

Th e composition and h ence the electronic proper­
ties of such glass can be remarkably uniform, as 
evidenced by the electron micrograph on page 135. 
The picture shovvs semiconducting glass in an early 

Layered structure of semiconducting glass-bonded mica, 
magnified 300X. Such high-strength composites can also 
be made with boron-nitride dielectric and graphite. 

stage of crystal formation, enlarged 40,000 times. 
The droplets that will later become crystals are 
only abou t 100 angs troms in diameter and the dis­
tances between them vary by only a small fraction 
of a micron. 

o such precision can be achieved in formation 
of single-crystal semiconductors. If three constitu­
ents-call them A, B and C-are combined to form 
a crystalline material, A and B will probably con­
centrate on the surface and C will have a concen­
tration gradient. The electrical properties will also 
be nonuniform through the body of the material, 
and such factors as variations in temperature co­
efficient of expansion may cause strains and other 
defects. 
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Seebeck coefficients of semiconducting oxide glasses 
change almost linearly as temperature changes, 
indicating they would make good temperature sensors 
and thermoelectric devices. 

Glassy semiconductors on the other hand-in­
cluding the amorphous metals discussed on page 
136-are almost like perfect single crystals in that 
there are no grain boundaries, with attendant faults 
and concentrations of impurities. This uniformity 
might someday be exploited to solve semiconductor 
production problems. For example, integrated-cir­
cuit manufacturers are beginning to make mono­
lithic circuit arrays contain ing thousands of devices 
on a single-crystal subs trate. vVhen crystal semi­
conductors are used, the number of devices ruined 
by random Raws in the crys tal s pose serious prob­
lems. One such problem is the need to develop 
custom wiring patterns that avoid the faulty de­
vices. 

New magnetic materials 

\Vell on the way to labora tory success is the pro­
duction of glass ceram ics containing ferrite crystals 

Seebeck coefficients of oxide glasses 

Average temp. Coefficient 
Glass system •c Type µV f°C 

CaOX B20aX V20 5 50- 250 n 600- 400 
Ca OX B20 aX V20 0(H 2) 50- 250 n 110- 90 
Ca OX B20 aX FeO 330 p 600 
CaO X B20 aX Ti02 40- 150 n 380- 360 
Bi20 aX B20 a 290 p 1,000 

(slightly crystalline) 
V20 5X Te02 40- 150 n 500- 300 
V20 5X PbO 70- 200 n 270- 220 
P20 ; 35 v <+/V5+:0 .3 120 n 140 
P20 ; 35 v <+; v s+: l.O 120 p 100 
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Increasing pressure linearly reduces resistivity of 
semiconductor glass, probably because distances between 
vanadium ions decrease, allowing conduction to increase. 
This glass could be used as a pressure transducer. 

of controlled composition and distribution. This 
creates exciting possibilities in development of 
rnicroelectron ic magnetic devices. 

For example, if oxides are melted to form glass 
with a molecular composition of 20% B20 3 , 30% 
BaO and 50% Fe20 :i, controlled heat treatment 
will crystallize barium ferrite out of the glass.8 

Barium ferri te is a hard, ferromagnetic ma­
terial , suitable for magnets. Virtually any ferrite 
can be produced in glass hos ts in this way. Thin 
films of barium-titanate ferroelectric have already 
been made,!l an achievement that makes possible 
the manufacture of thin-film capacitors with high 
dielectric constant. 

From a manufac turing viewpoint, the significance 
of glass ferrites is the ease of shaping and "assem­
bling" ferrite elements , compared to the complex 
sequence of processes and assembly steps needed, 
for instance, to produce a ferrite-core memory. The 
glass can be pressed, molded, blown or drawn to 
produ ce rods, plates, film s, fibers or complex forms. 
The crystals can be oriented in the glass by con­
trolling the direction in which they grow. Phos­
phate glass, for one, contains long, glassy chains; 
ferrite crystals will grow along these chains and 
their easy direction of magnetization will be along 
the chains. 

Selective crystallization techniques, such as se­
lective heating or irradiation, can con trol the loca­
tion of the crys tals. As a simple proof, the author 
wrapped a resistance-heated wire around a glass 
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cylinder. When the glass was cooled, the ferr ite 
appeared as a helix around the cylinder. Perhaps 
sense and drive wires could be counterwound on 
such a helix by an ordinary coil-winding machine 
to produce a small memory. Or perhaps thin-film 
memories could be made with orthogonal wiring; 
if in a forming stage wiring crosspoints were 
heated by an overcurrent so the ferrite crystallized 
in the underlying glass film, many of the deposition 
processes now required to make planar or laminar 
memories could be avoided. These possibilities 
remain to be proved by electronic device designers. 

Optoelectronic switches and memories 

Controlled crystallization has also led to the in­
vention of phototropic or photochromic glasses­
material s that change color when irradiated by 
light of one wavelength and then revert to their 
original color under light of another wavelength. 

Optoelectronic sys tem designers have worked 
for some time with organic phototropic materials, 
but th ese suffer from " fatigue"-usually, after a 
few hundred color changes they lose their photo­
tropy. 

Scientists at the Corning Glass Works discovered 
that silicate glasses containing about 1/2 % of silver­
halide crystals retain their phototropy for more 
than 300,000 cycles .1° Corning is studying the feas i­
bility of using such glasses in optical displays, 
temporary data storage and data-processing sys­
tems, as well as ophthalmic, automotive and archi­
tectural applications. 11 It might also be used as a 
Q switch, a device that boosts the peak power of 
laser pulses. 

The phototropy is a result of glass being a rigid 
liqu id. Silver halide is dissolved in it at high tem­
perature. After the glass is shaped it is heat-treated 
at a lower temperature until the halide crystals are 
about 50 to 100 angs troms in size. The glass is 
transparent to visible light, darkens under ultra­
violet light and bleaches under light of a higher 
wavelength or wh en heated . Apparently, darken­
ing results when the fir st wavelength releases 
halogens, but they cannot disperse in the glass and 
so they recombine under the bleaching stimulus. 

The reactions take from less than two minutes 
to hours depending on composition and stimuli , 
and darkened glass eventually bleach es. Corning 
scientists concede slow reactions may bar high­
speed electronic applica tions, but point out that 
optical resolution is 10 to 20 times that of photo­
graphic film. So they envision other data and dis­
play uses.11 

Another phototropic glass, discovered several 
years ago at the Pittsburgh Plate Glass Co., is 
based on glass having a short-range order like a 
crys tal. 12 It has long been known that crys tals can 
be made phototropic by generating color centers 
in them. Centers can be formed in glass by melting 
it under highly reducing conditions. Doping with 
cerium or europium ions improves the phototropy. 
A company spokesman reported in August that it 
has not been pursuing electronic applications of 
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Semiconducting glass magnified 40,000 times by 
electron microscope. " Droplets" are t iny crystals 
about 100 angstroms in d iameter. The size and 
distribution of crysta ls such as ferrites can be 
closely contro lled in g lass. 

the glass because of the low volume that would 
be u sed. 

Nonoxide glasses 

A group of glasses known as the chalcogenides 
now used for infrared transmiss ions started with 
arsenic trisulfide in the early 1950's . 1 ~ The con­
stant hunt for better infrared transmitters that are 
more s table at high temperatures led to the dis­
covery of many such nonoxide or elemental glassy 
sys tems. Again , many possess intriguin g electronic 
properties. 

These glasses are made by melting together vari­
ous proportions of the following elements: sulphur, 
selenium, telluriu m, arsenic, antimony, thallium, 
chlorine, bromine, iodine, phosphorus, silicon and 
germanium. The melt is quenched to produ ce the 
glass. Some typical glass sys tems and applica tions 
are: As-S-Se, an in sula tor that melts at low tempera­
ture; As-Te-I , electronic switches and memory de­
vices; As-Se-Te, photoconductor ; and As-Ge-Si-Te, 
an infrared h·an smitter that withstands high tem­
perature. Some elemental glasses transmit infrarf' d 
light with wavelengths as long as 20 microns. 

Recently, the American Optical Co. began mak­
ing arsenic trisulfide in long fibers by pulling the 
melt. This allows infrared light to be piped, as in 
visible-light fiber optics , and might pave the way 
for better methods of transmitting and steering 
laser signals. 

Some chalcogenides soften at temperatures b e­
low 0° C, others are viscous at 100° C, making it 
feas ible to dip-coat temperature-sensitive devices 
in glass rather than organic materials. The soften­
ing temperatures can be controlled over a wide 
range. 

Several years ago, Bell Telephone Laboratories 
reported experimental success in dip-coating di­
odes with arsenic and sulfur glasses. They were 
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good insulators and their chemical stability was 
superior to organic polymeric materials.13 But ac­
cording to A.D. Pearson of the research team, that 
work was set aside primarily b ecause the planar­
passivation process for silicon devices proved b et­
ter. Nonetheless , glass should b e an attractive coat­
ing for other types of devices. 

Elemental glass switches 

Current-voltage characteristics of some elemental 
glasses indicate they can b e used as switching and 
memory devices . Pearson and his co-workers a t 
Bell Telephone Lab oratories reported on such de­
vices verbally in May, 1962, at an Electrochemical 
Society meeting. vVhen point contacts are made to 
a glass such as As-Te-I, a varia tion in applied volt­
age switches the device from an insulating to a 
highly conducting sta te.14 The switching can occur 
in less than a microsecond and is reversible. The 
diode would remain in a given state, even under 
zero bias , and could remember which state it was 
in for many days. A generalized curren t-voltage plot 
is shown below. 

Pearson says this work, too, is inactive at present. 
One reason is that crys tal semiconductors h ave 
better long-term stability and thu s are considered 
more suitable for telephone sys tem applications. 
H owever, several companies in the U.S . and Europe 
are actively a ttempting to develop practical uses 
for elemental glasses. Little of this work is reported 
in the open literature since it is considered pro­
prietary. 

[The E nergy Conversion Devices Co. disclosed 
this month that the semiconductor devices it has 
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Current·voltage characteristics of diodes made of 
elemental arsen ic-tellurium-iodine glass. Besides 
pronounced switching behavior, diodes made of this 
semiconducting glass will remember their states 
for long periods at zero bias voltage. 
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begun offering commercially are principally ele­
mental glasses and amorphous alloys. The active 
materials are homogenous, without p-n junctions. 
Devices being made or under development include 
a-c and d-c switches, temperature and pressure 
transducers, adaptive devices and nonvolatile mem­
ory elements .-Editor] 

Photoconducting glasses 

The Russians have extensively studied the elec­
tronic properties of nonoxide glasses. One of the 
b etter known properties is photoconductivity-the 
photoconductivity of glassy selenium, for example, 
makes it a basic material for xerography. 

Glasses based on selenium, tellurium and arsenic 
are also photoconductors.15 In contrast to crystal­
line materials, the conductivity of the glasses is 
insensitive to impurity contents . This means elec­
tronic properties are easier to control during manu­
facture. Silicon and germanium are rendered into 
the amorphous-or glassy-state by vacuum evap­
oration and show higher conductivity and other 
interes ting variations in semiconducting property. 16 

It is not known for certain whether such vapor­
deposited noncrystalline films are glasses. Glasses 
are usually considered materials made by cooling 
molten materials . 

Still another new form of glass of interes t to 
elec tronics is electronically conducting glass based 
upon mixtures of oxides and nonoxides. 17 

Quenched and pseudo glasses 

Quenchin g and other exotic techniques of pro­
ducing glasses from metals and other unusual 
materials are also being tried. In one quenching 
technique, called splat-cooling, droplets of molten 
metal are sprayed at high speed onto a revolving 
substrate cooled by liquid nitrogen. Alloys such 
as silicon and gold or silver can be made as glass 
by this method,18 and some metals that normally 
will not mix can b e rendered into glassy or amor­
phous alloys. 

The technique is based on the fact that under­
cooled liquids can be prevented from crystallizing 
if the cooling-called quenching-is rapid enough. 
Since quenching rate depends upon heat conduc­
tion, the smaller the amount of material, the eas ier 
it is to make it into glass. Tiny glass bodies may 
not interes t window and bottle manufacturers , but 
small amounts of materials can b e highly important 
in processes such as those used to produce semi­
conductor integrated circuits. 

Although little information is available on metal 
glasses, related materials give strong indications 
that interes ting electronic properties can b e ex­
pected. These indications come from noncrystalline 
films formed by vapor deposition. The films are 
not necessarily similar to quenched glass films of 
the material, but often they are alike.19 Silicon­
dioxide film s form ed by diverse techniques-such 
as melting, vapor-phase hydrolysis , sputtering, ther­
mal decomposition and shock-wave transforma­
tion and neutron bombardment of crystals-have 

136 

similar refractive indexes and infrared absorption 
bands.20 One can conclude that each Si02 sample 
is glass. 

If one also assumes that all vapor-formed, non­
crystalline films are glass, many new electronic 
glasses or pseudo glasses have been discovered in 
recent years. Among these are: bismuth, a super­
conductor; MgO and MgF 2, infrared transmitters ; 
and cobalt-gold alloys , ferromagnetics. The latter 
shou Id settle the ques tion whether a noncrystalline 
material can be ferromagnetic. 21 

The cobalt-gold alloys were made by researchers 
at the International Business Machine Co. They 
vacuum-deposited the two metals onto a liquid­
nitrogen cooled substrate. The material remains 
amorphous until heated. As it becomes crys talline, 
its coercive force jumps, typically from 20 to 40 
oersteds. The alloy appears to have a magnetic 
structure like fine-grained Permalloy. 

It seems, therefore, that microelectronic systems 
designers searching for new magnetic materials 
now have a possible alternative to conventional 
materials and oxide glasses containing ferrite. 
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Reduce friction and keep cool with Myst ik Tef lori Tapes 

Electronics j September 19, 1966 

Mystik's Teflon tapes combine the advantages of TFE Teflon film 
with a silicone pressure-sensitive adhesive. As a result, they offer 
high dielectric strength, low coefficient of friction, and high perform­
ance within a temperature range from -100°F to +450°F. 

These remarkable tapes are particularly useful in reducing friction 
on high speed equipment and as insulators of electrical apparatus, 
but they have many other applications in the electrical and elec­
tronic industry. 

Of course, M ystik Teflon Tapes represent only a few of the high 
quality paper, film, and glass cloth tapes available for special appli­
cations. For assistance in selecting the best ones for your needs, con­
tact your local Mystik distributor. He's listed in the Yellow Pages 
under "Tape" or write The Borden Chem­
ical Co., Mystik Tape Div., 1700 Win­
netka Avenue, Northfield, Illinois 60093. 

DBORDEN 
WCHEMICAL 
©rac 

Circle 137 on reader service card 137 



138 

WE TRY HARDER 
because we're FIRST! 

That's how we got here. Now it's a pleasant habit. 

FIRST! 

FIRST! 

FIRST! 

In Design 
CELCO Deflection Coniponents make news. 
With remarkable consistancy our engineers meet 
the challenge of the Display Industry. New 
yokes, new focus coils, and have you seen our 
brand new fast 40V deflection driver? No one 
else makes it. 

In Production 
CELCO Deflecton Components are quality­
rated in a demanding and successful "Z ero· 
Defects" program. Each item is individually 
processed through our own production testing 
departments before shipment. Our confidence is 

:Your assurance of quality performance. 

In Service 
CELCO Deflection Components are backed by 
all our know-how . You're not left on your own. 
Our engineers - either in our own labs or your 
plant - will work with you on your problems. 
Our equipment, too, is at your service. All of 
h, including our shielded room with its Primary 
Standards, is available to perfect your display. 

MAHWAH, N. J. 
201 -327-1123 

TWX 201-327 -1435 

UPLAND, CAL. 
714-982 -0215 

TWX 714 -556-9550 

DRIVERS FOCUS COILS YOKES 
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Communications 

Integrated circuits and pulse coding 
mean new gains for telephony 

Replacing analog circuits with digital integrated circuits 

in pcm telephone systems is resulting in lower costs, 

more channels on a line and improved voice quality 

By A.E. Chatelon 
Laboratoire Central de Telecommunications, Paris 

Low-cost integrated circuits are now making it 
economically attractive to convert existing tele­
phone networks to pulse-code modulation systems. 
A pcm system has always been technically desir­
able because it transmits speech as digital signals 
that are highly immune to noise and transmission 
line attenuation . But the cost of such a system was 
always too high. Now, integrated circuits have 
made it possible to attain not only the technical 
benefits plus higher reliability, but also lower man­
ufacturing and operating costs. 

Since pcm signals are merely a string of digital 
pulses, they can b e regenerated at points along 
the transmission line so that the received pcm sig­
nal is exactly as tran smitted. Also, pcm allows 24 
or more voi~e signals to be time-division multi­
plexed onto an existing telephone line previously 
limited to one voice channel. This means that the 
quality and amount of traffic on existing telephone 
lines can b e increased without having to replace the 
line itself-an extremely expensive proposition in 
metropolitan areas. 

Basically a pcm system takes voice signals from 
a telephone, samples them many times a second 
and encodes each sample as a digital number. Dur-
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ing this process, weak signals are given preferen­
tial amplification to make the signal level inde­
pendent of the voice level of the speaker. This is 
called compression. The encoded digital number 
is th e pcm signal that is transmitted along the 
line. To make the digital signal independent of 
line characteristics , the pulses are reshaped at regu­
lar intervals along the line. This signal is then re­
converted to a voice-analog-signal by reversing 
the process (expanding) b efore the signal reaches 
the other end of the line. 

There have b een telephone exchanges with pcm 
in the United States since 1962 [see "Pcm: ad­
vantages and basic principles" p. 142] , but ex­
isting pcm sys tems employ electromechanical ex­
changes that require that the pcm signal be con­
verted to analog before switching. 1 New exchanges 
are being des igned that can switch the pcm in­
formation directly. Combining a pcm exchange 
and pcm transmiss ion results in a system called 
an integrated network. 

Meantime, the Laboratoire Central de Telecom­
munica tions of Paris, a French laboratory of the 
International Telephone and Telegraph Corp., has 
found a way to reduce th e number of analog com­
ponents in the transmission portion of a pcm sys­
tem. This means reduced costs and improved re­
liability-and th e equipment al so can b e used in 
an integrated network. [A pcm exchange in an in­
tegrated network will b e discussed in an article in 
the next issue of Electronics.] 

Modernizing a telephone system 

An elec tromechanical exchange as represented 
in the top diagram on page 141 might serve sub­
scribers by connecting individual two-wire lines 
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Terminar for 24 pcm channers includes a power supply, channel filters, decoder circuits and encoder circuits. 
The inexpensive channel filters are used to convert the pcm signal back to analog. 

in a cable from the subscriber through many ex­
changes. If traffic increases, it is necessary either 
to use frequency-division multiplexing or to in­
crease the number of lines. Both alternatives are 
expensive. 

Instead, if speech signals are converted to pcm 
signals as in terminals A1 to A4 in the middle dia­
gram, additional channels may b e added to the 
pair of cables that once carried a single speech 
signal. Most pcm terminals such as in the photo­
graph above multiplex 24 speech signals by time 
division onto a twisted-wire pair. The exchange 
unit includes both coding and decoding equipment. 

Encoding equipment to convert analog speech 
signals to pcm is relatively complex, but b ecause 
the signals are multiplexed, the encoder's cost is 
shared by 24 channels. Pcm transmission reduces 
terminal costs because there is no need for the 
expensive filters required in a frequency-divi­
sion multiplex system. Pcm thus increases traffic 
even with electromechanical exchanges, but these 
exchanges must be capable of handling the traffic. 
The drawback to this system is that the pcm sig­
nals must b e converted to analog in a terminal 
like A2 to get through the exchange; then the an­
alog must b e converted back to pcm in A3 so that 
it can b e transmitted furth er down the line. These 
modulations and demodulation s increase sys tem 
noise and require the additional equipment ter­
minals A2 and As. 
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The bottom diagram on page 141 shows that the 
number of modulations and demodulations and the 
number of pcm terminal s may be reduced b y using 
pcm exchange T . Terminals A2 and A3 in the 
middle diagram are no longer needed and the num­
ber of modulations-demodulations is reduced, im­
proving the quality of communications. \i\Tith a 
pcm exchange, modulations-demodulations occur 
only in terminal A5 or in local line concentrator 
C 1 or remote line concentrator C2. A concentrator 
is a small terminal that connects phones in a small 
area to a local exchange. The concentrator's traffic 
capacity to the exchange can b e less than the num­
ber of subscriber's lines b ecause phones normally 
are not all used at the same time. 

Compression and encoding 

As discussed earlier three basic operations are 
performed on the pcm transmission line- sam­
pling (and time-division multiplexing), comprt>ssion 
and encoding. H owever, most pcm sys tems require 
a great number of expensive analog circuits that 
increase cos ts and present difficult manufacturing 
problems. 

The method for sampling, compression and en­
coding in the T-1 pcm sys tem of the American 
Telephone & Telegraph Co., for example, is illus­
trated in the figure on page 144. A compressor is 
placed between the sampling gates, SG, and a 
linear encoder-an analog-to-digital converter. The 
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linear encoder's output is a digital representation of 
the instantaneous input voltage amplitude. 

The sampling gates to the various telephone 
lines are connected sequentially and convert the 
continuous signals into a time-division multiplexed 
train of pulses. The amplitude of each pulse is 
determined by the amplitude of the voice signal 
at the time of sampling; therefore the sampled 
waveform is referred to as a pulse-amplitude modu­
lated (pam) signal. After compression the pam sig­
nals are encoded for transmission as pcm signals. 
The compressor and the associated analog ampli­
fi ers as w ell as the equipment to reverse the proc­
ess-the expandor-must be extremely accurate 
and reliable. If the expandor does not have the 
exact inverse characteristic of the compressor, the 
signal is distorted. The problem is furth er com­
plicated b ecause one compressor may handle sig­
nals that are distributed to many lines- each with 
a different expandor. This means , for example, that 
the carefu lly matched diodes that develop the com­
press ion characteristics must be maintained in a 
temperature-controlled environment that is held to 
within ± 0.1 °C. 

The pam amplifiers must be linear over a 60-
decibel range of audio levels produced by loud and 
soft talkers. Cross talk between adjacent pam 
pulses must b e less than 75 db or the signals will 
be noisy. 

Pam amplifiers must have bandwidths greater 
than 100 megahertz because at a sampling rate of 
8,000 times per second and with 24 channels multi-

~ELECTROMECHANICAL 
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plexed on one line there are 192,000 pam samples 
a second, each sample separated by only a half 
microsecond. To minimize the interaction b etween 
channels, it is necessary to reduce the pam cir­
cuitry and the length of wiring. 

Some of these problems have been simplified in 
the T-1 system by splitting the pam path into two 
sections-one for the odd-numbered channels and 
one for the even-numbered channels. This reduces 
the pam repetition frequency and increases the 
spacing b etween pam samples for each path. How­
ever in operating with two paths a great deal of 
equipment is duplicated, resulting in increased 
cost. 

A matched pair 

The problem of matching compressors and ex­
pandors and reducing size of the pam circuitry 
has been solved in LTC's equipment by eliminat­
ing the analog compressor and expandor and re­
placing them by digital equivalents. The compres­
sor and encoder are combined into a single unit 
called a nonlinear encoder b ecause compression 
is a nonlinear operation. 

The block diagram on page 145 indicates that a 
nonlinear encoder consists of three main parts­
a digital comparison amplifier (comparator), a ma­
trical decoder and a digital centering device. The 
nonlinear encoder is basically an analog-to-digital 
converter that employs a digital-to-analog feed­
back path. 

By comparing the input pam signal with the 

~--------~ E]----E]>-+----~ 
Conventional local telephone transmission requires that each telephone have its own line as signal moves through 
electromechanical exchanges. Add ing frequency multiplexing to the line requires expensive filter networks. 

PCM 
TERM I NA 

Pulse-code modulation terminals A, to A, multiplex signals onto a single cable. Although 24 multiplexed pcm signals 
require 1.4-megahertz bandwidth, the digital signals may be transmitted over conventional cables designed to carry 
audio signals. Before entP.ring electromechanical exchange, pcm signals must be converted to analog by terminal A" . 

I 
Tandem pcm terminal T switches signal directly, reducing the number of pcm and electromechanical terminals needed 
on the line. C, and C2 are line concentrators serving subscribers in a local area. The concentrator's capacity 
is less than the number of subscriber lines because phones normally are used infrequently. 
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Pcm: advantages and basic principles 

A pulse-code modulation telephone 
system offers the following tech­
nical advantages over conventional 
telephony: 

• The quality of transmission is 
practically independent of the 
line's length because the repeaters 
in the line can periodically regen­
erate the digital signals to their 
original form . Noise with a peak 
value below a design threshold is 
rejected by the pulse regeneration 
circuits . 

• The amplitude of the decoded 
signal is independent of the line's 
attenuation characteristics. Since 
the amplitude is coded , line atten­
uation has no effect as long as the 
code is received without error. 

• As many as 24 signals can be 
multiplexed onto a line that pre­
viously carried one or two voice 
signals. This is accomplished by 
removing the loading coils needed 
for conventional analog transmis­
sion. These loading coils flatten the 
4-kiloheitz passband needed for 
audio and sharply attenuate signals 
beyond the passband . Removing 
the coils provides the increased 
bandwidth needed for pcm trans­
mission. Of course more than 24 
pcm signals can be multiplexed 
on special transmission lines , such 
as coaxial cable. 

There is no longer any doubt 
that pcm is the most economic 
way to multiplex telephone signals 
over short distances . A pcm sys tem 
uses digital circuits instead of the 
expensive fil ters required by a fre­
quency-division multiplexed sys­
tem. Although less obvious , an 
equall y important reason for pcm's 
economy is that high-speed data 
and telephone signaling info1ma­
tion is simply incorporated into the 
pcm multiplex format. The cost 
of a telephone channel's s ignaling 
unit, an importan t part of a ter­
minal, can be reduced to a mini­
mum . 

History 
In 1938 A.H. Reeves, then a 

staff member of the International 
Telephone and Telegraph Corp.'s 
French laboratories , described the 
principles of pulse code modula­
tion in a French paten t .0 Reeves' 
work was extended in the 1940's 
by the information theory studies 
of Claude Shannon of Bell Tele­
phone Laboratories. H owever, 
since many more active compo­
nents are required for pcm multi­
plexing than for frequency-division 
carrier systems, pcm was not a 

142 

practical possibility un til the ad­
vent of transistors in the 1950's. 
Inexpensive vacuum tubes were 
not reliable and each needed a few 
watts of power. 

The firs t pcm system-Bell 
Lab's T-1 system-was introduced 
into a public telephone network 
in 1962. ow more than 100,000 
pcm telephone channels are in serv­
ice on trunks interconnecting ex­
changes in local telephone net­
works . Many countries, such as 
England, Japan and France, are 
developing pcm carrier systems 
for their telephone systems. 

In pcm systems three basic oper­
ations-sampling, compression and 
encoding-transform the narrow­
band (less than 4 khz) speech sig­
nals into wideband but relatively 
noiseproof pulse-coded signals. 
Generally the signals are time-divi­
sion multiplexed at the same time 
that they are sampled. 

Sampling 
In almost every pcm telephone 

system voice signals [top diagram, 
below] are sampled 8,000 times a 
second . This produces a string of 
pulses [lower diagram below J 
whose amplitude is the amplitude 
of the waveform at the instant of 
sampling. The samples are re­
ferred to as a pulse-amplitude 
modulated (pam) signal. 

To recover the original voice 
waveform, the samples are passed 
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SAMPLING Tl ME 

Audio waveform is sampled at time 
intervals such as T,, T,, Ts and T,. 

l 2 T3 l 4 
SAMPLIN G TIME 

Sampled waveform has amplitude of 
audio wave at instant of sampling. 
Binary pulses above samples are dig­
ital re presentation s of am pl itude as· 
suming that a 3-bit code is used. 

through a low pass filter that has 
a bandwidth equal to 4 khz. There 
is hardly any degradation in the 
recovered signal if the original 
sampling frequency is greater than 
twice the highest frequency com­
ponent in the voice signal. This 
explains the choice of a sampling 
rate of 8 khz. 

Usually 24 audio signals are 
multiplexed at a time by sequen­
tially taking a sample from each 
of the 24 waveforms. Since each 
signal is sampled at 8,000 times 
per second , there are 192,000 sam­
ples per second on a 24-voice 
multiplexed line. 

The same gate that samples can 
also operate as a mult~plexer and 
serve as a switching point since in 
the multiplexing process it can 
transfer information from a sub­
scriber's line to a trunk line . 

Encoding 
Encoding or quantizing can only 

approximate the signal levels in a 
voice waveform. A 7-bit code­
used in most systems-can only 
represent 27 (128) distinct ampli­
tude levels , but the number of 
amplitude levels in any vo ice s ig­
nals is infinite. If the maximum 
speech s ignal is 1 volt and a 7 bit/ 
128 level code is employed, the 
linear encoder divides the 1 volt 
into 128 amplitudes , each 1/ 128 
(0 .00781) volt high . Any voltage 
within one of these steps wou ld 
be encoded as the same binary 
numbe r. F or example, all ampli­
tudes at 0 .500 ± 0 .0039 volts 
would be encoded as the same 
binary equivalent of 0.500 volts. 

Because quantiz ing only approx­
imates the voice s ignal when the 
pcm signal is decoded (converted 
to pam) and filtered , the output's 
waveform is not an exact re plica 
of the input's waveform. The dif­
ference in the two signals is called 
quantizing noise. Quantizin g is the 
major sou rce of noise in pcm. 

Every convers·ion from voice to 
pcm increases the quantization 
noise in the svs tem . One reason 
for the internat.ional acceptance of 
a 7 bit/ 128 level code is to hold 
the quantization noise to an accept­
able level even after many modula­
tions in the pcm network . A 6 
bit/ 64 level or smaller code cou lei 
be used if fewe r modulations­
demodulations occurred. 

Increas ing the number of bits 
in the code reduces the quantizing 
noise because the quan tizing steps 
are narrower. H owever, more bits 
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require digital components with 
higher switching speeds and more 
storage capaci ty in memory equip­
ment. In addition, speeding up the 
bit rate increases the digital sig­
nal's bandwidth . The wider band 
signal would p robably have to be 
regenerated more frequently. 

It is possible to modify the fre­
quency spectrum of the encoded 
pulses by choosing special digital 
codes. This is done to eliminate 
d-c levels, which are difficult to 
transmit, and to reduce high fre­
quency signals, which cause cross 
talk. A simple binary or unipolar 
- off-on-code has a (sin X) IX 
amplitude variation versus fre­
quency as in the top curve below. 
Frequency components have their 
largest amplitude near zero fre­
quency. This unipolar code also 
produces a d-c component. 

Y i]A;'. 
10 210 

FREQUENCY 

Binary waveform at top produces 
energy at zero frequency. Bipolar 
waveform below has a lower am­
plitude and no d·c component. 

If alternate pulses are inverted, 
as in the bipolar code in the lower 
d iagram above, the d-c component 
is removed and the bulk of the 
energy will be concentrated be­
tween zero frequen cy and the 
pulse-repetition frequency. Bipolar 
encoding is used in Bell's T-1 sys­
tem and is being considered for 
most of the other pcm systems 
that are under development. 

Since a multiplexed line nor­
mally encodes 192,000 voice sam­
ples per second, the minimum bit 
rate with a 7-bit code is 1.344 
megabits per second. However, 
pcm systems add an extra bit for 
supervisory and signalling informa­
tion so that 8-bit words are trans­
mitted. This increases the bit rate 
to 1.536 megabits per second. 

Every time the entire group of 
24 signal code words is encoded, 
a bit (or framing pulse) is usually 
added. These framing pulses raise 
the total bit rate to 1.544 megabits 
per second. Various pcm systems 
w ill have slightly different bit rates 
depending on the exact number of 
bits used for coding, signalling 
and framing. 
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Compression 
A system handling speech sig­

nals must be able to accommodate 
signals with a 1,000 to 1 range in 
voltage amplitude. This large am­
plitude variation represents the 
ratio of the highest voice level of 
a loud talker to the lowest voice 
level of a soft talker and corre­
sponds to a 60 decibel range. 

If the encoder in a pcm system 
were adjusted to encode the high­
est voice signal, then these high­
level signals would fa ll in to all 128 
voltage steps associated with the 
7-bit encoder as desired. However, 
low-level signals wou ld only pass 
through the lower voltage steps . 
Therefore the encoding wou ld be 
much coarser fo r low-level signals 
and signal quality would be seri­
ously impaired . 

To take fu ll advantage of the 
code, the range of signals is com­
pressed ; low-level signals are am­
plified more than stronger signals 
resulting in a signal level relatively 
independent of talker level. As a 
result the signal-to-quantizing 
noise ratio is kept fairl y constant 
even though the input levels vary 
over a large range . 

Compress ion is effective, how­
ever, on ly if the signals are ex­
panded to their original values at 
the other end of the line. Expand­
ing characteristics must be the ex­
act inverse of the compressor if 
the signal is not to be distorted . 
This is a cri tical requirement and 
is solved in a number of ways 
as described in the article. 

Compression curve 
The compressor's characteristics 

are determined by a compression 
curve that relates the ou tput level 
of the compressor to input level. 
Because the ear's response to 
sound is proportional to the log­
arithm of the sound amplitude, the 
compression curve often selected 
also has a logarithm characteristic. 
In the T-1 pcm system the com­
pressor curve is based on the law 
given by 

In (1 + µE;n) 
Eout = I ( ) n 1 + µ 

where 
E;n input level normalized 

to t he a llowable peak 
in pu t level. 

Eout Output level normalized 
to t he a llowable peak 
input level 

µ = a constant with a n ap­
proximate value of 100 
to give the desired 
compression character­
istic 

In = natural logarithm 

The curve in Bell's equipment dif­
fers from the equation in that 
it passes through the origin (E;n = 
O); the logarithmic relationship does 
not pass through zero. Bell uses a 
smooth compression curve because 
the T-1 system compresses the pam 
signals. Laboratorie Central de 
Telecommunications, Paris, em­
ploys curves that are approximated 
by straight line segments as in the 
graph on the bottom of page 147; 
these curves are easier to imple­
ment in LCT's digital encoder­
compressor. 

Regeneration 
During transmission, line atten­

uation and variations in phase with 
frequ ency will tend to smear the 
pulses in the digital signal. Most 
of the high frequencies in the 
spectrum will be lost because of 
line attenuation. 

One major advantage of pcm is 
that this deteriorated pulse train 
can be regenerated into its original 
pulse waveform and then sent 
further down the line. This regen­
eration is performed by pcm re­
peaters spaced abou t a mile apart 
on the transmission line. 

A repeater actually does three 
things: it equalizes the line, re­
times the pulses and regenerates 
the pulse train. 

The equalization circuits restore 
some semblance of a pulse train 
by compensating attenuation char­
acteristics . 

In retiming, the repeater locks 
itself to the timing information in 
the signal. This allows the retiming 
circuits to signal the regenerator 
when it is time to make a decision 
on the amplitude of the pulse. 

The regenerator establishes a 
reference level proportional to the 
received pulse height after equali­
zation. The repeater compares the 
reference level with the height of 
the digital signal and decides if 
a pulse is present. The regenerator 
is usually des igned to eliminate 
all noise spikes that are less than 
one-quarter of the received pulse 
height (eliminating pulses less than 
a half the received pu lse height 
is the ideal criterion). If the noise 
is too great the signal will be re­
generated with an error. 

One principal source of noise 
that causes regeneration errors is 
voltages induced in pairs of cable 
by nearby conductors. The most 
serious problem is cross talk near 
a repeating section. Cross talk oc­
curs when amplified signals couple 
in to the inputs of other lines and 
mask the desired signal. Careful 
selection of repeater locations can 
reduce cross talk problems. 

Leonard Weller 
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Linear encoding requires compressor in line containing sampled audio pulses (pam) . 
Analog compression circuits and amplifiers are expensive and require careful adjustment. 

feedback signal, the comparator generates the code 
word that is the digital equivalent of the pam 
amplitude. The matrical decoder converts the pcm 
code word back to an analog signal that is the 
feedback voltage for the comparator. Compress ion 
takes place in the matrical decoder. 

The feedback voltage is increased until it equals 
the voltage developed by the pam sample. This 
equalization is carried out in seven steps, each 
step generating another bit of the code. 

The digital centering device prevents an increase 
in the signal-to-quantizing noise ratio by eliminat­
ing d-c drift at the nonlin ear encoder's input. The 
photograph on page 146 shows the integrated cir­
cuits for a 24-channel nonlinear encoder. 

The nonlinear encoding scheme simplifies the 
problems associated with a separate compressor 
and expandor in three ways: 

• The analog compressor is replaced b y digital 
components that require no therm al stabilization. 

• Digital components do not have to b e specially 
selected nor do th eir characteri stics have to be 
matched. 

•Instead of one type of circuit for compress ion 
and another for expansion, th e same type of de­
coder is in the encoding-compress ion and encod­
ing-expansion equipment. 

Problems in the analog circuitry have also b een 
eliminated. The pam path is shortened sin ce the 
compressor has b een removed, and d-c shift is 
eliminated by incorporating a digital centering de­
vice in the encoder. 

The nonlinear encoder is more economical than 
the linear version because inexpensive digital com­
ponents replace precision analog components. The 
proportion of digital to analog circuits has in­
creased from 50% to 90% . Also contributing to 
cost reduction is the ability to use identical cur­
rent generators and resistive ladder networks. 

Digital compression 

Compression takes place b ecause the feedback 
voltage in the matrical decoder is nonlinearly re­
lated to the coded output. As a hypothetical ex­
ample, the pcm word 1010000 (decimal number 80) 
may correspond to an input analog-voltage of 20 
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millivolts, while the binary word 1110000 (decimal 
number 112) may correspond to a voltage of 420 
mv. The ratio of the input voltages is 21:1. Since 
the coded outputs are referenced to the digital word 
1000000 (decimal number 64) which corresponds to 
zero input, the ratio of the differences between the 
output numbers and 64 is only 3:1. 

The compression characteris t ics arc determined 
by the compress ion curve of the encoder which is 
a combination of the linear rela tionship. 

Yi = 1 + ~n A Ein ( 0 < Ein < -! ) (1) 

and the logarithmic relationship 

Y2 = 1 + l ~ ~"A ( ! < E in < 1) (2) 

where 
Yi = t he compressor 's output for a low level sig­

nal 
Y2 = t he output fo r higlw r level signals 

E in = the input analog voltage 
A = a constant 

Equ ation 1 describes a portion of the compression 
curve for low-level signals whil e equation 2 repre­
sents a portion of th P curve for the high er levels. 
Combining these two portions to form l)ne 
compress ion curve provides a more con stant . ignal­
to-qu antizin g noise ratio th an th e compress ion 
characteristics of the T-1 network [see " Pcm: ad­
vantages and basic principles" p. 143]. 

In the encoder th e curves are approximated b y 
straight lines that result in encoding-compression 
curves in the graph on the bottom of page 147. The 
two curves differ in the number of stra ight line 
segments that make up the approximation . 

Signal-to-quantizin g noise ratios measured at 
the output of a transmission link that h as a non­
linear encoder are plotted in the graph a t the top 
of page 147. Sine waves a t a frequ ency of 850 
hertz vvere encoded, transmitted and decoded. 

The " teeth" in the curves are the result of sh arp 
changes in the slope of the companding character­
isti cs . It is generally accepted that even the 
coarser characteristic of the four-s lope curve pro­
vides adequate signal-to-quantization noise ratio 
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for telephone . conversations. 
The transcoding matrix in the feedback circuit 

is the most expensive part of the compression sys­
tem; the smoother the compression curve the 
greater the cost. The curve's smoothness in turn 
is a function of both the required signal-to-quan­
tizing noise ratio and the type of signals to b e 
transmitted. 

The transcoding matrix for th e four-slope com­
pression curves has b een built with 21 resistor­
transistor logic elements. However, with transistor­
transistor logic only 15 elements are needed. A 
seven-slope compression curve requires 24 tran­
sistor-transistor logic elements. 

Digital centering 

The purpose of the digital centering device,2 

which is connected between the pcm line and the 
comparator's input, is to reduce quantizing noise 
introduced by drift in the pam amplifiers. When 
a separate compressor is inserted in the pam path 
and linear encoding is employed, there is no way 
of automatically compensating for this drift. 

However, wi th a nonlinear encoder, compensa­
tion can b e accomplished easily. To do this , 
ground signals are sampled by the ground sam­
pling gate (SGG). These samples are sen t to the 
encoder through the common pam path, and the 

AUDIO 

S AM PLING~TE 
(SIGNAL) 

PA M 

encoder senses the polarity of this SGG signal at 
the output of th e pam chain. Depending on 
whether the polarity is plus or minus , a flip-flop 
charges or discharges an integrator. Current sup­
plied by this integrator is fed back to the encoder 
in such a direc tion as to counteract drift. Because 
the drift correction will vary, the reference current 
has a sligh t amplitude oscillation around the de­
sired level. 

The digital cen tering operation takes place dur­
ing th e synchronizing time slot-the time when 
synchronizing pulses are transmitted- rather than 
when the encoder is operating on speech signals. 
Only a portion of the synchronizing time slot is 
necessary for this purpose since only the polarity 
of th e drift must be recognized. 

Digital memory encoder 

Although the nonlinear encoder reduces some 
of the pam problems, a furth er reduction is pos­
sible by using a multiplexing and encoding scheme 
that utilizes a digital memory with a variable speed 
counter and ramp encoder. 

Ramp encoders are frequently used in digital 
voltmeters because they provide analog-to-digital 
conversion with excellent linearity. By using a 
variable- speed counter synchronized with the ramp 
encoder it is possible to eliminate the external 

I 
. -- - - ---------- -T--

1 

- --, 
I 
I 
I 
I 
I 

1 
I 
I 
I 
I 

~ 

R 

E 

G 

I 
I 
I 
I 
I 
I 

t-rFLIP-FLOP 

j I 
I I 
I I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

CURRE NT 
GENERATOR 

TR ANS­
CODING 
MATRIX 

I 

s 
I 
I 

I 
I 

I 
I 
I 
I 

T 

E 
R 

I I 
I 
I 
I 
I 
I 
I 
I GROUND LINE 

SAMPLING GATE__.,. 

I MATRICAL I DIGITAL I 
IL DECODER I CENTERING _J 
---------------~----

Nonlinear encoder (in color) performs compression in the feedback loop. Output of transcoding 
matrix is converted to analog signal in resistive ladder network which feeds one input of 
comparison amplifier. Digital centering circuit reduces effect of drift in analog amplifiers. 
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ENCODER CLOCK 

Encoder for 24 pcm channels uses matrical decoding and includes circuits for digital centering. Almost 90 % 
of the circuits on these boards are digital ; in previous t ransistorized versions only 50% of circuits were digital. 

compandor and obtain companding laws like those 
in the graph at the bottom of the next page. 

There are two main drawbacks to this encoding 
scheme. First, it does not completely eliminate the 
pam circuitry. Second, the counting speeds become 
excessively high. A 7-bit, 128-level code corre­
sponds to a counter speed of 1 Mhz for a single 
channel or 24 Mhz for a 24-channel multiplex sys­
tem. The counter speeds are higher than the bit 
rates used on the line because the counter must go 
through at leas t 128 bits every 125 microseconds. 

If nonlinear encoding with 24 to 26 db compres­
sion is desired , the counting speed must b e higher 
than 400 megabits per second for a 24-channel 
sys tem. Such high counting speeds are difficult 
to achieve. 

Counting speeds may b e reduced by using buf­
fer units to store the pam signals. However, this 
leads to greater difficulties than using the pam 
circuitry. 

Because of these difficulties, it was decided to 
use a nonlinear encoder-multiplexer that operates 
without pam gates, pam buffer units and pam am­
plifiers, shown in the block diagram on page 148. 

This encoder-multiplexer advantageously trades 
the analog amplifiers for digital components. 
Existing integrated circuits are sufficiently fast to 
be used in such an encoder-multiplexer. 
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The digital memory encoder employs a sawtooth 
generator that is triggered at an 8 kilohertz rate 
in synchronism with a variable-speed counter. The 
maximum speed of this counter is around 16 mega­
bits per second. 

Instead of the conventional pam gate, a compara­
tor is associated with each channel. The linear saw­
tooth generator feeds one input of each compara­
tor. The other input of each comparator is fed b y 
the audio signal on the telephone line to which it 
is connected. 

The comparators are triggered when the ampli­
tude of the sawtooth waveform exceeds the audio 
waveform. The resulting pulse transfers the digital 
counter's signal into a row in the memory. 

Since the counter's binary number depends on 
the time at which a pulse occurs, the information 
stored in the row of memory is the coded value of 
a pulse-position modulated signal. This quantity 
and signal corresponds to the audio signal of a 
channel sampled by the sawtooth waveform at 
8,000 times per second. 

Signal s at the inputs of the comparators will be 
at different levels at different times so that rows 
in the memory are filled in a random manner with 
some rows being filled simultaneously. This means 
the counter speed does not have to b e as high as 
would be needed if each voice channel w ere dealt 
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with separately. For tran smission purposes the 
memory is read out cyclically. 

In addition to technical advan tages, the digital 
memory's encoder-multiplexer is more flexible than 
the previous nonlin ear encoder. In particular, chan­
nel comparators and the associated row of memory 
may be added withou t an increase in the speed of 
the encoding operation. 3 Therefore more than 24 
groups of speech channels can be achieved with­
out any seriou s sys tem complica tions. 

Decoding equipment, which may b e similar to 
the encoding equipment, requires no more analog 
components than the nonlinear decoder. Since they 
appear on ly in th e audio part of the decoding sys­
tem, th e analog components are mainly filters to 
eliminate the interm odulation products produ ced 
by the samplin g and quantizing operation s. 

Th e apparent drawback of the digital memory 
encoder-multipl exer is that an increase in the num­
ber of speech channels requires more components 
than the previous nonlin ear encoder; signal proc­
essin g is on a per chann el basis rather than by time 
mu ltiplexing into a common channel. Because of 
the additional components, using conventional 
transis torized logic vvould create severe problems. 
Integrated c ircuits solve the problems technically 
if not economically but it now seems possible to 
integrate all the fun ctions corresponding to a chan­
nel into a very small number of units. It is even 
expected that in the near future new devices such 
as metal oxide semiconductors will allow an entire 
channel to be built in one unit, cutting the cost 
significantly. 

Line repeaters 

Another serious technical difficulty in digital 
speech transmission is regenerating the digital in-
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Signal-to-quantizing noise levels in transm ission line 
with a nonlinear encoder are fairly consta nt over 
a large range of input levels. Tooth-like variations 
are caused by changes in slope in the companding 
circu its . The seven -slope compression curve 
in color has less variation . 

formation along the line. For instance, plans to 
expand a F rench public telephone network call 
for transmitting digital information at 1.5 megabits 
per second-corresponding to 24 speech channels 
-over unloaded pairs of wires. These pairs b elong 
to multiwire audio cables des igned for the trans­
mission of voice signals. As a result the following 

CODE 
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LEVEL t 

Compression curves relate analog input level to compressed output level. Same curves are also used 
in expandors to convert compressed signal back to its original level. Seven-slope curve in color 
produces higher signal-to-quantizing noise level than four-slope curve on the left. 
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Digital memory encoder and multiplexer eliminates pam 
gates and amplifiers. Wh en amplitude of sawtooth 
generator exceeds audio input, the compa rator circuit 
generates a pulse that gates the counter's digital 
signal into a row in the memory. Memory produces pcm 
output under control of the reading circuit. 

sources of distortion and interference exist: 
• Attenuation rapidly increases with frequency 

in all the lines in the cable. 
• Attenuation characteristics vary depending on 

the wire pairs chosen, the ambient temperature and 
the quality of the line. 

• The cross talk will vary in different wire pairs 
in the same cable. 

It is only b ecause of the digital and synchronous 
properties of the transmitted signals that these 
difficulties may be overcome. However, although 
the transmitted information is digital in nature, 
most pcm repeaters-the devices that regenerate 
the signals-include a very high proportion of ana­
log components. 

A repeater u sually consists of input, timing ex­
traction and gating and reshaping devices. In brief, 
the purpose of the input device is: 

• to separate the information signals from the 
current that powers the regenerator. 

• to compensate for the line's variation of attenu­
ation in the operating frequency range. 

• to amplify the received signals. 
• to rectify the received signals when necessary. 

While it is economical to use integrated circuits 
for the gating and reshap ing circuits , only a por­
tion of the input circuits may employ integrated 
circuitry. Many analog comp onents are still n eces­
sary; mostly to equalize line-impedance character­
istics . 

Timing circuits must extract a periodic wave­
form at the bit rate from the incoming signals. 
The phase of this extracted waveform must not 
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vary despite the random nature of the signals and 
the distortion or interference encountered on the 
line. 

Two methods may be used for the timing extrac­
tion. The first, used in the T-1 sys tem, employs 
accurately adjusted inductance-capacitance filters . 
The second, which LCT prefers , is the phase-lock­
ing method. 

Ph ase locking offers two principal advantages: 
the system does not require a special code, for 
example a long sequence of zeroes may be trans­
mitted without any difficulty; components need 
not have close tolerance requirements even when 
wide temperature variations are expected , there­
fore inexpensive integrated circuits can be used in 
th is section of the repeater. Integrated circuits also 
replace analog circuitry in the rc timing section of 
the regenerator. 

Because the phase-lockin g system does not re­
quire a fixed period, it has an advantage over sys­
tems that must have accurately controlled clock 
frequencies; for example, when high speed data is 
exchanged between computers or b etween com­
puters and peripheral devices whose clock fre­
quencies are not accurately determined. Accom­
modating varying clock frequencies also is desirable 
when the frequency varies during transmiss ion, as 
it would if the pcm signal were transmitted over a 
satellite. 

A recently patented redundancy method4 not 
only simplifies the retiming problem but also eases 
tolerances for the input circuitry. 'When redundancy 
is incorporated into the code, the energy of the 
signals is concentrated at the center frequencies. 
This shaped frequency spectrum reduces the cir­
cuit's dependency on transmission line amplitude 
response and reduces the problem of equalization 
in the regenerator's input circuit. 

A few additional logic elements introduce re­
dundancy in the terminal equipment. In this case 
accuracy in the regenerator's analog circuitry has 
been exchanged for some additional complexity in 
the terminal's digital circuitry. 

The choice b etween nonlinear encoding or digi­
tal-memory encoding and possible inclusion of re­
dundancy in the codes depends upon the require­
ments of the pcm sys tem and economics. It is 
conceivable that a pcm system could u se a number 
of these techniques to take advantage of their par­
ticular benefits. However, this must b e weighed 
against the resulting increase in spare parts and 
extra training for personnel. The final choice must 
consider all these factors . 
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Looks can be deceiving! 
Many plastic packaging materials for solid­
sta te devices look like Dow Corning® silicone 
molding compound. But, that's where all 
similarity ends . . . looks are deceiving. 

• Dow Corning silicone molding compound 
is inherently nonburning ... doesn't require 
the addition of flame snuffers which can 
contaminate junctions. 

• This material is unaffected by long term 
heat aging and thermal cycling. Devices 
can be operated at maximum power ratings 
when packaged with silicone molding com­
pound .. . no need to derate to compensate 
for heat leaching . 

• Soldering doesn't deform devices pro­
tected with silicone molding compound. 

• Junctions are not contaminated by 
silicone molding compound • . . fact is, 

silicone resins have long been used on device 
junctions as a barrier to contamination in 
metal or glass packages. 

• Dow Corning silicone molding compound 
costs only slightly more than ordinary plastic 
materials ... but its non-flashing prope:rty 
permits less-critical; mold clearances, lower 
mold costs, less lead clean-up ... reduced 
overall device-proddction cost. I 

! ; . 

To avoid the limitations of look alike mate­
rials, be sure your device source is giving 
you the added benefits of Dow Corning 
silicone molding compound packaging. 

For complete technical data on Dow Corning 
silicone molding compou:p.d, write: Depart­
ment 3906, Electronic Materials ~epartment, 
Dow Corning Corpor~ tion, : Midland, 
Michigan 48640. ' ! 

DOW CORNING 
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R\ Raytheon: Prime Source 
~ for PNP Transistors 

New 2N3494: 80 Vee fr=200 MHz minimum 

-t-t----~-~~~-t-+-t-HIO 

t-H 
H-1 
t-H TEST CONDITIONS: 

"' 5 

0.05 f->----+--+--!--!--f-+-t-+-f---+--+--+--+-+-+-+-H---~. --f---+--+-+-f-+-H hFE VS. le 

Yce =-1 01/ 
T• = 2s•c 

VcE {sat) vs. le 
r 

1.0 

Now! Design your high voltage PNP c ircu its around 
this reliable planar product. Rated at 80 volts V cE 
and fT = 200 MHz minimum, this device is out­
standing for high voltage switching and linear am­
plifier applications at current levels up to Y2 ampere. 
More new additions to Raytheon's line of PNPs. Now, 
you can get 2N 4080s with h = 1 Kmc minimum for 
VHF-UHF amplifiers, oscillators, and high-speed 
non-saturating switches. And Raytheon high-cur-

V c uo 
V c EO 

10.0 JOO 

le = 101e 
TA = 25°C 

lc , mA 

rent core drivers-2N3244s and 2N3467s-for fast 
switching at current levels up to 1 ampere. 
Proven reliability of every type. Raytheon manufac­
tures all PNPs under its exclusive Mark XII reli­
ability program which provides complete lot trace­
ability to the silicon ingot. And all Raytheon PNPs 
are of PLANEX * silicon planar design, utilizing 
ChannelstopperT~I construction to eliminate chan­
neling problems. *Raytheon's d esigna tion for p la nar e pitaxia l. 

2N3494 TYPICAL DATA 

Absolute M aximum R atings 

- 80 
- 80 

Conditions 

Units 
volts 
volts 

hFE I c=50mA , VcE= - lOV 

Min. M ax. Uni ts 

40 
(D C current gain ) 
VcE (sat ) I c= lO mA, I n - lmA - 0.3 volts 
hrc 
(High frequ e ncy current gain ) VcE = -lOV, l e =20mA,f = 100 m e 2.0 

Send reader service card for all PNP data 
sheets. Or write for infor'."~tion' Raytlu>on [RAYTHEON~ 
Company, Components D1v1s10n, 141 Spring 
Street, Lexington, Mass. 02173. 

Raytheon Components Division-A si ngle source for Transistors/ Diodes/Integrated Circuits / Industrial Tubes/ Control Knobs/ Panel Hardware/ Raysistors / Circuit Modules/ Display Devices 
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Avionics 
- ... 

Ai.r navigation system testing 
· grOunded by signal simulator 

... . 

" 

Device c~ecks out loran airborne receivers in the laboratory, 

ending need for costly air trials; technique may be extended 
' ' 

to testing of other navigation systems and coordinate converters 

By Robert S. Stapleton 
Teledyne Systems Co., Hawthorne, Calif . 

Testing and calibration of airborne navigation re­
ceivers has been an expensive, time-consuming, 
often inadequate procedure. It has been necessary 
to take a receiver on long airplane flights to deter­
mine how accurately the system can process sig­
nals from transmitters thousands of miles away 
and how well it handles signal distortion caused 
by interference, noise and doppler shifts due to the 
aircraft's motion. \ 

Now the job can be done quickly and economi­
cally at a test .bench with a simulator developed 
for the F ederal Aviation Agency. 

With modifications, the simulator, built to check 
out loran A and loran C airborne receivers, can 
test other hyperbolic navigation systems operating 
on the same pdnciples as loran [see "Radio bea­
cons guide aircraft navigators," p. 154]. 

The techniques that simulate pulse transmission 
over long distances-such as multiple delay lines 
to introduce doppler delays and precision pulse 
timing and a unique combination of digital tech­
n~ques and delay lines to eliminate the require­
ment for a high-frequency oscillator-may also ap­
ply to the testing of communications and radar 
systems. 

Although hyperbolic navigation systems such as 

The author 

Robert Stapleton is a project 
engineer on the self-contained 
navigation and short-range 
stat ion-keeping system for the 
Integrated Helicopter Avionics 
System that Teledyne is making 
for the Navy. He helped develop 
the digital interface unit 
of that system's computer. 

Electronics I September 19, 1966 

loran (long-range navigation system) have been in 
use since i940, only static test equipment has been 
available. The loran A and C signal simulator 
built by Teledyne Systems Co. is the first system 
capable of testing these complex devices dynami­
cally in the laboratory. 

It generates loran A or loran C test pulses 
that are fed into a receiver, making the receiver 
seem to be in an aircraft flying on some predeter­
mined course at speeds up to 2,000 nautical miles 
an hour- equipment destined for supersonic trans­
port planes can be tested now. The accuracy of 
the simulated timing pulses is equivalent to the 
real-time loran transmission error of ± 0.l micro­
second. In addition, appropriate sky waves, 
radio-frequency interference and continuous-wave 
interference can be generated · to complete the 
duplication of loran signals received at any point on 
the earth. 

Good for others 

The family of accurately timed digital signals 
can also dynamically test other types of equip­
ment. The growing field of coordinate converters, 
for example, introduces a broad range of new 
navigational aids, many still under development. 
The loran simulator presents a valuable tool for 
analysis and tes t of these new systems. 

A coordinate converter is a device which ac­
cepts time-difference signal inputs in the hyper­
bolic system of coordinates-such as those used 
in the loran sys tem-and shows them on a dis­
play that depicts receiver and position in latitude 
and longitude. Since the simulator provides a con­
tinuously updated set of coordinates for position 
computation, the ground testing of converters is 
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superior in many ways to an expensive Bight tes t. 
The simulator only requires minor modifi ca tions 

in timing to make it suitable for testing other 
navigation sys tems. For example, any r-f pulse 
envelope may be duplicated by substituting ap­
propriate modular circuit cards for the loran C 
(100 kilohertz) or loran A (2 Ml1Z) modulators in 
use. Replacing a plug-in oscillator changes the 
carrier frequency. Revviring one or two gate cards 
modifies the pulse repetition rate and even a com­
plex change such as revising the pulse sequence 
involves little more than a change in the wiring 
of 8 or 10 gate cards. 

One modulator or three 

The simulator contains loran C and loran A 
modulators; only the loran C configuration is 
shown in the block diagram at the right, but the 
loran A configuration is essentially the same. Loran 
A requires three modulators, for a master and two 
slave stations ; the loran C simulator has one. 

The loran C modulator accepts digital signals 
defining pulse generation times and phase coding 
and a continuous-wave 100-kilohertz signal directly 
from a timing source. Using these inputs , it gener­
ates a pulse which is described by the fun ction: 

f(t) = t2 f -2(t - 1) 

in which t is time. The function describes the 
passage of a loran C pulse from the transmitter to 
a receiver. The loran A modulator accepts digital 
timing pulses and a c-w carrier at one of the four 
standard frequencies and generates the loran A 
pulse, which is essentially gaussian. 

The simulator system has four primary fun ctions 
when used to evaluate loran receiver performance: 

• To tes t the dynamic response of time-differ­
ence tracking circuits in the receiver with realistic 
aircraft motions. 

• To measure and record receiver time-difference 
readings in all forms of operation for calibration 
purposes. 

• To tes t the receiver's ability to extract signals 
from noise, interference or sky-wave re turns. 

• To see if the receiver operates at all basic 
and specific repetition rates and recognizes slave 
and master tran smitter "blinking" and phase coding 
[seep. 154]. 

Making waves 

The simulator operates under the control of 
a punched tape that contains in digital form at the 
pseudo airplane Bight and the loran C signals 
which the simulator processes. The information is 
inserted through a high-speed tape reader to load 
the seven digital registers seen along the side of 
the block diagram at the right. The latitude and 
longitude registers drive readout devices directly 
throu gh decoding networks. The master delay, 
slave X delay, and slave Y delay registers, in 
conjunction with an elapsed time register, generate 
trigger pulses for each pulse group. The triggers 
are digital pulses timed to within 10-microsecond 
increments. For loran C the trigger pulses gener-
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ate loran C pulses which pass through two highly 
accurate tapped delay lines, called fin e delay lines, 
to provide the delays of 1 to 9.9 microseconds and 
0.1 to 0.9 microsecond needed to fulfill system 
accuracy. After separation into M, X and Y pulse 
groups, the signals pass through 1ectrically var­
iable delay lines and attenuators. These provide 
sky-wave delay and doppler shifts that simulate 
the signal received by a moving aircraft. 

In loran A operation , the digital pulses which 
trigger the signal pulse generator are passed 
through the same type of delay lines and then are 
used to generate loran A signal pulses . 

After each discrete pulse or pulse group is gen­
erated and delayed, the master pulses, slave X 
pulses and slave Y pulses are ampli.S ed individu­
ally, summed, and sent to a filter I mixer network, 
where the composite loran signa l is mixed with 
noise or radio-frequency interference and presented 
to the receivers under tes t. 

Sky waves are generated by taking the fin al r-f 
pulses for loran C or di gital pulses for loran A 
and passing them throu gh precision rnagnetostric­
tive delay lines with a leng th selec table from 0 to 
700 microseconds. The output of the delay lin es are 
summed with the ground wave signals to provide 
the composite loran signals. 

To connect the simulated signals to the antenna 
input of the receiver, a matching network that has 
the proper antenna impedance is u sed. Otherwise 
the direct simulator output (50 ohms impedance) 
is used. 

To simulate a loran C station the equipment can 
operate at any of the standard repetition rates 
or any desired repetition rate and deliver signals 
having either a 500- or 1,000-microsecond pulse 
spacing. In addition it can operate in either a mul­
tipul se or single-pulse mode at the 100-kilohertz 
loran carrier frequency. Loran C simulated signals 
are phase coded accordin g to loran standards 
and provision is made for "blinking." 

Display subsystem 

In addition to simulator control, the computer­
generated tape data also lights four sets of nu­
merica l readouts ( ixie tubes). These show the 
opera tor th e master-X sta tion time difference, 
rnas ter-Y station time difference and la titude and 
longitude (in degrees, minutes and second s) as 
the simulated Bight progresses . The pulses dis­
played would b e identical to those displayed if 
the receiver actually was at the location shown. 

A Bight can be halted at any point and the 
prevailing conditions used in ex tensive examination 
of receiver response. 

Two Beattie Varitron cameras provide a check 
on receiver time-difference display versus simula­
tion time-difference display. One camera, with a 
wide angle lens, is on a mechanical support bar 
directly in front of the simulator's Nixie tube dis­
play. A second, on a tripod, is directly in front 
of the receiver or receivers under test. Both are 
electrically operated and driven by identical sig-
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D igital circuits are the substitute for flight time 
l SPEED TA PE h ost of loran sim ulator, shown in the loran C setup, was kept low by time sharing CONTROL READER c 

of m ajor parts and by combining d ig ital and delay-line techniques to avoid 

}--CXJ he use of expensive osc illators and delay lines. Delay lines are shown in co lor, 
1100 khz !I are the portions of the registers that control th e f ine delay lines. The osc 

m ajor propagation de lays are provided directly by the reg isters, which are 
a 

ed a t ape prog ra m contain ing the data needed to simu lat e t he lo ran ELAPSED - CONTROL TI ME ignals that would be rece ived by a moving plane. REGISTER s 
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Radio beacons guide aircraft navigators 

Loran C is one of several hyper­
bolic-coordinate navigation systems 
that fix the position of an aircraft 
or ship by measurement of the dif­
ferences in the times it takes radio 
s ignals to travel from a set of 
transmitters to a rece iver. 

The time differences for s ignals 
received from a pair of transmitters 
indicates that the receiver is some­
where along a line d rawn on the 
earth . This line passes between the 
two transmitters and is approxi­
mately a hyperbola. Measuring the 
time differences fo r a second pair 
of stations gives a second hyper­
bola, intersecting the first one at 
the receiver 's location. 

Loran C is a modification of this 
basic arrangement. Instead of four 
transmitters, three- called a loran 
triad-are used . A mas ter station , 

M, triggers two slave stations , X 
and Y. Precise time delays and sig­
nal codes are used to prevent am­
bigu ity about which station is 
fa rthes t from the receiver and 
which station sen t a s ignal. 

The hyperbolas generated by 
loran C triads are plotted on charts, 
providing navigators with coordi­
nates as definite as lines of latitude 
and longitude. 

Taking pulse. The stations trans­
mit pulse groups on a 100-kilo­
hertz carr ier s ignal. The phase of 
the carrier signal is varied from 
pulse to pulse. F or example, the 
master sta tion may transmit a pulse 
group in which pulses 3, 4, 6 and 
8 are out of phase with the other 
pulses in the group. In the next 
pulse group, only pul ses 2 an<l 3 
would be out of phase. These two 

• SLAVE 
"--STATION 

y 

pulse groups would altern ate. Each 
of the slaves would transmit in a 
d ifferent code; in altern ate groups, 
pulses 6 and 7 wou Id be out of 
phase, then pu lses 2, 4, 7 and 8. 

If a slave sta tion is not transmit­
ting re li ably, it ind ica tes th is by 
"blinking"-the stat ion's pul se 
groups are delayed by 300 micro­
seconds fo r one second , then re­
tu rn to their normal position for a 
half second . 

Ground-wave s ignals from a 
loran C triad have a usable range 
of 1,200 nauti cal mil es. Sky waves 
extend this , but accuracy is less 
since sky waves are subject to more 
variables than grou nd waves. Sky 
wave fi xes at ran ges up to 3 .. 500 
nautical miles , accurate to about 
2,952 fee t (± 2 microsecon <ls ) are 
not unusuaJ.l 

nals so tha t the pictures are taken simultaneously. 
Exposures may be made once a minute, 10 times 
or 60 times a minute. 

angle of the receiver and the ellipsoidal di stance 
to the des tination. The initial calcula tions are 
furth er modified to correct pos itions, di stances and 
headings fo r th e ellipticity of th e earth . Moving through air 

To reflect an aircraft's motion, the loran sig­
nals are individually doppler shifted in accordance 
with the aircraft 's motion with respec t to each of 
the three simula ted loran sta tions. 

The time delays are calcula ted from an initial 
se t of programed conditions derived once the 
precise fli ght path and loca tion of the transmitters 
are known . Based on the fl ight path , a circul ar or 
geodetic program is chosen for the computer [pro­
grams are outlined on the next p age]. 

The geodetic program simulates the movement 
of a receiver from an origin to a point along a 
geodetic line. The position in crementation is de­
rived from equations which modify the receiver 
latitude and longitude according to the distance 
traveled by light in 0.1 microsecond, leading 
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The circular program generates tapes that move 
the receiver around a point at a constant d is tance 
from the point. F or b oth types of program s, the 
propagation distance is then calcul a ted as the 
distance, on a sphere, b etween th e receiver and a 
loran transmitter, again corrected fo r the elli pti ci ty 
of the earth . The distance is a lso corrected for 
receiver altitude, sin ce the line-of- sight dis tance is 
needed, and the amount of pa th along the ear th 's 
surface and in the air is also determined. 

Propagation time determin ation, the most im­
portant single calculation in s imula tin g tran smission 
over long distances, is made in two p arts : one 
for the path near the ear th 's surface and another 
for the altitudes at which only a tmospheric refr ac­
tivity is a fac tor. 

The surface propagation time equals the sur-
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face distance divided by the velocity of light at 
the surface. To this is added the secondary delays 
resulting from land and seawater conductivity 
[see table of constants, p. 156). 

Finally, total surface delay is added to total 
atmospheric delay to obtain total propagation 
time between a transmitter and the receiver at 
each increment of receiver motion. The atmos­
pheric delay is calculated by dividing the at­
mospheric path length by the velocity of light at 
half the given altitude. The decrease in refractivity 
per kilometer of altitude equals 7.32(0.005577N8 ), 

where Ns is the measured surface refractivity. 
Assumin g this decrease is linear, taking the half 
altitude provides the average atmospheric delay. 

Read ing the tape 

Rather than storing binary quantities on the 
tape and reading them into digital registers, a 
method was chosen in which digital registers are 
set to initial conditions and thereafter are updated 
incrementally. There are seven registers which 
require initial conditions: master delay, slave X 
delay, slave Y delay, latitude, longitude, M-X time 
difference and M-Y time difference. 

The number fed into the master delay register 
corresponds to the propagation time (in micro­
seconds) of pulses that travel from the master 
transmitter to the receiver. 

Th e number in the slave X delay and slave Y 
delay registers corresponds to their relative propa­
gation times, plus the coded delays normal in 
loran operation. As these numbers are installed 
in the delay registers, the difference between the 
time in the master delay register and the time 
in the slave X delay register is inserted into the 
M-X difference register ; the corresponding M-Y 
time difference is installed in the M-Y difference 
register. When the initial latitude and longitude 
numbers are inserted, the setup is ready. 

From this point, only the numbers in the three 
delay registers and in the latitude and longitude 
registers need be updated to reflect receiver move­
ment. The digitally coded program tape changes 
the numbers in the latitude and longitude registers 
uniformly, allowing a smooth movement of the 
airborne receiver along the simulated Bight path. 
The five incremental channels supply these in­
structions: count up, count down and no count, 
which require two coding bits. Therefore, two 
characters are used for each incrementing in-
s truction. 

To obtain accuracy in delay time, a count in 
the leas t significant stage of the delay registers 
and time-difference registers is taken to mean a 
0.1-microsecond delay. Therefore each increment 
coded has a meaning of ± 0.l microsecond de­
pending upon simulated direction . Since each 
coun t is equivalent to 0.1 microsecond there are 
20 counts in two microseconds on any of the 
delay registers . Since two characters are requ ired 
for a single count, the system's tape reader must 
read approximately 66 characters a second to 
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GEODETIC 
PROGRAM 

OBTAIN INPUT 
DATA 

COMPUTE CONSTANTS AND 

TRANSMITTER POSITION, AN D 
CONVERT TO RADIANS 

FORMAT TO LORAN TAPE: 

RECEIVER POSITION 
PROPAGATION TIMES 
TIME DIFFERENCES 

COMPUTE: 
ELLIPSOIDAL· 
COR RECTED HEADI NG 

HAS DESTINATION BEEN 
NO REACHED? 

YES 

END 

COMPUTE: 

RECEIVER POSITION 
SPHERICAL DISTANCE 
ELLIPSOIDAL CORRECTION 
ALTITUDE CORRECTION 
SURFACE PORTION TIME 
ATM OSPHERIC PORTI ON TIME 
TIME DIFFERENCE 

INCREMENTAL 
DATA 

FORMAT TO LORAN TAPE: 

L'IRECEIVING POSITION 
L'IPROPAGATION TIMES 

CIRCU LAR 
PROGRAM 

OBTAIN INPUT 
DATA 

COMPUTE CONSTA NTS AND 
TRANSM ITTER POSITIONS, ANO 
CONVERT TO RA DIAN S 

.--------_.. SETU P FOR 
iTH CENTER POINT 

COMPUTE : 

FLIGHT PATH LENGTH 
INITIAL HEADING 
HEADING CHANGE FACTOR 

SET UP FOR CLOCKWISE, 
~------'"" COUNTERCLOCKWISE RUN 

FORMAT TO LORAN TAPE: 
RECEIVER POSITION 
PROPAGATION TIMES 
TIME DIFFERENCES 

NO 

RECEIVER POSITION 
SPHERICAL DISTANCE 
ELLIPSOIDAL CORRECTION 
ALTITUDE CORRECTION 
SURFACE PORTION TIME 
ATMOSPHERIC PORTION TIME 
TOTAL PROPAGATION TIME 
TI ME DIFFERENCES 

INCREMENTAL 
DATA 

FORMAT TO LORAN TAPE: 

l:S. REC EIVER POSITION 
6 PROPAGATI ON TIMES 

Geodetic and circular progra ms that prepare with a com­
puter the simulator-control tapes. The tapes reproduce 
the movement of a receiver in an airplane f lying in a 
prearranged path at speeds up to 2,000 miles an hour. 
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Constants for tape program generation 

Flattening of the earth 1/297 
Semi major axis of the earth 3,963.33863 miles 
Velocity of light (vacuum) 0.1862831068 miles/ 

Velocity of light 
(20,000 feet altitude) 

Refractivity (earth's surface) 
Refractivity 

(20,000 feet alt itude) 
Conducti vity (land) 
Conductiv ity (sea water) 

microsecond 
0 .186274538 miles / 

microsecond 
1.000338 
1.000046 

0.005 mhos/meter 
5.0 mhos/meter 

Transmitter location in west longitude and north 
latitude 

Master-77° 54' 47.2"; 34° 3' 45.61" 
Slave X-80 ° 6' 53. 71" ; 27 ° l ' 57.32" 
Slave Y-69° 58 ' 40.51 "; 41 ° 15' 11.98" 

simulate an aircraft travelin g 2,000 nautical miles 
per hour. The character speed is not diffi cult for 
tape readers-a Tally Corp. model 424 is used. 

Flip-flop counter 

An eighth channel on the tape contains the 
control signal, vvhich tells whether initial conditions 
or incremental data is being supplied to the simu­
lator. It controls the configuration of th e seven 
registers since each mu st act as a shift regis ter 
during setup and as up-down counters the rest 
of the time. 

Since two characters define one count period, 
a flip-flop in the reader for each incrementing 
channel can defin e the character on which the 
count should b e made. Wh en this flip-flop is 
turned off, no count can occur but flip -flop s con­
nected directly to the tape reader circuits on the 
five incrementing (delays, la titude and longitude) 
can each pick up the first bit of the two-bit code. 
'Vhen these flip-flops are turned on, a count signal 
may be generated in those five channels. These 
control flip-flops are synchronized to the tape. 

The first bit of the two-bit code which is stored 
in each delay-channel flip-flop indicates (when 
it's on) that a count is to be made. The second 
bit, which is taken directly from the tape, indi­
cates the count direction; an on signal makes the 
register count up, and an off causes a count down. 

As the simulated path approaches the North or 
South Pole, the rate of change of the longitude 
register must increase faster and may increase 
without bound. Although the problem of updating 
the longitude register near a pole cannot be 

MASTER DELAY- 00 00 00 00 00 00 00 
X DELAY 0 00 0 
Y DELAY 0 0 
SPROCKET--- o o o o o o o o o o o o o o o o o o o o o ) 
LAT ITUDE 0 0 
LONGITUDE-- 0000 0000 0000 0000 0 
M-X DIFFERENCE - 0 0 0 0 
M-Y DIFFERENCE- 00 0 0 0 } 
CON TROL 000000000000000000000 

Simulator-control tape format. The latitude, longitude, 
loran pulse time delays and transmitter station time 
differences are punched in digital code. 
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solved completely, a small modification in decod­
ing extends the region over which the lon gitude 
register can accurately be updated . The 0 1 code, 
unused in the other channels, indicates a double 
count. The count direction is th e direction taken 
on the last single count code. This direction is 
stored in a flip-flop . 

The latitude register and the three delay reg­
isters , which can note only one count per count 
period, use only the first count time. The lon gi­
tude register and the two time difference regis­
ters , which can count one or two counts per 
count period, use both the first and second count 
times. 

Time-sharing system 

The schematic on page 153 illustrates that out­
puts of th e three delay registers are coordinated 
with the elapsed-time register output to determine 
when pulses are tran smitted from each simulated 
station. Th e turn-on signal for each station comes 
in the proper sequence, from the flip-flops desig­
nated LFRM, LFRX and LFRY, respectively. 
An on signal from LFRX, for instance, defin es the 
region (time interval) for generation of the slave 
X pulse or pulses. 

By defining the region of master , X and Y pulse 
generation in this way, time sharing of a large 
portion of the system is possible by using LFRM, 
LFRX and LFRY to control all time-shared cir­
cuits, since only one signal can be present at a 
time. The three signals are generated in an identical 
manner, so the processing of the master-slave 
X station signal will be used as an example. 

The elapsed time register, which is basically 
a four-stage counter, acts as a digital timing ref­
erence. Each stage is itself a decade counter hav­
ing four flip-flops . The elapsed time register 
counts 100-khz pulses supplied by the system tim­
ing source, a H ewlett-Packard Co . model lOlA 
frequency standard oscillator. Th erefore, each 
count in its least significant stage represents 10 
microseconds. The succeeding stages count 100, 
1,000 and 10,000 microseconds respectively. The 
gating circuit of the register is in terlocked with 
front panel switches that control the repetition rate 
of the transmission being simulated. These gates 
reset the counter to zero at the end of a specified 
interval. For example, if th e loran C repeti tion rate 
known as S-3 were to be a part of the simulation, 
setting the repetition rate selector switches to 
S and 3 would cause the elapsed time counter to 
reset each time it had counted to 59,700 micro­
seconds, since this is precisely the period for ra te 
S-3. Designated LPSS, the reset pulse is precisely 
at the beginning of each repetition period [see 
timing diagram at the right, above]. 

Signal LFRM is turned on when the number 
contained in the master-delay register is identical 
to that in the elapsed time counter. As explained, 
the number in any delay register is in digital form 
and is equal to the delay time in microseconds 
b etween the beginning of the pulse repetition 

Electronics I Seotember 19. 1966 

"' 



. .; 

... 

-

------- 50,000 MICROSECONDS--------- -+! 

-.j 17,352.7 MICROSECONDS ~ I 
I, 35, 418 .4 MICROSECONDS----J 

Simulator timing for the loran C mode, rate SO. The simulator is generating pulse time differences of 17,352.7 
microseconds for the master-slave X stations and 35,418.4 microseconds for the master-slave Y stations. 

cycle and the initiation of an r-f pulse or pulse 
group. Each time the elapsed time counter is reset 
to zero it begins immedia tely to count the repeti­
tion period. Therefore each stage of the elapsed 
time counter is b eing compared constantly with 
the master-delay register. When the two numbers 
are equal, the proper master delay time has elapsed 
and a trigger is generated which turns on LFRM. 

Depending upon whether the simulation is multi­
pulse or single pulse, logic circuits will turn off 
LFRM after the proper in terval of r-f pulse gen­
eration. The elapsed time is counted in IO-micro­
second increments so the two leas t significant bits 
in the delay register corresponding to the microsec­
ond number and the tenths of microseconds number 
will not b e reflected in the generation of an LFRM 
trigger. These two decade stages of the delay 
registers are termed the fin e delay and in another 
part of the simulator provide the delay needed 
to keep the r-f pulses accurately timed. 

The method was chosen with an eye to economy, 
since two more decade s tages would be required 
in the elapsed time counter if it were necessary 
to compare the two least significant bits of each 
regis ter . More important, it would then be necessary 
for all count registers to run at a IO-Mhz rate­
not an easy requirement. Further, a 10-Mhz oscil­
lator would b e required in addition to the precise 
100-khz generator for the loran C carrier. F inally, 
shielding would be a big problem at the higher 
frequency. 

Picking a time delay 

Comparison of an elapsed time register with 
each individual delay register automatically causes 
the simulated pulses to b e delayed by the proper 
amount (to the neares t IO-microsecond interval). 
This same register comparison technique could 
have been used to provide a delay to the neares t 
0.1-microsecond interval but at a considerable 
increase in sys tem complexity and cost. The tech­
nique developed for the simulator achieves the 
results by using accurate delay lines and selecting 
the delay length digitally. 

Pulses, delayed to the nearest IO-microsecond 
interval are fed into a IO-microsecond delay line, 
tapped every 1.0 microsecond. Tap selection is 
done by relays under program control. The digital 
number con tained in the "microseconds" decade of 
a register is decoded and used to select one of 
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10 relays which in turn select one of 10 taps , 
each one having a delay a microsecond longer than 
the preceding one. The signal out of the delay 
line, now delayed to the neares t microsecond, is 
then fed into a I -m icrosecond-long delay line, 
similarly tapped every 0. 1 microsecond. Proper 
tap selection , then, will introduce the additional 
0- to 9.9-microsecond delay required. 

For example, to delay a pulse train exactly 
16,498.1 microseconds from the time reference, 
a 16,490-microsecond delay would b e provided by 
the trigger from the pulse sequence generator. The 
required 8.1-microsecond additional delay is ob­
tained by passing the pulses through an 8-micro­
second delay in the .6rst delay line. Next, the 
pulses are sent through the second delay line, 
tapped at 0.1 microsecond. With this technique, 
any delay from thoretical zero to the complete 
duration of the repetition period can be provided 
to an accuracy of 0.1 microsecond. 

Delay lines manufactured for the loran A carrier 
frequency, approximately 2 Mhz, are expensive. 
Therefore an alternate method was chosen for the 
additional delays required by loran A pulses. 
Where loran C pulses are slowed by passage 
through a delay line, the same delay required in 
loran A transmission is brought about by passing 
the digital signals that initiate the loran A pulses 
through the delay lines and then using the appro­
priately delayed digital pulses to generate the loran 
A pulse. It requires additional loran A modulators 
but still represents a savings over delay lines 
with highly accurate taps and wide b andwidth . 
The technique has worked out quite satisfactorily 
since economical delay lines of relatively narrow 
bandwidth can provide delays in r-f pulses of 
widely varying frequ encies. 

As in a plane 

F rom the .6ne delay lines, the pulses are sent 
to the doppler delay line. This variable-length , 
electrically controllable delay line simulates the 
doppler shift in a pulse picked up by a rapidly 
moving receiver. The doppler-shifted pulse is 
passed through a variable-length delay line whose 
delay is a function of current passing through its 
control winding. The control signal is a linear cur­
rent ramp ob tained by sampling the receiver's 
course and speed with respect to the loran station. 
Ramp magnitude and direction are determined by 
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a special counter and digi tal-to-analog converter. 
The signal th at emerges from the doppler delay 

line is the simulated ground-wave signal, ready 
for mixing with oth er components, such as noise, 
c-w and interference, to make up the system output. 
Simulated sky waves are provided by still another 
set of delay lines. These, however, are 700-micro­
second magnetostrictive lin es, tapped every 25 
microseconds. A manu ally variable 25-microsec­
ond section is included so that any delay from 
0 to 700 microseconds is selectable by means of 
rotary switches. By passing a sample of the ground­
wave signal through these lines, sky waves can 
be simulated and sent to the attenuator-mixer 
circuits. 

Sharing the black boxes 

Because of the normal delays b etween the master 
and each slave tran smiss ion in a loran chain , and 
because there is never an overlap in the time of 
the master, slave X and slave Y pulse trains , it 
is possible to use some common equipment includ­
ing the pulse sequ ence generator, fin e delay lines 
and doppler simu lator. H owever, to p roperly route 
and sequ ence th e pul ses , it is necessary to defi ne 
the regions of signal operation. The diagram 
on page 157 shows the timing of critical digital 
signals which form loran pulses. The signals shown 
are those produced when the sys tem genera tes a 
17,353.7-microsecond M-X and a 35,418.4-micro­
second M-Y time difference in loran C mode, rate 
SO. 

Signal LPSS defines the pulse repetition period. 
In the example, it occurs once every 50,000 micro­
seconds for loran C rate SO. The rate is controlled 
by the rate switches on the control panel. 

The mas ter , slave X and slave Y triggers defi ne 
the start times for the pulse trains. F rom the trig­
gers, the pulse-region defin ition pulses LFRM, 
LFRX and LFRY are generated. These pulses are 
u sed throughout th e sys tem to separa te pulse trains 
in circuits that are time shared. 

During the defin ition pu lse period, a separate 
300-microsecond pulse is genera ted for each loran 
pulse. This is used by the modulator circuits to 
provide properly shaped loran A or C pulses a t the 
correct time. Also, from the pulse sequence gen­
erator comes a signal des ignated LFPH, which is 
u sed in the loran C modulator to inser t the proper 
phase code. An on signal from an LFPH fl ip-flop 
coincident with an on signal a t LFPS will create 
a normal loran C pulse. Th e absence of an LF PH 
signal in the presence of an LFPS signal will cause 
the modulator to genera te a pul se 180° out of 
phase with the normal pul se. Ph ase coding is used 
in the loran C sys tem to help prevent ambiguity. 

Making the tests 

A multitude of very detailed and demanding re­
ceiver tes ts, such as threshold, sensitivity and 
noise-rejection tes ts are possible with the special 
attenuators built into the simulator's output cir­
cuits. All generated pulses, master, slave X and 
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slave Y ground waves and sky waves are ampli­
fi ed and subjected to manually controllable a tten­
ua tors. Each attenuator, built in three sec tions: 
a 100-decibel unit, adjustable from 0 to 100 db in 
10-db steps; a 10-db unit, with 1-db steps; and 
a 1-db unit continu ously variable from 0 to 1 db. 
Any signal component from 500 millivolts to a few 
microvolts may b e attenuated. 

After the fi rs t a ttenuation, the ground-wave and 
sky-wave signals are summed and passed through 
a second three-stage attenuator for over-all signal 
level control. 

At the ou tput, selected noise and c-w interfer­
ence are mixed with the simulated signals to pro­
duce a true loran-like radio wave. The white noise 
is provided by a General Radio Co. model 1390-B 
noise generator ; c-w interference is produced in 
a selectable two-band variable fr equ ency oscilla tor. 
The bands cover the loran C range (80.8 khz to 120 
khz) and loran A (1.5 Mhz to 2.0 Mhz). Control 
of r-f interference as well as noise signal level can 
simulate almost any set of signal conditions. 

The velocity of the simulated flight is manually 
adjustable from zero to 1,935 knots. Since the 
velocity is simply a fun ction of how fas t incre­
mental data is processed by th e sys tem, velocity 
can be simulated by controlling the speed of the 
tape reader. The upper velocity limit of the sys tem 
is a parameter of the tape reader now in the sys­
tem. However, the sys tem proper, exclusive of 
tape reader, is capable of processing data at rates 
far greater than the simulated 2,000 knots. 

Future simulators 

Integrated circuits will mm1m1ze the size of 
the simulator. The present model is built with dis­
crete components and occupies 15 squ are feet of 
floor space. A complete avionics system built with 
integrated circuits could redu ce the size by a t leas t 
a fac tor of 10. F or instance, the mas ter delay reg­
is ter requires six flip-flop cards and 12 gate cards, 
each card approximately 5 inches by 6 inches. The 
register occupies a space of approximately 187 
cubic inches. The same register can b e built in a 
space only slightly larger than 0.1 cubic inch, using 
techniques developed for the Integrated H elicopter 
Avionics Sys tem. 

E ventual size of the sys tem will depend almost 
entirely on the degree to which components such 
as the delay lines, tape reader, noise generator and 
power supplies can b e miniaturized. A b ench 
model, truly portable, is possible. 

The sys tem could be used in many more ways 
with the addition of a digital differential analyzer, 
memory section and arithmetic computational cir­
cuits. These would eliminate the tapes, tape pro­
gram and tape reader ; self-contained programs for 
specified flight paths could be reprogramed to pro­
vide any new flight path. 

Reference 

1. " The Lora n C Syst em of Nav igation," J ansky and Bai ly d ivi sion 
of t he Atlantic Research Corp., Washington , D.C., Febru ary, 1962. 
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~ SIGNETICS INTEGRATED CIRCUITS 
811 East A ass Works Iii 
A subsidiary of c . 

rqu es Avenue S 
Tel. : (408) 739-7700 T ' unnyvale, Cali fornia 

WX: (91 0) 339-9220 

..'3P806A 
SP808A 

- SP816A 
SP825A 
SP826A * 
SP840A 
SP855A 

Dual 4-lnput G 
Single 8-lnput ~te Expander 
Dual 4-lnput N AND Gate 
J-K Binary El AN D Gate 
Dual AC s· ement 
.Dual Exclu~~:ry Element 
Dual 4-ln e-OR Gate 
Triple 3 tut Power Gate 

J SP870A 
SP880A 

Q - nput NANO 
uadruple 2_1n Gate 

* Available aft put NANO Gate 
er July 15 
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2.95 
2.95 
2.95 
4.55 
8.00 
3.30 
3.30 
3.30 
3.30 

1 Type Mixed 25-99 1-24 
100-999 100-999 

3.10 3.25 3.70 4.65 
3.10 3.25 3.70 4.65 
3.10 3.25 3.70 4.65 
4.80 5.05 5.75 7.20 
8.40 8.80 10.10 12.60 
3.50 3.70 4.20 5.25 
3.50 3.70 4.20 5.25 
3.50 3.70 4.20 5.25 
3.50 3.70 4.20 5.25 

1 
SP806A 

14 

1 
SPBOBA 

l 
SP816A 
SP855A 

14 

l 
SP870A 

14 

3 4 
Dual 4-lnput Gate 5 13 Expander 
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2 3 
Sing I 

4 
5 e 8-lnput NANO 6 

13 Gate 
12 ll 

2 3 
Dual 4-lnput N 4 5 
Dual 4-lnput P AND Gate ewer Gate 

6 

13 12 

2 3 
Quad 2-lnput N4 5 

C

. AND Gate 
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I Say you started out to design a hi -rel I I regdulator that would replace bulky Do-7 I 
~ an t3 cans. ~ 

~ But still deliver at commercial prices. I 
~ First you'd tap management for quite I 
::: :;: 

~ a few kilo bucks and a room full of the I : : 

~ best brains. ~ 
~ ~ ~ Then, after both were spent, you'd find I 
~ you'd developed a thermally .. grown, ! 
i oxide-passivated, silicon wafer. With i 
1 brazed leads. Snug fitting slugs. And i 
! exclusive hermetic seal. i 
i And you'd pass the word along that ! 
i it'd take more heat and current than i 
~ the old metal cans. I 

: ~i;d ~~~~nd the line and wind up I 
~ with twenty .. eight each H w t watt or ~ 

j ~~=r~?~r~~0;r
1

::~a:U~~:
0

~ould I 
i Which is wh at we did right here. ~ 
~ j 
\ f 
~ ? 

............................. •·•·•·•·•·•·•. •·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·• •• •·•·•·•·•·•·•·• •·•·•·•·•·<·•····· •. ,\ / .• •• ····•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·• •·• ....... •·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·• •• •·•·•·•·•·•·•·•·•·········· 

": ~ 
~ ; 
\ i 
\/ 
"; 

I loff111an I sEM1coNoucToR 

.. 

A Di\'ision of Hoffman Electronics Corpora tion, Hoffman E l 1.• c trnni~ Par~. El Mon tl', Californ ia 91734 .... 
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-Molten-solder temperatures 
· won'thurtG-E 150-gridrelays 

During degassing, G-E 150-grid relays get even hotter than the 356F it takes 
to melt solder. And it's good for them. High-temperature degassing removes 

•I much more of the organic volatiles that can contaminate a relay at normal 
operating temperatures. 

Not many relays can stand the heat. G-E 150-grid relays can because they have 
- a polyimide coil insulation and a welded can-to-header seal. Polyimide 

insulation withstands 50% more heat than conventional fluorocarbons. And 
a weld won't melt like a soldered joint. 

" New materials and fabrication methods are constantly being developed and 
used by General Electric to make its sealed relays more reliable. Get the full 

... story from your G-E Electronic Components Sales Engineer. Or write for 
bulletin GEA-80248, Section 792-39, General Electric Co., Schenectady, 
New York. 

Specialty Control Department, Waynesboro, Va. 

· GENERAL fl ELECTRIC 
Circle 161 on reader service card 
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there are ordinary oscillators 

... and then there's MCCoy 

MCCoy manufactures the most complete line 
of high and low frequency oscillators for pre­
cise control of output signals. New TCXO's 
(Temperature Compensated Crystal Oscil­
lators) offer reduced size, weight and input 
power advantages while elim inating the 
need for temperature control. Stabilities of 
0.5 PPM over -40°C to +70°C are typical 
results without an oven. Regular crystal oscil­
lators, oven controlled crystal oscillators and 

TCXO's are available in the 10 kc to 125 me 
range. With frequency dividing circuitry, 
low frequency outputs can be provided with 
the stability of high frequency oscillators. 
Tuning fork oscillators provide control in 
the 1 cps to 20,000 cps audio and power 
range. MCCoy's line of oscillators is too 
broad to be covered here-write for our new 
oscillator catalog giving full details on types 
for every purpose. 

MCCOY ELECTRONICS COMPANY 
A Division of OAK ELECTRO/NETICS c.oRP. 

Mt. Holly Springs, Pa. 17065 
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All the advantages of solid-state design and construction are 
' yours in a wide variety of Hewlett-Packard 8¥2'' x 11" and 11" 

x 17" x-y recorders. Compact, rugged construction ; solid-state 

reliability and long life; all with optional metric calibration and 

unprecedented performance characteristics. Check the list, 
•\ 

then talk to your Hewlett-Packard field engineer about the 

• models most useful for your task. Or write for complete infor­

.,.. mation: Hewlett-Packard , Palo Alto, California 94304, Tel. 

(415) 326-7000 ; Europe: 54 Route des Acacias, Geneva. 

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

*EXCLUSIVE , CARE-FREE, DEPENDABLE PAPER HOLDD OWN. 

featuring 
AUTOGRIP* 
electric 
holddown 

8·1 / 2 " x 11 " X·Y RECORDERS 

• Bench/ rack model in one, portable, 0.5 mv-5 v/ in ., X-axis 
time base ; Model 135, $1650. 

• 2-pen version of 135, 0.5 mv-50 v/ in.; Model 136A, $2650. 
• High-sensitivity model, 1 M U input impedance, time base 

either axis, 0.1 mv-20 v/ in.; Model 7030A, $1895 . 
• Economy model , 1 mv-1 O v in .; Model 7035A, $895. 

11 " x 17 " X·Y RECORDERS 

• Versatile recorder, X-axis lime base, 0.5 mv-50 v in ., high· 
impedance, computer reference models available ; Model 2D 
Series, from $1950. 

• Economy model of 2D Series, 0.5 mv-1 O v in .; Model 2D-4, 
$1490. 

• 2-pen version of 2D Series ; Model 2FA, $3375. 
• High-sensitivity ac/ dc recorder, time base either axis, 0.1 

mv-20 v / in. de, 5 mv-20 v I in . ac ; Model 7000A, $2495 (also 
available without ac input, Model 7001 A $2175) . 

• Automatic data plotting system, null detector and character 
printer built in, 0.5 mv-1 O v / in .; Model 7590C, $1985. 

HEWLETT 
PACKARD .MOSELEY 

DIVISION 179() 
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WAYNE-GEORGE produces the most ~ 

< , 

I-

* Cyc lic B inary, Binary Coded Cyclic Dec imal , etc. 

ARCSEC® INCREMENTAL ANGLE ENCODERS* 

SERIES BA-25 SERIES BA-35 SERIES BA-55 

WAYNE-GEORGE CORPORATION 
CHRISTINA STREET, NEWTON , MASSACHUSETTS 02161 TEL. (617) 969-7300 ,. 

TWX 617 - 332 - 7637 r. 
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~000 THERE ARE STIMULATING 
CHALLENGES FOR THE ENGINEER TO 
STI LL FURTHER 
IMPROVE DAMPER 
TUBES . 
FOREMOST IS 
TO REDUCE 
TU BE-VO LTA GE 
D ROP. 

/ CHECK THESE RCA-6CL3 FEATURES: 

HEATER ... 6.3 V@ l. '2 A 
MAX. PEAK INVERSE 

PLATE VOLTAGE . .. 5500 V 
MAX. PEAK PLATE CURRENT ... 1300mA 
MAX. AVERAGE PLATE CURRENT .. 250m A 
MAX. PEAK NEGATIVE 

HEATER-CATHODE VOLTAGE ... 5500 V 
TU BE VOLTAGE DROP ... 16 V@350 rn A 

( INSTANTANEOUS) 
MAX. PLATE DISSIPATION 8 .5 W 

THE SAME PERFORMANCE PROFILE 
IS AVA ILABLE IN BOTH 12CL3 
(12.6 \1, 0.6 A HEATER) AND 17CL3 
(l6.8 V, 0.45A HEATER) TYPES. 

TAKE DAMPER TUBES FOR EXAMPLE: 

IM~OOQ THEY HAVE A NEW 
CATHODE WITH A PRESSURE-WELDED 
COATING -THE BEST EVER 
FOR DAMPER TUBES. 
IT PERMITS TIGHTER 
SPACING WITH NO DANGER 
OF DAMAGE TO THE 
COAT1NG RESULTING FROM 
ARC-OVER, SPUTTERING 
OR HOT SPOTS. . 
RESULT: 
RCA'S NEW 6Cl3 
WITH LOWER 
TUBE-VOLTAGE 
DROP LESSENS 
THE LOAD ON THE 
HORIZONTAL­
DEFLECTION 
OUTPUT TUBE. 

RCA Engineers are quite excited about the pressure-welded 
coating of the new cathode. They see it as giving them new 
opportunities for still further improvements in damper tubes 
and other types as well. But RCA Engineers are always pursu­
ing new ideas, working on new designs to bring color-TV cir­
cuit designers tubes that will provide even better pedormance 
at the lowest possible cost. 

For news of the latest color-TV receiving tube develop­
ments, call your nearest RCA District Office. For specific data 
on the 6CL3, write to RCA Electronic Components and De­
vices, Commercial Engineering119DE-3, Harrison, N.J. 07029. 
RCA DISTRICT OFFICES-OEM SALES, EAST, 2075 Millburn Ave., Maplewood, N. J . 
07040, (201) 485-3900 • MID·ATLANTIC, 605 Mori ton Pike . Haddonfield, N . J. 08034, 
(609 ) 428·4802 •MID-CENTRAL, 2511 East 46th St .. Bldg . Q2, Atkinson Square, Indian· 
opolis, Ind . 46205, (317) 546-4001 • CENTRAL, 446 East Howard Ave .. Des Plaines , Ill . 
60018, (312) 827-0033 •WEST, 6363 Sunset Blvd ., Ho ll ywood , Col. 90028, (213) 461-9171 • 
INTERNATIONAL OPERATIONS, RCA International Division , Central and Terminal Aves ., 
Clark, N . J. 07066, (201) 382-1000 • 118 Rue du Rhone, Geneva, Switzerland, 35 75 00. 

\ .. The Most Trusted Name in Electronics 

Circle 165 on reader service card 



/ 

iJ 
Introducing 

the 

. -_ ''Slimoac'' 
Mi tamilY 

high voltage - high current 
silicon rectifier series. 

Semtech Corporation is proud to introduce a new " family" of 
high voltage high current low cost silicon rectifiers .. . "Slimpac." 

"Slimpac" consists of high density axial lead silicon assemblies, molded 
into rugged compact rectangular configurations. Internally, the device 

utilizes the Semtech high performance solid double heat sink junctions 
welded together for mechanical strength. Now being produced in quantities 

for off-the-shelf delivery the series is avai lable in three basic current ratings: 
"Slimpac" Senior - PIV: 2,500 to 15,000V (Low leakage 10 UA @ PIV, 25°C) 
* Average Rectified Current: 2 amps @ 55°C / free air, 1.2 amps @ 100°C / free air 
Case Sizes: .687" H, .379" W, 1.5" to 6.5" L 

"Slimpac" Regular - PIV: 5.000 to 25,000V (Low leakage 0.1 UA @ PIV, 25°Cl 
* Average Rectified Current: .5 amps @ 55°C I free air, .33 amps @ 100°C- free air 
Case Sizes: .50" H, .2511 W, 1.125" to 4.25" L. 
Also available : "Slimpac" Fast Recovery (Trr 150 ns max.) 

"Slimpac" Junior - PIV: 15,000 to 45,000V (Low leakage 0.1 UA @ PIV, 25°Cl 
• Average Rectified Current: .050 amp at 55°C / free air, .030 amp @ 100°C / free air 
Case Sizes: .25" H, .25" W, 1.5" to 3.5" L. 

"Slimpac" , 

The entire "Sl impac Family" has corona free 
construction and meets the most stringent life 

and envi ronmental requirements. For use on 
commercial, industrial and military applications. 

Write for technical literature 
or contact your nearest representative. 

* Average Rectified Current rat ing can be doubled in oil environment. 

SEMTECH,...,....., CORPORATION 

Western Office: 652 Mitchell Road , Newbury Park , Californ ia, (805) 498-2111/ from L.A. (213) 628-5392/ TWX 805-499- 7137 
Regional Offices- Central: 4957 Main St., Downers Grove, Ill. (312) 968-2322. Eastern: 71 West 23rd St. , New York, N.Y. (212) 989-7550/ TWX 212-640-5060 

European Sales: Bourns A G, Alpen stra sse 1, Zug, Switzerland (042)4 82 72/ 73 
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This is a naked YAES terminal. 

We've stripped it to show why 
Burndy YAES lnsulug· terminals 

• 

are unique . 

Once the insulation is off, it's easy to see that this ter-" 
minal is a one-piece Ltnit. That's a Burndy exclusive. 
Look closely and you'll see that the seam on the ter· 
minal body has been brazed. Another unique Burndy 
feature. And all YAES terminals are fully plated. You 
won't find any exposed copper edges. In fact, there are 
no unplated edges where the terminal is separated 
from the carrier. Look inside the terminal body, too. 
The surface has been serrated to insure intimate 
contact. 

Additionally, each terminal is marked with the range 
of wire acceptable. As a double check, the tough, nylon 
insulation is color-coded to indicate wire size. 

Installation is quick and easy with either MS 25037 
or MR 8-83 ratchet-controlled hand tools. 

INTERNATI ON AL SALE S HEA DQUARTER S ANO MANU FACTURING FA CILITJ£S: 

Automatic installation tools are available, too. 
Burndy's Bandolug® equipment, the SME and the SM E 
10, handles wire ranging from 22 to 10. And they han­
dle them quickly, simply and inexpensively. More so 
than any other tool~. 

Burndy YAES terminals meet both the Class I and II 
requirements of MIL-T-7928 when instal led with ap­
propriate tools. 

There really is more than meets the eye when it 
comes to lnsulug terminals and tools. Write for Bulletin 
YAES-66 and see for yourself. 

BURN DY "O NORWALK, CONNECTICUT 

CANADA: Scarboro, Ontario I ENGLAND: St. He le ns, Lanes. I BELGIUM: Mech elen I MEXICO: Naucalpan de Juarez I e~AZIL: Sao Paulo I JA PAN: Tokyo I Sales Offices in Other Major Cities a&>1f 
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To new members of the 

ELECTRONICS and CONTROL ENGINEERS' Book Club 

NY ONE 
FOR 

ONLY 
YOURS WITH A CHARTER MEMBERSHIP 
AND SENT WITH YOUR FIRST SELECTION VALUES FROM $9.75 TO $16.50 

Publisher's 
P rice, $ 15.00 
Club P rice, 

$12.75 
Optoelectronic Devices and Cir. 
cu its by S. Weber. D eta iled look 
at the most important findings on 
optoelect ronic devices, circuits. 
and systems. 

Publ isher's 
Price, $12.50 
Club Price, 

$10.65 
Control System Design by c. J . 
Savant, Jr. 2nd ~dit. Shows how 
to d evelop, plan. and design 
accurate and stable serrnrnech­
anisms. 

Publi sher's 
Price, $16.50 
Club Price, 

$14.05 
Sili con Semiconductor Tec hnology 
by \V. R . Hun.ran. Fully explains 
use or silicon in transistor and 
integrated circuits. 

Publisher's 
Pri ce, $14.50 
Club Price, 

$12 .35 
Data Transmission by \V. l~ennett 
and J . Davey. Cm·ers the imoor­
tant p rinciples of mode111-day 
data communication. 

Integrated Circuits. P repared h~· 
En gineer ing Staff of l\ lotoro la , lnc. 
Comprehensh·e trea rnwnt of nil 
phases and aspects of integrated 
circuits. 

.. -

~ Publisher's 
· P rice, $12.75 -4 

Club P rice, 
$10.85 

Semiconductor Network Analysis Mi croelectronic Circuits and Ap­
and Design by V . Uzunoglu. plication s by J . M. Ca-rroll. Ue­
P ractical data for designi ng semi- cent advances in the fast -expand-

Fleld- Effect Transistors br L . 
Se,'in . First-of-Its- kind coverage 
of thl'.'ory. characterbaics, and 
applications of FET's. 

Digita l Comp uter Princip les. Writ- Pulse Electronics by R. Li ttaw·r. 
ten by the Staff of the 'l'l'<'hnical P racticnl exam ph•s of working cir­
Tra·ining Department, liurrouJ.ths cuirs ror toda~"s mo<forn puts'' 
Coro. P ractica·I guide to digital in ... rrum('nta tion . conduc:tor networks. Ing field of microelectronics. 
computer design and u,>;e. 

How many of the books shown here do you wish you had immediately at hand? 
Select one fo r J UST A. DOLLAR! Choose 
from Silicon Semiconductor Technology. 
Dig ita l Computer Prin c iples , Field-Effect 
T rans isto r ::;, and seven other valuab le books 
.. .. rnur introduction to membership iu 
'l'll e Electronic and Control Engineers' Book 
C lt1 b. 

I f y o u ' r (' mi ss ing out on important tech ­
nical literature-if today's bigh cost of read ­
ing curlJR th e g rowth of your library-here's 
the solution to .1·ou r problem. 'J'he Electro11ic 
an,d Control Engineers' Book Clul) was 
organized for you, to pro\'ide a n economica l 
technica l read ing progrnm tha t cnn not fail 
to be of ,·a lue to you . 

All books n rp chosen hy qua li fied editors 
and co nsultants . Their thoroughgoing un­
derstand in !!' of the sta ndards and va lues of 
the li terature in your fie ld guarantees the 
authoritat h·eness of the se lections. 

How the Club operates. P e riodica ll y you re­
cPi\'e f ree of charge 'l'he Electronic and Con­
t rnl Engineers' Book Bulletin, as issued . 
Thi s gh·es complete a dva nce notice of th e 
nrxt main selection, as wrll as a number of 
alternate select ion s. If you want the ma in 
select ion you do noth ing: the hoo k will be 
mai lr cl to you. If you want an a lte rnat<• 
HP lr·('tion . or if .vuu wnnt no book nt 
a ll for that particular PNiod ... notify 
the Cluh h.1· r eturning t he conven ient card 
pnc lo,NI with each R11 1lc ti11. 

n·t" ask you to a,!.!' rC't" o nl .\' to thr purcha!';f' 
of four book s ovrr a two-~·ra r pPri od. CPr­
t:i i 11 1.1' out of the large number of books iu 
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.1·ou r fipld oll'PrPd during th is time there will 
be at least four .1·ou would buy an.1·way. By 
joining the Clu b you sa 1·e yourself t he 
bot her of sea rching and shop ping. and ~a,·e 
in cost nbo u t l ;j pe r cent from publishPrs' 
prices. 

Send no 111 0 111•.r now . • Ju :-;t c-lwek any two 
book~ y ou wa11t- 0 1H· fo r 011 1~· $1.00 and 0111• 
as yo ur fi r !-:t Club :-:l' lt><:tion-in the coupon 
b(" Jow. T a ke ach·a11tagf) of tlli:-: offpr now. 
and g{'t two hooks for It·~:-: than thl' rPfWlar 
price of one. 

THIS COUPON IS WORTH UP TO. 

The Electronic and Contro l Engineers' Book Club, Dept. EE 0919 
330 West 42nd Street , New York 36, N. Y. 10036 
Plea se enro ll me as a member of the Elect ronics and Control Engln­
C'crs' Book Club . I am to recelrn the two hooks I ham indicated at 
the ri ght. You will bill me for my tl r st se lf'rtion at the soecla l club 
price and $I ror my new membership book. plus local tax. and a 
few additional cents for delh·ery eost!i. (The Club assumes thi s 
charge on prepaid orders. ) Forthromi ng selections will be described 
to me in acl\'ancc and r may <Jecline any book . I need take only 4 
selections or alternates in two years or membershi p. ('l'his offe r 
good In U.S. only.) 

PLEASE PRINT 

N'ame 

Address 

City . State . . • . • . . . . . Zip Code. 

Company 

Check 2 Books : We will send 
the big-he r pri ced book for 
onl;\· $1.00 , and th e other as 
your C lub Sell'ction : 

0 Optoelec troni c Dev ices and Cir­
cuits. $12.75 

0 Control System Design, SI 0.65 

D Silicon Semiconductor Technology, 
$14 .05 

D Data Tran sm iss ion , $12.35 

0 Integrated Circuits , $10.65 

0 Sem iconductor Network 
and Design , $ 10.65 

Analysis 

D Mi croelectronic Circuits an d Appl i­
cat ions, $8.30 

D Field ~ E ffect Trans istors. $8.50 

0 Di gital Computer Prin ciples, $9.30 NO RISK GUARANTEE rr not com olotcly satisfied, ~·ou 
may return you r fi r st shlomcnt 0 Pul se El ectronics $ 10.85 

1.. ::t~~~~~~~:..:l.:t::~~..:.i ~:.:.a.:c~~-----------~---~~:._ 
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G-E NORYt.: puts itself out CUL group I) 
THERMOPLASTIC RESIN 

just as easily as it takes to water 

Self-extinguishing, non-dripping by UL pro- Noryl an ideal material for a variety of busi-

cedures and hydrolytic stability are two ex- ness machine housings as well as internal 

.. amples of the excellent balance of pr:iperties 

offered by Genera l Electric's new engineer­

ing thermoplastic. Noryl is a tough, dimen­

sionally stable material that maintains its 

balance of properties up to approximately 

200°F. Its low density (specific gravity 1.06) 

gives you more parts per pound for additional 

""' value. 
A UL rati ng of self-extinguishing, Group I, 

is combined with low creep and ease of proc­

essing to cl ose tolerances . It is an excellent 

choice for a variety of electrical and elec­

tronic components such as the connector 

shown above. Toughness , strength in thin 

> sections, and precision moldability make 

components . 

Noryl is al ready replacing other materials 

in water applications such as the pump im­

peller assembly shown above. Like connec­

tors, the success of Noryl in this application 

includes low creep, low water absorption, 

high modulus and easy processing. Noryl 

also offers outstanding hydrolytic stability 

and is unaffected by aqueous media , hot and 

cold water, detergents and many acids and 

bases. Noryl has NSF approval. 

Look into Noryl today, the new resin com­

bining an overall balance of properties with 

value and easy processing. Designed for use 

where the ultra-high performance of PPO® 

polyphenylene oxide is not demanded, Noryl 

is an excellent material for many appliances 

and automotive fixtures as well as water dis­

tribution parts and electrical components . For 

more information on both the SE-1 and the 

731 grade, call your Chemical Materials Sales 

Representative, or write Section 615, 

Polymer Products Operation, General Electri c 

Company, One Plastics Avenue, Pittsfield, 

Massachusetts. 

Leader in Engineering Plastics 
® ® © 

PPO • LEXAN • N ORYL •PH ENO LI CS 

GENERAL. ELECTRIC 
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Are ~our thin films read~ 
for .. automatic mass 

1 · produetion? 
J:l 

IF ... your optical or electronic thin films are in demand, and 
IF ... cycling your 18 or 20-inch coaters is slowing you down , and 
IF ... you'd really like to program mass production of thin films in a 

fully automatic evaporator, 
YOU'LL PICK ... our new BA-710V-A evaporator, because it features: 
• Fully automatic 5000 liter/second pumping system 
• Fully automati c glow discharge cycle available 
• Fully automati c coating cyc le 
-• 28-in ch diameter stainless bell jar 
• Standard geometrically-proved accessories 
• Ultimate vacuum less than 5 x 10-s torr 
IF . . . automati c mass produ ction is your prob lem, 
the BA-710V-A might just solve it. Write for free details today 

Bendi~·Balzers Vaeuum, lne. 71 
1645 ST. PAUL STREET, ROCHESTER, N.Y. 14621 ~ 

AN AFFIL IATE OF THE?.no'/ CORPORAT I ON 

Visit us at The AVS Show, Booth 88 
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What's 
the 

easiest way 
to make 

this 
part? 

LET fANSTEEL DO IT! Tell us the component 
part you need. We 'll combine our diverse technologies 
with your application kno\v'-how and give you a better, 
more economical part. 
Want a for instance? Our new FANTORKT.M. Semiconduc­
tor Hex Head Heat Sink. Previous designs used scarce 
wrought OFHC copper for base. Copper shank threads 
were stripping during assembly, wouldn't stand exces­
sive torque. 
1. Experience told us that we could use Fansteel 2900 

electrical grade sintered copper for the base. 
2. Our engineers improved on the original design by 

counter-sinking and brazing a steel threaded shank 
into the base. 

3. Nickel-plated molybdenum and tungsten backing 
wafers were a problem. We had the established plating 
technology to do it right. 

Results: FANTORK packaging technology provided com­
parable heat dissipation to meet high current demands 

Electronics I September 19, 1966 
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•.. shank torque was increased by a factor of three and 
eliminated costly re-threading after assembly . . . Fansteel 
plating of wafers assured positive wetting action . 

All our customers do: 
mount the silicon and assemble-presto! A component 
made to specifications! How easy can you have it? 

Don't need FANTORK? How about precision parts for thy· 
ratrons, ignitions, contactors, mercury vapor arc tubes, 
capacitors? We can make this job easy for you, too. 

Let us prove it. Contact your Fan steel representative ... or 
write us. Just say, "O.K., show me how you would ... " 

FAN STEEL 
Electronic Parts Division 
Number One Tantalum Place· North Chicago, Illinois 60064 
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Pseudo-random dot scan image ot 
aircraft is displayed on narrow­
band TV system. 

THE LIMITS 
OF UNDERSTANDING -

How much can displayed in­
formation be condensed and 
still be intelligible? How much 
detail is necessary to identify 
a TV image? To understand 
speech? Sperry is experimenting 
in all these areas. A pseudo­
random scanning technique, 
for example, has demonstrated 
that simple shapes can be 
identified on a television screen 
at bandwidths as narrow as a 
kilocycle. In speech processing, 
methods are being developed 
for encoding and decoding 
speech to reduce bandwidth 
while retaining good under­
standability, speaker recogni­
tion, and certain esthetic qual­
ities present in normal speech. 
These techniques will permit 
the transmission of many, high 
quality simultaneous conversa­
tions over a single voice chan­
n e I. In visual psychology, 
research is attempting to cor­
relate electrical waveforms 
generated in the human brain 
with present theories of depth 
perception. 

D These are just a few of the many 
scientific achievements of Sperry 
Rand Research Center. Sperry can 
help you meet similar short- or 
long-term technological objectives 
through basic and applied research 
in a variety of scientific disciplines. 
Our scientists are currently en­
gaged in intensive investigation 
and experimentation in the follow­

ing areas: 

The broadband response of a biconica/ antenna above a ground plane 
is studied by dr ivi ng the element with 4 rt cycles a t the rate of 1.3 GHz. 
The radia ting element is sim ul ated by placing a cone above orthogonal 
reflecting surfaces . 

RANGING IN -
Through a better understand­

ing of the wideband properties 
of microwave networks and the 
use of new pulse compression 
techniques, Sperry scientists 
foresee order-of-magnitude im­
provements in radar range res­
olution. Their achievements 
point the way to true imaging 
in battlefield surveillance and 
satellite identification radars 
as well as more accurate deter­
mination of target trajectory 
and greater clutter suppres­
sion . Other projects in the 
works include the synthesis of 
new components such as mi ­
crowave pulse compression fil­
ters, and the generation of 
microwave phase-coherent en­
ergy for use as a diagnostic tool 
in antenna transient studies. 

SYSTEMS RESEARCH 
Radar sciences 
Human factors 
Applied mathematics and control 

theory 
Data processing techniques 
Underwater communications and 

sonar 

PLASMA PHYSICS 
Microwave and optical devices 
Re-entry plasmas 
Energy conversion 

SIGNAL SUCCESS -
Real headway in signal de­

sign and processing is being 
made at the Center. New tech­
niques - coherent and inco­
herent - have been found for 
achieving sub-cl utter and sub­
jamming visibility. Sophisti ­
cated computer search is aid ­
ing the discovery of radar 
waveforms that are both prac­
t ical and effective . Other as­
pects of modern radar theory 
currently under study include 
phased array radars, sequen­
tial detection techniques, and 
video schemes such as pulse 
width discrimination and side 
lobe blanking. 

ATMOSPHERIC PHYSICS 
Environmental modeling 
Active and passive radiometry 
Laser atmospheric probing 

SOLID STATE SCIENCES 
Microelectronics 
Microwave and optical signal 

processing 
Microwave oscillators 
Thin film techniques 
Laser materials and techniques 
Crystal chemistry 
M agnetic phenomena 

SPERRY RAND RESEARCH CENTER • Sudbury, Massachusetts 01776 

State-space concepts afford the 
b asic tool for practical des ign op­
t im izat io n of submarine control 
systems. 

IN DEEP WATER-
Sperry is conducting work in 

a variety of disc iplines which, 
taken together. form an inte­
grated capability in undersea 
electronic and acoustic tech· 
nology. For example, investiga­
tion of underwater acoustic 
channels is aimed at achieving 
major improvements in com­
munication between subma­
rines and between submarines 
and surface ships . New navi­
gation and control techniques 
for deep submersible vehicles 
will minimize fuel consumption 
during the performance of spe­
cific maneuvers. Human fac­
tors research is devoted to the 
critical area of man-machine 
compatibility such as in the 
design and use of displays. 

DIVISION OF 
SPERRY RAND 
CORPORATION 
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Polaroid Land film makes you 
wait 10 seconds for an oscilloscope picture 
The suspense can be unbearable. 

We're sorry we can't do anything 
about that 10-second wait. 

But if you can bear up under the 
strain, you'll get a sharply detailed, 
high-contrast, trace record. 

You can study it, attach it to a re­
port. send it as a test record along 
with a product shipment, or file it for 
future reference. 

You also get a choice of four films 
for oscilloscope recording in pack, 
roll, and 4 x 5 formats. 

The standard film has an ASA 
equivalent rating of 3000. And if you 
think that's fast, you haven't heard of 
our special film called Polaroid Pola­
Scope Land film. 

With an ASA equivalent rating . of 
10,000, it's the fastest thing in films. It . 
can actually record a trace too fleet­
ing for the human eye [for instance, 
a scintillation pulse with a rise time 
of less than 3 nanoseconds]. 

Of course, Polaroid Land films are 
as quick to point out a mistake as they 
are to point out a success. 

If your trace shows an error, you 
know it right away. And you never gc 
through the tedium of darkroom pro· 
cedure only to· find out that your blip 
was a blooper. 

To use these films on your scope, 
you need a camera with a Polaroid 
Land Camera Back. Most manufac­
turers have them. Such as: Analab, 
Beattie-Coleman, BNK Associates, 
Fairchild, EG&G, General Atronics, 
Hewlett-Packard, and Tektronix. 

You can get complete details by 
writing to one of these manufacturers 
or to Polaroid Corporation, Sales De­
partment, Cambridge, Massachusetts 
02139. 

By the way, if 10 seconds fray your 
nerves, just imagine what it was like 
when Polaroid Land film made you 
wait 60 seconds to see your trace. 
"Polaroid" and "PolaScope"® 

Polaroid Land Film for Oscilloscope Photography. 



Antenna strain 
insulators of 

240,000 lbs. 
ultimate 

strength? 

174 Circle 174 on reader service card 

Lapp designs and builds them. 

The double-strain insulator assembly shown here 
tested to 240,000 lbs. ultimate strength. It isn't the 
biggest either. Already dt"(signed is a similar triple­
strain insulator with a strength of 360,000 lbs. Lapp 
also has delivered compression con'e 'guy insulators 
as high as 620,000 lbs. ultimate strength, and has 
designed them to 750,000 lbs. strength. 

Lapp makes individual insulators, insulator as­
semblies, and complete insulator systems to handle 
most any electrical and mechanical requirement. 
Lapp does the complete job from drawing board, 
through testing, to delivery. We've been doing this 
work since "radio" was born. So, you can count on 
Lapp for knowledge, ingenuity, facility and quality . 

Got a big insulator problem? Drop us a line or 
give us a call so we can get started on the solution. 
Radio Specialities Division, Lapp Insulator Co., 
Inc., LeRoy, N. Y. 14482. 
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specify 
photoconductor 

components 
from HPA 

The high-performance photoconductor components 
developed and utilized in Hewlett-Packard's own 
chopper and chopper-stabilized de amplifiers and 
switches are now commercially available, featuring 
HP's standard reliability and optimum performance 
in terms of temperature, speed, offset and drift. 

The basic photoconductor used in these photo­
choppers, modulators, and photo-controlled resis­
tors (PC R's) was developed through years of intense 
use in numerous HP amplifiers and switches and is 
still the " heart" of HP Associates' family of photo­
conductor components. 

The photochoppers contain two synchronous 
SPOT switches for applications requiring series­
shunt modulation and demodulation, while the 
photomodulators contain one SPOT switch for appli­
cations requiring modulation only. The PCR's are 
ideally suited for applications where SPST switching 
is required. All of the devices offer wide dynamic 
range, low driving power consumption, long life and 
freedom from drift. 

For evidence of performance see the chart. For 
complete specifications see ou r data sheets. Call 
your local HP field engineer-or write HP Asso­
ciates, 620 Page Mill Road, Palo Alto, California 
94304, Tel. (415) 321-8510; Europe: 54 Route des 
Acacias, Geneva. 

Data subject to change without not ice. Prices f.o.b. factory. 

1 19 0 
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Price 
Type Description Typical Impedances Drive 1-9 

10-99 

DPDT Mod. Input l.25MQ 250V , 2.5mA DC 
4501 

4-cell Mod / Demod Mod . Output 125K\l Internal Oscillator $39 .50 
Internal Oscillator Demod . Output 25K!? 22 5Hz 33 .50 
High Z Modulator 

DPDT Mod . Input 150Kf! 250V, 2.5mA DC 
4502 

4-cell Mod / Demod Mod . Output 7.5Kn Internal Oscillator $39 .50 
Internal Oscillator Demod . Output 25KI? 95Hz 33. 50 
Low Z Modulator 

DPDT 60Hz chopping freq . J 70V peak 
4503 

4-cell Mod / Demod Mod . Input 5Mll 2.5mA 
$37 .50 

for Ext. Oscillator Mod . Output 125Kf! lkHz max. 
32. 00 

High Z Modulator Demod . Output 30KU 

DPDT 60Hz chopping freq . 170V peak 
4504 

4-cell Mod / Demod Mod . Input 200KD 2. 5mA $37 .50 
for Ext. Oscillator Mod . Output 5KQ lkHz max. 32 .00 
Low Z Modulator Demod . Output 30Kll 

SPDT 200Hz chopping freq . l 70V peak $22. 50 
4505 2-cell Mod . only Mod . Input 2Mf! 2.5mA 19 .00 

High Z Mod . Output 125K\? !kHz max. 

SPDT 200Hz chopping freq . l 70V peak $22 .50 
4506 2-cell Mod. only Mod . Input 75Kf! 2. 5mA 19 .50 

Low Z Mod . Output 5Kll !kHz max. 

SPST "ON " R 150KQ J 50V peak $ 8.00 
4507 PCR "OFF" R Min . lOOMll !kHz max. 6.80 

High Z 

SPST "ON " R 6.SKQ I 50V peak $ 8 .00 
4508 PCR "OFF" R Min . lOOMQ !kHz max. 6.80 

Low Z 

HEWLETT 
PACKARD Th ~ HP 

ASSOCIATES 
Ci rcle 175 on reader service card 175 
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F-111A • F-111B • FB-111 
RF-111 • F-111K •MARK II 

BORON FILAMENT 
and other advanced 

aircraft and space programs 
Spread your wings. 

Make full use of your creative energy on a responsible 
assignment in General Dynamics' highly diversified 
Research and Engineering Departments. Contribute to 
the F-111 or other advanced aircraft projects; missile 
assignments; space systems and mission analysis or 
other challenging R&D requirements. 
Enjoy living in 1965's All-America City, where 
superior housing, schools, sports and recreation, 
graduate studies and mild weather are all part 
of the package. 
Call collect-817-PE 2-4811 extension 3551 or send 
a resume of your education and experience to J. B. Ellis, 
Industrial Relations Administrator, Engineering, 
General Dynamics, Fort Worth Division, P. 0. Box 748E, 
Fort Worth, Texas. An equal opportunity employer. 

Information Technology 
• Mission Simulation, Display Technology 

Navigation, Stability, Guidance & Control 
• Stability and Control, Computer Design, Servo Analysis 

Electronic Systems 
• ECM, Penetration Aids 

Electronic Age 
• Microwave and Computer Design 

Electronics Laboratories 
• Circuit Design, Flight Test Instrumentation 

Electrical Installation Design 

GENERAL DYNAMICS 
Fort Worth Division 
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Alpha not only makes the broadest line 
of wire, cable and tubing in the' business. 

With the help of quality control men 
like Jack, we also take a good deal of it 
apart in one of the industry's most com­
prehensive line and lab quality control 
programs. 

When 1,000,000 feet may end up with 
as many as 1,000 different customers, we 
figure we need to be extra careful. 

So we inspect all long lengths as they're 
run off. And then re-inspect all over again 
when they're cut and spooled. 

We insist all materials meet Alpha's 
specifications (better ,than mil specs); we 
won't use reprocesse'tl materials; and we 
test coax 100% for dimension and out-of­
roundness (and monitor and record the 
results). 

And with 1 in 7 of Alpha's production 

workers on quality control, we're staffed 
for it 24 hours a day. 

Alpha quality control helps our prod­
ucts sell and stay sold. It's good business. 

That's why we'd be very cut up if Jack 
or his colleagues ever let us down. 

Like to know more about Alpha prod­
ucts? Write us. Or call your nearest Alpha 
distributor. I 
A Division of Lora l Corporation ALPHA WIRE 
Headquarters: E li zabeth , New Jersey 07207 



The EIMAC 4CV250,000C is the world's highest power 
tetrode _ It is designed for service in super-power broad­

cast transmitters , and was developed on the foundation of 
technology which produced its "li ttle brother," the hundred­

kilowatt 4CV100,000C, now used by the USIA The giant 
new va por-cooled tube combines high power gain with long 
life . Vapor cooling is accepted as an efficient and econom­
ical method of cooling in advanced broadcast systems. A s 
EIMAC's latest addition to its line of power tetrodes , the 
4CV250,000C is ideally suited for service as an audio 
modulator, a pulse modulator, or a regulator, and as an rf 
amplifier in linear accelera tors. Ready now for the super­
power transmitters of the future , this 250 kW tetrode is 
another example of how EIM AC 's experience in powe r 
tube technology paves the way for the developments of 
tomorrow. For a power tube to fit your needs-big or small 
-write Product Manager, Power Grid Tubes, or contact 
your nearest EIMAC distributor. 

178 Circle 178 on reader serv ice card 

250 kW tetrode now 
ready for tomorrow's 
super-power transmitters 

T YPIC AL OPERATION 

(as a Plate-Modulated Power Am plifier 
at Frequ encies below 30 MH z) 

DC Plate Voltage ..... _ 14 kV 

DC Screen Voltage ... 800 V 

Peak AF Screen Voltage (for 100 % Modul ation) _ 

DC Grid Vo ltage 

DC Plate Current 

DC Screen Current . . 

DC Grid Current 

Peak RF Grid Voltage . 

Grid Dri ving Power 

Pl ate Output Power . 

EIMAC 
D ivision of Varian 

San Carlos, Ca li forn ia 94070 

800 v 
... - _- 800 v 

. 29 Amp s 

... 3.6 Amp s 

... 1.8 Amp s 

- - - 1200 v 
.. 2.5 kW 

292 kW 
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CORNING® 
c-s111e Resistors: 

1 part ID bUJ, 
1 part 10 inventory, 

1 11ar1 10 handle 

Why are you still buying 22684 parts . . . and T-0 parts . . . and Characteristic D parts ••• and "comp" type 
parts? New CORNING C-Style Resistors meet and beat all four of those specs! 
Think of the dollars this true multi - use resistor can save you-in the paperwork of purchasing and in the 
lower unit price you enjoy on quantity orders for a s ingle part. Think how it can simplify your inventory 
and simplify handling in assembly. Our new CORNING C-Style Resistors can make your job a whole lot 
easier, your circuits a whole lot better. Look at the classic CORNING Glass Tin Oxide Film Resistor perform· 
ance documented in the table. Then send the coupon for your test samples and data . 

PERFORMANCE CHARACTERISTICS 

Characteristics New CORN I NG C-Style Resistors Mil-R-226848 

Temperature Roting 70 °C 70° C 125 ' C 70°C 

Wattage C 4 (Rl07S) Resistors, 51 ohms to 150 K 'I• 1/e 1/ 10 11. 
Wattage C 5 I Rl20S) Resistors, 10 ohms to 499K 'h '/; 1/e 'h 
load life /'; R 1.0% 0 .5% 0 .5% 2% 

Design Tolerance 6. R - 2 to + 4% ± 2.8% - 1.5 to + J% 

Temperatu re Coefficient from - 55 ° C to + 175 ° ( ± 100 ppm ± 200 ppm 

Dielectric Withstanding Voltage 6 R ± 0 .10% ± 0 .50% 

Moisture Resistance 6. R ± 0 .50% ± 1.50% 

Short Time Overload 6 R ± 0 .25% ± 0.50% 

Tem perature Cycling 6 R ± 0.25% ± 1.00% 

Effect of Soldering 6 R ± 0 .10% ± 0 .50% 

low Temperature Operation 6. R ± 0 .50% ± 0 .50% 

Shock /'; R ± 0 .10% ± 0 .50% 

V i bration 6 R ± 0 .10% ± 0 .50% 

Terminal Strength 6 R ± 0 .10% 0.50% 

Voltage Coefficient ± 0.001 % / Vo lt 

Shelf life__t, R ..±.0 . 1 OM Year 

*for type· marked, military lead Mil-R-10509F, Characteristic 0, Res is to rs , spe ci fy CORNING NA-Sty le Resistors. 

r··············································-·-·--···1 
CORNING GLASS WORKS, 3913 Electronics Dr., Raleigh , N. C. 27602. 
Send complete data , test samples of new CORNING® C-Style Resistors. 

Nome------------------ ------------
Tit le ________________ ___ _________ __ _ 

Com pony _ ___ ________________________ _ 

Address ________________ ~--------------

City ____________ ____ Stote ______ ZIP ___ __ _ 

CORNING 
EL E CTRONICS 

Mil -R- 10509F 
Characteristic o• 

70° C 

1/e 

'I• 
1 '/, 

+ 200 - 500 ppm 

± 0.5% 

± 1.5% 

± 0 .5% 

± 0. 5% 

± 0 .5% 

± 0 .5% 

± 0 .5% 

± 0 .5% 

± 0 .2% 

+ 1.0.%_ 
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up. 
down. 

o n the g round. 
the place f or new electron ics advances is Lockheed . 

Whatever environment you now work in-land, 
sea, or space-you'll find it to your advantage 
to look into opportunities at Lockheed. Take 
Agena and Poseidon for example. Major tecl1-
nical expansion is under way on both of these 
vital programs. And both Agena and Poseidon 
share t h e need for new concepts and major tech­
nical advances.OTypical Agena assignments will 
include: digital communication systems for data 
transmission and command, digital and analog 
flight control systems, optical and infrared sen­
sors, solar power panels, and power condition­
ing. D Poseidon's general area of requirements 
ranges from weapon effects on el ect ronics t o 
the design and use of state-of-the-art test check-

out equipment in one of the largest checkout 
programs ever mounted. 0 Undersea, Lockheed 
is active in tl1e expanding field of deep sub­
mersibles and ocean mining. Now under way­
tl1e Navy's unique Deep Submergence Rescue 
Vehicle and Locl~heed's Deep Quest research 
vehicle designed to operate down to 8000 feet. 
D On land, Lockheed is engaged in the devel­
opment of unique land vehicle systems, infor ­
mation systems for states and hospitals, and 
many other important programs. 0 For more 
complete information, you are invited to write 
Mr. R. C. Bird sall, Professional Employment 
Manager, P.O. Box 504, S u nnyvale, California . 
Lockheed is an equal opportu nity employer. 

LOCKHEED 
MISSILES & SPACE COM PANY 
oilll Qllt04J~ ON1$10N 0#' ~W•O ,llJ~ ~~AnoN 
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Our pedigreed connector is ra bl I 
So revolutionary was the design of our CH-AMP* 
subminiature pin and socket connector , we gave 
it a " pedigree " . 
Total traceability is accomplished by etchin g a 
date code on each assembled connector ha lf 
with an electric pencil. The number designates a 
specific job lot which is traceable through control 
cards maintained by Receiving Inspection , Stock, 
Manufacturing, Final Assembly and Inspect ion 
personnel. 
In this way, we accumulate a useful history from 
wh ich we can prevent any product discrepancy. 
Traceability exists right down to the operat ion 
or component involved-even to the indiv idual 
operator! 
But traceability is only half of this quality story. 
Reliability , too, deserves special mention. Final 
unit samples are subjected to numerous tests for 
such critical factors as contact insertion / removal 
force , dielectric strength , bond integrity, air leak­
age, and environmental stress . The result is a 
high-density subminiature connector whose per· 
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fo rmance meets or exceeds requirements of 
MIL-C-26482, MIL-C-26500, and MIL-C-38300. 
You would naturally expect a pedigreed connector 
li ke ours to boast many superior electrical and 
mechanical features . It does ... 

Shift of the ring locks~ contacts in place 
Four-spring member closed entry sockets for 
positive contact 
Stainless steel shell for conductivity , grounding 
and RF shielding 
Bayonet-coupled, keyed shells- fully sealed 

And there 's a lot more. Why not write today for 
complete product specifications. 

• Trademark of AM P IN CORPORATED 

I NCORPORATED 
Harrisburg, Pennsylvania 

A-MP* products and engmeermg assistance are ava ilab le through subs1d1ary compan ies in: 
Australia • Canada • England• France • Holland • Italy • Japan • Mexico • Spam •West German y 
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Complete Circuit at single t ransistor price : The Fairchild p.A703 is the only monolithic 1-F amplifier which limits without saturating, 

thus minimizing phase distortion for critical FM applications. Its low internal feedback gives you higher stability-limited gain than 

you 'd get from a conventional circuit: The biasing network is included in the package, so that you need fewer external compo· 

nents. This allows you to reduce assembly costs and improve the reliability of your end product. • The µ.A703 is a low-cost circuit. 

You'd have to spend many times its price just on the components you'd need to build an equivalent circuit. In fact, in some cases, 

theµ.A703C sells for less than you 'd pay for the transistors alone:$3.00 in quantities of 100,even less in larger quantities. • The 

device is available for use within two temperature ranges: µ.A703 for full range operation 

(-55°C to + 125°C), and µ.A703C for intermediate range operation (0°C to + 70°C). FA. I RC:: HI Lc:J 
Use it as a limiting or non -limiting l ·F amplifier, harmonic mixer, or oscillator up to 

lSOMHz. For complete details get our data sheet or call the nearest Fairchild Distributor. SEMI CD ND U CTOR 

l·F Amplifier Configuration 

;o,. •m• f . 
mA [//J~~~~~-

Unuturated limiting Characteristic 

Specifications (T, = 25°C; f = 10.7MHz) 

Operating Voltage Range ........... .. ........ . ........ 7 ·20V 
Stability Limited Gain 

Reverse Transadmittance 
.. 4ldb 

.. • ........ ... .. . . ... 0 .003mmhos 

Forward Transadmi ttance ...... • ................ .... 35mmhos 

Output Conductance ..... . . . ........ . ..•. .. ...... 0 .02mmhos 

Input Conductance .......... . ... . .....•.......... 0.3mmhos 

Output Voltage Swing . . . . . . . . . . . . • . . . . . . . . . . . • . . . . . . .. lOV 

Power Gain @ f = lOOMHz ... ....... •..• ..•....... . ... . 20db 

FAIRCHILD SEMICONDUCTOR / A Division or Fa irchild Camera and Instrument Corporation • 313 Fairch ild Drive, Mounta in View, California (415) 962-5011 • TWX: 910·379 ·6435 
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Probing the News 
Advanced technology 

Laser gyro comes in quartz 
., Navy to try out loop of light encased in rugged material ; 

bulky rotors of old -fashioned spinners are eliminated 

along with drift caused by friction 

By Donald Christiansen 
. t 

.. 

.. 

... 

- ~ 

Senior Associate Editor 

That passenger getting the VIP 
treatment on a Convair headed for 
the West Coast last week wasn't a 
movie star; it was a first-of-its-kind 
laser gyroscope on its way to the 
Naval Ordnance Test Station in 
China Lake. And it was being tested 
in flight. 

Honeywell Co. was delivering a 
laser gyro drilled from a solid block 
of quartz to make it compact and 
rugged. Up to now, laser gyroscopes 
were unwieldy, fragile and sensitive 
to shock and vibration. 

An important asset of laser gy­
roscopes is their ability to sense ex­
tremely high rotation rates-because 
they have no rotors and no friction 
to cause drift. 

The new quartz gyro was de­
velop~d under a year-long Navy con­
tract at Honeywell's Systems and Re­
search Center, St. Paul, Minn. The 
Navy intends to test the unit for 
shipboard use. It contains three 
planar or single axis gyros, one to 
sense rotation in each of the three 
orthogonal axes. A three-dimen­
sional laser gyro-containing three 
planar ring gyros in a single spheri­
cal block - is considered the next 
step in development. 

The concept upon which the laser 
gyro is based dates back to classical 
optics studies in the 1920's by A. A. 
Michelson, H. G. Gale and others. 
Their work was based on conven­
tional light sources. In more recent 
years, the Air Force was keeping 
close tabs on the optical gyro even 
before the laser came on the scene. 

In August, 1961, A. H. Rosenthal, 
an optical scientist with the Kolls­
man Instrument Corp., described 
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Honeywell's laser gyroscope is fabricated in a solid block of fused quartz, 
making it rugged enough to withstand very high gravity forces. 

the use of a laser beam as a rotation 
rate sensor in a paper presented to 
the Optical Society of America. The 
Sperry Gyroscope Co. and Honey­
well began independent experi­
ments with laser gyros in 1962. 

I. Advantages and uses 

The laser gyro has an advantage 
over the conventional spinning gy­
roscope in that it has no spinning 
mass or rotor. 

Rotor friction and rotor unbal­
ance in an electromechanical gyro 
can lead to parasitic torques. Mag­
netic and temperature effects can 

also ·wreak havoc with a rotor gyro. 
The result is unwanted torques 
which cause drift, or random dis­
placement from an initial position, 
of anywhere from 100° to 500° per 
hour. There are ways to bring drift 
down to as low as 0.001° per hour, 
but they are costly. For example, 
the rotor can be floated in a liquid 
or gas, or in electrostatic or magne­
tic fields. 

The laser gyro has no major mov­
ing parts, bearings or temperature­
sensitive flotation fluids. It has great 
dynamic range compared with the 
conventional gyro. Honeywell engi-
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Earlier laser gyros, like this, had many separate elements that were fragile 
and hard to keep in adjustment. The bright tubes are laser gain tubes. 

neers believe that low rotational 
rates, ranging down to zero, 
should be theoretically measurable 
to accuracies of better than 0.001 ° 
per hour. And rates as high as 75 
revolutions per second can be meas­
ured with high accuracy. 

These high rotational rates sug­
gest use of the laser gyro in gimbal­
less aircraft navigators, where the 
gyro sensors are mounted or "strap­
ped down" to the vehicle 
and rotate with it. In air- / 
craft, instant starting and 
freedom from frequent 
trimming would be ad­
vantageous. A conven­
tional gyro can take any­
where from 15 minutes to 
a half hour to get up to 
speed and to reach tem­
perature stability. 

The new gyro might 
also be considered for 
use in missiles that un­
dergo extremely high ac­
celeration during takeoff 
and maneuvering. Its 
rugged construction en­
ables it to withstand high 
gravity forces and, unlike 
conventional gyros, its 
operation is unrelated to 
g and g2 terms. 

11. Operation 

mon closed loop. If the optical path 
is stationary, the two beams take the 
same time to traverse the loop. But 
if the path is rotated about its axis, 
the effective path for one beam is 
shortened while the path for the 
other beam is made longer. As a re­
sult, the frequencies of the beams 
differ and this difference ( 6. f) can 
be detected and interpreted without 
difficulty. If the beams were genera-

In the laser gyro, called 
a ring laser sensor or a 
laser integrating gyro, 
two laser beams, one 
aimed in a clockwise di­
rection and the other one 
counterclockwise, are 
generated within a com-

Three-axis laser gyro unit mounted on this test 
stand was delivered to the Navy for shipboard tests. 
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ted by conventional thermal light 
sources they would exhibit a phase 
shift under the influence of rotation 
but a phase difference would be dif­
ficult to detect, even if the device 
were made exceptionally large. 

The laser gyro can also be thought 
of as an oscillator operating at op­
tical frequencies, with its oscillating 
frequencies determined by the 
length of its cavity. 

Readout. To measure the gyro's 
rotation, the outputs from the two 
laser beams are combined so that 
the beams are nearly parallel. The 
beam wavefronts will interfere with 
one another to create a fringe or bar 
pattern. In effect the waves are 
mixed and a beat note results. 

The bars will move in a direction 
determined by the direction of rota­
tion of the laser gyro, and the num­
ber of bars per unit of time will be 
proportional to the rate of rotation. 
Each bar then represents an angle 
through which the gyro has moved. 
A pair of photocells can sense the 
rate and direction of rotation. If the 
photocells' output is fed to a pulse 
counter, an integrating rate gyro 
results. 

Handle with care. Fragile laser 
beam tubes and independently 
mounted mirrors caused early ex­
perimental units to lose adjustment 
easily. A separate, bulky frame was 
needed to provide a firm mounting 
base. 

Although Honeywell's laser gyro 
has three sides, this configuration 
is not mandatory. Sperry, for exam­
ple, has constructed both three- and 
four-sided units. The salient point 
is that 6. f is directly proportional 
to the area enclosed by the config­
uration: f=K As/U. where A is the 
area enclosed, s is the rotation rate, 
L is the optical path length and A 
is the wavelength. 

Both Sperry and Honeywell have 
now settled on the triangular con­
figuration for two reasons. First, an 
odd number of mirrors will be self­
aligning in the horizontal plane and 
second, fewer parts mean easier 
alignment and less light scattering. 

Ill. Monolithic quartz block 

The success of the Honeywell de­
velopment is based on the use of a 
solid block of high quality fused 
quartz. Holes and cavities are ma­
chined into the block for the beam 
paths, the anodes, cathode and fill 
port. The mirrors are mounted to 
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. .. mirrors are molecularly mounted 
to give rugged construction ... 
the corners of the block by molecu­
lar adhesion so that the mirrors and 
block together form a rugged unit. 
To achieve the molecular adhesion, 
the contact surfaces of the quartz 
and the mirrors are ground flat and 
highly polished. 

The interior of the quartz block 
is pumped down and filled with a 
helium-neon mixture to a pressure 
of about 5 millimeters of mercury. 
About 1,000 volts is applied between 
cathode and anodes to provide las­
ing action. 

Physical tolerances of the block 
must be close enough to guarantee 
that lasing will occur automatically. 
Honeywell engineers say they over­
came some tough problems but that 
the machining is within the state of 
the art. The simplicity of the quartz 

QUARTZ BLOCK---

MIRROR 

BEAM GENERATOR 

INPUT RATE 

0 

MIRROR 

// 
PHOTOCELLS (lq 

block construction could mean that 
laser gyros will be a fifth the cost 
of conventional gyros. 

IV. Not all roses 

Some limitations are inherent in 
the laser gyro, but there are ways 
to get around most of them. 

As the gyro rotates more and more 
slowly, the effect of unwanted coup­
ling between the counterrotating 
beams becomes more serious, until 
at some threshold value of 6. f the 
beams lock: 6.f goes to zero abrupt­
ly. A way arow1d this is to bias the 
beam, or effectively create an arti­
ficial 6. f when the gyro is at rest. 

Without biasing, sensing rotation 
below several thousand degrees per 
hour is difficult. With biasing, rates 
as low as 0.01° per hour even in 

MIRROR 

COMBINER PRISM 

READOUT MIRROR 

TO 
DETECTOR 

Ring laser sensor is built in a solid quartz block. Holes for laser gain 
tubes are drilled through the quartz; corner mirrors are affixed by 
molecular adhesion . A schematic, lower left, shows how the laser gyro is 
rotated about its axis. Detail of one optical readout technique, lower 
right, shows how beams provide interference fringe pattern. 
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small gyros are thought to be feasi­
ble. But, Honeywell engineers are 
quick to add, internal biasing 
schemes bring on secondary prob­
lems such as the need for higher 
gain to overcome added losses, ad­
ditional backscatter that will raise 
the threshold 6. f even higher and 
the requirement for bias stability of 
about one part in 106. As a result, 
Honeywell feels that external bias­
ing schemes are far more satisfac­
tory. 

Another limitation of the laser 
gyro is null shift - an unwanted 
shift in the input-output zero. Its 
effect can be minimized by a coun­
terbalancing discharge current. 

oise may be introduced when the 
beams oscillate at more than one 
mode, but careful design or adjust­
ment of gain can usually avoid the 
problem. 

The input-output curve is ex­
tremely linear up to very high ro­
tation rates (above 75 revolutions 
per second), at which point it de­
viates about one part in 106 from 
a straight line. 

Readout techniques haven't caught 
up to the high sensing speeds of 
which the laser gyro is capable, 
Honeywell reports. At Sperry, en­
gineers put temperature stability at 
the head of the list of problems to 
overcome. Honeywell confirms this, 
pointing out that the laser gyro is 
instant starting from a mechanical­
electronic standpoint, but that 
thermal effects are still a problem. 

V. Triple threat 

For some applications, Honeywell 
thinks, the construction of the three 
sensing axes in a single quartz block 
could be an advantage. In the model 
of a triple-axis spherical laser gyro, 
shown on page 185, each triangular 
path is identified by color. One rea­
son, Honeywell notes, for selecting 
three separate single-axis compon­
ents mounted orthogonally is that 
one unit can be replaced easily. 

The concept of the spherical 
three-axis laser gyro was originated 
by Honeywell. It may be pursued 
in a $500,000 contract awarded to 
the company by the Advanced Re­
search Projects Agency. The con­
tract will be managed by the Army 
Missile Command. 

The ring laser principle is not lim­
ited to gyroscope applications. Sper­
ry is studying the device for measur­
ing gas flow where true mass flow 
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Pick a peck of plastic zeners at the volume price 
NEW 1 ~att molded design ... 3.3to15 volts 

" !here's a harvest of value in this bumper crop of the 
__. new International Rectifier 1 ZM molded plastic zener 

line. In addition to low cost, IR's new one-watt plastic 
design offers best selection in the most widely used 

d voltage ranges, from 3.3 to 15 volts, with 5%, 10% and 
20% tolerances available in quantity in every rating. 

"'i 
Performance of the 1 ZM zener features sharp knees, 

~ low thermal impedance and excellent dielectric char­
acteristics. Environmental features include superior 
shock, vibration and thermal ,shock capabilities. Mois­
ture resistance to the stringent MIL-STD 202C, Method 

.. 106A further demonstrates the structural integrity avail­
able in the 1 ZM plastic design. In all, this new zener .... 
line offers full economy plus the assurance of a lifetime 
guarantee-exclusive with all IR zeners. 

Fast delivery of-your particular requirement has been 

assured by full "stocking" by the 50 Authorized Indus· 
trial Distributors IR maintains across the nation, and by 
extensive inventories ready at the El Segundo plant. 

INSPECT THE SPECS ON PLASTIC ZENERS. 
Whatever your need: process control, instrumentation, 
switching, measurement, modulation, energy conver· 
sion, transmisston or generation-you'll discover time 
and dollar savings by getting all the details. Write for 
IR's new 1ZM zener bulletin C-102, and full line Catalog 
C-66, it's free and loaded with complete data. For 
immediate help, contact your nearest IR Sales Office 
or Authorized Industrial Distributor. 

-. SILICON CONTROLLED RECTIFIERS D HIGH OR LOW POWER SILICON RECTIFIERS o SILICON ASSEMBLIES o SELENIUM RECTIFIERS 
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INTEGRATED CIRCUITS? 

•'o , 
~ 

our .flalpack s1ampinus 
Dive YOU 

that crilical edge 
Must metal parts for integrated circuits 
be produced by chemical etching ..• 
slowly ... expensively? 

No. Volkert stamps and forms these 
thin, critically precise com ponents-in 
high volume, and at less cost. No sec· 
ondary forming is needed. 

Volkert's specialized facilities meet 
your most exacting tolerances for lead 
frames, frames and bases. We are aware 
of your design and production require· 
ments as to burr, flatness, finger widths 
and center distances. And we work with 
Kovar, Rodar and clad materials. Lead 
frames can be formed in a continuous 
strip for automatic assembly. 

For your next big job, in flatpacks or 
any other microminiature electronic 
components, think Volkert. Where your 
small stampings get that critical edge. 
Call or write today. 

Yollted STAMPINGS.INC. 

188 

222-35 96th Avenue 
Queens Village, LI., N.Y. 11429 

Telephone (212) HO 4-8400 

Circle 188 on reader service card 

... laser gyros have been delivered 
to the Air Force and NASA . . . 

would be recorded. Sperry is also 
considering the ring laser sensor as 
a precise incremen tal shaft encoder 
and as a precis ion anemometer. 

Drag effect. In flowmeter experi­
ments conducted by Sperry, use is 
made of the fact that light propa­
gating through a moving trans­
parent medium undergoes a change 
in velocity, or a dragging effect, 
proportional to the velocity of the 
medium. In Sperry's work, the drag 
effect was used in a ring laser to 
produce frequency mode splits, or 
differences, when sensing the move­
ment of solids, liquids and gases 
along the axis of the laser beam. The 
frequency differences are caused 
solely by the axial component of 
velocity of the moving medium. To 
measure accurately the flow veloc­
ity, the density of the medium must 
be known, since the frequency split 
is proportional to its refractive in­
dex. The measurement technique 
shows great promise since it avoids 
the pressure drops , turbulence, cor­
rosion and cleaning problems of 
conventional flowm eters. 

Other ways. Though they have 
not built a quartz block laser gyro 
·like Honeywell's , Sperry engineers 
have refin ed their ring laser to 
a small-perimeter, rugged unit. 
Sperry has delivered laser gyros to 

Settling on three-sided configuration, 
Sperry has built small rugged units. 

the Air Force and to the National 
Aeronautics and Space Administra­
tion and is working on a three-axis 
unit. 

As a rotation rate sensor, Sperry 
says, its units can handle up to 600° 
per second, compared to 30° per 
second for a typical, strapped­
down, conventional gyro. On the 
other hand, the threshold sensing 
rate for its laser units ranges from 
100° to 300° per hour, compared 
with 0.1° per hour for the others. 

Sperry concludes that the laser 
gyro is superior where high rates 
are experienced, but that it must 
give way to the spinning gyro-for 
the present at least-where low 
rates must be measured. 

First experimental ring laser by Sperry was outsized : it had a perimeter of 4 
meters. The square configuration required a laser tube at each side. 
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The 
devil's 
advocate 

T hat' s one of t he many roles played 
by our Co rporate Director of Rel iab il ­
ity . He 's respo nsible for the rel iab ility 
of all I RC prod ucts . He double-checks 
basic designs. Keeps an eagle eye on 
production . Never goes easy on in ­
spection and test ing. 

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 spec if ications. 

This IRC attitude toward total rel ia­
bility has practical advantages for 
you. Now you can choose from sev­
eral optimum econo mical levels of 
reliabil ity in resisto rs, poten t iometers 
and semiconductors . A nd IRC is the 
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first to publish prices for standard 
metal film s at three rel iabil it y levels. 

A t IRC, reliability is a management 
responsibility . .. not ju st a spec if ica­
tion gesture. For top management 
attention, add ress your questions on 
reliabilit y to our Director of Reliabil ity. 

President 

l 
l l l 

Director of 
Reliabili ty 

IRC, Inc., Philadelphia, Pa. 19108 
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A Growing Force in the World of Electronic Components 

SUBMINIATURE CAPACITORS • EMI FILTERS • SEMICONDUCTORS • THICK FILM INTEG RATED CIRCUITS • 

ERI E, PENNSYLVANIA • OFFICES IN M OST PR INCI PAL CITI ES • 
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Components 

~. Transistors face an invisible foe 
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Can a cheaply made film of glass do the work of two transistors? 

New patent for junction less semiconductor switch says it can 

By George Sideris 
Senior Ed itor 

In 1963, the head of a small elec­
tronics laboratory in Troy, Mich., 
announced he was developing a 
radically new semiconductor de­
vice, an alternating-current switch . 
Unlike conventional semiconductor 
switches, his had no rectifying junc­
tion and was made of homogeneous 
.6lm. 

\Vas it a true bulk-effect device, 
sought like the philosopher's stone 
by semiconductor researchers, or 
were there two transistors in that 
little black box? The man, Stanford 
Ovshinsky, wouldn't say how the 
swi tch worked nor identify the ma­
terial. The device got little pub­
licity, coming as it did on the heels 
of his Ovitron liquid switch and 
his ball relay, neither of which go t 
off the ground. 

Unt il now, Ovshinsky has kept 
the secret to himself, his staff and 
his li censees, one of which is the 

giant International T elephone & 
Telegraph Corp. Secrecy clauses 
are written into the license con­
tracts. At ITT, the word was passed 
that any employee caught leaking 
information on the development 
project would be fired. 

Thi s month , Ovshinsky go t a 
patent (number 3,271,591) and was 
able to let the cat out of th e bag. 
H is company, Energy Conversion 
Devices, Inc., calls the device by 
its trade name, Ovonic. 

Molecular circuits. The films, 
often so thin they are invisible, are 
amorphous compounds. For all 
practical purposes they are glasses 
made from semiconductors and 
other materials. The semiconductor 
mechanisms are akin to those de­
scribed in the article on page 129 of 
this issue, but magnified many 
times by avalanche effects similar 
to those in zener diodes. When a 

Switch, switch, who made one first? 
Besides his patent, professional 
pride prompted Stanford Ovshin­
sky to talk. 

During the editing of the article 
on page 129, a striking similarity 
was noted between the announced 
characteristics of Ovshinsky's de­
vices and elemental glass devices 
reported by the Bell Telephone 
Laboratories , Inc., in 1962 [see p . 
135] . This raised questions about 
who invented what first and indi­
cated Ovshinsky also used ele­
mental glass . The editor wanted to 
insert an explanatory footnote. 
Queries drew this reaction from 
Ovshinsky: 

" Nobody's going to use my work 
as a footnote to somebody else's 
work! It's entirely different. Look 
at the Lissajous patterns . Come on 
ou t to Detroit and I'll tell you all 
about it." 

In his book-lined office in Troy, 
a suburb of Detroit, he said that 
although Bell Labs patented a 
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glass memory device, it is not the 
same as his. The switch resem­
blances are only superficial, he con­
tinued, as indicated by the dia­
grams above and on page 135. 
Voltage- threshold devices like his 

threshold voltage starts an aval­
anche of carriers, the glass's re­
sistance drops as low a 30 ohms 
from as high as 300 megohms, and 
the glass conducts current. 

Ovshinsky predicts his invention 
will shake the semiconductor in­
dustry. H is devices can perform 
a-c or d-c switching or logic, meas­
ure temperature and pressure, make 
nondestructive-memory elements 
and adaptive components. And he 
says he is working on bulk-effect 
osc illators, modulators and filters. 
The switches are already being 
sold commercially. 

If the others pan out, the molec­
ular devices will span most im­
portant classes of electronic c ir­
cuits. The technical and fin ancial 
stakes are huge, as indica ted by 
Isidor I. Rabi's joining ECD's 
board of directors this month and 
finan cial backing of the enterprise 

were never reported by anyone, he 
maintained. 

Ovshinsky claimed his work an­
tedates Bell's by many years, that 
he got the idea for a two-terminal 
a-c switch in the early 1950's. As 
a designer of machine tools , he 
knew such a device did not exist, 
but would have wide use as a con­
trol. In 1956, he went on, he made 
his first amorphous semiconductor, 
tantalum oxide, and was granted 
a patent for it in 1961. The patent 
granted Sept. 6 was applied for in 
1961, a year before the Bell Labs 
paper referenced on page 135. 

His final argument was that hi s 
company's licensees didn ' t go to 
Bell Labs , but sought him out. If 
Bell had continued its work on 
glassy semiconductors , he said 
smiling, it mi~ht have been a dif­
ferent story. ' Now, if they want 
to reenter the field , they will nm 
up aga inst our company's inven­
tions and paten t rights." 
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Computers are 
getting smarter 
all the time ... 

This one 
ven knows which 
ZT fork to use I 

ZT-designed four-fingered forks 
fan out the conductors and min­
imize stress on the strain relief 
clamp of this new computer de­
signed for NASA. Thus, operat­
ing personnel no longer have the 
problem of conductors and pins 
pulling out of connector sockets. 

- And, that's just the beginn ing 
of ZT's contribution to this com­
puter: 60 conductor tJ.risted rib­
bon cables were neatly jacketed 
with ZT GP-20 to relieve the 
blocking of air holes. Results: 
The necessary air flow was 
ma intained . .. cables were 
insulated and protected from 
abrasion. 
One more point to remember: 
Zippertubing® jacketing zips on, 
permits cable modifications and 
repairs as needed . 

If you need help on special cable 
jacketing problems, call or 
write. Zippertubing® Company 
engineers are at your service. 

THE Zippertubing®co. 
Main Office and Plant : 

13000 S. Broadway, Los Angeles 61 , Cal.• FA 1·3901 
Eastern Office and Warehouse : 

480 U.S. Hwy. 46, S. Hackensack, N.J . • HU 7·6261 
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... the whole idea of a homogeneous film 
is to eliminate the convenient p-n junction ... 

by the National Lead Co. Rabi won 
the Nobel Prize in 1944 for his work 
in atomic physics. 

Mum's the word. The company's 
licensees are primarily major manu­
facturers of communications equip­
ment. Besides ITT, there's ITT's 
British affiliate, Standard Tele­
phones and Cables, Ltd., L.M. 
Ericsson & Co., of Sweden, and 
Danfoss AS, of Denmark. How far 
they have progressed has not been 
disclosed. 

Apparently keeping to the letter 
of the secrecy clause, an STC 
spokesman disclaimed knowledge 
of the devices. Ericsson says that 
it doesn't fully know the properties 
of the devices, nor how to make 
them, and that Ovshinsky is the 
man to ask. Stewart Flaschen, re­
portedly the ITT project chief, isn't 
answering his telephone. 

I. Two for the price of one 

"Our patent-," Ovshinsky con­
tends, "will dominate the entire 
field of nonrectifying switching" 
-an enormous field because of the 
almost universal use in industry 
of a-c power. 

The switch is far cheaper to fab­
ricate than devices made by a se­
quence of junction-formation steps, 
he says. Devices such as transistors 
are inherently rectifiers handling 
d-c, he adds, and it usuaTiy takes a 
complementary pair to control a-c. 
Ovshinsky figures he has at least 
a two-to-one price edge. 

H e also asserts that any junction­
less two-terminal switch is covered 
by the patent. "Our device puts the 
phenomena between two elec­
trodes , so the patent is as simple 
and as broad as possible." 

Ovshinsky was so insistent about 
retaining patent control that he 
asked, and got, licensees of ECD 
to agree to feed back development 
information to him. 

Submicron, subnanosecond. "The 
whole idea of using a homogeneous 
film is to eliminate the conventional 
p-n junction or barrier," he ex­
plains, thus eliminating junction 
hot-spot problems and finite junc­
tion size so the glass devices have 
neither size or power limits. The 
devices, including lab models, 
handle up to 100 volts and 10 

Stanford Ovshinsky, the inventor 

amperes and can survive 75-amp 
surges, he says. 

... 

.. . 

Switching speeds range from 
several microseconds to subnano- .r­

seconds . The switching action oc- ~ . 
curs through the film , which need 
be only 0.1-micron thick versus 
about 1 micron for junctions. "vVe 
will be able to build integrated cir­
cuits handling watts, not micro­
watts," he says. 

The empty can. The potential "'° · 
versatility of the "Ovshinsky ef- ,.­
feet" was his reason for secrecy. 
The effect is a natural one that '­
can't be patented, but now the 
patent covers devices that exploit 
the effect. H e feared that early dis- ,... 
closure would prompt competing 
inventions, ci tin g commercial intro- .. 
duction of a Gunn-effect device by ._ 
a company that did not do the re­
search [Electronics, Aug. 8, p. 221], 
as a case in point. ,-

H e has avoided government con-
tracts because they would require • 
disclosures. The Air Force wants 
to try the switches as drivers for 
electroluminescent displays , he 
says. Another military use could be 
memories, since the glass memory 
switches do not lose data if power • fails nor if they are irradiated. 

One way he has baffied investi­
gators is to deposit an invisible 
film inside a transistor case. Any­
one dissecting the package, he says 
with obvious satisfaction, thinks 
the device operates by some sort of 
legerdemain. 

Deposited dots. Only a few peo­
ple are needed on a production line. 
The mixh.!l'es are melted, cooled 
and vacuum deposited as dots on 
the ends of electrodes. The dots 
on two electrodes are fused while ,. 
the device is encapsulated in in­
sulating glass. 
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To make multiswitch devices , the 
glass could be deposited on a steel­

- .. strip common electrode. The num­
ber of switches would depend on 

..; the nun1ber of contacts or w iring 
., cross points on the glass side. Such 

arrays could be formed b ehind an 
,.... electroluminescent plate to switch 

in the a-c power needed to pro­
duce patterns of thousands of glow­

~ ing spots for a tv-like display. 
One switch's input voltage can't 

'"' trigger an adjoining switch, Ov­
' li shinsky says, because of the high 

resistance of the intervening film. 
- .., Ovshinsky says he can make de­

vices of glass thread. H e showed 
.,, experimental ones made of powder, 

_ ,.. paint and a rubbery mixture. The 
powder device sometimes rectifies, 
the only one that does. The rubber 
is a transducer whose output is 

- !" varied by squeezing it. 

11. Avalanche of carriers 

The jargon of a semiconductor 
physicist is required to explain the 
emiconductor action. Some terms 

~ "' are explained in the article on page 
129. However, the hopping mech ­
anism believed to cause electronic 

• conduction in other semiconduct­
ing g lasses does little work in h is 
materials, Ovshinsky says. "Our 
carr iers don't hop, they pole vault 
and leapfrog." Impurities, basic 

'f 

• promoters or deterrents of semicon­
duction in crys tals, have no effect. 
he adds. 

He selects materials with strong 
covalent bonds. This locks the car­
riers-electrons and holes-into 
position. The amount of locking de­
pends on the energy band-gap 
structure of the materials. In turn , 
this determines the amount of fi eld , 
or threshold voltage, required to 
knock the carriers out of position . 

"The carriers are grabbed by the 
"' fi eld, hit other carriers and knock 

them loose, causing avalanche mul­
tiplication of carriers." The glass 
becomes a conductor, allowing cur­
rent to rush through it. 

Ovsh insky believes the effect is 
basically a hot-carrier one like the 
Gunn effect. Most physicis ts think 
a periodic structure of atoms in 
a crystal is needed, but Ovshinsky 
thinks the job is done by definite 
spatial relationships among atoms 
in glass's local structure. Theoris ts 
in Russia indicate this , he says. 

Free carriers may want to hop 
in the glass, but can ' t move through 
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IN-LINE FED HORNS 
S THROUGH Ku BANDS 

A NEW coaxial feed technique now enables Dorne 

and Margolin to significantly shorten circularly 

pola ri zed horns. 

This means savings to you, not only in si ze, weight 

and cost of the horns, but also through simplification 

of mountings and associated structures . 

Whether your application is for narrow bond phased 

arrays or broadband primary feeds there is a D&M, 

antenna to meet your specification . Send or phone fo l'I 

da ta sheets on th is line of horns and spiral antennas. 

dorne and margolin 
li NCO RPORA TE D 

HEADQUARTERS : 2950 VETERANS ME MOR IAL HWY., BOHEM IA, 
NEW YORK 11716 • TEL. 516 585-4000 • TWX 516 588-1246 

AEROSPACE DIVl.SION: 9730 COZYCROFT AVENUE , CHATSWORTH, 
CALIF0 '1311 • Tel . 213 DI 1-4010 • lWX 213 341-4646 
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E.NG INEERS! 
~ We challenge you 

... TO APPLY YOUR TECHNICAL PROFICIENCY IN THE 
FIELD OF MULTILAYER CIRCUIT BOARDS 

Immediate openings for: 

MANUFACTURING ENGINEER 
Complete responsibility for all phases of manufacturing engineering associated 
with the fabrication of multilayer circuit boards. Assignment includes layout of 
board construction, specifying raw materia ls, establishing fabrication schedules 
and insuring that schedules are met, and establishing a real time computer· 
controlled production control system. Requires engineering degree plus 2 to 5 
years' experience in .electronic component or assembly manufacturing . 

PROCESS ENGINEER 
·Provide process control for the manufacture of multilayer circuit boards, initiate 
programs for process optimization, evaluate new production techniques, and 
evaluate new materials. Initial field of concentration will be in the wet process· 
ing area to assist in bringing new plating facility on stream. Requires degree in 
mechanical engineering, chemical engineering or chemistry plus 2 to 5 years' 
experience as plating engineer. Experience with circuit boards highly desirable-. 

QUALITY ASSURANCE ENGIN EER 
Assignment includes maintaining a QA system that is compatible with NPC 200-3 
and MIL-Q 9858A, directing a long term reliability program, and establishing an 
inspection and control system for radically new multilayer board fabrication 
techniques. Requires engineering degree (MS in quality control or statistics highly 
desirable) plus 2 to 5 years' experience in quality assurance or quality control. 

Grow with Tl-a co mpany determined to maintain technical leadership in industries whose 
rapidly growing and changing technologies provide continuing opportunity for personal 
development. MEET OUR CHALLENGE WITH YOUR QUALIFICATIONS. Send your confidential 
resume to Shel ly Leva , Dept. M-111 , Texas Instruments Incorporated, P. O. Box 5474, 
Dallas, Texas 75222. An equal opportunity employer. 

T EXAS INSTRU M E N T S 
I NCOR PO R ATE D 

• • • • • • • • • 
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the over-all disorder of the glass 
until a field breaks their bonds . 
A temperature rise initiates con­
duction but not enough to cause 
switching. Thermal conduction is '" 
exploited in temperature trans­
ducers. The voltage is held just be-
low threshold and hea t kicks off -. 
the avalanche. Squeezing the atoms 
closer together does the same in 
pressure transducers. 

Switchbacks. Carrier collisions 
and thermal effects that cause elec- ... 
trons and holes to recombine can 
stop mobility in crystal semicon­
ductors . Apparently, this doesn't <!" _ 

happen in the glasses as long as 
the field is on. Ovshinsky believes 
the very high mobility lowers the , 
carriers' effective mass, causing 
them to whiz past or through re- r 

combination centers. Recombina-
tion asserts itself when the voltage "" -
drops b elow threshold. The ava­
lanche subsides and conduction 
stops. 

The memory materials form poly­
meric chains . Initially, the chains 
are disordered. A surge through the ,,, . 
glass aligns the chains, providing 
an easy direction of current flow < 

that remains after th e voltage is .. 
removed. To switch a memory cell, 
a disrupting pulse is sent into the 
glass in a different direction. 

The alignment of chain s in adap- r 

tive cell s can b e increased or de- , 
creased with varyin g amounts of 
voltage. Ovshinsky likens this to " 
formation of crys tals with electrical 
stimu li, and thinks the effect " ·ill 
lead to electronic neurons. 

Lock and key. Ovshin sky gave no ,,.. 
formulas , but says that the com­
positions can be fi gured out by ,. 
using the bonding and band-gap 
" lock and key" principles. Basic ' 
materials include the elemental and 
intermetallic semiconductors and 
any of a large number of other ma- ~ 
terials , including aluminum , oxides , 
boron and mixed-valence transition ,­
metals such as tantalum and iron . 
For a memory device he might mix 
boron or oxygen with some com­
bination of arsenic, germani11111 , 
silicon and aluminum, then add 
tantalum oxide to prevent crystalli­
zation of other oxides . 

It is essential, he says, to find the r­
right combination of atomic bond­
ing and band structures, and to 
balance materials that excite crystal • 
formation with those that inhibit it. 

Anti-Gunn effect? Ovshin sky 
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only hints at how a glass oscillator 
might work: it would b e an ava­
lanche device; carriers would move 
from one energy level to another 
and be excited; the glass's capaci­
tance would sustain oscilla tions of 
less than a nanosecond. " If I'm 
right, it will compete with the 
Gunn effect ." 

What about filters? "All I care 
to say is that we do have resistan ce 
and capacitance in the same de­
vice." And modulators? "All that 
requires is breaking up a sine 
'vave." 

111. Amplifiers and controls 

Lionel Robbin s, vice president of 
the company, says the switches 
could b e used in a class-D audio 
amplifier [Electronics, July 25. p. 
43]. The circuit would lower bat­
tery drain in portable equipment. 
The pulse-width modulation can be 
clone, he says, by using a capacitor 
and a swi tch as a relaxation oscil­
lator. The time it takes the audio 
signal to charge th e capacitor to 
the swi tch firin g voltage is the 
pulse width . This pulse would trig­
ger a du al-switch amplifier that 
wou lcl draw current from the bat­
tery only when it is on. Th e swilch­
am pliBer can be mad e, he says, as 
a three-terminal device: film on a 
metal control elec trode, with two 
contac ts on the film. The device, 
still experimental , fun ctions like a 
pnpn diode. 

Simple a-c logic controls for in­
dustrial use have been made in 
model form. For example, when the 
voltages on two transformers add 
up to switch threshold level, the 
switch becomes an AND ga te th at 
closes each time the sine wave 
crosses zero. Another major use, 
Robbins expects, is a-c phase con­
trol, now a stronghold of silicon 
controlled rectifiers. Picking a 
switching voltage level on the sine 
wave serves the same purpose as 
pickin g a phase angle. 

Timepiece. One idea that in ­
trigues Robbins is to arrange con­
tacts on a film to form a series of 
switches that fire in sequence ac­
cording to pulse times set by an 
oscillator or tuning fork. A set of 
these ring coun ters would tick off 
seconds, then trigger minute count­
ers, which trigger hour counters. 
As th e swi tches fire, they would 
also ac tivate an electroluminescent 
display. Voila- <! solid-state watch. 
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Looking For PC Board 
ASSEMBLY LABOR SAVINGS 

Universal's new punched tape programmed component sequencin. 
is the ·answer to high / low volume . .. high component mix .. 
printed circuit board assembly labor savings. Combined with cu~ 
tamer-proven automatic insertion, it reduces board handling an1 
increases reliability. 

For example: take the sequencer, N/C insertion machine and dem 
onstrat ion PC board shown below. Figure on 5,000 boards a month 
a direct labor cost of $2.50/hr. and overhead of $3.75/hr. 

Simple cost analysis shows . •• 
HAND ASSEMBLY (Per Board) ...................... $1.18 
AUTOMATIC ASSEMBLY (Per Board) ............ $ .05 
GROSS SAVING IN 1 YEAR ................. ........... $67,800. 
TOTAL EQUIPMHH COST .............................. $50,500. 

NET SAVINGS FIRST YEAR .............................. $17,300. 
(EQUIPMENT AMORTIZED IN LESS THAN ONE YEAR) 

AND SAVINGS IN SUBSEQUENT YEARS WILL BE $67,800 

Send for new 8-page literature that sums up t he whole sequencing 
insertion labor saving story. Then let us follow-up by assisting yo 
in developing cost analysis data on your own PC board assembl 

operations. 

Model 6010 N / C insertion machine inserts 
unlimited numbers of components in a pro· 
grammed sequence, including components 
of varying physical sizes. Normal insertion 
rates are as high as 5,500 an hr. per head. 
Multiple board holders car. be used to virtu · 
ally eliminate downtime for board change. 

Model 4015 tape programmed sequenc 
operates at 10 ,000+ cph rega rdle ss 
length or complexity of s-e quenc i ng, 
varied sizes of components. In contrast 
mechanically programmed i n -l i ne a 
carousel type systems, sequence length 
not limited to the number of input statio 
and components can be loaded in any ord 

INSERT DIP'S 
AUTOMATICALLY 

High -speed, high -reliability mechanized insertion of sing! 
type and programmed sequences of dual in-line package 
is now a commercia l reali ty. Send far technica l data. 

@ niversaL- INSTRUMENTS CORPORATION 



Here's a 36-page seminar 
on magnetic shielding ... 
and high-permeability 
Westinghouse Hipernom® 

Th is new book on magnetic shielding is the first 
of its kind . It gives you the fruit of 50 years 
of Westinghouse leadership in magnetics research. 
It sums up the experience of the largest group of 
metallurgists specializ ing in magnetic alloys . It's a full 
seminar in when, why, and how to use magnetic 
sh ielding in low frequency applications . You get all the 
theory, formulae, practical tips , and technical 
data needed to design and evaluate shielding. 
One of the useful things this book documents is 

Hipernom magnetic alloy. It has the highest 
permeability available of any magnetic alloy. Result: 
you can design lighter, lower·cost magnetic 
shielding for even your most sensitive components. 
This is just one sample of what you can do with this 
free book and Hipernom . Send for your free copy. 
Writ.e: Westinghouse Metals Divis ion, Dept. A, 

Box 868, Pittsburgh, Pennsylvania 15230. ® 
J.05011 

You can be sure if it's Westinghouse Y;! 



Space electronics 

Mars flyby drawing closer 
,._ 

The space agency has almost finished choosing the contractors 

to bu ild the Mariner '69 spacecraft for a close flyby of Mars in 1969 
... 

':l By Robert Henkel 

"1 

Electron ics Wash ington Bureau 

The industry team should be as­
sembled by next month to build 
the spacecraft for the next Mars 
exploration mission-the Mariner 
launch that sprang for th late last 
year out of the ashes of a 1971 
Voyager mission. The spacecraft, 
an upgraded brother of the Mariner 
4 which successfully sent b ack 
photos of the red planet las t year, 
will be launched in 1969. 

The National Aeronautics and 
Space Administration hadn't 
planned any additional Mariner 
flights following the successful fly­
by of Venus in 1962 and Mars in 
1965. But las t year the fo llow-on 
Voyager program was pushed back 
two years to 1973 because of a 

ASA budget squeeze caused by 
the rising cost of the war in Viet­
nam. The space agency-with 
some prompting from Congress­
decided this was too long a gap in 
its planetary exploration program 
and added the Mariner-Mars '69 
mission. It · also dusted off a spare 
Mariner spacecraft left over from 
the 1964 Mars shot to try for a 
single Venus flyby in 1967. 

New breed. Mariner '69 is a 
"different breed of cat" than any 
previous Mariner, says Newton W. 
Cunningham, Mariner-Mars '69 
program manager at ASA head­
quarters. It will be "much more am­
bitious" than the 1964 Mariner 4, he 
adds. The spacecraft will weigh at 
leas t half again as much and carry 
more sophisticated experiments. 

But the space agency doesn't 
have enough time or money to do a 
complete redesign job on the old 
Mariner 4. Even so, total cost of 
updating the design and building 
the spacecraft for the 1969 mission 
will run from $95 million to $111 
million. 

A bigger, improved version of 
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Like father, like son, Ma ri ner '69 will look almost exactly like Mariner 4 , above. 
NASA officials use Mari ner 4 drawings and pictures to brief officials. However, 
updating the spacecraft will cost from $95 mi llion to $111 mill ion . 

Mariner is possible because of a 
more powerful booster, the Atlas­
Centaur. The Atlas-Agena vehicle 
left no room for margin in lifting 
the 530-pound Mariner 4 and this 
resulted in most of the subsys tems 
being weight limited. "\Ve took 
more ri sk than we'd like because of 
this ," Cunningham acknowledges. 

Because the 800-pound 1969 
spacecraft will not tax the fu 11 lift­
ing capability of the Atlas-Centaur, 
there is no urgent need to lighten 
the payload by going to micro­
miniaturization . Integrated circuits 
will be used in many parts of the 
spacecraft for the gain obtained in 
over-all reliability, not for any re­
duction in size or weight. 

I. After Mariner comes Voyager 

Cunningham points out that 
everything NASA is doing with 
Mariner '69 is aimed at the multi­
billion-doll ar Voyager program, the 
United States' major unmanned 
planetary exporation effort to soft 
land on Mars and Venus in the 
1970's. For example, the primary 
object of the 1969 launch is to find 
out more about the atmosphere and 
surface of Mars for the Voyager 
spacecraft, which is now in the pre­
liminary design stage. Current Voy­
ager plans call for three modules­
a bus orbiter, a retropropulsion 
system and a soft landing capsule. 

The larger and more sophisti-
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For higher resolution, 
lower noise, better 
terminal linearity, 
smaller size, and 
lower price, you 

simply can't beat 
the new Fluke 24A . 
vernier prec1s1on 
potentiometer! 

T he unique Fluke 24A takes 
81h turns off your 10 turn pre­
cision pot and still offers better 
resolution t han any unit of 
comparable size and price. Ter­
minal linearity is excellent with 
no offset at either zero or 100 
per cent. Noise is less than 100 
ohms E NR. E nd resistance is 
less than 1 ohm. Over a wide 
frequency range, phase shift is 
zero. 

It's a tough pot, too, built to 
meet MIL spec requirements. 
And cost is only $8.50 per unit . 
Quantity discount applies. 

For complete information, 
please write P . 0 . Box 7428, 
Seattle, Washington, Phone: 
(206) P R 6-1171. 

IFLUKEI 
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... NASA plans to keep Mariner 2,000 miles away 
from Mars; any closer and craft would crash ••• 

cated Voyager w ill perform a de­
tailed study of the atmosphere, sur­
face and b ody characteristics of 
Mars and Venus. ·with Voyager, 

ASA hopes to learn about such 
things as the origin and history of 
the solar system and whether there 
is some sort of life beyond earth. 

Industry's part. In contrast with 
earlier Mariner efforts, industry 
will get most of the dollars and a 
larger say in the design of the 
Mariner '69 spacecraft. All earlier 
Mariner spacecraft, including the 
one for the 1967 Venus shot. were 
designed and built totally in-house 
at the Jet Propulsion Laboratory in 
Pasadena, Calif. It's a different 
story with the 1969 model. 

"V/e're making grPater use of in­
dustry by letting them help us in 
the design, and we've broken out 
each major subsystem and set it 
up as a separate contract," Cun­
ningham no tes. 

About one-th ird of the Mariner 
'69 dollars will go to 10 subsys tem 
contractors and another $25 million 
or so will go to industry for sub­
systems for the scientific experi­
ments. In Mariner 4, no one com­
pany was responsible for a com­
plete subsys tem. In the power sub­
sys tem, for example, all items, such 
as logic and solar cell panels, were 
des igned in-house at JPL. This time 
a contractor will be in charge of the 
entire subsys tem, including such 
things as screening parts, a task 
JPL has had trouble with before. 

Shortcut. The interplanetary trip 
will be shorter for the new Mariner 
than it was for Mariner 4, since 
Mars will be much closer to earth 
in 1969. Mariner '69 will take ab out 
s ix-and-a-half months to make the 
journey compared with Mariner 4's 
eight-and-a-half months. NASA 
also will aim a lot closer to Mars 
this time. Plans are to fly with in 
2,000 miles of the planet sometime 
in la te August or early September, 
1969. Any closer and the spacecraft 
would be pulled into the planet by 
gravity. 

Biggest boon from the shorter 
distance between the two planets 
during the Mariner '69 flyby is that 
a stronger radio signal will b e re­
ceived on earth which means NASA 

can go to a higher b it rate for digi­
tal transmission. Mariner 4 sent 
back information at 8% bits per 
second. In 1969, the b it rate at en­
counter will be 66% bits per sec­
ond. This is based on the same 85-
foot ground antennas used in the 
1965 flyby. 

There are no plans to use NASA's 
new 210-foot antenna at Goldstone, 
Calif. , even though the giant dish 
picks up an 8-decibel increase in 
signal. Money has never been al­
located to build the two additional 
210-foot receivers needed to com­
plete a global network. 

11. Mariner '69 on tight schedule 

Six Mariner '69 spacecraft will b e 
built: three for proof tes t, struc­
tural test and thermal test, and 
three flight models including a 
spare. Because the opportuni ty to 
launch a Mars mission comes only 
once every 25 months, ASA will 
launch two identical spacecraft to 
Mars, as it d id in 1964, during the 
30-day 1969 window. 

NASA hopes to complete de­
ta iled des igns for the entire space­
craft by July, 1967. The proof test 
model shou ld be ready about Janu­
ary, 1968. "Then we'll start putting 
flight hardware together about mid­
year," Cunningham says. In Janu ­
ary, 1969, JPL will begin tes ts and 
ground operations with flight mod­
els. 

Contracts awarded. Late in June, 
NASA picked the first subcontrac­
tor, the Northrop Space Labora­
tories of Northrop Corp., H aw­
thorne, Calif., to design, develop, 
fabricate and tes t the engineering 
subsys tems, including the craft's 
flight electrical cabling, mechanical 
devices and temperature controls . 
Northrop, which was building an 
advanced Ranger series for JPL 
before the program was cancelled 
to save money, was one of the three 
firm s to bid on the $5-mill ion con­
tract. The others were the Sperry 
Rand Corp. and the General Dy­
namics Corp. 

Several other contractors have 
now been selected and most of the 
others are scheduled to be awarded 
shortly. 

• Texas Instruments Incorpo-
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rated, Dallas, has won a $1.25-mil­
lion award for ground, checkout 
and test equipment, as well as the 
on-board gear to process data from 
scientifi c experiments. TI also is 
designing and building the data 
storage subsys tem on the 1969 craft 
under a contract in excess of $2 
million. 

• Motorola Inc.'s Wes tern Elec­
tronics Center in Scottsdale, Ariz., 
is designing and building the com­
mand subsys tem for the 1969 mis­
sion under a $2-million award. 
Motorola is also scheduled to get a 
$2-million award for the central 
computer and sequencer on the 
spacecraft. These will initiate 
spacecraft even ts in the miss ion, 
such as launch, mid-course correc­
tion and encounter. 

• Philco Corp.'s Western Devel­
opment Labora tories will design 
apd fabricate the radio subsystem, 
including a transponder, transmit­
ter, receiver and high and low gain 
antennas. Philco, a subsidiary of 
the Ford Motor Co. , has a contract 
for more than $2 mill ion for the 
work This equipment will "not be 
too different" from th e Mariner 
4 equipment, according to Earl 
Glahn , program engineer at NASA 
headquarters, since NASA is not 
planning any increase in transmit­
ter power. One change is that the 
1969 version will carry two 10-watt, 
traveling-wave tubes. The Mariner 
4 hybrid system had one twt and 
one triode. The 1969 spacecraft will 
use the same S-band frequencies: 
2,113 megahertz to receive and 
2,295 Mhz to transmit. 

• Honeywell , Inc. , Minneapolis, 
has been selected to build the at­
titude control and scan control sub­
systems. Costing in excess of $5 
million, this equipment consists of 
inertial and optical reference gear 
and a cold gas stabilization system. 

111. M ore experiments planned 

Due to be awarded shortly is the 
contract for the power subsystem. 
NASA is still working out power 
requirements and is in the process 
of defining the subsystem. "What 
we'd like to do is not have to re­
design the solar cell panels ," Glahn 
said. "But we can't be sure until 
we get the power requirements 
nailed down." More power will be 
neded, however-as much as 25% 
more. This could mean adding more 
solar cell area, changing the power 
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distribution sys tem or perhaps 
using more than one battery. 

Some 28,224 solar cells covering 
70 square fee t converted solar 
energy into electrici ty on Mariner 4. 
Mariner 4 required anywhere from 
147 watts during picture playback 
to 197 watts during encounter; 
Mariner '69 will need as much as 
250 to 300 watts. Mariner 4 solar 
cells could deliver about 310 watts 
at Mars encounter. 

Also to be let is the contract for 
the data automation sys tem that 
will control and synchronize the 
experiments. "This will be a b igger 
job than Mariner 4 because there 
will be more scientific experiments 
on board the 1969 mission," Cun­
ningham says. The reques t for pro­
posals on the last subcontract to 
be awarded-propulsion-will go 
out either this month or next. This 
subsystem will be identical to the 
JPL-built Mariner 4 motor. 

All six experiments on board 
Mariner '69 will be seeking data 
only during the relatively short 
Mars flyby. Mariner 4, on the other 
hand, had only two flyby experi­
ments-S-band occultation and 
television-while the other six were 
principally cruise experiments to 
make measurements on the long 
trip to the red planet. 

Twins. Dual recorders will give 
fariner '69 much more storage 

than its predecessor, says Glahn. 
The 1969 mission will take "consid­
erably more pictures ," he says, the 
exact amount depending on the al­
location of bits among the experi­
ments. Mariner 4 sent back 20 
photos of Mars and had an endless 
loop tape recorder with a storage 
capacity of 5.2 megabits. Mariner 
'69's capacity will be 200 megabits. 

Mariner '69 will have a 200-line, 
low resolution tv camera "very sim­
ilar" to the JPL-built Mari.ner 4 
system to take pictures as the 
spacecraft passes the planet. A sec­
ond television camera will take 500-
line pictures, or about 10 times the 
resolution of the 20 pictures re­
ceived from Mariner 4. 

NASA expects to pick up fea­
tures on the Martian surface as 
small as 500 feet in size. Just who 
will build the advanced tv camera 
is up to the principal investigator, 
Robert B. Leighton, of the Cali­
fornia Institute of Technology, 
Pasadena. JPL will build the low 
resolution unit. 

ULTRA 

CARBON 
® 

CORPORATION 

The shape of 
tomorrow, 
today 
For more than 20 years, Ultra 
Carbon consistently has pro­
vided industry with advanced 
graphite technology. " F" 
purity graphite for the AEC 
. . . semiconductor crystal 
crucibles, boats, headers and 
f ixtures made from Ultra 
purity graphite.- these are 
typical of our past contri­
butions to the electronic 
industries. 

ULTRA/GRAPHITE 
masks, for processing thin 
f ilm deposition circuits, are 
precisely machined. Write for 
information to Ultra Carbon 
Corporation, Box 7471 •Bay 
City, Mich. 48709. 
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FAIRCHILD 
c leans the beam! 

New electron optics provides unassisted focus and astigmatism correction 

• NO DEFOCUSING 
WITH DEFLECTION 

• NO ASTIGMATISM 

• HIGH WRITING SPEED 

Breakthrough at Fairchild! The Fair· 
child clean-beam tube, KC 2656, is a 
new 12-inch electrostatic deflection and 
focus CRT with a new electron gun. 
The electron gun design represents a 
major breakthrough. This design pro­
vides increased writing speed and sig­
nificantly reduced deflection defocusing 

and astigma.tism, with increased reso• 
lution. 

Fairchild calls this "the clean be?,m 
tube" because of the excellent spot size 
over the entire useful screen area. Dy­
namic or programmed correction is not 
required to compensate defocusing or 
astigmatism resulting from deflection. 

This tube is the result of extensive 
research and development which pro­
duced new departures in deflection 
structure and electron gun design. The 
design changes have improved the com­
patibility between the beam generation 
and beam deflection functions. 

W rite or call for informed applica­
tion ass istance on the new KC 2656, or 
ask for our new 48-page catalog listing 
over 4,000 tubes that we make. 

WORLD'S LEADING MANUFACTURER 
OF DISPLAY TUBES 

l=.A.1 RC t-t IL.CJ 

OU MONT ELECTRON TUBES 
A OlVtSION OF FAIRCHILD CAM ERA AND INSTRUMENT CORPORATI ON 

CL_IFTON, N.J. 
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Computers 

Air Force junks custom-built comp,uters 
in 4 73L command information system 
Pentagon official says special-purpose data processing equipment for 

large command-and-control systems is outdated by the time it's operational; 

industry-sponsored machines are cheaper and do the job better 

" We bought three Edsels. It was 
a bad mistake but we're doing 
something about it. " 

The Air Force colonel at the 
Pentagon was referring to three 
large-scale, custom-made com­
puters, built to be the backbone of 
473L, the top Air Force command 
information system. 

Whether the fault lies with the 
Air Force or the manufacturer isn't 
clear. 

The computers were· incompati­
ble with the way the 473L was 
evolving, the colonel explained. 
Also, he said, the system was not 
reliable once it got to the Pentagon. 
A third problem, he cited, was that 
the manufacturer, the Librascope 
division of General Precision , Inc., 
had decided to quit the large-com­
puter business, leaving the Air 
Force without technical support or 
a follow-on computer. Librascope 
denies this. It says it has no plans 
to leave the large, special-purpose 
computer fi eld. 

The solution , decided upon about 
a month ago, was to junk the Libra­
scope computers. Other govern­
ment agencies can pick them up if 
they want to-"possibly for some 
kind of research." 

Two of the three computers are 
at the Pentagon and the third is at 
the Librascope plant in Glendale, 
Calif., for development of periph­
eral equipment including a self­
diagnostics program. The three 
machines cost $7.2 million. 

Other companies affected by the 
Air Force decision are the Interna­
tional Business Machines Corp. 
responsible for systems analysis 
and programing; ITT F ederal 
Laboratories, a division of Interna­
tional Telephone & Telegraph 
Corp., for the display system; and 
Bunker Ramo Corp. for communi-
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cations consoles and display buf­
fers . Mitre Corp. is technical ad­
visor to the Air Force Electronic 
Systems division, Bedford, Mass., 
which manages development and 
procurement of the 473L system. 

Replacement. In place of the 
Librascope computer, which the 
company calls the L-3055 and the 
military has designated the AN/ ­
FYQ-11, the Air Force will rely on 
the smaller capacity 1410 made by 
IBM. The 1410 has been operating 
for two years in the Pentagon as 
part of a scaled-down 473L for 
training purposes and to provide 
an interim capability. 

Program plans had called for the 
larger L-3055 eventually to take 
over full system operation. Instead, 
additional 1410's will be installed 
alongside the exis ting machines, 

Last of the breed 

advancing the system beyond an 
interim capability. According to the 
Air Force, the two additional 
1410's-which cost about $900,000 
each-will give 75% to 90% of the 
performance expected with the 
FYQ-11. They will be used until 
follow-on development of the 473L 
begins in the 1970's. 

I. Incompatibility 

The Air Force and Librascope 
hold widely divergent views on the 
cause of problems and, in some 
cases, appear not even to know 
what action the other has taken. 

A Librascope official-who, along 
with Air Force officials , asks that 
his name not be used-says the 
company had not, as of Sept 12, re­
ceived official word that its com­
puter had been pulled out of the 

The Air Force experience with its headquarters command system ap­
parently was the final blow in a series of losing bouts with tailor-made 
military computers. 

Says Leo E. Berger, a high civilian official at the Pentagon: "In Sage 
(Semiautomatic Ground Environment), we developed the AN/ FSQ-7 
and 8, in the Strategic Air Command's 465L system we developed the 
AN/FSQ-31 , in the 473L, the AN/ FYQ-11, and other computers in 
other systems. In each instance, during the time it has taken us to ac­
complish all the steps from specification to operation of these military 
computers, industry-sponsored hardware development has produced a 
commercial off-the-shelf model with greater speed and capacity which 
was cheaper and more advanced." 

Berger, who works for Maj. Gen. Gordon T. Gould, Jr., director of 
Command Control and Communications at Air Force headquarters , re­
vealed this bit of military intelligence at the national meeting of the 
Armed Forces Communications and Electronics Association in Wash­
ington. Except for certain mobile and airborne requirements , he said, 
experience with existing systems teaches that optimum use should be 
made of "proven families of modular off-the-shelf, commercially avail­
able computers ." 

According to Berger, time was wasted and costs soared further when 
the Air Force tried to check out unproven hardware with equally un­
proven, newly developed software. The third lesson is that it is a mis­
take to acquire hardware from one company and the software which 
makes it perform from another company. "It is most difficult," he says, 
"to pin down responsibilities when either the hardware or the software 
fails to perform according to specification or advertisement." 
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. . . Librascope and the Air Force agree 
the 473L system wasn 't well thought out ... 

473L sys tem. H e did say, however, 
that such a move is expected. 

As for incompatibility, Libra­
scope points out that this isn' t 
i ts fault. The company charges, 
and the Air Force admits, that the 
473L system was not thought out 
properly on a long-range basis. 

If Defense Secretary Rober t ~ Ic­
Namara's program definition phase 
contracting requirement had been 
in effect when the compu ters were 
ordered , they probably would have 
remained comoatible with the 473L 
sys tem as it g~rew. One purpose of 
program definition is to spell out 
long-range requirements. 

According to the Air F orce, the 
computers for 473L were the first 
p rocurement made under the Pen­
tagon's two-s tep fo rmal advertising 
procedure. After the unpriced 
technical proposals were screened, 
three companies were asked to put 
price tags on their proposals: 
Librascope, IBM and the Bur­
roughs Corp. Librascope' s b id was 
lowes t. Under the two-step pro­
cedure, says the Air Force, the 
government agency is required to 
select the lowest bid, since only 
companies with acceptable tech­
nical proposals are invited to bid. 

Another example of lack of fo re­
thought was equipping the major 
commands with IBM 1410 com­
puters because the computer in the 
interim system at the Pentagon was 
1410. The units would later be in­
compatible with the Librascope 
computer at headquarters . The 
1410's were installed at the head­
quarters of the Tactical Air Com­
mand, the Military Airlift Com­
mand, Air Defense Command, U.S. 
Air Forces in Europe and the 
Pacific. 

Software packages for the com­
mand computers were developed 
from the software already prepared 
for the 1410 in the Pentagon . 

To make these computers com­
patible with the Librascope co.m­
puter would have required a 
massive job of program writing, 
says the Air Force. Of the $42 
million spent on 473L, the larges t 
dollar amount went into program­
ing. IBM, the programing sub­
contractor, received $21.5 million 
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in the las t five years for sys tems 
analysis and for writing programs 
to Ai r Force specifications. A fin al 
$2-million payment is still due. 

The IBM contract to provide 
software for the Librascope com­
puter is being terminated and th e 
Air F orce is using its own person­
nel to work on the 1410 programing 
at the present time. The Air Force 
estimates that software for the 
expanded 1410 sys tem will be com­
pleted in September of 1968. Pro­
graming fo r the full system using 
the L-3055 was scheduled to be 
ready by November, 1967. 

Still ano ther software package 
wou ld have been needed for the 
follow-on sys tem fo r the 1970's and 
this would have to be compatible 
with other military networks as 
well as with the existing 473L. 

11. Reliability 

As for reliability, Librascope 
says that although they've received 
no word that there are maintenance 
problems, the Air Force made a 
mistake in not contracting Libra­
scope to do the maintenance work. 

Although Librascope does not 
say that inexperience of the Air 
F orce's maintenance personnel 
was responsible for any malfunc­
tions, the spokesmen do comment 
that, if Librascope's self-diagnos­
tics program had been in operation 
at the Pentagon the Air Force 
would not have had any problem 
keeping the equipment going. 

The company points to the 
swing-out plates on which disk 
memory heads are mounted. These 
plates are critical, says a Libra­
scope spokesman, and only des­
ignated persons at the Librascope 
plant may handle them. Yet the 
Air Force turned them over to 
regular maintenance personnel, 
says Librascope. The company 
does not admit, however, that the 
disk memory was giving the Air 
Force trouble. 

Expensive. The Air Force claims 
an 18-month delay in delivery 
cos t the government additional 
money in keeping programers on 
the payroll. 

According to Librascope, the 
company received a contract to 

build three sys tems in June, 1962 . 
The first machine was delivered in 
June, 1964-one year late. It · was 
accepted by the Air Force in 
October, says Librascope, and the 
second machine, delivered in Sep­
tember of the same year, was 
accepted in December. In April, of 
1965, Librascope says , the third 
sys tem was completed and s tayed 
in Glendale. 

Librascope claims tha t add-on 
requirements by the Air Force were 
cos tly, sometimes constituting 
major des ign changes . The com­
pany gives this example: originally, 
the tape dr ives were intended fo r 
off-line du ty where some bit error 
could be tolera ted. Then they were 
made on-line and in that mode the 
same amou nt of b it error could not 
be tolerated. New electronics had 
to be installed in the drives sub­
system. 

The Air Force says, however, that 
it paid for all the changes it asked 
Librascope to make. 

111. Predecessor. 

About eight years ago, Libra­
scope designed another large, 
special-purpose computer, the L-
3020, for the F ederal Aviation 
Agency. Six were ordered and three 
delivered to FAA's National Avia­
tion F acilities E xperimental Center 
at Atlantic City, New Jersey. FAA 
realized before the last three came 
in that the memory capacity was 
far too small for the agency's new 
plans. The other three computers 
were diverted to the Air Force and 
two of the computers FAA already 
had were sent to Utah State Uni­
versity. Two of those the Air Force 
got were sent back to Librascope 
to help develop the L-3055. 

According to Librascope, the 
L-3020 helped generate wiring 
diagrams for the L-3055 and was 
used as a design aid in other ways. 
But there was very little transfer of 
design concept, one spokesman 
says. The 3020, he points out, is a 
very limited machine designed for 
a special purpose-air traffic con­
trol. The 3055, according to Libra­
scope, is much more flexible and 
could probably be converted to 
general-purpose applications at a 
reasonable cost. Even some of the 
basic design concepts, such as 
circuit card layout, are radically 
different in the two machines, 
Librascope says. 
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GET THESE Tl DESIGNERS' KITS FROM EW 

Here's everything you need to get a 

head start in modern integrated cir­

cu it design - integrated circuits in 

Mech-Pa k carriers , breadboarding 

sockets, applications information , 

sample circuit di agrams, a nd com­

plete device data - a ll for much 

less than the price of the items if 

purchased se para te ly. Start now to 

design a nd breadboard both digita l 

a nd linea r assemblies - and depi­

onstra t e for yo ur se lf the m.an y 

economies a nd the high perform­

ance inherent in integrated circuit 

systems. 

SERIES 73 KIT 

SERIES 72 KIT 

CONTENTS 
One SN7420 Dual 4-input positive NANO gate 
Two SN7450 Dual EXCLUSIVE - OR gates 

with expander inputs 
Four SN7470 Si ngle-phase J·K flip -flops 
Four MPC· l 14-pin Mech -Pak Sockets 

CONTENTS 
Three SN7331 Triple 3-input NANO / NOR 

ga tes 
Two SN7302 Dual J·K flip -flops with preset 
One SN7360 Quadruple 2-input NANO / NOR 

gate 
One SN7370 Dual EXCLUSIVE - OR gate 
One SN7380 " one-shot monostable multi · 

vibrator 
Six MPC· l 14-pin Mech -Pak Sockets 

CONTENTS 
One SN723 General purpose differential 

amplifier · 
Three SN724 General purpose operational 

amplifiers 
Two MPC· l 14-pin Mech-Pak Sockets 

............ ........... -.. .....•.•..•....... .. .. 
·== ::. "SERVING THE ENTIRE SOUTHEASTERN U .S." 

APPLICATIONS 
• 4-bit Binary to Gray-code 

Converter 
• 4-bit Binary Com parator 
• Divide-by -5 Counter 
• Binary Coded Decimal 

Counter 

APPLICATIONS 
• Full Adder 
• On e shot Clock Inhibit 
• Up-down Binary Counter 

APPLICAT IONS 
• Variable ga in a-c 

amplifier 
• Stable gain ci rcuits 
• Iso lat ion amplifiers 

(buffer) 

:::: 1iiiiiiiiiiiilll' ,.. .. ....... . ....... . •• •• 1•••••1 .••••• .•• . , .• .. .. 
:, r ~· .: 
a& aa 1aa I •• ea 
==~== :::. :l .:::1: ELECTRONIC WHOLESALERS INC. ..... .... ... . .... . ....• ,... ... . .... . .... . ............... . .... ·------------···· '!II ::~ 

~- .. ......•........•.. ............... ··••!••··- ijJ. 
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Engineers: 
1. If you 're looking for money, 

o ur $470,000,000 backlog of orders tells its own sto ry. 

2. If you're looking for challenge, 
we offer you pioneering in a brand-new ocean . 

3. If you 're looking for a career, 
we offer you stability and rapidly expanding opportunities for growth . 

If you're looking for all three, 
looking for you. ' were 

We need qualified engineers for responsible jobs- challeng· 
ing positions with commensurate pay- in all eight categories 
listed below. 

Money? If you're a capable and imaginative engineer who 
is willing to take responsibility, we'll offer you a high start­
ing salary plus wide-open promotional opportunities and 
liberal fringe benefits. 

Challenge? We're in the forefront of revolutionary techno­
logical advances that are taking place in, under, and on 
the ocean. Nuclear submarine building. Oceanography. En­
gine room automation. Aircraft carrier design. You name it 
- we're in it. And we'll give you a chance to put your abili ­
ties to work-a// your abilities . 

Career? Newport News offers you permanence and a solid 
future. With us, you can build a lifetime career in your 
chosen field of engineering-and you can build it to any 
size. We want you to move ahead. How high you climb is 
entirely up to you. 

If you're interested in advanced study, we are close to 
some outstanding institutions. Next door is Virginia Asso­
ciated Research Center with one of the world's largest syn­
chrocyclotrons, where you can study in high-energy physics. 
Across the harbor is Old Dominion College, offering gradu-
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ate courses in such subjects as Microwave Theory, Solid 
State Electronics and Nuclear Engineering . Within easy driv­
ing range are Virginia Institute for Scientific Research-a 
world leader in solid state physics- and the University of 
Virginia, with its new nuclear laboratory. 

Sound interesting? Then act now to get details on imme­
diate, specific career openings in your field . O ur $470,000,-
000 order backlog, up $50,000,000 in three months, makes 
our need for qualified engineers urgent. Write or phone 
John J.Gaughan, employment manager. You 'll get fast action. 
IMMED IATE OPENINGS IN THESE ENGI NEERING CATEGORIES 

Mechanical Engineers Novo l Architects 
Electrical Engineers Nuclear Engineers 
Morine Engine ers Civil Engineers 
Industrial Engineers Metallurgical Engineers 

Systems Analysts 

!1:=~~!~"~=.::,(t) 
Newport Ne ws , Virginia 23607 Phone: (703 ) 247-1211 

Write or phone for illustrated, fact-packed 
booklet, "Blueprint of Your Future." 

An F.riua l Opportunity l•:mplo.H'I' 
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Smaller and smaller and smaller parts ... tighter and tighter tolerances ... in larger 
and larger quantities . . . this is the story of microceramics. Regular production 
includes substrates so tiny that a teaspoon holds more than 8,000 parts! Coors 
offers a complete facility for creating small, consistent, ceramic substrates-in 
several Coors Alumina and Beryllia ceramics, metallized or unmetallized. To assure 
economy, "as-fired" parts are produced in quantity, to extremely close tolerances 
·(as shown at right ). Let Coors provide the special help you need. Write for "Ceram­
ic Substrate Design," Data Sheet No. 7002, or call your nearest Coors Regional 
Sales Manager: SouTHERN CALIFORNIA: R. E. Ousley, (213) 347-3060, Los Angeles, Calif. BAY AREA AND 

NORTHWEST: W. Everitt, (408) 245-2595, Sunnyvale, Calif. MIDWEST: Tom Daly, (312) 529-2510, Chicago, Ill. 
CENTRAL: Don Lewis, (216) 228-1000, Cleveland , Ohio; EAST COAST: Robert F. Doran , (516) 427-9506, Huntington, 
N. Y. ; H erbert W . Larisch, (215) 563-4487, Philadelphia, Pa.; NEW ENG LANO: Warren G. McDonald, (617) 222-9520, 
Attleboro, Mass.; SOUTHWEST: William H. Ramsey, (713) 864-6369, Houston, Tex.; John West, (214) AD 1-4661, 
Richardson, Tex. 

CERAMICS 
ALUMINAS • BERYLLIAS • MAGNESIAS • SPECIAL OXIDES 

~i rcle 205 on reader service card Coors Porcelain Co., Golden, Colo. 
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From the expanding line of Sigma relays ... 

New Sigma Series 67 

Miniature 4PDT relay switches­
Try the new Series 67-or any:_ 

We'd like to give you a new Sigma Series 67-or 
any of our other standard relays. Test and com­
pare it against the brand you may now be using. 
It's the best way we know to prove what we say 
about Sigma relay performance. 

Test the new Series 67, for example. This rugged 
AC-DC relay, only slightly larger than a cubic inch, 
brings new reliability and versatility to precision 
switching. Each of its four poles can switch a low­
level to 3-ampere load 100,000 times minimum. 

The relay's in-line contact arrangement extends 
mechanical life to 100 million operations DC, and ,_ 
50 million operations AC. 

Completely versatile, the Series 67 is available""' 
for either direct solder-terminal installation or 
fast, easy, socket mounting with choice of solder · 
or printed-circuit-terminal connections. The 
socket can be installed in seconds, with no need ... 
for screws or fasteners. It simply snaps into the _ 
face of the panel and four spring clips lock it. 
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·:3amps100,000 times minimum. 
,Sigma relay-absolutely free. 

Put Sigma relay performance to the test your­
- se lf, free of charge. Just send for the new Pre­

fer red Standard and Stock Relay Catalog of the 
expanding line of Sigma relays. Then se lect the 

relay you wa nt to tes t and com pare, and you r 
Sigma representative wi ll see th at you get it. Offe r 
lim ited to origi nal equipment manufac turers hav­
ing applications for relays. 

SIGM~ DIVISION ,, SIGM~ INSTRUMENTS INC 
- Assured Relia/J ilily With Advanced Design / Braintree, Moss. 02185 

Need Sigma relays fast? Call your Sigma distributor for off-the-shelf delivery of our most popular types. 
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CIRCUIT CONTROL A.ND PROTECTION BY AIRPAX 

TYPE APLl IS UNDERWRITERS' 
LABORATORY RECOGNIZED FOR 
APPLIANCE PROTECTION. 
20A, 50V 15A, 115V 7.5A, 240V 

COMPLETELY MAGNETIC TIME DELAY AND 

TRIP. CONTAINS NO HEATING ELEMENTS. 

AVAILABLE 50 MA TO 50 AMPERES 

AC OR DC. 50, 60 AND 400 CYCLES. 

TRIP TIME IN SECONDS vs. PERCENT OF RATED CURRENT 

100% 

Delay 60 No Trip 
Delay 61 No Trip 
Delay 62 No Trip 

AIRPAX ELECTRONICS 
incorporated 

Cambridge, Maryland 
(301) 228-4600 

125% 200% 400% 

.120 max. .035 max. . 030 max. 
1.0. 6.0 .240 .. 800 . 040 .. 180 

15.0 . 70.0 3.0- 9.0 .30 - 1.50 

AIRPAX ELECTRONICS 
incorporated 

Ft. Lauderdale, Fla. 
(305) 587-1100 

800% 1000% 

.020 max . .018 max . 
.012 .. 050 .010 .. 040 
.018 - .080 .010 - .040 

AIRPAX ELECTRONICS ~ 
incorporated 

Van Nuys, Calif. 
(213) 781-2821 

A IR PAX ELECT R 0 NI CS incorporated Cambridge Division, Cambridge, Maryland 
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New Products 

Boom in TTL integrateds 
A second generation, promised ... 

A surge in new transistor-transis tor 
logic (TTL) circuits is becoming 
evident from recent announce­
ments by electronics firms. One 
manufacturer, in perhaps a har­
binger of what's to come, is prom­
ising a second generation of TTL 
integrated circuits operating at 
propagation delays as much as 
20% lower than of competitive sat­
urating-type devices. 

The Sprague Electric Co. says 
two basic circuits will be available 
next January in 14-lead flatpacks: 
a high-speed dual 4-input NAND 
gate, the first device of series UEX­
llOO, and an ultrahigh-speed dual 
4-input NAND gate, the first of 
series UEX-1070. The propagation 
delay of the UEX-1100 will be 8 
nanoseconds, that of the UEX-1070 
5 nsec. Sprague claims the best 
now on the market bottoms at 6 

Specifications 

1st generation 2nd generation 

UEX·llOO UEX·1070 

Propagation delay 10 nsec 8 nsec 5 nsec 
Power dissipat ion 10 mw 35 mw 25 mw 
Clock frequency 35 Mhz 35+ Mhz 35+ Mhz 
D-c noi se immunity 1 v 1. 7 v 1 v 

Fanout 
Power supply 

voltage 

at room temp 
12 10 
5 v 5 v 

12 
5 v 

Sprague Electric Co., 87 Marshall St., 
North Adams, Mass. 
Circle 348 on reader service card. 

nsec. 
Later in 1967, Sprague will offer 

the monolithic silicon substrates in 
two types of low-profile dual in­
line packages-one hermetically 
sealed and the other in low-cost 
epoxy. Both will plug into printed­
circuit boards . Eventually a family 
of TTL devices is planned to in-

• . . and a fast dual J-K flip flop . . . 

Sylvania Electric Products, Inc. has 
announced an addition to its line 
of TTL logic circuitry known 
as Sylvania ultrahigh level logic 
(SUHL): dual J-K Hip-flops . The 
company, a subsidiary of General 
Telephone & Electronics Corp., is 
offering two configurations. The 
first, the SF-120 series, allows a 
separate clock input for each of the 
dual J-K functions in the package. 
This package offers the separate 

clock lines necessary for ripple 
counters in digital communications 
subsystems. 

The second configuration, the 
SF-130 series, is designed with a 
clock line and reset line common to 
both J-K's in the package. This is 
useful for temporary storage of 
data trains , such as found in shift 
register and serial counter applica­
tions. 

Available in military premium 

... plus a new line compatible with DTL 

Fairchi ld Semiconductor, a division 
of Fairchild Instrument and Cam­
era Corp. has entered the TTL 
arena with a family of integrated 
circu its known as Transistor-Tran­
sistor \1icrologic (TTµ.L) circuits. 
The circuits are electrically and 
mechanically compatible with F air­
child's diode transis tor Micrologic 
930 series (DTL) circuits. Fairchild 
says it operates at moderate speeds 
with low power consumption. 

Electronics \ September 19, 1966 

Feah1res include a logic one level 
noise immunity of 1.3 volts and zero 
level noise immunity of 0.8 volts; 
two h·ansistors in the output in­
stead of the usual one transistor 
and diode, providing greater output 
current at a higher output voltage. 
The devices are available in either 
flatpack or ceramic dual in-line 
package . 

Fairchild is planning to come out 
with a plastic dual in-line package, 

elude almost all the types found in 
first-generation TTL circuits. 

Sprague also plans to produce 
first-generation TTL circuits and 
both SE800 military series and the 
NE800 commercial series are to be 
available by next month. The cir­
cuits were originally developed by 
the Signetics Corp . 

and standard units , and in indus­
trial premium and standard units, 
both series exhibit the same speci­
fications . 
Specifications 

Propagation delay 
Power dissipation 
Clock frequency 

D-c noise immunity 
Fanout 

10 nsec 
50 mw 
50 Mhz rated , up to 70 
Mhz 
1 v at room temperature 
6·15 

Sylvania Electric Products, Inc., 730 
Third Avenue, New York, N.Y. [ 349]. 

but has not specifi ed the date. Pric­
ing for industrial grade devices in 
quantities of 100 and up range from 
$6.05 to $8.95. 

Specifications 

Propagation delay 
Power dissipation 
Clock frequency 
D·c noise immunity 
Fanout 

8 nsec 
12 mw / gate 
30 Mhz 
1.3 volts at room temp 
8 

Fa irchild Semiconductor, 313 Fairchild 
Drive, Mountain View, Cal if . [350] 
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The heartbeat heard around the world. 

, A vital link in monitoring 
/ heartbeat and pulse rate, the tiny 

MICRO-K™ connectors worn by 
our men walking in space 
today are only one dramatic 
example of countless CANNON® 
Plugs delivering superior 
performance in many challenging 
environments. Engineers 
everywhere have learned 

Circle 210 on reader servi ce card 

when environments are tough 
to look to ITT Cannon Electric 
for production 
and engineering know-how . .. 
backed by over 50 years of 
experience, capability and service. 
Whatever the environment-
space, shock, vibration, corrosion, 
undersea, high or low temperature .. . 
and whatever the connector 

configuration -microminiature, 
subminiature, miniature, circular, 
rectangular ... look only to ITT 
Cannon for solutions! 
ITT Cannon Electric, 3208 
Humboldt Street, Los Angeles, 
California 90031. A Division of 

International CANNON' 
Telephone and @ PLUGS 
Telegraph Corp. -·· -•• 

CANNDNITf 



;rH.ERE ARE YOUR AUTHORIZED 
CANNON DISTRIBUTORS 
~1SllAMA 
Nelson Radio & Supply 

Company, Inc. 
Mobile 
PMne , (205) 479·1471 

ARI ZONA 
~mball Electronics, Inc. 
Phoenix 
Phone, (602) 264-4438 

" CALIFORNIA 

ABCl~~no~r;!~';d Inc. 
~ne, (213) 875-0665, 

765-8881 , 983-1738 

~t/~~1~:1es 
Phone, (213) 685·5888 
Kierulff Electronics, Inc. 
t1fountain View 
Phone, (415) 968-6292 
li berty Electronics Corp. 

\~~::~~13) OR 8·8111 
~lchey Electronics, Inc. 
'4ort h Hollywood 

·~~i,1nm61-6133 
ian Delcor, Inc. 
;z~. Diego 
'hone, (714) BR 4·3131, 

276-2653 

fOLORADO 
laco Elec tron ics 
ienver 
ho ... e , (303) 322-7708 

ON NE CTICUT 

~r~~~~i~~rporation 
ew Haven 
hone , (203) MA 4·0127 

• 'iiRIDA 
ec tro Air of Florida, Inc. 
rlando 
ione, (305) 241-5461 
1dustrial Electronics 
Associates , Inc. 

1tm Beach Gardens 
1one, (305) 848·8686, 
WX-8686 

:o'ilGIA 
ectro Air Corp. 

~;~~ (404) 351·3545 

ll NOIS 
~uip Electronics, Inc. 
icago 
one, (312) AV 2·5400 
dio Distributing 
Company, Inc. 
icago 
one , (312) 379-2121 

lrANA 
dio Distribu ting 

~~:~~r. 
one' (317) ME 7.5571 
1io Distr ibut ing Co., Inc . 
«'h Bend 
>ne' (219) 287-2911 

•SAS 
lio Supply Company, Inc. 
:hi ta 
1~ (316) AM 7-5214 

llSIANA 
1thern Rad io Supply 
:Ompany, Inc. 
"Orleans 
·ne , (504) 524-2345 
.I 
IYUND 
io Distr ibuting Co. 
ti more 
~e , (301) 377-6402 
r 377-4616 

&HUSETTS 
1yett e Industr ial 
lectronics 
\tk 
ne : Boston 

(617) 969-61 00 
Natick 

(617) 875·1358 
veber Electronics 
ham 
1e, (617) 891 -8484 

HIGAN 
nk·Detrolt 
~tronlcs, Inc. 
oit 
1_e, (313) 548·0250 

~ESOTA 

MISSISSIPPI 
Ellington Electronic 

Supply, Inc. 
Jackson 
Phone, (601) 355-0561 

MISSOURI 
Electronic Components 

for lnduslry Co. 
St. Louis 
Phone, (314) Ml 7·5505 
Radiolab, Inc. 
Kansas City 
Phone, (816) LO 1·9935 

MONTANA 
Electronic Supply Company 
Billings 
Phone, (406) 252·2197 

NEW MEXICO 
Waco Electronics, Inc. 

~~~~~~%i~~ 268·2409 

HEW YORK 
Progress Electronics, Inc. 
Plainview, L. I. 
Phone, (516) GE 3·1700 
Schweber Electronics 
Westbury 
Phone, (516) ED 4.7474 
Stack Industrial 

Electronics, Inc. 
Binghamton 
Phone, (607) 723-6326 
Summit Distributors, Inc. 
Buffalo 
Phone, (716) 884-3450 
Time Electronic Sales 
Great Neck, l. I. 
Phone, (516) HU 7·0100 

NORTH CAROLINA 
Kirkman Electronics. Inc • 
Winston -Salem 
Phone, (919) 724·0541 

OHIO 
Hughes Peters, Inc. 
Cinci nnat i 
Phone, (513) 381·7625 
Hughes Peters, Inc. 
Columbus 
Phone ' (614) 294·5351 
Radio Distributing 

Company, Inc. 
Cleveland 
Phone, (216) 475-4770 

OKLAHOMA 
Oil Capitol 

Electronics Corp. 
Tulsa 
Phone , (918) TE 6·2541 
Van Dusen 

Aircraft Supplies, Inc. 

~~~~~~n/to~\1iu 5.5577 

PENNSYLVANIA 
Aercon, Inc. 

~~~~~~ r2m~A 2·2500 
Philadelphia 

Electronics, Inc. 
Philadelphia 
Phone, (215) LO 8·7444 
Rad io Parts Co., Inc. 
Pittsburgh 
Phone ' (412) 361-4600 

TENNESSEE 
Lavender Radio & 

TV Supply, Inc. 
Memphis 
Phone ' (901 ) BR 6-2756 

TEXAS 
Hall-Mark Eleclronics Corp. 
Garland 
Phone, (214) BR 6·8531 
Harrison Equipment 

Co., Inc. 
Houston 
Phone, (713) CA 4·9131 
McNicol, Inc. 
El Paso 
Phone, (915) 566-2936 
St erling Electronics, Inc. 
Dallas 
Phone, (214) fl 1-9921, 

fl 7·9131 
Wholesale Elec tronic 

Supply, Inc. 
Dallas 
Phone ' (214) TA 4-3001 

UTAH 
Kimball Electronics, Inc. 
Sall lake Clly · 
Phone, (801) 328-2075 

Bonn Co. WASHINGTON 
.dustrlal Sales Division) C & G Eleclronlcs Co. 
~apolis Seattle 
e ' (612) 339-9461 Phone' (206) MA 4-4354 

New Components and Hardware 

Tiny X-ray tubes zero in 

For X-ray analysis of materials and 
equipment in hard-to-reach places, 
Amperex Electronic Corp.'s Tube 
division is offering two tiny flash 
X-ray tubes. The tubes were devel­
oped las t year, with the military, 
so that x-ray diagnosis could be 
made during destructive tes ting of 
weapon s. 

Amperex believes the X-ray 
tubes are the smalles t available 
commercially. The larger of the 
two, designated FX-30, has a diam­
eter of 11/s inches, an envelope 
length of 21/z inches and, with its 
9 pins, an over-all length of 33/s 
inches. The FX-30M is l/ 2 inch 
around and 11/2 inches long, with 
the single pin adding a half inch. 

Their sizes, project manager 
Jerry Prichert says, allows the 
source to be placed extremely close 
to the material being radiated, giv­
ing fin e measurements. Long-dis­
tance analysis can be done, but the 
intensity of radiation varies in­
versely with the square of the dis­
tance from the source. 

Both tubes have tungsten tar-

Specifications 

Pulse duration 
Duty cycle 
Plate current 
life 

Price 
1-10 

11-25 
26-50 

Delivery 

100 µ.s ec 
1 pulse per 5 sec 
1 a mp, typical 
1,000 exposures at rated 
conditions 

$60 each 
$54 each 
$51 each 
Immediate 

gets ; other materials can be or­
dered. In air the maximum applied 
plate voltage is 30 kilovolts. Up to 
1,000 v per millimeter can be ob­
tained with oil or other high di­
electrics. 
Amperex Electronic Corp. , Tube Divi· 
sion , Hicksville, N.Y., 11802 [351] 

Wiring system permits 

design flexibility 

Conflex, a wmng system of con­
voluted tubing and specially de­
signed end fittings, terminates the 
tubing directly at electrical con­
nectors. The system is offered in 
Teflon tubing with aluminum end 
fittings to accommodate all circular 
connectors conforming to MIL-C-
5010, MIL-C-26842, MIL-C-26500 
and NAS1599. Fittings are also 
available for rectangular rack and 
panel type connectors such as 
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New Barnstead Purity Meters 
take the work out of 
being right! 

The new solid-state Barnstead instruments greatly simp lify 
measuring, monitoring and controlling water pu rity. 
In accuracy, speed and economy they are way ahead of 
other models. 

The Model PM-5 (foreground), an inexpensive workhorse for 
testing distilled and demineralized water, is a good examp le. 
To test wate r purity,, you merely set one knob to wate r 
temperature; turn the other until both red and amber signal 
lights come ON. Then read the dial, calibrated 0 to 1.5 
Megohms and .01 to 10 ppm. (A) 

The red light indicates that water is below des ired puri ty 
settings - the amber above - thus permitting hi / lo tests. 

Price: $88 (not including conductivity cell) . 

Other stars in the new foursome: 

PM-20 - same as PM-5, but calibrated 0 to 18 Megohms. 

Price: $118 (not including conducti vity cell). (B) 

PM-50 - direct-reading, 0 to 18 Megohms; three large sca les 
- 0 - .18, O - 1.8 and 0 - 18 Megohms. No temperatu re 
settings needed; temperature compensation is automat ic. 

Price: $148 (not including conductivity cell ). (C) 

PMC-50 PU ROMA TIC® Controller Type Purity Meter -
same as PM -50, with built-in relay and "above /be low" mon itor 
lights added. Protects against distribution of substandard 
wate r by activating valves, alarms. (D) 

Price $198 (not including conductivity cell). 

Write for information. 

Helping you gel more out of water! 

Barnstead 
Still an d Sterilizer Company 

Two Lanesville Terrace, Boston, Massachusetts 02131 

.. fit·-· .. . ~ 
M .\-~ •• 

""'-owoo C.lt 
< 
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New Components 

DPX, DPA, DPD and D-subminia­
ture. 

The Confl.ex sys tem offers all the 
advantages of a closed, sealed sys­
tem, yet end fittings can be un­
coupled for termination inspection 
or modifications, the manufacturer 
states. Additional conductors may 
be added and the entire system re­
sealed by recoupling end fittings 
to the connectors. Significant space 
and weight savings are also 
claimed through deletion of con­
nector end b ells and potting, and 
reduction of insulation on wiring 
within the Confl.ex conduit. 

Conflex tubing is extremely flex­
ible and can withstand continuous 
flexing. Long conductor life dur­
ing flexing can b e expected because 
the individual wires are free to 
find their own positions of mini­
mum stress, according to the man­
ufacturer. 

Terminations of the tubing are 
made with a set of simple, light­
weight aluminum fittings which 
form a tight mechanical seal. Panel 
and connector adaptors screw into 
basic fittings , as required, and spe­
cial locking devices can be speci­
fi ed when vibration is a factor. In­
cluded in the range of fittin gs arc 
units which allow for the termina­
tion of a small wire bundle in a 
larger connector shell size. 

Teflon Conflex wiring systems 
can withstand severe environ­
mental punishment. 
lcore Electro-Plast ics, 680 E. Taylor 
Ave., Su nnyvale, Calif., 94086. [352] 

Heater-cooler 

for electronic systems 

Model M2EB302526 cools or heats 
electronic systems in field installa-
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all-digital 
weighing to 
.001 mg 
for s4eo. 

The new Brinkmann Precision Balances are the 
very first all-digital Micro Torque Weighing Sys­
tems. Weighing speed is increased at least 500/o 
over other (non-digital) systems, reading errors 
el iminated, and operator fatigue in serial weigh­
ings reduced substantially. 

Scale ranges from 0-1 mg. (digital reading 
to 0.001 mg.) to 0-10 gm. (digital reading to 10.0 
mg.) are available. 

Mechanical taring is offered for the first 
time and permits instantaneous application of 
counterweights (to extend the scale range) or 
compensating weights (for pans and object hold­
ers) without risk of damage to the mechanism. 

BR I NKMANN 
INSTRUMENTS 
CANTIAGUE ROAD, WESTBURY, N. Y. 11590/ED 4 · 75 00 

Circle 341 on reader service card 

NAVCOR ® 
Valley Forge Industrial Park 
Norristown, Pennsylvania 

l ' M INTERESTED! Please send me technical data and 
priae• on your KM Keys and 1050 Keyboards. 

Name _______________ _ 

Title ______________ _ 

Company _____________ _ 
Address _____________ _ 
City _______________ _ 

State ___________ Zip __ _ 
Dept~ EL-029 
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High reliability circuits produced for the Lunar Excursion Modu le 

OOQD~[K\~00°00£~® CUSTOM 
HYBRID MICROCIRCUITS 

DESIGN AND 
PACKAGING 

FREEDOM 

SPEED 

POWER 

LOW COST, 
QUICK DELIVERY 

PRECISION 
RESISTORS 

APPLICATION 
ENGINEERING 

Mix integrated circuits, precision resistors, tunnel 
diodes-whatever you need to get the function 
you want in the package you want. 

Digital logic circuits to 250 megacycles; other 
circuits to microwave frequen cies. 

Up to 40 watts per square inch of resi sto r area 
without heat sink. 

Simpl i fied proces ses mean lower tooling and 
start- up costs even for short runs or prototypes; 
faster delivery, too. 

Production-run thin-film resistor tolerances to 
+ 0.01% initial adjustment, with ± 0.05% tracking 
accuracy at fu ll load for 10,000 hours; ±5ppm/°C 
temperature coefficient control. 

To explore so lutions to your circuit problems, call 
or write our application engineers. 

15 
THE BUNKER-RAMO CORPORATION 
DEFENSE SYSTEMS DIVISION 

6 433 FA LLB ROOK AVENUE • CAN OGA PARK, CALIFORNIA 91304 · ( 213) 346·6000, EXT. 546 
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New Components 

tion, unheated military huts, unat­
tended control stations and auto­
matic telephone switching systems. 
The heater-cooler keeps an en­
closure at an even 65° F with sur­
rounding temperature in still air 
as low as 10° F. It also will flush 
and cool electronic cabinets when 
the remote thermostat indicates 
that cooling is required. 

' Vhen moderate heating is re­
quired , internal dampers are 
changed to recirculate air within 
the enclosure without drawing in 
fresh air. H eat comes from in­
ternal electronic units. When sub­
stantial heating is required, an in­
ternal relay energizes a 1,000-watt 
electric heater to maintain a set 
temperature. 

The front panel contains a cir­
cuit breaker to protect heating ele­
ments. Three pilot lights indicate 
when the power is on, the damper 
open or the heat on. A terminal trip 
on the rear is provided for power 
input and for 3-wire connection 
to the 2-step thermostat. 

The MIL-SPEC centrifugal 
blowers and motors are said to 
provide continuous uninterrupted, 
service-free operation for thou­
sands of hours. Power require­
m ents are 115 v, 50/60 hz a-c. Di­
mensions are 10112 in. high x 19 in. 
wide x 10112 in. deep. 
Mclean Engineering Laboratories, 70 
Washington Road, Princeton Junction, 
N.J., 08550. (353] 

P-c connectors boast 

rigid terminations 

-~ 

A group of p-c board connectors, 
with 0.156-in. centers, combine the 
contact reliability of h eavily gold-
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1 /3 more torque- same size package. Don't be fool ed by the 
small size of G lobe's Type UCS Spur Gearmotor : It's power­
packed, producing up to 10 lb. in . of torque from a package 
only 2o/i. 6" dia. by 3%" long. That's 33% more torque than 
same size look-al ikes. If you manufacture motor-powered 
small equ ipment, check these features: 

• hysteresis synchronous or induction 

• 115 v.a.c ., 60 cps or 230 v.a.c ., 60 cps 
• life-lubricated bearings (no oi l holes) 

Highest-quality copper-clad laminates 
for multi-layer printed circuits 

Laminated plastics for multi-layer printed circuits 
have to be a special breed-very thin, made to exact­
ing tolerances, uniform, free of voids and pinholes, 
suitable for etching and all soldering operations. 

Synthane T hin Laminated grades G-10 and FR-4 
are highest-quality fabr ic epoxy laminates. All pro­
duced under exacting clean room conditions. Write 
for leaflet. Synthane Corporation 36 River Road, 
Oaks, Pa. 666-5011 (Area Code 215). 

Laminated Plastic Sh"ee"ls, Rods, 
Tu.bes and Fabricated Parts 

Circle 297 on reader servi ce card 

• 13 standard reduction ratios, 6 :1to1 ,800 :1 
• 1,800 and 3,600 rpm motor speeds 

• interchangeab le mounting 
When power, compactness, economy, and unfailing depend­
ability are important. try a Globe Type UCS Spur Gearmotor. 
Many units are in stock and can be sh ipped in 24 hours. 
Request Bulletin UCS . 

Globe Industries, Inc. 
2275 Stanley Ave., Dayton, Ohio 45404, U.S.A., Tel: 513 222-3741 

Circle 296 on reader service card 

Count on us for laminated plastics 
(Join the thousands who do) 

T housands of companies buy laminated plastic sheets, 
rods, t ubes or fabricated parts from us. Why? Because 
Synthane is a reliable and continuous source of supply. In 
these days of strikes and shutdowns you need a source for 
laminated plastics you can count on. I n our 37 years of 
operation we have not lost one hour because of labor trouble. 
66% of our employees have had 10 years or more of 
experience with us. We have complete control of your 
part from raw materials through tools made in our own tool 
room to the finished part. We have a modern plant, com­
pletely fire-protected. And we maintain a t remendous 
inventory of materials ready to ship or process. Synt hane 
Corporation, 36 River Road, Oaks, Pa . 

Laminated Plastic Sheets, Rods, 
Tubes and Fab ri cated Parts 

...... ,.....~~~~~~~~,__ 
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FOR APPLICATIONS REQUIRING 

PRECISE VOLTAGE STABILITY 

With thin gouge El laminations the magnetic core of a voltage 
stabilizer con be adjusted to compensate for variation in electrical 
parameters. The addition or removal of one or more El lamina• 
t ions to or from the core stack, while the unit is under construction, 
can correct minor voltage differences. This then permits that the 
output voltage can be set precisely and stabilized to ·a specified 
nominal value. 

When the proper functioning of electronic equipment is dependent 
upon the stabilization AND VALUE of the voltage supply, then 
Voltrol Stabilizers built with El laminations and precisely ad justec:I 
to specified voltage ore the solution to this problem. 

*Voltrol is o trodemork of Acme Electric, 

216 Circle 216 on reader service card 

Write for copy of 
Bulletins 09 and 091, 

New Components 

plated, flexing bifurcated contacts 
with the stability of a rigid 0.045-in. 
square- tail termination. The com­
bination is achieved by using the 
appropriate flexible contact mate­
rial required for the bifurcated con­
tact section and forming it around 
a wire core to make the termina­
tion section of the contact. The 
0.045-in. square-tail connector 
formed has the extremely sharp 
corners needed for reliable wire 
wrap attachment. 

The manufacturer's selective 
process of gold plating reduces 
gold requirements in the contacts 
over 60% while maintaining con­
tact reliability and durability of 
electrical performance. A 50-micro­
inch gold plating is applied to the 
contact mating surface area while 
10 microinches is applied to the 
remainder of the contact. 

The connectors are des igned to 
meet the exact vvire wrap standards 
of such programed applications 
as systems control centers and 
data-processing equipment. Nor­
mal production handling will not 
bend the extremely rigid termina-
tion. 
Cinch Manufacturing Co., 1026 S. 
Homan Ave., Chicago, Ill. , 60624. [354] 

Rectangular trimmer 

meets military specs 

A precision rectangular wirewound 
trimmer, type 600, is designed to 
perform under environmental re­
quirements of MIL-R-27208. A 
specially designed wiper block 
system, similar to the one on the 
company's type 400 series, effec­
tively isolates electrical elements. 

The unit is housed in a rugged , 
diallyl phthalate case and is of­
fered with either printed-circuit 
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G FORTUNE AND PROSPERITY 
AWAIT ENGINEER ORDERING E-T POTS 
E-T 7/s" 10-turn precision pots: 

• cos t $4.50 or less, in production quantities 
• meet or exceed existing, accepted specifications 

• resistance range from 25 to 250,000 ohms 
• linearity tolerance ± 0.25% (special to ± 0.05%) 

• life expectancy (shaft revolutions) 2,000,000 
• operating tempera ture range -55°C to +125°C 

\Vant more details? Write or phone the company 

~ 
that gives you more for your money in 

lE: I.... lE c:: T ~ <> quality, price and worlcl­
T E c H N I Q u E B wide delivery . .. 

11301 E. Ocean Ave., La Habra, Calif. 90631/(213) 691-0741 
MFRS. OF LINEAR AND NON-LINEAR PRECISION POTENTIOMETERS SINCE 1959 

Circle 298 on reader service card 
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MAGNETOSTRICTIVE 
DELAY LINES 

Oe ltime, with over a decade of experience in precision 
magnetostrictive delay line technology, offers models to fill 
virtually every delay requirement. Complete input-output circuit 
modules for carr ier and RZ or NRZ digital systems .. . torsional, 
longitudinal, tapped and adjustable models as well as high 
vibration and shock withs tanding delay lines for airborne 
app lications are included in the sta ndard line. 

If your application requires a signal delay or extremely 
economical delay line memory element, contact us, our application 
engineers are at your service . .. or write for our complete 
technical catalog. 

SUB-SYSTEMS DIVISION 

SEALECTRC' 
CORPORATION 
HOVT STREET • MAMARONECK • NEW VORK 
P'"IONE gi 4 698 · 5600 T WX : 710·566-1110 

~ Sealectro ltd .. Port smouth, Hants, En gland; 
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SCREW ' · ~NA IJI rNIN 
TYPE PLUG . r1 ~LUGS 

BINDING POSTS 

' 
i~ BANANA 

PLUG 1• I Bl-PIN 
TRANSISTOR 

SOCKET 
LAMP 

SOCKET THREADED STUD INSULATED STUD 

SOCKETS "PUSH-POSTS" 

.. TERMINAL 

~BOARDS MATCHING 
CASES 

MODULE CASES 

Test Clips: 
• As Small as You Want 
• Adjustable 

"Push-Posts": 

• Depress, Insert Wire, 
Release 

• Nickel Plated Brass • Variety of Finishes 
Binding Posts: 

• Molded Plastic 
Mil-M-1 4 

• Gold Finish Available 

Terminal Boards-

• Carry 30 Amps. 
• Gold Finish Available 

Sockets: 
• Molded of Mica Filled 

Phenolic per Mil-M-14, 
Type MFE 

Module Cases: 

• Boards: Molded-In 
Terminals 

• Matching Module 
Cases 

• High Heat, Mineral 
• Terminals: Plated Filled Phenolic Mil-

Beryll ium Copper M-14F, Type MFH 

;'\ Send for Engineering Data Book 

~A I .II ~23 Hillgrove Avenue 
Ulllll LaGrange, Illinois 60526 
,,_, 1 Area Code 312, Phone 354-1040 

oAe~~,~~ 
" 0 10NEERS IN MINIATURIZATION" 
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Our crystal ball told us you'd be 
needing inductors like these! 
Because Nytronics pioneered the con­
cept of standardized quality components 
by anticipating your circuitry require­
ments - you can now order immediate, 
off - the - shelf, delivery from a wide 
range and immense inventory of stan­
dardized inductors. 

WEE DUCTOR - Magnetically shielded with 
inductance range 0.1 to 180,000uH, designed 
to MIL-C-15305, Grade 1, Class B. Encapsul· 
ated Envelope: 0.157" diameter x .450" length. 

SUPER WEE DUCTOR - Magnetically shielded 
with inductance range 0.1 to 100,000uH all 
±10% tolerance. Meets MIL-C-15305. Molded 
Envelope: 0.157" diameter x .410" length. 

WEE WEE DUCTOR - Magnetically shielded 
with inductance range 0.1 to lOOOuH. De· 
signed to MIL-C-15305. Encapsulated Enve­
lope: 0.125" diameter x 0.335" length. 

DECl·DUCTOR - Subminiature with induc· 
tance range 0.1 to IOOOuH. Designed to MIL· 
C-15305, Grade 1, Class B. Molded Envelope: 
0.100" diameter x 0.250" length. 

S·M·L INDUCTORS - Non.shielded with induc­
tance range 0.1 to 10,000uH. Designed to 

MIL·C-15305, Grade 1, Class B. Molded En· 
velope: "S" Type - 0.188" diameter x 0.44" 
length, "M" Type - 0.25" diameter x 0.60" 
length, "L" Type - 0.31" diameter x 0.90" 
length. 

VARIABLE INDUCTOR - Unshielded with ad· 
justable range 0.1 to 4700uH. Designed to 
meet MIL·C-15305, Grade 1, Class B. Encap· 
sulated Envelope: 0.400" diameter x 0.500" 
length. Vertical or Horizontal mounting. 

WEE V-L - Magnetically shielded, adjustable 
range 0.1 to 100,000uH. Designed to MIL·C· 
15305, Grade 1, Class B. Epoxy Molded 0.300" 
diameter x 0.400" length. 

90537 TYPE - Manufactured in accordance 
with MS90537, Molded, Magnetically shielded 
with inductance range 0.1 to 100,000uH 
±10% tolerance. Molded Envelope: 0.157" 
diameter x D.410" length. 

Our inventory of other standardized, 
high quality components includes capa­
citors, delay Jines, and resistors. Custom 
component capability is also available. 
Write today for complete engineering 
data. 

550 Springfield Ave., Berkeley Heights, N.J. 07922 • (201) 464-9300 • TWX: 710-984·7977 
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.... 

pins or Teflon-insulated leads. ,... 
Resistance values offered are 10 

to 50,000 ohms, ± 5% tolerance. 
The units are rated at 1 watt at , 
70°C. Price is $3.56 each in lots 
of 100; delivery, 4 weeks. r-
IRC, Inc., 401 N. Broad St., Phi ladel· 
phia , Pa ., 19108. [355) 

Transistor holder 

accepts 5 leads 

A press-fit transistor holdin g: de­
vice, designated RTC-0505SL, is "' 
designed to accept five-lead com­
ponents contained in T0-5 pack­
ages. The component is mounted 
on the shoulder of the Teflon bush­
ing while the leads are inserted 
into the five through holes . 

On the back side of the holder, 
the leads are placed into mating 
slotted terminals and soldered into 
position along with additional com- " 
ponents. Lugs are of brass, plated 
with silver and then gold flash. 
The insulation is of 100% pure <" 

Teflon in any of the 10 standard 
EIA colors for ease of circuit cod­
ing. 

The company's circuit hardware 
have a common mounting method. 
They are press-fitted into prepared _ 
holes in a chassis. For this part, 
insertion tool B-42 is available for 
installation at production rates . 
Sealectro Corp., Mamaroneck, N.Y., 
10543. [356) 

Reversible sync motor 

delivers high torque 

A synchronous reversible motor has 
been developed for use in timing 
and drive applications. Series des­
ignation is 81300. 

This motor delivers an output 
torque of 0.75 oz in . at 300 rpm di-
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DIALS, DIALS, and MORE DIALS 
Theta catalogs over 432 sizes and styles, with con­---"""""!! tinuous motion, vernier control and 0.1 ° 

accuracy. Our new 28-page engineering 
catalog has all the details. 

~ INSTRUMENT CORP. 
Saddle Brook, N. J. • Phone (201) 487-3508 • TWX 510-230-5017 
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NEW FROM CRAMER ... 

CRAMER IFT·LOK Stools 
adjust to every worker like fine tools! 
Because Cramer Lift-Lok is infinitely adjustable! Just lift the 
seat and stop at the most comfortable height. It takes less 
time than to read this sentence. Since fatigue is a critical 
factor in efficiency of seated workers, it makes good sense to 
provide tools that minimize fatigue. With Lift-Lok every worker 
can seek exactly his own efficient level. Available in four base 
types, stee l, wood or plastic seats, contoured or flat, adjustable 
·or flexible bocks. To find out about the stools that qualify as 
production tools, write : 
V.P. So les, Cramer, 625 
Adams, Kansas City, Kan . 
66105. 

Industrial supplier 
inquiries invited. 

CRAMER 
CRAMER INDUSTRll5 INC • KANSAS CITY KAN5Ai 

Fine seating-safety ladders-stands and related 
products for office, industry and institutions. 

Circle 309 on reader service card 

THE 
TEMPERATURE RANGE 

OF SANGAMO'S 
NEW TYPE 557 

ALUMINUM AXIAL 
LEAD CAPACITOR IS 

-55°C to +125°C 
The new, wider range is accomplished 

by vacuum impregnating the capac itor 

with an exclusive Sangamo electrolyte. 
Built in accordance with MIL-e-39018, 

Type 557 provides these additional 

benefits: 

• Voltage ratings up to 250 voe at 85°e 

or 200 voe at 125°C. • Both positive 
and negative leads and tab connec­

tions are we ld ed to prevent open 

circuits and high contact resistance. 

• Electrical characteristics compara­

ble to tantalum foil capacitors. 

Typtul Perlormanu Curves 
ESR Impedance and CapK1h1nce at 120 C,cles ws Temperature 

100~~~~~~~-'----.~~,...:...~~~~

1
~~,~-.PE~SS-7-1~00-m-1d~so 28 

600 __::::,,~ I 50vdcat8S•C--t-75 2 4 
I --- 40 "de at 12s·c 

500f--~t--~"!"---=:_,~r---~~~ ........ ~-+~,M-PE~1.-N-CE--if--~t--~+- 10 20 

::~:s:~~-l-~-l.~--l~~l-=:::::=*=,;;;;:.;~1::::::::........i1--~.J--~+-- :: :: 

200f-===~b.~~~~~~J==~t"'"c~·~··~~~·u~•c~•-t-~-t~=f~ ss 
1oor--~t-~'-1tt--.-="'-"j~==j=:==+===-•~·l~.==::j:::===J:::==::::j=-'o 
~wL_~-~.L_~-i~~__.~~~'c--~.~o~-,'i~~oo.,.._~,oo"c---~,~~~ 

Temper;1ture ("C) 

Write for Bulletin 2240 detailing Type 557 specifications. 

·~ 

SANGAMO ELECTRIC COMPANY -~ ) 
Pickens, South Carolina 

EC66-3 
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Electronics 
Manufacturers: 
Win the West 
from New 
Industrial Utah ! 
Electronics manufacturers looking for a 
qua li ty work force, low-cost western fac­
to ry sites, new so urces of raw materials, 
a nd strategic transportation faci lities to 
serve the growing West and the world can 
find them all - in UTAH. 

Good workers . .. The availability of en­
gineers, scientists, and other skilled workers 
is j ust one of the reasons for loo kin g at 
Utah. Uta h's ed ucation standards pace· the 
nat ion in many res pects. Utah produces 
more e nginee rs a nd scien tists per capita 
than any other state. Bring your plant to 
Utah; we' ll guarantee the scientists! 

Plant sites ... Low-cost pl ant sites are 
ava ilable in industrial or in rural areas 
adjacen t to rail a nd interstate highways 
a nd intercontinental a irlines. 

Location ... Utah is right in the middle 
of western Am eri ca a nd just hours a way 
from most of the leading markets. 

Transportation . .. Utah is the hub of a 
modern, efficient transportation wheel, the 
crossroads of the West. 

Freeport state ... Utah has one of the 
most liberal freeport-export laws in the 
nation offering welcome tax savings to 
manufacturers. 

Natural resources . . . Utah has more 
types of industrial raw materials than any 
other co mparable area, as well as many 
finished a nd semi-finished products. 

Utah also offers a delightfu l four-season 
climate with low humidity, unusually fine 
recreational facilities in the Center of 
Scenic America. 

Now is the time to get in on the ground 
floor of Utah 's surging industrial growth. 

FREE ... Write for in format ion on " The 
Ne w Industri al Utah" or ask for special 
recommendations tai lored to your industry. 

~------------------------------------------~ 

Win the WE$T .. from 

Utah 

Utah Industrial Promotion Commission, Dept. 119 

167 Social Hall Avenue • Salt Lake City, Utah 84111 

~J.:ND INFOUMATIO:"J ON 

COMPANY 

ADDHESS 

CITY STATE. ..... 

NAr..I E AND T ITLE ....................... ,, ................................................. ,., ........ . 

. --------------------------------------·----Circle 220 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 Part II 

Send me reprints of Key no. R-90 at 75¢ 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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New Components 

rectly from the rotor, at an input 
of only 1.5 w. It will operate ef­
ficiently with an input as low as 
0.2 w. 

A phase-shift capacitor is used 
for single-phase operation , and ro­
tation may be reversed by chang­
ing one connection. For two-phase 
operation, no capacitor is required. 

Four standard gearing systems 
are available, providing torque up 
to 100 oz in. and output speeds 
from 300 rpm to one revolution per 
day. Nominal ratings are 115 or 
230 v, 60 hz, but special models are 
readily available for variations in 
voltage, frequency, speed, torque 
and power input. 
A.W. Haydon Co., 232 North Elm St., 
Waterbury, Conn ., 06720. [357] 

Thermoelectric module 

cools components 

A thermoelectric module has been 
announced for temperature control 
and cooling of transistors , diodes, 
infrared detectors ·and other small 
components. Model H9-65 module 
has a maximum loaded heat pump 
capacity of 3.9 watts, an unloaded 
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Radiation 
Simulation 

Problems? 
Get help with PULSE RAD IATIO N SOURCES p roviding 
p ulse w idths from nanoseconds to milliseconds. Our 
facilities at your service include: 

• TR /CA Reactors 
• Accelerator Pulsed Fas t Assembly 
• Linear Accelerators 
• Flash X-ray 
• 14 Mev Neutron Generators 

Far information write or call now! Pulse Radiatio n 
Services, Dept. 49 1, General Atomic D ivision, General 
Dynamics, P. 0. Box 608, San Diego, Ca lifornia 92112. 
Phon e (714) 453-1000, Ext. 288. 

GENERAL D YNAMICS 
General Atomic Division 
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MADE ANY 
GOOD CONTACTS 
LATELY? 
You don't have to any more ••• you can 
get your contacts from a spe cialist 
and save yourself a lot of time, money 
and aggravation . Most electrical man ­
ufacturers know this, of course, but 
you'd be surprised how many still try 
to make their own contacts or sub· 
assemblies. 

What many people don't know is this: 
besides know-how, it takes a wealth of 
specialized equipment and specialized 
people to economically turn out con­
tacts as good as Deringer's. It takes 
'years of study and cumulative experi ­
ence in successfully solving countless 
contact problems and the development 
of special equipment and processes to 
produce such a wide variety of elec­
trical contact types and sizes. 

To deliver the right contact for a given 
application ... to deliver promptly and 
at the right price . . . these things take 
what Deringer has: specialized cap­
ability plus the newest, most modern 
contact manufacturing facilities and 
plant. 

Contact Deringer the next time you 
have contact problems . It's your be st 
bet for quick, economical solutions . 

METALLURGICAL CORPORATION 

1250 Town Line Road - Mundele i n , Illinois 60635 
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Reliability and Quality are 
a product of experience. 
Jennings has 24 years 
experience manufacturing 
vacuum capacitors. 
Time enough to design a lot 
of them. Here are a few: 
CADB 30 USLS 465 VMMC 5000 

Capacity (Range) 3·30 pf Capacity (Range) 5·465 pf Capacity (Range) 100·5000 pf 
Peak Test Voltage 15 KV Peak Test Voltage 5 KV Peak Test Voltage 15 KV 
RF Current Rating 40 Amps RMS Rf Current Rat ing 42 Amps RMS Rf Current Rating 125 Amps RMS 
Length 4.55" Length 5.52" Length 21.31" 
Width 1.312" Width 2.312" Width 9.25'' 

JSLF 5000 CVJW 200 (Water-Cooled) CVHC 650 (Air-Cooled) 

Capacity (Range) 5000 pf Capacity (Range) 25-200 pf Capacity (Range) 25·650 
Peak Test Voltage 5 KV Peak Test Voltage 100 KV Peak Test Voltage 45 KV 
Rf Current Rat ing 100 Amps RMS Rf Current Rating lOOOAmpsRMS Rf Current Rating 250 Amps RMS 
~n~h 2~7~ Length 15.50" Len~h 10.75" 
Width 4.125" Width 8.00" Width 7.56" 

Close to 100% of the Free World 's high 
frequency transmitters use vacuum ca­
pacitors of Jennings design. In fact, 
practically every major advancement in 
vacuum capacitors has originated at 
Jennings. These include capacitor de­
signs ranging from 100 watts to over a 
megawatt power ratings. Which means 
that in all likelihood the capacitor you 
need has already been designed, field 
tested, and proven reliable-plus pos­
sessing all the latest advances in vacu­
um capacitor design. 
The vacuum capacitors shown here are 
only a few of the hundreds of standard 
designs available from Jennings to fit 
practically every RF application. If a 
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new design is necessary however, Jen­
nings has an experienced applications 
engineering staff and Quick-Reaction 
Laboratory ready to solve your problem 
in the shortest possible time. Jennings 
also offers the only complete rf lab in 
existence for proper testi ng of vacuum 
capacitors in high power rf circuits 
through 100 kw that duplicate actual 
operating conditions. 
For detailed information about Jennings 
vacuum capacitors request our new 
catalog #101. Jennings Radio Manu­
facturing Corporation, Subsidiary of 
International Telephone and Telegraph 
Corporation, 970 Mclaughlin Avenue, 
San Jose, California 95108. 

ITT ~nnin!J• 

New Components 

temperature differential of 65°C 
and requires 9 amps maximum cur­
rent. 

Printed-circuit techniques have 
been applied to metalized ceramic 
end caps allowing electrically in­
sulated module surfaces with 
high er breakdown voltage, im­
proved coolin g capability and more 
rapid response. The H9-65 is i'tr in. 
thick and T1i in. square with facility 
for direc t attachment to the com­
ponent. Smaller custom units are 
available for placing directly into 
a diode or transistor case and at­
tachment directly to the semicon­
ductor chip. 

Price is $24 for a single unit. 
Availability is from stock. 
EG&G, Inc., 160 Brookline Ave., Boston, 
Mass .. 02215. [358] 

Galvanometer relays 

with direct switching 

A line of plug-in, modular galvan­
ometer relays is being manufac­
tured with a new switch design. 

• The microsensitive relays now fea­
ture direct switching with 5-watt 
capacity up to 125 v a-c or d-c. The 
switches are electrically isolated 
from the coil assemblies. Switch 
life is one million operations with 
resistive load. The pull-in dropout 
resolution is within 1.5% of coil 
deflection. 

The new switch design allows 
direct control of the highest pow­
ered scr's or multicontaci external 
relays. Sensitivities as low as 2 µa 
or 1.5 mv are available, eliminating 
the need for ex ternal electronic am­
plifiers . 
Sensitak Instrument Corp., 531 Front 
St., Manchester, N.H. [359] 
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DRAMATIC REDUCTION 

All other models similarly re­
duced ... (but in size only!) 
For instance, 10 KW Model, 
formerly 78" h. x 78" w. x 
36" d., now only 48" h. x 34" 
w. x 24" d. CML Audio Power 
Amplifiers produce tremen­
dous power in the smallest 
packages. Wide frequency 
range. Low distortion. Ideal 
for CW and pulsed operation, 

formerly 77" h. x 33"w. x 33" d. 

now only 
29h x11:~x11J 
( 

5 KW Audio ) 
Power Am11lifier 

acoustic testing, vib ra tion 
testing, plasma tubes, ion 
propulsion engines. Perfect 
for marine installations. All 
units with wide range of out­
put impedance taps. Air-cooled 
and vapor-cooled units. Full 
power available into low pow­
er factor loads. Call or write 
today for details. 

A subsidiary ~T~y ~~ine~!!~:. ~1\1 L 
350 Leland Avenue • Plainfield, New Jersey 

1201> 754-5502 •TWX: 20f .J56-2064 , 0 -------------------------------------------------- --~ 
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New plant site? 

JOIN THE SUCCESSFULS 
on the Niagara Frontier 

SIZE DOESN'T COUNT. Of 66 electronics 
and electrical producers in Erie County, 45 
employ under 50. Big and small benefit from 
ample supplies of skilled talent ... raw mate­
rial ... cheap power ... and easy access to 
both U.S. and Canadian markets. For full 
details write Erie County Executive Edward 
Rath, Erie County Hall, Dept. E-1 , Buffalo, 
N. Y. 14201. He'll send the new book that 
tells why Erie County offers the best profit 
opportunities for your new plant. 

The future is here 
on the Niagara Frontier 

(Buffalo and Erie County) 
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Solid-Status Report 9/66 

NFo <12db 
at 10 Kc i-f frequency. 
For the backward diode 
alone? 
No ... for the whole receiver. 

Up to now the exploitation of the state-of-the-art 
noise figures of Philco's backward diodes ha_s been 
held back by the problems of designing a matching 
amplifier at audio i-f frequencies. Not any more. 
We now make available the P301 , a compatible 
low-noise amplifier, to offer you a package with 
over-all receiver noise figures below 12 db at 
X-band for an i-f frequency of 10 Kc. 

The P301 , designed specifically for use with the 
L4150/60 series of backward diodes, is available 
in a hybrid microcircuit configuration which per­
mits packaging the entire amplifier within the 
P955 holder assembly. 

Consider for a moment what this little package 
can do for you: 

You can now use the relatively simple CW 
Doppler receiver configuration for applications 
that were previously impossible because of the 
high noise figures of conventional diodes. 

And in addition to the low noise characteristics 
you get inherently greater reliability and tempera­
ture stability. Philco backward diodes are avail· 
able with operating temperatures to 150°C. 

If you're a designer of CW Doppler mixers, 
altimeters, radiometers, spectrometers, etc.-you'll 
want more information on this new Philco pack­
age. Call, write or wire Spring City Operation 
Marketing Department. Or circle the Reader 
Service Card. (Phone: 215-948-8400.) 

Microelectronics Division 
SANTA CLARA. CALIF. • LANSDALE, PA. • SPRING CITY, PA. 
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digital 
systems 
opportunities 
at NCR 
electronics division 
in los angeles 

tJ PROJECT ENGINEERING 
Computing Systems 
Peripheral Equipment 

0 PACKAGING 
Advanced Level 
Intermediate Level 

0 MAGNETIC RECORDING 
0 ADVANCED MECHANISMS 

SPECIALIST 
0 RELIABILITY ENGINEERS 
D QUALITY ENGINEERS 
D ELECTRONIC PRODUCT 

ENGINEERING 
0 LOGIC DESIGN 
0 SYSTEMS FORMULATION 
0 MEMORY DESIGN 
0 CIRCUIT DESIGN 
0 SOFTWARE PROGRAMMERS 
0 DESIGN AUTOMATION 

PROGRAMMERS 
0 DIAGNOSTIC PROGRAMMERS 
0 COMPONENT ENGINEERING 
0 MAINTAINABILITY 

ENGINEERING 
0 COMPUTER TECHNICIANS 
0 MANUFACTURING ENGINEERS 
0 MECHANICAL ENGINEERS 

ARRANGE NOW FOR AN 
INTERVIEW IN YOUR AREA 

Confidential interviews will be held 
soon in various parts of the country and, 
later, at the Fall Joint Computer Confer­
ence. Openings above are in Los An­
geles. Additional openings exist for 
qualified engineers in Dayton, Ohio. 
Please send resume immediately, includ­
ing training, experience and salary his­
tory, to Bill Holloway, Technical Place­
ment, or call collect. 

The National Cash Register Company 

INICIRI 
ELECTRONICS DIVISION 
2816 W. El Segundo Blvd., Hawthorne, Calif. 
Telephone: Area Code (213) 757 ·5111 
An equal-opportunity employer 
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New Semiconductors 

An IC amplifier for everybody 

A low-cost integrated circuit am­
pliner that is a jack-of-all-trades 
has been announced by Fairchild 
Semiconductor, a division of Fair­
child Camera & Instrument Corp. 
Before it is packaged, the new inte­
grated circuit is only 20 mils square 
-smaller than 90% of all transis­
tors now available, says Fairchild. 

The radio-frequency I intermedi­
ate-frequency ampliner comes in 
three versions for three markets­
military (A703), industrial (A703C), 
and consumer (A703E). All three 
versions come off the same produc­
tion line, marketing manager Jack 
Gifford explains, but the military 
version is subjected to stringent 
testing, the industrial version un­
dergoes somewhat less testing and 
the consumer version, still less test­
ing. All three versions are pack­
aged in sealed, 6-lead T0-5 metal 
cans. 

The high cost of testing is re­
flected in the prices of the units. 
For quantities of 100 and more, 
the military model is $9.75 each; 
the industrial , $3.00 each. No price 

has been set for the consumer unit, 
but Gilford reports that "it will be 
competitive with the cost of equiva­
lent circuitry made of discrete com­
ponents." And it should be noted 
that Fairchild also lists television 
sets as a potential market for the 
solid state ampliner. 

Fairchild gives the following ap­
plications for its silicon planar 
linear device: 

• R-f power ampliner to 150 
megahertz. At 100 Mhz, the ampli­
£er has a typical noise figure of 7 
decibels and a power gain of 20 db. 

• R-f, video logarithmic ampli­
fier for radars. It limits without 
saturation, Fairchild says, hence it 
minimizes overdrive recovery prob­
lems and pulse distortion. 

• Local oscillator in amplih1de­
modulated and frequency-modu­
lated receivers to 150 Mhz. Input 
and output impedance character­
istics are stable over large signal­
range excursions, giving low-drift 
operation. 

• A-m and f-m i-f amplifiers from 
5 kilohertz to 100 Mhz. The self-
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Great editorial 
is something 

he takes home 
(What a climate for selling!) 

Electronics f 
A McGraw- Hill Market-Directed Publ ication ~ 

uo West 42nd Street, New York, N. Y.1 oos6 
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IN CONTROL 
Quietly, efficiently. When office traffic mounts up . 
That 's when you ' ll be glad you invested in COMPET 
CS-20A ELECTRONIC DESK CALCULATOR . 
And these unique features show why- a special 
mechanism to ensure that no two keys can be 
pressed simultaneously • instant calculation up to 
14 digits • +, - and decimal symbols displayed 
automatically • no breakdowns, even when mis­
used • and plug-in circuits for easy maintenance. 
COMPET ELECTRONIC DESK CALCULATOR CS-
20A .. . used in modern offices the world over. 

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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We couldn't think of a good word to dramatize 
the competitive economy of Foamftex coaxial 

cable, so we made one up. 
Foamflex is a semiflexible cable construction con• 

sisting of a copper inner conductor, a formed poly· 
ethylene dielectric and thin wall outer aluminum 
conductor. A black pigmented polyethylene jacket 
can be supplied for added protection. As the original 
" foamed" dielectric, Foamflex is the ideal low cost 
answer in extremely demanding applications : telem· 
etry, missile guidance, microwave, delay lines and an 
endless variety of airborne and GSE installations 
where high performance, light weight and absolute 
reliability are required. 

You'll find Foamflex available, from stock, in 1/l', 
3/s", 1/!", 7/s" and 1•/s" diameters, 50 ohm impedance. 
Lengths may also be custom cut or fabricated into 
highly sophisticated assemblies, to your specification. 

May we tell you more about Foamflex? Write for 
Bulletin FF, Issue 3. 

PHELPS DODGE 
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ELECTRONIC PRODUCTS 

NORTH HAVEN, CONNECTICUT 

* 
New Semiconductors 

biased device has a reverse gain of 
0.002 milliohms providing good 
isola tion between stages. Parasit ic 
capacitance is at a minimum. 

• Voltage-controlled oscillator in 
phase lock loop receivers. 

The specifications listed below 
are for the military version. Some 
of these parameters are relaxed in 
the indus trial and commercial ver­
sions. For example, the military 
operating temperature range is 
- 55°C to 125°C; the industrial and 
commercial, 0°C to 70°C. Listed by 
military, industrial and commercial 
versions, the typical input conduc­
tance at 5 Mhz is 0.20, 0.35 and 0.33 
millimhos; the typical output ca­
pacitance is 2.0, 2.0 and 2.6 pico­
farads and the maximum output 
conductance is 0.04, 0.05 and 0.1 
mmho. 

Specifications 

Supply voltage 
Output collector voltage 
Voltage between input 

terminals 
Internal power dissipation 
Peak-to-peak output 
(input = 400 mv oms) 
Outpu t saturation voltage 
Input capacitance 

20v, max. 
24v, max. 

± 5.0v max. 
200 mw, ma x. 
3.2 mamp m in . 

1.7 v, max. 
9.0 pf 

Fairchild Semiconductor Division, Fair­
child Camera and Instrument Corp., 
Mountain View, Cal if. [361] 

Industrial DTL IC's 

in molded packages 

Digital integrated circuits in the 
930-series DTL configuration are 
available in a molded plastic pack­
age. The package was announced 
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For solderless wrapped connections, 
a new automatic wire stripper 

The Model 841 Solderless-Wrap W.ire Stripper 

offers high speed !?reparation of 20-30 A.WG solid 
conductor wire for insertion in a wrapping tool. 

It cuts wire to lengths of 1" fo 501 and fully 

strips 1/8" to 1 9/16" from each end without 
nicking or scraping, whether the Insulation be 
PVC or something as tough as Mil-Ene, Teflon 

or Kynar. With optional assemblies, you can also 

use it for shorter stripping' of 10-32 AWG 
stranded wire. Write for information on this 

and other Eubanks wire strippers. 

Wire is fully stripped, 
ready for wrapping tool. 

Remaining insulation 
can be short as 112". 

Eubanks ENGINEERING coMPANY 
225 West Duarte Road • Monrovia, California 

What's NEW in 
laminated plastics? 
Synthane FR-16! 
It's a lower-cost 
flame-retardant, 
glass epoxy laminate 
Designed specifically 
for printed circuits 
used in computers 
Write for FR-16 Engineering Bulletin to Synthane 
Corporation 36 River Road, Oaks, Pa. 19456. ,. 

[SYNlliAN~ 
~ 

Laminated Plastic Sheets, Rods , Tubes and Fabricated Parts 

Circle 315 on reader service card 

Circle 314 on rea der se rvice card 

Does a laminated plastic tube 
always have to be round? 

Not on your life. Synthane laminated plastic tub­
ing may be round, square, oval, rectangular, round 
inside and hexagonal outside or vice versa. "U"­
shapes, "L"-shapes, and multi-shapes. You name it 
and we have it in stock or can make it for you. Many 
grades, sizes. In standard round tubes-the widest 
ranges of sizes in the industry. Round tubes ~2 " 
ID to 26 X" OD, in lengths of 36" to 96 ". Synthane 
Corporation 36 River Road, Oaks, Pa. 

Laminated Plastic Sheets, Rods, 
Tubes and Fabricated Parts 

Circle 227 on reader service card 227 
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New Semiconductors 

in March for the manufacturer's 
series 74TTL integrated circuits. 

The 930-DTL family, designed 
for operation in the industrial tem­
perature range (0°C to 75°C), has 
been designated series 15830 . The 
complete family of 11 DTL circuits 
is molded packaged, including 
dual, triple, and quadruple gates, 
buffers , expanders, binary elements 
and a one-shot. 

The transfer-molded plastic unit 
features 14 plug-in pins on 100-mil 
centers for fast, economical flow­
soldering and wire wrap tech­
niques. The two rows of pins are 
300 mils apart, providing sufficient 
space to run ground and power­
supply strips directly under the 
body of the package. The rigid 
plug-in pins are adaptable to high­
speed automatic or manual inser­
tion. 

The solid molded construction 
provides maximum protection 
against shock and vibration. Ex­
cellent heat dissipation (70°C/ 
watt in free air) results from full 
contact of the molding compound 
around the silicon bar. The pack­
age meets or exceeds MIL-STD-
202C, Method 106B for moisture 
protection. 

Typical gate propagation delay 
for series 15830N is 25 nsec; power 
dissipation, 5 mw; fan-out, 3 ; d-c 
noise margin, 750 mv; and supply 
voltage, 4.5 to 5.5 v. Integrated cir­
cuits in the 930-DTL configuration 
are also available in the standard 
T0-84 14-pin flatpack for operation 
over the full military temperature 
range of -55° to +125°C. 

Series 15830N circuits are priced 
an average of 25% less than pre­
vious packages. 
Texas Instruments Incorporated, 13500 
North Central Expressway, Dallas, 
Texas. (362] 

Variable attenuators 

made of monolithic IC's 

Variable electronic attenuators con­
sist entirely of tiny monolithic in­
tegrated circuits. The controllable­
loss circuits were designed for use 
in automatic gain control circuits 
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in electronic equipment. They op­
erate on a new principle that per­
mits control of the gain of an ampli­
fier without changing its operating 
parameters . This greatly dimin­
ishes the chance of distortion or of 
phase sh ifts in amplifiers. 

Type ULX-0101 and ULX-0102 
age blocks can attenuate signals 
by up to 60 db at frequencies as 
high as 65 Mhz. The circuits are 
insensi tive to power supply varia­
tions . In automatic gain control, 
there is virtually no distortion for 
a constant output of 1 mv rms over 
a 60-db attenuation of the input 
signal. The maximum input voltage 
is 1 volt of signal. 

The ULX-0101 requires only 2 
mw of control power and has a 
rated circuit diss ipation of 110 mw, 
while the ULX-0102 integrated cir­
cuit attenuator has a circuit dissi­
pation of 65 mw but requires 36 
mw control power. 

The units are b eing offered in 
both hermetically-sealed T0-5 style 
transistor cases and in Batpacks. 
Sprague Electric Co., North Adams, 
Mass. [363] 

Zener diodes serve 
as voltage regulators 

A line of zener voltage regulators, 
the molded LZM series, offers a 
low cos t, insulated package claim­
ing excellent resistance to moisture, 
thermal shock and vibration in the 
standard D0-27 outline. Voltage 
ratings are from 3.3 to 15 v with 
maximum current ratings from 
300 ma to 60 ma. 

The molded I-watt zener diodes 
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(Wisconsin 
style) 

Wisconsin is a good place to raise children. The cities are clean 
and have ample public parks. Inviting summer and winter 
recreational areas, only minutes away from almost every 
neighborhood, help prevent troublesome teen-age turmoil. So 
does Wisconsin's elementary and secondary school system 
which has a per pupil expenditure of $498 .. . $43 higher than 
the U.S. average. You see, Wisconsin youngsters stay in 
school. In fact, the state has one of the nation's lowest dropout 
rates. This means a wealth of educated and highly trainable 
manpower available to industry. Making a 
profit is important, but so is the 
good life for employers and employees, too! 
Wisconsin offers both. Check the facts! 

Write Industry Development Dept.H , 
Wisconsin Power and Light Company, 
P.O. Box 192, Madison, Wis. 53701. 

• •• investor owned 
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EDGEWISE PANEL METERS 
... we've got your number 

1122 flat, stackable, self-shielding; 
1.24" scale in less than a square inch 
of panel. 

1136 scale length {2") of a 3112 " 
conventional meter in a stackable, 
2 .6" wide edgewise. Easy to read, too : 
bi-level scale, optional internal 
illumination. 

1145 2.7" scale, bi-level, for easy 
reading. A completely shielded, 31h" 
stackable meter, ideal where you 
need a bigger readout. 

1147, 2520, 2150, 1120, 2500 military models, dual-scale meters, s" 
scales, economy versions, meters with interchangeable scales, specials to order. 

The move is on to edgewise. Equipment designers everywhere are real­
izing that edgewise meters give as much as three times the scale readout 
as conventional meters in the same panel space. 

We're the leaders in edgewise meters, have been since we pioneered 
the concept years ago. Now we offer industry's broadest line of up-to­
date, space-saving edgewise models. Our new edgewise catalog, Bulletin 
391, has all the details. Write for a copy. 

230 

internatio11al instr11,111ents inc. 
8703 Marsh Hill Road • Orange, Connecticut 06477 
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New Semiconductors 

are des igned as regulators and pro­
tection devices for control, regu­
lating and monitoring functions. 
Industrial applications include 
proc'.'ss control, instrumentation, 
switching, measurement, modula­
tion , energy conversion , energy 
generation and energy tran smis­
sion. 

Price range is from 60 cents to 
$1.10 in lots of 100 to 999. 
l n~crnationa l Rectifier, 233 Kansas St. , 
El Segundo, Calif., 90245. [364] 

Germanium rectifiers 

minimize power losses 

Extremely low forward voltage 
drop (0.45 v for low power loss) 
plus high rectification effi ciency 
(75% at 100 khz) are exhibited qy 
a series of gel'manium rec tifiers. 
Both performance characteristi cs of 
the 1N91-93, I-ampere device series 
are claimed to be 50% better than 
comparable low-current s ilicon rec­
tifiers and are irn_provements over 
the ratings of a previously avail­
able, limited-source, J edec-regis­
tered, l-am~1ere germanium type. 

At amb;ent tern Perature of 75°C, 
output current of 0.1 a11111 , the rec­
tifiers will block 80% of their 100-, 
200- or 300-v peak-inverse voltage 
ratings. Up to 55°C, output cu rrent 
to l amp, 100% reverse blocking 
is sustained. 

Applications can be found in low­
powcr circuits vvhere voltage losses 
must b e minimized, such as low­
current battery-charging and am-
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plifier I voltage-biasing circuits. 
The 1N91-93 series is packaged 

in the D0-13 flangeless case . 
Motorola Semiconductor Products Inc., 
P.O. Box 955, Phoenix, Ariz. [365] 

Epoxy-encapsulated 

silicon transistors 

••• • 1
1 It\~\ 11\ 

Low-cost, epoxy-encapsulated sili­
con transistors have been an­
nounced for large-volume consumer 
(radio-tv), computer and industrial 
applications. They are priced as 
low as 15 cents per unit in large 
production quantities. 

The new line covers the entire 
frequency spectrum from d-c to 
uhf and includes six medium power 
amplifier/switching devices regis­
tered with the EIA, for applications 
in computers and industrial instru­
ments. The full line also includes 
other device families for small-sig­
nal audio amplifier, high speed 
swi tching, low-noise/low-level, r-f/ 
i-f amplifier and medium-power 
general-purpose applications. 

The manufacturer's registered 
EIA devices include: 2N4140 and 
2N4141 (npn), which are electrical 
equivalen ts of the industry-stand­
ard 2N2221 and 2N2222; the 
2N4142 and 2N4143 (pnp) which 
are electrical equivalents to the 
2N2906 and 2N2907; and 2N4227 
and 2N4228, which are npn and 
pnp complementary devices featur­
ing tighter gain specifications (75 
to 150 at 150 ma) than the other 
four types mentioned. 

The devices are packaged in an 
epoxy-encapsulated ceramic case, 
with the three leads in a 100-mil 
circular configuration equivalent to 
the conventional JEDEC T0-18. 
This facilitates direct mechanical 
plug-in replacement of metal-can 
units in sockets or p-c boards al­
ready tooled to accept T0-18 tran­
sistors. 
General Instrument Corp., Semiconduc­
tor Group, 600 W. John St., Hicksville, 
N.Y., 11802. [366] 
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NO MATTER WHERE 
YOU'RE GETTING THESE 

Mil B INDUSTRIAL 
TRIMMERS AND POTS 

~Rm RT12 
(l&P) 

RT24 
(proposed) (l&W) 

MF78 
Wa 11x1 11 multi-turn) (L&P) (l&W) 

WE CAN SUPPLY 
THE IDENTICAL ITEMS 

AT LOWER COST. •• 
FROM STOCK! 

WE'LL PROVE IT! MAIL THIS COUPON. 

,-------------------------, •• FAIR c t-1 I LCJ A 01v1s10N or f A lllCHtlD C AM E A A AN O 1NSIRU M E NT co 11POAAT1 Q N '• 

225 PARK AVENUE, HICKSVILLE, L. 1., NEW YORK 

I 
TELEPHONE' (516) 938-5600•TWX , (510) 231 1854 I 

c::; c::::J "-JI"~ c::::J l._E3 CABLE ' FAIRCON-HICKSVILLE, NEW YORK, U . S. A . 

I I 
I Please quote me on the following items: I 
I Type Number Quantity I 
I Type Number Quantity I 
I Type Number Quantity I 
I I 
I Name Title I 
I I 
I Company I 
I I I Address I 
I City State/ Zip I 

L--·······----------------J See us at ISA Show-Booth 1809 
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BURR-BROWN 
operational 
amplifiers 
• • • • • 
• • • • • 

less than 

. BURR-BROWN 

&> 

2110 cubic inch 
• • 
1n size 
This new fami ly of Burr-Brown general 
purpose operati o nal amplifiers is just 
the ticket for thousands of applica t ions 
where space is at a premium. Each one 
is a compl e te solid-state amplifier, re­
quirin g only externa l power to operate. 
Features include: built-in frequency 
compensation , input-output protection 
and output booster stage for ±10 V at 
10mA. 

M o d el 1701 - Integrated Circuit Op­
erational Amp I ifier, state-of-the-art per­
formance 

M odel 1706 - Discrete Component Op­
erationa l Amplifier, low current offset 
and drift 

M ode l 1752 - FET Input Ope rationa l 
Amp li fier, h igh input impeda nce 

M odel 1719 - 50 mA Power Booster for 
use with above models 

Th ese amplifiers may be used in any 
of the typical ci rcuits shown i n Burr­
Brown's Handbook on Operational 
Amplifier Applications and the Hand­
book of Active RC Networks. 

Look for us at 
NEC, ISA, and NEREM 

or write for product information 

BU 

RESEARCH CORPORATION 
INTERNATIONAL AIRPORT INDUSTRIAL PARK 

BOX J 1400, TUCSON , ARIZONA 85706 
PHONE: 602·294 -1431 •TWX: 910·952·1111 
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New Instruments 

Instrument measures 
impedance and phase 

R-f vector impedance meter model 
4815A measures the complex im­
pedance of any circuit element or 
component in a single test by a 
single probe. Over the frequency 
range 500 khz to 108 Mhz, the in­
strument presents impedance di­
rectly in ohms on one front-panel 
meter, phase angle directly in de­
grees on another. A single, thin 
probe excites the test element and 
simultaneously measures its im­
pedance and its phase angle. No 
supplementary equipment is re­
quired. 

An internal oscillator supplies a 
low-level exciting signal through 
a 5-ft cable to the probe; a unique 
sampling, automatic gain control 
loop maintains the current constant 
at 4 ,.,a. At the same time, the 
voltage response of the tes ted ele­
ment is sensed and converted by 
a second sampling channel, located 
within the same probe, to read out 
directly in impedance. A phase de­
tector monitors the difference be­
tween voltage and current channels 
to yield the phase angle of the 
impedance vector. 

The built-in continuous-tuning 
oscillator, the frequency of which 
is displayed clearly alongside the 
readout, requires no balancing or 
data interpretations ; it has controls 
only for band and frequency. 

The impedance-reading range of 
the 4815A is 10 ohms to 100,000 
ohms; phase angle range is 0 to 
360° in 2 ranges, 0 ± ·90°, and 
180° ± 90°. Resolution is better 
than 2°. 

Accuracy of the instrument is 
fully specified. Frequency accuracy 
is within ±2% of reading. For im-

pedance, accuracy is within ± 4% 

of full scale -+- ( F + - 30 Mh~ 

25,00~ohms ) % of reading, where 

F is the frequency in Mhz and Z 
is in ohms; the reading includes 
probe residual impedance. Accu­
racy for phase angle measure-

ments is within ± ( 3 + 30 ~1hz 

+ 50 ,00~ohms )
0

• 

The manufacturer says model 
4815A applications can determine 
the self-resonance point of ca­
paci tors, the series and parallel 
resonance points of crystals or the 
characteristics of high-frequency 
transform ers and transducers . 

Model 4815A is priced at $2,650. 
Delivery es timates are expected to 
be 30 to 60 days. 
Hewlett-Packard Co., 1501 Page Mill 
Rd., Palo Alt o, Cali f ., 94304. [371] 

Phase meter I computer 
is highly accurate 

This phase meter/ computer meas­
ures a-c signal bursts as short as 
700 ,.,sec to 0.1 % accuracy. Sample 
and hold circuitry maintains read­
ings as long as 1 minute. 

Phase angle is displayed on a 
5- x 21/2-in. rectangular mirrored 
scale D' Arson val meter calibrated 
from 0° to 360° full scale. A phase 
reversal switch allows 0° to be at 
midscale on the meter, eliminating 
ambiguous readings for lead-lag 
measurement. An analog output 
from 0 to 3.6 v d-c provides a capa­
bility for driving chart recorders 
or digital voltmeters. 

Phase comparison between the 
two a-c input channels is made by 

Electronics I Septem ber 19, 1966 

r -

.. ,. 

,, . 

-

.. 



.; 

a very high speed flip-flop com­
paring the output of two Schmitt 
triggers. Zero cross ing detectors 
substantially eliminate input sig­
nal distortion. 

Sample and hold circuitry in­
cludes a chopper-stabilized oper­
ational amplifier bounded by diode 
networks driving into a precision 
polystyrene capacitor with ex­
tremely low di electric hysteresis. 
Selected fi eld-effect semiconductor 
devices are used to eliminate the 
need for relays to perform the 
sample and hold and rese t func-
tions, allowing very rapid r ise 
times and very narrow sampling 
apertures. 

The unit operates on llS v a-c 
linC'. 50 to 60 hz and includes all 
nccC'ssary regulated power sup­
plif's and all sili con transistors. Size 
is .51/4 in . high x 17 in . wide x 
l.'31/4 in. ckep for rack mountin g. 
YV f'ight is 18 lbs. Price is Sl,895; 
delivery, 8 to 10 weeks. 

' ) \ Systems Electronics, Inc., 6132 State 
Road, Cleveland, Ohio, 44134. [372] 

Tiny accelerometer 
with titanium housing 

A miniature accelerometer, model 
~ 4336, features a titanium h ousing 

for low mass with high strength. 
It weighs 2 grams yet has a nom­
inal sensitivity of 4 mv I g or 1.2 
picocou lombs/ g and a capacity of 
300 pf with standard 4-ft connect-

. ing cable. 
> The unit can b e u sed a t tempera­

tures up to 250° C and is com­
ifl plctcly waterproof in construction. 

It is said to be ideal for vibration 
measurements on small , low mass 

' s tru ctures, for shock testing where 
minimum waveform distortion is 
essential and for very high fre­

-· quency vibration measurements. 
Compatible with most acceler­

ometer signal conditioners and 
mounting methods , the 4336 satis-
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Ballantine Sensitive DC /Volt/ Ammeter 
Model 365 

Price: $525 

Measures 111V to 1,000 V de 
0.00111A to 1 A de 

Now you can measure with unmatched accuracy de voltages with au 
extremely wide range of l µ. V to 1 kV and currents from 0.001 µ.A to 1 A. 

Ballantine's Model 365 Sensitive DC Volt/ Ammeter, an analog indicator 
with a single logarithmic scale and range selector, measures voltages above 
1 m V with a constant accuracy of 1 % of indication. It measures currents 
above 0.1 µ. A with an accuracy of 2 % of indication. 

The Model 365's accuracy is supported by a high order of stability gained 
by ac and de feedback techniques and conservative operation of all com~ 
ponents . If you need further assurance of accuracy, a reliable internal 
standard is available to check its calibration, which can be switched on in 
a second. 

Signal-ground isolation of the Model 365 allows floating measurements to 
500 volts above panel ground, and ac rejection is provided to reduce the 
effects of common-mode signals. 

PARTIAL SPECIFICATIONS 

Voltage ........................................ 1 µV - 1 kV Current . .. . ...... .. .. ..... ........ .... ......... 1 nA - I A 

Accuracy .... 1 % of indication above 1 mV Accuracy ..... 2~ of indication above 0.1 µA 
lmp_edance ........... ..... ....... 1 Mfl above 1 µ V; 
5 Mfl above 0.1 mV; 10 Mn above 0.1 V 

lmP.edance . ............ < 10 kfl above 1 nA; < 100 fl above 10 µA; < I fl above 10 mA 

Impedance Between Signal and Panel Grou11ds· R > 100 Mfl, C = 0.1 µF, 500 V Peak Max 
Usable as DC Amplifier: lOU db max gain, u.i' to 1 V output for each decade input range 

Member Scientific Apparatus Makers Association 

- S in c e 1932 -

BALLANTINE LABORATORIES INC. 
Boonton, New Jersey 

CHECK WITH BALLANTINE FIRST FOR LABORATORY VACUUM TUBE VOLTMETER S. REGAROLESS OF YOUR REQU IREMENTS FOR AMPLITUOE. 
FREQUENCY. OR WAVEFOf<M. WE HAVE A LARGE LINE. WITH AOOITIONS EACH YEAR. ALSO AC/oc LINEAR CONVERTERS, CALIBRATORS, 
WIOE SANO AMPLIFIERS, DIRECT·REAOING CAPACITANCE METERS, ANO A LINE OF LABORATORY VOLTAGE STANOARDS 0 TO 1,000 MC. 
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From BENRUS 

a versatile scope for panel mounting ••• 

Type RA850 
DC-500 KHz 

small enough to save important space . 
1--a14"~ I 1a"-----

ll ~: T. ~ 
.........__.....,___,©"'--". l1 ~ 

~~~~~~~~~~~~~~ 

big enough screen to allow easy reading . 

with performance ... 
Advanced solid state circuitry assures optimum reliability and stability, 
and minimizes thermal problems. In general, use of top-quality ruggedized 
components provides conformance to military requirements. 

and economy! 
44 amplifier and sweep plug-ins are available in a large number of 
ranges; the user buys only the operating ranges that will be required. 
Request full information. You'll receive our latest catalog, giving complete 
data , with prices, on the comprehensive Benrus line of modular system 
instrumentation. 

BENRUS 
TECHNICAL PRODUCTS DIVISION 

30 CHERRY AVE. • WATERBURY, CONN. 06720 • PHONE (203) 756-4621 

~34 Circle 234 on reader service card 

New Instruments 

..._ 
£es most general-purpose applica­
tions requiring the use of a minia- -
ture low mass vibration transducer. 

The 4336 is available as a single • 
unit with low-noise cable and com-~ 
prehensive calibration data at $105 
or as a "£ve-pack" at $475 (model '-
4356). It is also available with 
mounting accessories in a £tted * 
mahogany case at $135 (mode! , 
4316). 
B&K Instruments, Inc., 5111 W. 164th,._ 
St., Cleveland, Ohio, 44142. (373] 

Rapid and accurate 

low-resistance tester 

( 

A quality control device has been 
developed that allows rapid tes tin g­
of res istances in a 0.001 to 0.2-ohm 
range to determine if a prespecified 
limit is exceeded. The VT-1160 is -
des ign ed to provide inexpensive yet 
accurate production line tes ts orr 
such things as connectors, spot ,_ 
welds, printed circuitry, semicon­
ductor rectifiers , e tc . These tes ts 
can be performed at rates of one 
per second. 

Semiautomatic in operation , t~ 
device simply requires the succes­
sive positions of two probes on th~ 
parts being tested , signalin g reject . 
parts by mean s of an audible alarm. 
Th e tes ter automatically switches 1 

on a self-contained tes t current 
after the probes have b een posi: 
tioned on a part, but only after_ 
proper contact has been made, 
eliminating any arcing with sub­
sequent probe damage or arc marks 
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on the part under test. 
When proper contact is made, 

the operator immediately hears a 
low tone. If the tone stops, the re­
sistance is acceptable; but if the 
tone changes to a distinctly higher 
pitch, the resistance of the reject 
part has exceeded the preset max­
imum. 

Calibration of the instrument for 
the tes t limit is done by first dialing 
the desired tes t current on an am­
meter (5 to 25-amp range), then 
setting the maximum allowable 
voltage drop (and thus the max­
imum allowable res istance) on a 
digital dial, which is graduated in 
millivolts over a zero to 1.0-v range. 
The ammeter reading is accurate 
to ±2%, and the maximum voltage 
setting is accura te to ± 0.3 % or 2 
mv, whichever is greater. 

The VT-1160 operates on stand­
ard current and requires 300 watts. 
It is available from stock at $600. 
The Vari -Tech Co., 546 Leonard St. , 
NW, Grand Rapids, Mich ., 49504. [374] 

Frequency standard 

generates time code 

Model 19000 is a frequency stand­
ard and time code generator de­
signed for applications where fre­
quency s tabilities as great as l 
part in 10~ per day and a power 
consumption of as low as 7 watts 
are required. In addition, the sys­
tem can provide 115-v, 60-hz fre­
quency-regulated power at levels 
of 10, 100, or 1,000 v-a. 

The standard sys tem generates 
the time code and calibration pro­
grams required by short-period and 
long-period seismographs, and the 
Vela Uniform code for use in mag­
netic tape recording applications. 
Alternatively, the system can be 
modified to generate other time pro­
grams such as those adopted by 
IRIG and NASA. 

The system can be furnished 
with either a binary-coded decimal 
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The inside story 01 an 
extraordinary capacitor 

0.3" square 
precision 

formed 

ceramic dielectric 

resilient 
protective 
coating 

---- silver 
terminal 

electrodes 

monolithic 

'~--·-· __ _ construction 

100,000 or in a CK 06 case Size1 
The unique construction of the VK 30 Monolithic Ceramic Capacitor 
provides an exceptionally high reliability over the entire capacitance 
range. Volumetric efficiency is greater than 11 mfd per cu . inch . .. 
Insulation Resistance is 1,000 megohm mfds minimum ... and 
Dissipation Factor is less than 2.5% at 2 ± 0.25 V RMS (at 1 KC) . 
Data Sheet C10 will give you the complete story on this extraordinary 
component. 

• Capacitance Range: 12,000 
to 100,000 pf 

• Tolerance: 10% or 20% 
• Voltage Rating: 100 VDC 

(50% derating above 85°C) 
• Temperature Range: -55°C to 125°C 
• Capable of meeting the environmental 

tests in MIL-C-1 1015 

f-- -+-+--+--t--t--1--1--1--1 
1011. i --+-+--+--+--+--+--+--+--1 
... i-+--+--1--1--1--1--1--1--l 

·--p ~ 
'"'+-+-+-+-t--t--f--f--~ 

•••l-l-1-1 ....... ~:<..-.l-l-l-I 
0 T, 1 U 100 IU IJO 

© Vitramon , Inc. 1965 

VITRAMON, INCORPORATED 
Box 544 

In Greater Europe Contact: 

Bridgeport, Connecticut 06601 
VITRAMON EUROPE 
Bourne End, Bucks 
England 
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Repairing expensive printed circuit 
'boards with AIRBRASIVE 
Circuit boards costing up to $4,000.00 are repaired, on a job-shop 
basis, by Pacific Metaplate Co., Redwood City, California. Suc­
cessful repair depends upon precision local plating and precision 
cleaning by Airbrasive. 

Breaks and scratches can be repaired; gold, nickel, tin-nickel and 
rhodium plating of contact tabs, reinforcing of soldered contacts, 
and refinishing defective electroplating can all be done without dis­
mantling or rewiring. Pacific Metaplate can control electroplating 
deposits to within 0.000 I inch. This is possible, according to the 
Company, only by the meticulous preparation of the area to be plated. 
Airbrasive, which gas-propels a supersonic stream of aluminum oxide 
particles through a hypodermic-size nozzle is used to abrade gently 
away defective plating. Airbrasive's cool, shockless cutting action 
removes the hardest plating metals without damage to the substrate, 
leaving a matte finish, ideal for bonding or sensitizing. The Airbrasive 
method is many times faster than laborious hand scraping, and elimi­
nates the possibility of irreparable damage to the substrate. 

Low-cost Airbrasive - under $1,000 sets up a production unit -
may also be used to cut, abrade, clean, etch, drill a wide variety of 
hard, brittle materials - germanium, mica, glass, ceramics, tungsten, 
silicon, stainless steel. 

Have you a possible application for Airbrasive? Find out by send­
ing samples of your proposed work for a free evaluation. 

S, S. WHITE CO., INDUSTRIAL DIVISION SEND FOR 
BULLETIN 6407A 
Complete 
information 

Oept, EU, 201 East 42nd S treet, N .Y., N .Y.10017 
T e lephone 2 12-661-3320 
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New Instruments 

or decimal in-line readout of time 
in days, hours, minutes and sec­
onds. Other outputs supplied are 
frequency-regulated square wave 
trains at 100 khz, 10 khz, 100 hz, 
60 hz, and 1 hz. 

Precision frequency standards of 
1 part in 107 or 1 part in 109 per 
day are available. To expedite set­
ting up the frequency standard, a 
low-level signal at the internal 
standard frequency is available for 
heterodyning with a radio-derived 
standard frequency. 

A time comparator employing a 
built-in oscilloscope is optional. 

Model 19000 is available as a 
rack-mounted unit on a standard 
5% x 19-in. panel or as a suitcase­
sized portable unit. Prices range 
from $4,250 to $6,500, depending on 
options. Delivery is 90 days after 
receipt of order. 
Teledyne Industries, Geotech division, 
3401 Shiloh Road, Garland, Texas. 
[375] 

Integrating dvm 

measures to 1,000 v 

_MV ' l I ! : ?; -• • 
J 

... -

. . 

"' . 
An integrating digital voltmeter, 
model 520, measures low-level 
transducer outputs from strain 
gages, load cells and thermo­
couples directly without additional ~ 
amplification. The 10-mv full-scale 
range provides readings with 
0.001 % (0.1-/.tv) resolution. Other 
ranges measure full-scale signals to 
1,000 v. 

Guarded input and active in­
tegration provide 150-db common 
mode noise rejection at all fre­
quencies , with infinite rejection of 
power-line frequencies and mul­
tiples. Automatic overranging is 
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provided on all ranges except th e 
1,000-v range and automatic selec­
tion of the correct input range is 
available with a plug-in autorang­
ing accessory. 

Usable as a b ench or rack­
mounted tes t instrument, the 520 is 
also su ited for data acquisition 
systems where multiple inputs are 
scann ed and output is read out by 
a h igh-speed printer , tape punch, 
or by similar devices. Ou tput is 
8421 BCD for reading, decimal lo­
cation, polarity and function. Com­
pl ete remote programing through 
contact closures provides maximum 
fl ex ibility fo r data-logging or 
produ ction-measurement applica­
tions. 

Model 520 is also a frequency 
counter, offering two operating 
modes: direct counting of frequen­
cies from 10 hz to 2 Mhz; and 
period measurements (1, 10 and 
100-period averages) for high-ac­
curacy measurement of frequencies 
from 10 hz to 25 khz. 

The unit measures 5% x 16% x 
22 in. and weighs 45 lbs. Power 
requirement is 115/230 v, 50/400 
hz; approximately 110 w. 
Vidar Corp. , 77 Ortega Ave., Mountain 
View, Calif., 99041. [376] 

Sweep generator spans 

100 khz to 100 Mhz 

••• ·1 ..,·" V<·~ - • • 

~ ·· ~ .. ..... ti. :,-o ; .. · •"' '. 

Sweep generator model 610 covers 
the frequency b and from 100 kh z 
to 100 \1hz. Its frequency stability, 
minimum harmonics and spuriou s 
signals and minimum incidental 
f-m set it apart from all other 
broadband sweepers in this range, 
th e manufachll"er says. 

This generator has accurately set 
power level, calibrated attenuation 
and a variety of modulation capa­
bilities. Another feature of the 
model 610 is its ability to inde­
pendently set the start and stop 
frequ ency rather than to sweep 
around a cen ter frequency. This 
feahHC previously has been avail-
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Designed for 

UHF APPLICATIONS 
A WIDE RANGE OF 

TEMPERATURE COMPENSATING 

DISCAP 
CERAMIC 

CAPACITORS 

SOLDER- INS 

.260 .380 
MAX. MAX. 

Norn . T. c. Ca p. Ra nge Ca p. Ra ng e 

NPO 1.5-10.0 pfd. 11- 22 pfd . 
N-3 0 1.5- 10.0 pfd. 11- 22 pfd . 
N-75 2.2-12.0 pfd. 13- 23 pfd. 
N-150 2.2-12.0 pfd. 13- 25 pfd . 
N-220 2.4-15.0 pfd . 16- 27 pfd. 
N-330 2.7-15.Q pfd. 16- 33 pfd. 
N-470 :2.7-15.0 pfd . 16- 33 pfd. 
N-750 4.7-27_0 pfd ," 28- 47 pfd. 
N-1500 11.0-47_- 0 pfd . 48- 105 pfd. 

SPECIFICATIONS 

CAPACITAN CE: Within 
tolerance @ 1 MC and 25°C 

CAPACITANC E 
TOLERANCES : ,., 53, 
* 10% or * 20% (but not 
less than "'. 25 pf) 

WORKING VOLTAGE : 
500 voe 

INSU LATION RESISTANCE: 
Greater than 7500 
Megohms 0 500 VOC 

TEMPERATURE 
COEFFICI ENT: As noted 
on Capacitance chart 

FLASH TEST: 1000 voe for 
1 second 

ELECTROD E: Pretinned for 
assured solderability 

Th ese new "Solder-In" capaci· 
tors are designed for use in UHF 
app li ca tion s requiring t he abso· 
lute minimum in lead induct­
a nee effects . 

If your applica t ions require 
speci a l ph y sica l or electrical 
characteristics , contact RMC's 
engineering departmerlt. 

Write today on you r company 
letterhead for you r copy of th e 
RMC Catalog. 

RADIO MATERIALS COMPANY 
A DIVISION OF P . R. MALLORY & CO ., INC . 

G EN ERAL OFFICE : 4242 W . • ryn Mawr A ve, , Chicago 46 , Il l. 
Two RMC Plants D ev ot e d Exclu sively to Cer amic Capa ci tors 
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NOW! A PRACTICAL WAY 
TD MONITOR CLEAN ROOMS ... 
AUTOMATICALLY . .. ACCURATELY . .. DEPENDABLY 

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: 
• Directly reads and prints any par­

ticle concentration up to one million 
per cubic foot. 

• Selective counting 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 filtered clean air-prevents turbu ­
lence, 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. 

• Real-Time counting. 

• Very low dust concentrations over a 
given time inte rval detected with 
Digital Readout. Automatic timer 
provides for three fixed sampling in­
tervals. 

• Digital Printer automatically prints 
concentrations at preset inte rvals. 

• V.O.M. Recorder for continuous plot­
ting of dust concentrations available 
optionally. 

·• All three classes of clean rooms spe­
cified in Federal 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, 
61433 Bausch Street, Rochester, New York 14602. 

BAUSCH & LOMB {i) 
Sold and serviced exclusively in United States by Air Control, Inc. 
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able only on microwave sweepers 
in the frequency range above 1 
Ghz but has not been available on 
sweepers below this range, accord­
ing to the manufacturer. Price is 
$1,975. 
Wiltron Co., 930 East Meadow Drive, 
Palo Alto, Calif., 94303 [377] 

Tunable discriminator 
for 100 hz to 1.5 Mhz 

I I 
r I 

1 

A tunable f-m discriminator now 
available is capable of being con­
trolled manually or by computer. 
Model 4140 is intended for f-m 
telemetry instrumentation systems 
where it can be used for system 
checkout, on-line, and backug ap­
plications. It provides ±1 % center­
frequency accuracy, 0.1 % linearity 
and has an internal tape-speed­
compensation delay network. It can 
be rack mounted or supplied as a 
portable unit. 

,... -

. , 

.. 

Th e 4140 accommodates all te­
lemetry subcarriers from 100 hz to .. 
1.5 Mhz. Center frequencies are 
selected by thumbwheel switches 
or by remote signal. A rotary 
switch controls the choice of devia­
tion ratio-± 7.5% , ±15%, ± 30%, 
or ±40%. vVhen it is used in an 

"" automatic data reduction system, 
all operational parameters can be ._ 
controlled remotely by digital pro­
gram control or computer. 

Output filter cutoff frequency is 
selected by a switch, the 3-db point 
b eing adjustable from 1 hz to 300 ·~ 
kl1Z. The roll-off characteristics 
available are 42, 36, or 18 db/ oc- ...__ 
tave. The filter is switchable from 
a constant-amplitude (Butterworth) 
to a constant-delay (Bessel) char- • 
acteristic. 

The tape-speed compensation 
improvement of wow and Hutter _ 
for the 4140 is in excess of 26 db. 
Electro-Mechanical Research, Inc., Box 
3041, Sarasota, Fla., 33578. [378] 
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New Subassemblies and Systems 

Communications terminal plus computer 

A communications terminal with 
two bonuses-some computational 
ability and a basic pricetag of 
$9,600-is now available from a 
new company, Business Informa­
tion Technology, In c. 

The basic 480 Processor has one 
read-write channel and in cludes a 
teletypewriter with its own paper 
tape punch and reader. The 8-
microsecond, random-access , mag­
netic-core memory contains 1,024 
eight-bit bytes. One additional bit 
in each byte permits rarity check­
ing for error detec tion and another 
bit serves as a word mark, for iden­
tifying the divis ion between vari­
abl e-length words. 

As a communications terminal , 
the 480 can be connected to a wide 
variety of devices , such as card 
punches and readers , magnetic 
discs, drum and tape storage, ana­
log-to-digital converters , digital-to­
analog converters, and so forth . The 
manufacturer also sell s printed­
circuit boards for designing inter­
faces to other company's peripheral 
equipment. 

As a small computer, the ma­
chine can execute a stored pro­
gram of arithmetic and logical op-
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erations on either data from the 
communications link or from the 
local peripheral devices. The arith ­
metic can be either binary or deci­
mal. The operations are performed 
through an accumul ator that can 
be var ied in length to Rt the specific 
problem. 

A total of six devices. includin14 
the teletypewriter. may be con­
nected to the read-write channel. 
but in most applications , only one 
can address th e computer at a 
time. An exception would be 
in phototypesetting app lications, 
where the computer could work 
fast enough to justify and hyphen­
ate the output from six tele type­
writers operating simultaneously. 
Up to three additional channels 
can be added at a cost of about 
$2,000 each . Th e channels can 
be addressed simultaneouslv with 
compu ta ti on , for a total of Eve in­
dependent operations simultane­
ously. A priority interrupt feature 
is ava il able as an option. 

Th e memory can also he ex­
panded in crementally to a total of 
65,538 bytes. A fa ster cycle time-
2 microseconds-is al so available. 

One possible application for the 

HIGH-VOLTAGE 
CABLE INSULATED 

WITH G-E 
SILICONE RUBBER 

SURVIVES 3 
TOUGH 

CONDITIONS 

One, it carries high currents at 7.000 
volts rms. in an airborne power supply. 

Two, it withstands temperatures that con­
t inuously fluctuate between -55°C and 
125°C. 

Three, it operates at altitudes as high as 
70,000 feet. 

Of all the cable insulating materials 
checked by the manufacturer, G-E sili­
cone rubber proved reliable under every 
condition . Res isting ozone and corona, it 
extended cable life to at least 1,000 hours. 

Saves $2.00 per unit 

By using silicone rubber as both a di­
electric and a potting sealant for a stand­
ard connector, the manufacturer got a 
bonus - a void-free. all s ilicone system 
with a minimum of labor. 

Compared to installation of individual 
insulating sleeves for connector contacts, 
cost savi ngs amounted to $2.00 a unit. 
And reliabi lity was improved. 

FREE NEW DATA BOOK 

.. 6 

.. 
SILICOllE 
RUBBER 

ftr •Ir• ... 
11ltlt1pplitati11 

.. 
... ....................... .. 111111t •S,u1n11c ......... .... .. . 

For more woys on how G-E silicone rubber can 
save money, get Technical Data Book CDS-592, 
a comprehensive 36-page guide to high per­
formance wire and cable. 

Write to Sect. N9204, Silicone Products Dep: ., 
General Electric Co., Waterford, N. Y. 12188. 

GENERAL. ELECTRIC 
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Hot Line for Pot Wire 
Secon has more than doubled its 

capacity to produce high quality, pre­
cision potentiometer wire. This was 
almost immediately reflected in 
speedier delivery of our customers' 
orders. 

You get the precious metal alloy 
wire you need, engineered to meet 
your exact requirements - from 37 
to over 600 ohms/emf; low tempera­
ture coefficient of resistance - with 
excellent roundness and linearity. 

This high tensile strength wire is en. 
gineered to facili tate uniform wind­
ing - available to .0004" diameter. 
Supplied bare or enameled. 

If your requirements are for high 
quality, fine potentiometer wire you 
should wri te for a copy of our com­
prehensive brochure on wire for the 
potentiometer industry. 

Please write on your letterhead; 
no obligation of course. 

SEC O N 
METALS 
CORPORATION 

7 INTERVALE STREET, WHITE PLAINS, N.Y. 10606 • (914) WH 9.4757 
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330 W. 42nd Street, New York, N.Y. 10036 
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New Subassemblies 

basic processor is in schools to ' 
teach the fundamentals of digital 
computers. When the students 
weren't using the machine, it could,.. -
perform various accounting and 
programing tasks. 

Other applications are in indus- , 
trial process control, either directly 
or by relaying the process data to .._ 
another computer for analysis and 
control. The processor can be used K .. 

in engineering and scientific lab- -r 

oratories for small-scale computa­
tion. Business applications include 
replacing a tabulating installation _ 
or as peripheral equipment for a 
larger computer. 

Delivery is 75 days. 
Business Information Technology, Inc., r 

3 Erie Drive, Natick, Mass. 01760 
[381] 

Servos convert voltage 

into shaft rotations 

.. 

.. -

The 900 series pot repeaters are 
unitized, precision servoassemblies,..,. 
that convert an input command 
voltage into a shaft rotation. The '­
compact packages include servo­
motor, gear train, feedback pot, 
servoamplifier and power supply. -
Operation is directly from the 117 -v-<. 
line, and the servos are completely 
self-contained, requiring no addi- ._ 
tional components. 

This versatile line includes 48 ~ 
standard models , with customer op- .... 
tions on: 60 or 400 hz line power; 
d-c, 60 or 400 hz command voltage; , 
single, three or 10 turn feedback 
potentiometers ; and four motor to -
pot gear ratios. In addition , the 
customer may specify any extra 
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computing pot sections required. 
With the output shaft provided, 

the servo can drive a digitizer, 
synchro, counter, chart table, or 
dial. With additional pot sections 
it performs as a servomultiplier or 
function generator. The small pack­
age size permits up to four servos 
across a 19-in. rack panel. These 
standard units cut development 
time and cost when incorporated 
into a larger system, and are built 
to MIL-E-6400. 

Price is approximately $920, and 
normal delivery is six weeks. 
Industrial Control Co., Central Ave. at 
Pinelawn, Farmingdale, LI., N.Y., 
11735. [382] 

Data multiplexer 

features stepper drive 

A Step/Scan data multiplexer now 
available uses an aerospace-proven 
sampling switch with stepper-mo­
tor drive for more reliable contact 
closure, simplified synchronization 
and easy programing. The unit 
lowers cost per-channel in process 
data scanning, data logging, com­
puter time sharing, plant-wide 
monitoring and similar applica­
tions. 

Stepper drive improves contact­
ing reliability because wipers move 
quickly from segment to segment, 
then remain stationary during data­
sampling period. Wipers have mul­
tiple redundant contact surfaces to 
further enhance reliability. 

Phase and speed synchronization 
of several physically separated 
multiplexers requires only a simple 
mas ter clock and a reference pulse 
generated once each frame. De­
pendence on motor speed controls 
is eliminated. 

Programed scanning is equally 
simple. The stepper motor can be 
programed to drive quickly past 
undesired data points, or to dwell 
longer on points of special interest. 
Both functions are accomplished 
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HOLE 
A 

SECOND! 
This punching is by a brand new turret punch press. 

Electrically linked to a floating stylus. You simply trace 

the template, press the button - punch your holes, count 

your profits. Change jobs as fast as you can drop in a new 

template. Call your Di-Aero distributor or write us for 

the big 44-page Punching Catalog. 

• ~•!o~~~/,~~JM, 
439 EIGHTH AVE., LAKE CITY, MINN. 55041 
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MAGNETIC SHIELDS 
TO YOUR SPECS \Ti 
About 80% of all magnetic shield designs 
now in use originated here. 
Maybe it's because our designs work. Maybe our 
designs work because we've had the most experi · 
ence. All are good reasons to contact us. 
Netic and Co-Netic magnetic shields are the recog­
nized standard all over the world for military, labora­
tory, industrial and commercial applications. They 
are insensitive to ordinary shock, do not require 
periodic annealing, and have minimal retentivity. A 
few typical applications are illustrated. Our design 
deoartment is yours. Magnetically Shielded Room 

••• l 
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with simple digital logic circuitry. 
One standard Step/Scan multi­

p lexer can contain up to six inde­
pendent contact rings , each with 
up to 90 contact segments-provid­
ing a total of 540 input data chan­
nels . As many as 10 multiplexers 
can be combined into a coordi­
nated system that provides fully 
synchronized scanning of 5,400 
data channels. Standard scanning 
rate is 100 channels / sec. 

Contacts are rated at 10 ma, 10 
v d-c. Contact resistance is less 
than 1 ohm. \Vilh maintenance 
every 2,500 hours , a life of 10,000 
hours is guaranteed . 

The standard package meets air­
craft instrumentation standards and 
weighs under 24 oz. for 540-chan­
nel capacity. Flexible printed " ·ir­
ing connects commutator segments 
to circuit-card jacks on the outside 
of the case. Other connector and 
packaging configurations are avail­
able. 
Fifth Dimension Inc., Route 206 Center, 
Princeton, N.J., 08540. [383] 

Dual power supply 
in a single package 

Model T\V5005 power supply fca- -< 
turcs current ranges with automatic 

"' -
... 

. ' 

current-limit and meter-scale trans- ..._ 
fer. This all-silicon semiconductor 
unit provides two independent 
sources of 50 v, 500 ma in a single 
package. Each supply may be oper-
ated as a constant-voltage source 
with adjustable current limiting, or 
as a constant-current source with 
adjustable voltage compliance. 

Each source has a regulation bet-
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ter than 0.005% plus 1 mv at both 
front and rear output terminals, a 
peak-to-peak ripple less than 1 mv, 
a temperature coefficient better 
than 0.02%/ °C and a stability bet­
ter than 0.02% plus 10 mv per 24-
hour period after warm-up. Provi­
sions are incorporated for external 
voltage or current programing. 

The sources present an imped­
ance less than 0.1 ohm in the con­
stant-voltage mode and more than 
200,000 ohms in the constant-cur­
rent mode. Resolution is better 
than 1 mv and 0.25 ma, and the re­
covery time is less than 50 p.sec for 
a step-change in rated load (1 p.sec 
rise time) from 10 to 100% or from 
100 to 10%. 

The model TW5005 operates 
from a 105- to 125-v, 57- to 440-hz 
input. It weighs 17 lbs. Price is 
$297.50; delivery, 3 to 4 weeks after 
receipt of order. 
Power Designs Inc., 1700 Shames 
Drive, Westbury, N. Y. [384] 

Voltage regulator 
is suited for aerospace 

A lightweight, microminiature, 
solid-state voltage regulator is espe­
cially adaptable to aerospace appli­
cations. Model BR-801 has a 
regulated d-c output range of from 
10 to 25 v and is extremely stable; 
the output varies only 15 mv with 
a 10-v input variation. 

The regulator compares the out­
put voltage to a temperature-com­
pensated zener reference voltage 
and provides regulating current to 
a series-regulated transistor at a 
rate greater than 10 p.a per milli­
volt of error. It can be used to pro­
vide up to 75 ma of load current 
with a single power transistor. 
Using a Darlington pair, load cur­
rents over 1.5 amps can be 
achieved. 

The regulator is 0.5 in. long, 0.4 
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SAVING .06'' + 

WHERE IT 

counts! 

Dun co 

And it counts on this programming 
module. Its two reed relays are the 
"tallest" components on the board. 
But if both were Struthers-Dunn re­
lays {as the one on the left), 0.06" 
could be saved and 10 modules would 
stack in the space now required 
for 9. 

LOW PROFILE 
REED RELAYS 

Like to save space t his way too? 
Struthers-Dunn Type MRRS 1, 2 and 
4 pole reed relays are available in 
single and dual-coil models. They're 
magnetically shielded and encapsu­
lated into rigid homogenous struc­
tures. Detailed information is con­
tained in Data Bulletin MRR-3A. 
Write: 

STRUTHERS-DUNN .Inc. 
Pitman, New Jersey 08071 

tel: 609-589-7500 twx: 609-589-1548 
SALES ENGINEERING OFFICES IN : Albuquerque • Atlanta • Belmont, Calif. • Birmingham, Ala. • Boston 
Buffalo • Cedar Rapids • Charlotte • Cincinnati • Clearwater, Fla. • Cleveland • Clifton • Dallas 
Enc ino • Englewood • Glen Ellyn, 111. • Houston • Kansas City• Las Vegas • Memp_his • New York• Phoenix 
Pittsburgh • Richardson, Tex. • Rome, N.Y. • St. Lou is • St. Paul • Salt Lake City • Seattle • Southfield 
Towson, Md .• Wichita • Wilmette. Canadian Licensee: Renfrew Electric Co., Ltd. Export Dept.: 
1505 Race St., Philadelphia, Pennsylvania 19102, U.S.A. 

Circle 243 on reader service card 24~ 



Dress up 
your product 

It's handsome, now, sure. But wouldn't your product have even 
more sales appeal if you fit it out in some new finery? Like, 
maybe, General Electric glow lamps? 

Whether you're in coffee makers or computers, G-E glow 
lamps add utility and value. Their long life, rugged design and 
unique color make them ideal as indicators. Designed into 
circuitry, they're widely used as triggering devices to control 
power for resistance or low induction loads. 

Chances are you'll reduce cost for mounting fixtures, too, 
because glow lamps are compact, simpler, easier to fit in. 
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Economy? They operate off line voltage 
for an average rated life of 25,000 hours. 

For complete information on glow lamp 
theory, circuits and ratings, write for the 
117-page, revised Second Edition of G-E's 
Glow Lamp Manual. Our most recent 
Glow Bulletin #3-5337 describes how 5AH 
lamp types serve as economical triggers 
for SCR AC phase control. Both are 
yours, free. Write the General Electric 
Co., Miniature Lamp Department, M6-3, 
Nela Park, Cleveland, Ohio 44112. 

~gress Is Ovr Most lm~l'l#nf l?otlvd 

GENERAL. ELECTRIC 
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New Subassemblies 

in. high, and 0.19 in. wide. Its 
weight is 2 grams. Absolute maxi­
mum ratings are: storage tempera­
ture, -65°C to +200°C ; operating 
temperature, -55°C to +85°C ; in­
put d-c voltage, 40 v. The BR-801 
is priced in quantities of 1 to 9 at 
$65 each , 10 to 24 at $59.50 each; 
25 to 99 at $53.10 each; and 100 to 
499 at $35.10 each. 
The Bunker-Ramo Corp., 8433 Fall ­
brook Ave., Canoga Pa rk, Ca lif. [385] 

Video amplifier 

works in crt systems 

Model V A548 is a d-c coupled, 10 
Mhz, all-silicon, solid-state ampli­
fier featuring plug-in convenience 
and low cost. It is designed for ap­
plication in any cathode-ray tube 
or storage-tube display system 
where up to 40 volts of grid drive is 
required . 

The unit is a feedback amplifier 
to provide optimum linearity and 
gain stability, and may be directly 
coupled to the crt grid or a-c cou­
pled to a d-c restoring level. The 
amplifier is fo Uy compatible with 
all other modular display system 
components manufactured by the 
company. 

Availability is three weeks after 
receipt of order. 
Beta Instrument Corp., 377 Elliott St., 
Newton Upper Falls, Mass. [386] 

H-v power supply 

for lab and industry 

A line of d-c power supplies has 
been introduced to provide low­
cost high power for laboratory and 
industrial applications. It includes 
units with voltages up to 100 kv. 

Pictured is the model BF20-300, 
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whose output is continuously vari­
able from 0 to 20 kv d-c with cur­
rents from 0 to 300 ma at either 
positive or negative polarities. 
Over-voltage and over-current pro­
tection are provided by the use of 
sensitive, fast-acting meter relays. 
The unit contains complete con­
trols and safety features. 

Priced at approximately $3,000, 
the BF20-300 can be delivered 
within 30 to 60 days. 
Caber Electronics, Inc. , 7 Gleason Ave., 
Stamford, Conn., 06902. [387] 

Miniature delay line 

computer memory 

A series of miniature delay line 
computer memory modules has 
been developed. Called Delcoms, 
they are des igned to be conveni-

-• ently assembled into a multichan­
nel memory stack. The MA2064 
memory illustrated consists of eight 
MS2064 Delcom channels , each 
capable of storing up to 2,000 bits 
of data in a 3.5 x 6.37 x 4 in. pack­
age. 

Each MS2064 Delcom contains 
a magnetostrictive delay line and 
microe_lectronic read, write and 
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Heinemann has a simple way to handle the problem. 

The Heinemann PFC Power Failure Control 
unit can't actually prevent a power failure, but 
it can brace you for what happens next: the chaos 
of multiple-load restarts. 

The PFC, in conjunction with a specially modified Heinemann circuit breaker, 
takes protected equipment off the line when power fails. Automatically. Because 
reset is manual, you can sequence the restart to avoid the overloading caused by 
simultaneous start-up of all equipment. You can also avoid possible injury to 
personnel caused by an unexpected restart. 

Special circuit design within the PFC prevents restarting equipment unless power 
has been restored. 

The PFC is available with a number of our breaker models-it's shown here with 
our 100-amp E-frame breaker. When used with a multi-pole breaker, the PFC pro­
vides normal overload and short-circuit protection along with the automatic shutdown 
feature. 

Our Bulletin 550 will give you detailed information and specifications. Write us 
for a copy. Heinemann Electric Company, 2644 Brunswick Pike, Trenton, N.J. 08602. 

3383 <®> HEiNEMANN 
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High Power TWTs for 
Hostile Environments 
When you specify high power TWTs to work against improved radar, fire con· 
trol, or guidance complexes, tube performance must be dependable, repeat­
able, and efficient. 
MEC's militarized high power tubes were developed to meet every one of these 
requirements. Octave and special band TWTs from L through X band have 
been designed and delivered for systems operating up to 70,000 feet. Conduc­
tion cooling with heat sink temperatures of 100°C, and full MIL-spec com­
pliances are standard. Operating efficiency normally exceeds 20%. These 
tubes not only combine light weight and small size as individual components, 
but when mated with MEC's solid state power supplies, make a combination 
that is ideal for systems where space and weight are at a premium. 
Check the table below. There's probably a tube to satisfy your requirements 
for electronic warfare, communications, or telemetry systems. For complete 
information on standard and special tubes, please address Microwave Elec­
tronics, a Division of Teledyne, Inc., 3165 Porter Drive, Palo Alto, California. 
Exceptional opportunities exist on our technical staff for qualified scientists 
and engineers. An equal opportunity employer. 

Type 
M5311 
M5312 
M5313 
M5462 
M5314 
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Freq. 
(GHz) 

1-2 
2-4 
4-8 
4-8 

7-11 

Min. Psat Min. Gain 
(Watts) @ Psat (dbl Focus 

100 30 PPM 
100 30 PPM 
100 30 PPM 
200 30 PPM 
100 30 PPM 

Microwave Electronics 
3165 Porter Drive , Palo Alto, California 
a division of Teledyne, Inc. 
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Cooling 
Conduction 
Conduction 
Conduction 
Conduction 
Conduction 

New Subassemblies 

logic circuitry. They are supplied 
with delays of up to 1,000 ,.,sec and 
for use at bit rates of up to 1 Mhz 
in the return-to-zero, and 2 Mhz 
in the non-return-to-zero modes. 

Inputs and outputs are designed 
to match into Fairchild Micrologic 
flip-flops (913) and each module 
consumes less than 0.3 w of power. 
Individual MS2064's are easily 
mounted to p-c boards. Their size 
is 3.5 x 6.37 x 0.5 in., and weight 
is 11 oz. 

Price of the MS2064 is $350 in 
small quantities , and delivery is 4 
to 5 weeks after receipt of order. 
Computer Devices Corp., 6 W. 18 St., 
Huntington Station, N.Y. [388] 

L-f serial memory 

can store 20,000 bits 

A series of low-frequency serial 
memories has been introduced for 
use as buffer memory systems b e­
tween high-speed computer and 
low-speed periphery equipment, in 
typewriter systems programed to 
type statistical information for stor­
age in computers and in video- ',. 
screen display. 

The device offers storage capac­
ity of up to 20,000 bits and data 
rates up to 2 Mhz. Logic levels arc 
available from 3 to 12 v ( ±3 v to 
±12 v) of either polarity. The sys­
tem also offers both mic.:rologic and 
fully transistorized circuitry. 
Anderson Laboratories, Inc., 501 New 
Park Ave., West Hartford, Conn., 
06110. [389] 
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New Microwave 

Stable noise source via satellite 

Developmental work on a space 
sa tellite amplifier has resulted in a 
small , stable tunnel diode noise 
source, believed to be the first on 
the market. It is only a few inches 
in each dimension , has an output 
relatively independent of tempera­
ture and can operate for ovf'r 250 
hours from a single flashlight bat­
tery. The manufacturer, the Inter­
national Microwave Corp. , Cos 
Cob, Conn ., a subsidiary of Micro­
wave Associates, Inc. , says the de­
vice can supply incoherent, white 
noise over any 20% bandwidth in 
the frequency range from 2 to 12 
gigahertz. 

Although not a direct replace­
ment for highly temperature stable 
devices, such as the argon noise 
lamp, the tunnel diode source can 
be used where low power and small 
size are more important than over­
all accuracy. Norman Chasek, 
president of International Micro­
wave, says the source is small 
enough to build into tes t equip­
ment for monitoring the receiver 
noise figure of long-range radars, 
troposcatter sys tems and satellite 
ground terminals. The gain of nega­
tive resistance devices such as 
parametric amplifiers will not be 
changed whether the unit is on or 
off because the voltage standing 
wave ratio is the same in either 
state; consequently noise measure-
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ments are simplified. Chasek says 
the device is also suitable for por­
table tes t units since it is light and 
does not generate high spurious 
signals that need shielding. 

The units supply noise powers 
15 decibels above that developed 
by a resis tor at room temperature 
-the basis for noise comparison. 
If the unit's temperature is stabil­
ized by a small oven, the noise 
power will be stable to ±0.5 db 
over an ambient temperature range 
from -55° to 85°C. Without an 
oven, noise power variations can be 
held to ± 1 db over a temperature 
range from -20° to 50°C. 

Other combinations of power, 
bandwidth and temperature stabil­
ity can be supplied. In general re­
ducing the noise power require­
ments allows the units to operate 
over an extended temperature 
range for a given bandwidth. 

The primary source of noise in 
the unit is the shot noise developed 
by electrons crossing the junction 
of a tunnel diode. Shot noise is 
independent of the diode's junction 
temperature. Chasek says there is 
a temperature-dependent noise 
source within the diode, but that 
it only accounts for 10% of the 
power output. 

Since the noise power developed 
across the tunn el diode's junction 
is only abou t 4 db above that de-

•All silicon -60'C operation j ·· 
•Constant voltage/constant . · .. • 

current 
• .01 % regulation; 0.5 m.v ripple ·1' 
•Up to 300 watts- • 

. voltages to 160V. 
• Remote sensing-remote 

programming 
• TRYLINK® precision current 

mode 
- •Automatic overvoltage 

protection option 
•Half Rack Size- Bench or 

~ack mount 

I · I , ... _._.._.._ .. ___ .. _.._..., 
I T.1~T!~c9.1~. I I Roosevelt, N.Y. 11575 I 

Please rush me your new 52-page Power I Supply Handbook-FREE I 
I Name I 

Title----------

• ~m~ey I 
I Address I 

City State--ZiP--·---------· 
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MAGSENSE® 
Control/ Alarm for Temperature, Pressure, Speed, Flow 
Save time and money solving control problems with this proven short-cut. 
Just connect your thermocouple, tach generator, thermistor or other input 
to the isolated input of a MAGSENSE unit, and a relay or power contactor 
to the other. It's about that simple to control accurately and reliably. Solid­
state MAGSENSE units have 100-billion power gain and accept the out­
put of transducers directly without ampli-fiers. 

NO MORE WORRIES ABOUT OVERLOAD OR COMMON MODE VOLTAGE 
Continuous overload capability is 1000 times nominal full-scale input with­
out damage. Common mode voltages as high as 110 AC can be present 
without affecting trip point. 

SPECIFY YOUR NEEDS 

Set point or dual set point 
Remote set point 

Transducer excitation voltage 
Latching, non-latching, proportional 

or differential gap control Solid state ground leg switching 
or pulse outputs for SCR's Cold junction, copper compensation 

JN PUTS : 

POWER REQ UIRED : 
REPRATABILITY : 

SIZE : 
WEIGHT: 
PRI CE: 

BRIEF SPECIFICATIONS 
Will rPliably alarm and/ or control with si{!nal le1 1els as 
low as 1 microamp or JO 1nicrouo/t s . 
12V DC or 2BV DC ± 10% at 30 milliamps. 
+ 0.8% of full sca le input (typical) for tPmpnature 
variation of 0 to 50 C and lin e uo lta.ge Puriulio ll of 
± 10% from 110111inal. 

3" x4" x 1!4" 
3 oz. maximunt 
From $35 to $175. Quantit y discounts. 

CONTACT: MAGSENSE PRODUCTS, Dept. 801 , La Jolla Division, Control 
Data Corporation, 4455 Miramar Road, La Jolla, Calif. 92037. For immediate 
action, phone (714) 453-2500. 

CONTROL DATA 
CORPORATION 

4455 Miramar Road, La Jolla, Cali f. 
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New Microwave 

veloped by a res istor, it is neces­
sary to amplify the noise to obtai11 
the 15 db outputs. This is where ' ' 
stable tunnel diode amplifier i ~ 
valuable. Developed for a satellite 
system the company was biddin r>: 
on, the amplifier has extremely 
good gain stability with tempera­
ture. As a result the amplifier pro­
duces only a minor degradation in 
the temperature stability of th e 
noise, while resulting in higher 
noise power outputs. 

The waveguide unit at the left 
in the photograph on page 247 is 
designed for operation at 8.5 to 10 
Ghz, while the coaxial unit on the 
right is for 5.9 to 7.0 Ghz. 

Specifications 

Unit 
Bandwidth 
Frequency range 
Excess noise level 

(referenced to 
resistor's noise 
at room 
temperature) 

Gain stability 
With oven 
Without oven 

Voltage standing 
wave ratio 

Price 
Delivery 

Tunn el diode noise source 
20 % 
2 to 12 Ghz 
15 db 

±0.5 db from -55° to 85°C 
±1.0 db from -20 ° to 50°C 

less than 1.2:1 
$1 ,500 
60-75 days after receipt of 
order 

International Microwave Corp., a sub­
sidiary of Microwave Associates Inc., 
River Road, Cos Cob, Conn . [391] 

Telemetry preamps 

cover Land S bands 

Telemetry preamplifiers , models -<.. 
AM-1435 and AM-2200 cover 1.43.5 

"' . 

to 1.5.50 Ghz and 2.2 to 2.3 Ghz re- ._ 
spectively. They are designed for 
the new microwave receivers now 
on the market. Noise figures are 5 
and 6 db respectively. Both models 
feature all solid state components, 
rugged military construction, mini­
ature size and low power input. 

Minimum gain is 25 db; power 
output at 1 db gain compression 
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., point, 0 dbm; power input, -15 v 
d-c at 25 ma. Size is 4 x 1.4 x 2 in. ; 
weight, 10 oz. 

'" Because of "almost infinite" 
shelf life, the ability to provide ex­

,, tremely close gain matching, a 
_..., mean-time-between-failure of 200,-

000 hours and no fin e grain noise 
.., varia tions, the units are said to offer 

subs tantial advantages over twt 
amplifiers. 

The accompanying illustration 
shows, on the left , the full octave 

• .., wide AM-1000, a companion to the 
telemetry series. It covers 1 to 2 
Ch z, with 6-db noise figure and 
25-db gain, and is designed for 
electronic warfare, radar and com­
munications systems. 

_ ..,. Avantek Inc., 3001 Copper Road, Santa 
Clara, Calif. [392] 

Traveling-wave tube 
..., delivers 30 watts 

A traveling-wave tube is available 
with 30-w output in the 3.6-to-4.2-

~ Chz band. The W7 /SC tube was 
_ designed for 1,800-channel micro­

wave links. 
' Vith a typical gain of 43 db at a 

working output of 20 w, saturated 
output is 30 w. In an existing sys­
tem, the W7 /SC can be substituted 
for a 40-db-gain tube with an out-

'"' put of 10 w and, using the same 
... drive power, the W7 I SC will pro­

duce twice the previously obtained 
• output. 

The W7 /SC operates in a rugged, 
periodic-permanent-magnet mount, 
ype WMllOA. Incorporated in the 

mount are: r-f input and output 
-·~;vaveguide connections (a choice of 

WC12A or WR229 is offered); me­
, chanical alignment; deflection and 
- matching adjustments; tube ejec­

tion control at either end of the 
· mount; a convection cooler , and fa­

~ cilities for easy field replacement of 
tubes. 

- ITI Electron Tube division of Interna­
tional Telephone and Telegraph Corp., 
Box 100, Easton, Pa., 18043. [393] 
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LIKE SILVER DOLLARS-
WORTH MORE THAN FACE VALUE ... 

New Duncan Model 3233 -
a Commercial, Va" 10-Turn Precision 
Wi rewound Potentiometer. (Actual Size) 

• I I AHO THEY'RE HOT SCARCE-
BUT AVAILABLE OFF THE FACTORY SHELF I 

CHECK THESE VALUES ••• 
2,000,000 Shaft Revolutions 

± 0.25 Linearity 
10 Q to 200K Q (±3 % ) Resistance Range 

2.5 Watts at 40° C 
-55' C to +105' C Temperature Range 

100 oz .-i n. Stop Strength 
Uniform Torque 

AND THESE BONUSES ••• 
High·lmpact Plastic Housing 
Rugged Metal Lid and Clamp Bands 
•;." Stainless Steel Shaft 
3/s-32 Coated Brass Bush ing 
Welded Terminations 
Gold Plated Terminals 

COST? ... ONLY 7 CARTWHEELS and CHANGE-
$7 .13, that is, when you buy 250 at a crack 

. . . and that's less than you'd pay 
anywhere for a comparable pot. 

Now for the first time, a rugged high-performance 10-turn pre· 
cision potentiometer - backed by Duncan's engineering and 
production capability as one of the nation's leading manufac. 
turers of high-reliability potentiometers for aerospace systems­
available for your commercial/industrial applications. Don't flip 
a coin to select your pot source. Contact Duncan for complete 
technical data or prompt off-the-shelf delivery. 

Look to Duncan for your "spec pots" too: linear, non-linear, 
single-turn multi-turn and multi-section. 

DUNCAN electronics, inc. 
2865 Fairview Rd., Costa Mesa, California •Tel. : (714) 545-8261 •TWX: 910-595-1128 
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this 
DIMCO 
snaoslide 
fastener ... 

holds assemblies 
securelv ... 

instanllv 
engages/ releases ... 

write for 
new 

handbook 
Dimeo-Gray Snapslide Fasteners hold assemblies 
firmly despite shock or vibration . .. never need 
adjustment, even with repeated use. Instant 
snap action engages or releases fastener . .. 
no tools required. Approved under Military 
Standards. Handbook illustrates typical appli­
cations, stimu lates design ideas, describes at­
tachment methods. Write for free copy today. 
DIMCO·GRAY CO ., 204 E. SIXTH ST., DAYTON, OHIO 45402 
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New Production Equipment 

Quick trims, either thick or thin 

Sandblasting-the popular but in­
exact term for abrasive trimming of 
thin- or thick-film resistors for hy­
brid integrated circuits-can now 
be don e with an off-the-shelf auto­
mated sys tem. In the past, users 
of the Airbrasive equipment made 
by S.S. White Co. had to prepare 
custom setups to trim at high pro­
duction rates. 

Up to 1,000 resistors an hour are 
trimmed by the new sys tem, dem­
onstrated last month at 'Vescon. 
In strumentation added to the basic 
equipment allows it to adjust a re­
sistor's valu e in 1 to 3 sPconds, de­
pending on th e size of the resistor 
and the amount of material to b e 
removed . Removing some of the 
film narrows the res istive path or 
lengthens a U-shaped res istor, rais­
ing the resistance value. The fin­
ished tolerance can be less than 
1%. 

The first model , AT-701, trims 
one resistor at a time. Future mod­
els will trim several resistors simul­
taneously. 

The resistor is positioned under 

.. . 

\ 
tungsten-carbide probes, held by 
an adjustable, 18-position mounting 
ring. The initial value is measured ~ 
by a precision , four-wire resist­
ance-limit bridge. If the resistance ~ 
is within an acceptable initial 
range, th e resistor is automatically 
trimmed until a preset stop value -
is reached. Trimming is done by a 
jet of fine alum in a powder pro­
pelled by gas through a tiny nozzle. ,. 
The nozzle is moved by a slide 
mechanism started by a trim com- ..._ 
mand and stopped by a stop com­
mand from the instrumenta tion. Af­
ter a time delay, the resistance is 
again checked and the resistor is 
accepted if the valu e is within the~ 
programed tolerance. ... 

If the initial value is outside the 
specified range for trimming, the -
machine does one of two things. 
It immediately tes ts the resistor for 
acceptance or rejection if the re-. 
sistor value is above the trimming 
range. Or, it rejects the Tesistor if -
the value is too low for trimming. 

Four trimming ranges from 0 to 
10 kilohms through 0 to 10 meg-
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ohms can be selected. The tolerance 
range is 0 to ± 11 % with a resolu ­
tion of 0.1 %. Stop value is pro­
gramed as a negative percentage of 
final value, from 0 to 11.1 % with a 
resolution of 0.01 %. The position 
and travel limit of the nozzle-slide 
mechanism can be set electroni­
cally; motion is accurate to within 
95 microinches per inch of travel 
at 68°F . 

Trimming stages are displayed 
on the control panel. The operator 
can manually override the pro­
gramed trimming cycle, adjust the 
time delay before final test and 
take manual readings of the final 
value. 

Price of the system will vary with 
tooling for holding and positioning 
the resistor substrates, but the 
basic price is $17,000. The company 
expects to begin deliveries in Janu­
ary. 
Industrial Division, S.S. White Co., 
201 East 42 St., New York, N.Y. 10017 
[395) 

Nailhead bonder 
produces IC's fast 

High-speed production of flatpack 
and TO-can integrated circuits is 
achieved by the model 1136 ther­
mocompression nailhead bonder. 
The unit has a production rate of 
125 finished IC's per hour with 24 
bonds per circuit (3000 bonds per 
hour). 

All flatpack or can headers are 
au tomatically handled from storage 
rack through heater station and re­
turned to a storage rack for furth er 
processing. Model 1136 utilizes a 
stacking system for the rack and 
carries 10 strip carriers in a storage 
rack. The elevator system presents 
each carrier as it is required in­
stantly, precisely and ready for pas­
sage through the automatic transfer 
system with the heat column on 
command of the operator. 

The preheat time is relatively 
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Maybe the Parsons DR 1200 is what you've been looking for. This new digital recorder 
is compact, weighs only 45 pounds, operates with only 100 watts of power and reads 
and writes IBM computer compatible tapes with tape speeds up to 120 inches per 
second. Recording fonnat is 7 or 9 track data on IBM reels. 
Overall dimensions: 19 in. x 14 in. x 7.5 in. 

Its rugged construction, precision perfonnance and fail-safe 
features make the DR 1200 an ideal instrument for field or 
fixed installations in virtually any kind of environment. Best 
of all, it is priced considerably lower than you would expect 
to pay for a comparable unit. It is now in production and 
deliveries can be made within six weeks. 

Dial 213-681-0461 (or drop us a line) and tell us what you 
need. Chances are the DR 1200 can be adapted to meet your 
optional requirements at a price you are ready to pay. For the 
white glove treatment, contact Jim Vallely, Sales Manager, at 

THE RALPH M. PARSONS 
ELECTRONICS COMPANY 

is1 S . DE LACEY AVE., PASADENA, _CALIF . 

A subsidiary of The Ralph M. Parsons Company 

LOS ANGELES 
NEW YORK 
WASHINGTON 

OFFICES IN OTHER 
PRINCIPAL CITIES 

THROUGHOUT 

THE WORLO 
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252 

W ITH 

MAXIMUM 
RELIABILITY 

Modular Display 

$ 

per digit 
1000 lot quantities 

Need more data? Ask 
for Catalog L-181. 
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BRIGHT 
BOLD 
CHARACTERS 

Production Equipment 

slow on the new bonder, thus as­
suring minimum glass seal failures. 
The racks are hard stainless steel 
with a heat insulating shield to pre- ~ 
vent heat from affecting both per­
formance of the operator and of .,.. 
machinery. 

The bonder is provided with a 
new trouble-free wire handling sys- '--
tern as well as a time-saving pigtail ._ 
puller. After bonding, pigtails are 
automatically removed during the 't" 
flame-off cycle. Heads can be 
changed rapidly. 

Temperature of the headers in 
the heat tunnel is controlled within 
±2°C up to a maximum tempera- ..-­
ture of 400°C. While 117 v, 60 hz 
operation is standard for the 
bonder, the unit can be furnished 
for 220 v, 50 hz operation on special 
order. 
Micro Tech Mfg . Inc., 703 Plantation 
St., Worcester, Mass., 01605. [396] 

Heavy-duty weld head 
still has precision 

A lean profile, vertical weld head 
assembly is designed for heavy-
du ty, precision resistance welding (,. 
operations that require larger weld 
configurations. Model 2-129-01 is - · 
said to offer the larges t electrode 
clearance and throat depth cur­
rently available in addition to a 
total flexibility of adjustment for 
both electrodes and the weld head. 
This design can accommodate out­
sized or complex configurations. To 
increase production versatility, the 
head is detachable from the base, 
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- .,.,. p ermitting fi xturin g capability. 
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Force settings are direct read­
outs on the front-mounted scale to 
enable close process control. Force 
range is adjustable from 8 oz. to 100 
lbs. Ylaximum energy rating is 500 
watt seconds. 

- ... 
A force sensor in the weld head 

discharges energy from the power 
supply the instant that preset elec­
trode force is applied to the w eld 
piece. Electrode arms travel on a 
newly designed raceway that as­
sures a lower minimum force set­
ting, while also increasing sensi­
tivity and improving follow-up 
characteris tics. Rotation or mis­
alignmen t at high force settings 
which could cause "wiping" or 
"skidding" weld characteristics is 
eliminated. Electrode indexing is 
also featured. 

- , 

The lean profile not only makes 
the head more fl exible as a unit , but 
also increases fl exibility for cluster­
ing many weld heads for special 
production requirements. 

Electrode stroke is 1 in., and 
throat depth on the assembled unit 
is 71/4 in . Maximum vertical work 
opening is 5% in. The unit meas­
ures 20% in. high x 31'\; in. wide 
x 10 in. deep. 
Weldmatic Division/Unitek, 950 Royal 
Oaks Drive, Monrovia, Calif., [397] 

Bonding capillaries 
made of heated glass 

Heated glass capillaries achieve 
--> fast , effective thermocompression 

bonding of microcircuits and inter­
connects. Designed for standard 
tapered magnetic holders without 
modification or adaptation of exist­
ing equipment or fixtures, the man­
ufacturer says the new heated glass 
tips provide significant operational 
savings. Initial cost is said to be 
30% to 55% less than for metal 
capillaries. 

A number of other operating ad-

Electronics I September 19, 1966 

Who says this 
is the finest trimmer 

.available for the money? 

Only the users! 
If we were to claim that the Model environmental specs, you would be 
84 is better and less expensive than 
any comparable trimmer available 
today, you would doubt us. If we 
said that we are offering in this 
half-inch, single-turn, wire-wound 
trimming potentiometer quality 
features unavailable anywhere else, 
you would suspect we were breast 
beating. You might even doubt us 
when we stated that this trimmer 
really meets MIL-SPECS without 
faking - that is, with comfortable 
margins to spare. 

And when we told you that the 
Model 84 price was half that of 
many larger square and rectangu­
lar models that perform to the same 

spectrol 

sure we were exaggerating. 
So we won't tell you any of these 

things. Instead, we will just say 
that the Model 84 has been widely 
accepted as a standard in m any 
important military apph cations 
and that our civilian users are 
enthusiastic in their praise. Beyond 
that, we won't try to sell you. 

If you'd like a data sheet, con­
tact us or your local Spectral repre­
sentative or distributor. Note that 
the Model 84 is rated at 11h W. at 
70 °C, has a standard resistance tol­
erance of ± 4%, and is completely 
immersible. 

Spectrol Electronics Corporation 

17070 E. Gale Ave., City of Industry, 

California 91745 . 
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Service ... Engineering ... Experie ce 
MAKE THE BIG DIFFERENCE 
BETWEEN A YOKE SPECIALIST 
AND A YOKE SUPPLIER 

254 

Syntronic Yoke Specialists have 
more yoke knowledge and provide 
more engineering assistance than 
anyone else in the field. 

The most extensive line of deflection 
yokes available is offered by Syn­
tronic ... in production quantities or 
custom designed to special require­
ments. See the BIG Difference for 
yourself the next time you specify 
a yoke. 

Circle 317 on reader service card 

Jpoo ConvoGtilon I Compau Conduction 

Both the 2700 and 2800 series Astra· 
dyne heat sinks provide easy, secure 
mounting of transistors for printed cir· 
cuit board and other applications. Model 
2700 series have a thermal resistance 
of 10 to 30 ° C /watt. Fins permit opti· 
mum free air flow and minimum conduc· 
tion losses. This series is well suited 
for close card packaging. 

Model 2800 units provide sufficient sur­
face contact with chassis or other metal 
mounting surface to assure good heat 
dissipation not provided by conventional 
transistor mounting clips. They offer a 
temperature difference between transis· 

tor case and chassis of 2° C /watt per 
transistor. 

Both the 2700 and 2800 series feature 
split mounting hole with screw clamps 
to permit compensation for transistor 
case tolerances and maximum effective 
contact area between the case and sink. 
The units, as pictured, will accommodate 
both T0-5 and T0-9 transistor cases. 
Mounting holes for other transistors can 
be made to customer specification. 

The black-anodized aluminum units are 
available from stock. Technical data and 
price information will be sent on request. 

astrodyne, inc. 
SUBSIDIARY OF ROANWELL CORP. 

207 CAMBRIDGE ST., BURLINGTON, MASS. (617) 272-3850 

Circle 254 on reader service card 

Production Equipment 

vantages are also offered, many ex­
clusive with glass. Glass is natu­
rally smooth; there are no burrs, 
machine marks, or other roughness 
as with metal. This inherent 
smoothness and the "stepless" 
taper of the bore assures continu­
ous, unbroken wire feed. The result 
is less down time and higher pro­
duction rates. 

Another advantage of glass is its 
transparency. Clogging dirt can be 
quickly spotted before it causes 
troublesome galling and binding. 
In addition, transparency permits 
visual threading. 

When not in use, the capillary 
lies horizontally. The tip does not 
contact the work surface. 

Tip bores can be as small as 
0.0005 in. in diameter and are ac­
curate to ±0.0001 in. Tip outside 
diameters are held ±0.0005 in. 
Specialty Glass Products , Inc., 2557 
Wyandotte Road, Willow Grove, Pa., 
19090. [398] 

Hot melt dispenser 

for wax potting 

A piece of semiautomatic ma­
chinery has been designed for pot­
ting electrical components in wax. 
The temperature of the wax is au­
tomatically maintained at up to 
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.. ... ~ 300°F by thermostatic con tr(" · in 
an electrically heated, stain less 
steel 6-gallon hopper; rota ting 
stainless steel agitator b lades keep 
the molten wax in motion to assure 
uniformity of Row . ..1 

Operation consists of inserting 
an electrical/ electronic assembly 
into a hea ted fixture and mechanic­
ally clamping it in position. A re­
mote foot switch actuates the ma­
chine; however, th e assembly is 
automatically preheated for a pre­
se t time to assure full potting of 
the cavity. A pneumatic lift mech­
anism raises the jig into the dis­
pensi ng position and the compo­
nent is accurately potted under 
pressure with a uniform volume of 
'"ax. 

Pottings may b e accomplished at 
rates of 180 per hour with shot 
volumes of 21 grams. Shot volume 
is easi ly adjusted by setting a cali­
brated dial and may be varied be­
tween 5 grams and 150 grams. 

Approximate price, less fixture 
tooling, is $4,900. 
G. Diehl Mat eer Co., 776 W. Lincol n 
H ighway, Wayne, Pa., 19087. [399] 

Machine straightens 

component leads 

.... A lead-straightener, model 1110, 
for transistors, integrated circuits 
and other components features a 
rapid-action lead positioner that 
expedites the routine production 
handling of components. Compo­
nents are dropped into a carrier 
and two combs advance to segre-

- gate the leads at the component 
base. The operator combs the leads 
apart for their total length , ad­
vances the ends into the Delrin re­
ceiving insert of the motor-driven 
lead straightener, retracts the 
combs, and advances the compo­
nent leads into and out of the lead 
straightener. The component is 
then dropped into the receiving 
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JUST HOW SMALL 
CAN YOU MAKE 

A SUB-MINIATURE 
POWER 

RESISTOR? 

PRETTY 
SMALL ! 

Consider this SAGE SILICOHM® 1 watt un it in comparison 
to the vintage grid leak drip pan * pictured above . Wha t's 
more, this t iny resistor, designed to operate hot, provides 
stability and preci sion features ord inari ly associated with 
the finest of low power preci sion res istors. 

SAGE Type SB styles featu re superior heat d ispersion by 
means of beryllium oxide cores, as f irst used in Advanced 
Minuteman parts . Assigned wattage rat ings are 1 to 15 
watts at .25 °C ambient , thus offer ing dramat ic new circuit 
miniaturization possibili t ies fo r commercial and regular 
mili tary applications. 

:::As a matter of tact, we don't 
make gr id leak drip pans. 

Write for complete details. 

SAGE ELECTRONICS CORP. 
BO X 3926 • ROCHESTER , N. Y. 14610 
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Also 200 other Models of Power Supplies & Battery Chargers• Write for Catalog 

CHRISTIE ELECTRI C CORP. 3400 West 67th Street, Los Angeles 43, Calif .. 

NORTON 
Magnetic Tape 
Heads 

5505-

SERIES 5500 
• CROSSTALK-4008 

• + 75°C Temperature Operation 

Send now for complete technical literature. 

NORTON 

256 

ASSOC/A TES, INC. 
240 Old Coun try Road. Hicksville N Y. 
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IMPROVE ACCURACY 
of THERMOCOUPLE CIRCUITRY 

WITH KAYE-

Thermocouple Binding Posts 
Terminal Blocks 
Especially designed to 
prevent spurious emf's. 

Available in gold-plated 
copper, constantan, iron, 
chrome! and alumel. 

Send for Catalogue 115. 

JOSEPH KAYE 8c COMPANY, INC, 
737 CONCORD AVE. ·CAMBRIDGE 38 , MASSACHUSETTS 

TEL fi 1 7-868-7080 
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Production Equipment 

tray and the tool is ready for re­
loading. 

The component leads touch no 
metal but are gently flexed between 
one orbital and two stationary Del­
rin inserts . A varie ty of inserts can 
be installed to accommodate the 
leads of various components such 
as 8-lead T0-5, 4-lead T0-18, and 
10-lead T0-5 semiconductor pack­
ages. Standard combs available on 
current production models of the 
lead positioner are for 8-lead T0-5 
devices, but special combs for 
other configurations will be devel­
oped as requ ired. 

Model ll lO component lead 
straightener, including the new 
lead positioner, is priced at $850. 
Macronetics, Inc., 220 Ca lifornia Ave., 
Palo Alt o, Calif. [400] 

Microsoldering system 
uses projection optics 

Full color, direct viewing of the 
entire soldering operation is fea- ,.... 
tured in a microsoldering sys tem. 
The 20-power, direct viewing 
screen eliminates the eye fatigu e 
associated with binocular micro­
scopes and permits close super­
vision and quality control of the .,__ 
entire production process, accord-
ing to the manufacturer. ..... 

With microheating capability 
ranging from thin-film soldering 
to high-temperature silver solder­
ing, this system offers complete 
production capability in a single -
integrated unit. Also included in 
the system is an automatic elec­
trode hold-down control that pre­
vents the operator from lifting the 
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CERAMIC 
'llTER 

Murata cera mic filters 
include the ser ies t ype, the 
by-pass type and ladder type. 

These filters are compact, 
require no al ignment or tun ­
ing, rem ain perfectly flat 
regardless of temperature 
changes and stay in A-1 oper­
ati ng cond it ion for years . And 
they ' re designed to provide 
effect ive operation beyond 
t he scope an d capacity of 
IFT. 

Write today for detail ed 
information to: 

MURATA 
MFG. CO., LTD. 

Nagaoka, Kyoto, Japan 
Cable Address: MURATA KYOTO 

MURATA CORP. OF AMERICA 
440 Park Avenue South, New York 

N.Y. 10016 

Circle 318 on reader service card 

electrodes during the solder cool­
ing phase. Rapid positioning and 
angular alignment are maintained 
with an X-Y workblock system . 

The completely automatic sol­
dering cycle is controlled with an 
achiator switch located on the po­
sitioning workblock, eliminating 
the problem of foot and hand co­
ordination and allowing the oper­
ator to position the work and cycle 
the unit by hand. 

Price is $1,990, with four week 
delivery available. 
Browne Engi neering Co., 2003 State 
S!. Santa Barba ra, Calif. [401] 

Wire stripper 
operates thermally 
A thermal wire stripper, model 
TWC-1 Stripall, is supplied com­
plete with a solid-state tempera­
ture control unit. Temperahues of 
the insulation-stripping blades are 
adjustable from 100° to above 
l ,700°F , adapting this Stripall 
model to a wide range of insulation 
materials, including Teflon and 
other high-temperature wire cover­
ings. Blades heat to full tempera­
ture in less than two seconds. The 
unit is valuable in manufacturing 
military and NASA standards., 
where thermal wire stripping is 
required. 

The temperature-control unit of 
the TWC-1 plugs directly into an 
electrical outlet, eliminating work-
bench clutter. Otherwise, thA unit 
is completely self-contained, using 
no remote transformers or power 
supplies. 

The entire stripping function , in­
cluding removal of the wire cover­
ing, is accomplished .in one quick 
continuous motion. A gage stop, 
adjustable to the size of the wire 
in process, prevents the Stripall's 
blades from exerting any pressure 
on the conductor. This eliminates 
nicks or wire damage. Furthermore, 
the stripper does not heat the wire 
and thus protects the remaining in­
sulation. 

Stripped wire is en tirely oxide­
free and ready for soldering. No in­
sulation melts into wire strands. 
The blades themselves are high­
strength alloy to provide long 
service. 

What 
Kind of 
Panel Meter 
Do You~ 
Need • 

1--8--1 
L _ ___j 

crisp, classic 
Horizon Line? 

trim, built-in 
Horizon Line?· 

You can get it ... from 
General Elec:tric:'s full line 
Built-in or front-mounted, G-E 

HORIZON LINE® panel meters add 

quiet sophistication that accents, 

never dominates, your electronic 

equipment. All ratings are avail· 

able in 21/2", 31/2", and 41/2" sizes. 

See the complete General Electric 

panel meter line at your depend­

able electronic distributor. 592-26 

The TWC-1 is priced at $79.95. 
Kinetics Corp., 410 S. Cedros Ave., G E N E RA L ., ' E LE CTR I C 
Solana Beach, Calif. [402] 

Ci~le 257 on reader service card 257 



Do 
you 
think 
this 
Epitaxial 
Slice 'l 
unusual! 

CLUES: 
(It has le ss than 3 % 
thickness variation.) 

(It gives you from 20 to 
30% higher yield.) 

(Your profit potential is 
even more unusual.) 

You can have these new 
Epi slices in N / N +, P/ P+ 
and combinations of mul­
tilayers now. From Semi­
me&als ... only. (We 've 
developed and perfected 
the new process tech­
nique.) 

Write for brochure. Better 
yet, send us your specs and 
let us quote. You'll get the 
brochure anyway. 

~MET.Al.$.•-. 
~ 172 Spruce Street 

Westbury, L. I., N. Y. 516-333-8400 
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New Materials 

High-temperature 

ceramic coating 

Ceramacast 505, a high-tempera­
ture casting ceramic, is being used 
as a spray or brush coated insula­
tion coating for metals such as 
stainless steel and aluminum to 
offer thermal insulation and im­
proved oxidization resis tance to 
temperatures as high as 3,000°F. 

It is a high alumina coating ma­
terial that is applied by mixing 
with water and then brushing or 
spraying on the metal to be coated. 
In a typical production procedure 
for coating aluminum, the metal is 
preheated to 500°F , and the Cera­
macast is sprayed on the heated 
base metal. The Ceramacast gels 
immediately and forms a hard 
coating on the base metal with no 
further curing required. 

In addition to applications as 
thermal · and oxidization resistant 
coatings for high-temperature work, 
the Ceramacast offers some pos­
sible use as a dielectric base for 
thick-film circui ts. 
Aremco Products, Inc .. P.O. Box 145, 
Briarcliff Manor, N.Y .. 10510. (406] 

Foamable polyethylene 

insulates co-ax cable 

An expandable compound, MPE27, 
consists of a patented comhination 
of ingredients based on low-den­
sity polyethylene. As the pellets are 
extruded, gas inside the compound 
uniformly expands the polymer 
into a structme of small, closed 
cells. 

Foamable polyethylene is used 
to insulate coaxial cables found in 
community antenna television sys­
tems and radar installations. Since 
the gas cells afford excellent elec-

trical insulation, only ab out half as 
much foam compound is needed in 
comparison with conventional poly­
ethylenes. 

MPE27 is said to be sub stanti­
ally less sensitive to changes in 
extruder operation with improved 
diameter control. Its quality per­
formance over a wider range of 
extrusion conditions also cuts 
scrap loss, the company says. 
Monsanto Co .. 800 N. Lindbergh Blvd., 
St. Louis, Mo., 631 66. (407] 

Protective coating 

adheres to all metals 

Development of a protective coat­
ing has eliminated harmful corro­
sion to all metals exposed to nitro­
gen tetroxide, a rocket fu el oxidizer. 
HumiSeal type 332 provides com­
plete protection against the fum es 
of, or immersion into, the oxidizing 
agent. Th e material is a multiple 
polymer res in said to have out­
standing adhesive characteristics to 
all metals and most plastics. Its 
chemical and moisture resistancP­
indicates excellent protection for 
printed circuit board assemblies 
against chemical corros ion and high 
humidity environment. 

Type 332. because of good flex­
ibility and adhesion to polyure­
thane, is being used for sealing the 
surfaces of foam . The one-can sys­
tem can be applied by dip, brush 
or spray and is completely cured at 
room tem perature. The cured coat­
ing is transparen t and has excellent 
light stability. 

H umiSeal type 332 has an alco­
hol solvent that will not affect plas­
tic-encased elPctrical components, 
Mylar fllm and printing inks. 

Price is $18 per gallon and de­
livery is from stock. 
Columbia Tech nical Corp .. 24-30 Brook­
lyn-Queens Expressway, West, Wood­
side, N.Y., 11377. (408] 

Conductive paint 
needs no formulating 

An elec trically conductive polymer 
alloy, Dynaloy 350, is a silver filled 
paint that adheres readily to con-
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VECTOR 
PLUG BO RDS 

MAKE CARD CIRCUITRY FASTER, EASIER, AND 
CHEAPER WITH VECTOR PLUGBORDS 

I. Pick a plugbord from over 50 stock 
models featuring 

Vector Edge Pins 
Elco Varicons• 
Etched contacts 

2. Push i n Vector Mini-Klip Terminals or 
Inbord pins into prepunched holes. 

3. Snap in or wrap leads, solder cross 
connections, and a finished plug-in cir· 
cuit card is ready for operation. 

I MICRO PLUGBORD WITH KARDEJ AND VEC· 
TOR EDGE PINS - Holes .025 or .042 
diameter spaced .05 or .1 centers in 
G-10 epoxy glass with strengthening 
aluminum KARDEJ accommodates 
"FLATPAKS." New VECTOR-CONN• 
Receptacles. 

I EDGE PIN PLUGBORD--Full Ii~· of Plug­
bords for new VECTOR-CONN* Re­
ceptacles with 8-41 pins, block ends, or 
card guides. Or make your own Plug­
bords with Vectorbord and Edge Pins. 

I ETCHED PLUGBORDS · - Standard spaced 
etched P.C. "fingers" on one or both 
sides of epoxy paper or epoxy glass 
pre-punched plugbords. 

I VECTOR-ELCO VARICON• PLUGBORDS -
Many standard sizes, 12 to 41 contacts. 
Pre-punched with .062" or .093" holes 
in epoxy glass and epoxy paper ma­
terial. 

•Trademark 

For full information contact: 

ELECTRONIC COMPANY, INC. 
1100 Flower Street, Glendale, California 
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New Materials 

ventional solder, metals, plastic, 
glass, rubber and ceramic sur­
faces. 

Anticipated usages include coat­
ings for tantalum anodes, electro­
static shielding and component 
grounding-to name a few. Max­
imum volume resistivity is reported 
at 0.001 ohm-cm. 

Prior to its introduction, com­
mercially available solderable con­
ductive paints were, according to 
the manufacturer, characterized by 
low temperature resistance, poor 
adhesion and inconsistent solder­
ability. 

Dynaloy 350 requires no formu­
lating and can be applied directly 
from the container by dip, brush, 
or roller coating, in addition to silk 
screening. 

Air drying accomplishes the cure, 
however, optimum adhesion and 
conductivity is assured by forced 
air drying (10 minutes at 125°C or . 
30 minutes at 105°C). 

Trial quantities of Dynaloy 350 
are available at $10 for a 3-oz. can. 
Commercial quantities , including 
pints, quarts and gallons are avail­
able. 

Henry Mann Co., Box 104, Cornwells 
Heights, Pa., 19020. [409] 

Photoresist offers 

coating latitude 

An improved photoresist, KPR type 
3, offers increased coating and 
processing latitude. It is designed 
primarily for use in the production 
of printed circuits and chemical 
milling of parts from copper and 
high copper alloys such as brass 
and bronze. It provides excellent 
adhesion to substrates and coating 
uniformity with dipping, whirling, 
spraying or roller coating. 

This photores ist is slightly faster 
than KPR, and about the same 
speed as KPR2. KPR3 has long 
tank life and great development 
latitude in a trichlorethylene vapor 
degreaser. 

Type 3 is available in quarts , 40-
lb. cans ( 4112 gallons) and 450-lb. 
drums (50 gallons). 

Eastman Kodak Co., Rochester, N.Y., 
14650. (410] 

What 
Kind of 
Panel Meter 
Do You~ 
Need • 

distinctive 
Big Look? 

You can get it .. .from 
General Electric' s full line 

Add bold, exciting, truly distinc­

tive styling to your electronic 

equipment with General Electric's 

BIG LOOK® panel meters. All rat­

ings are available in 1112", 21/2", 31/2", 

4V2" sizes. See the com plete General 

Electric panel meter line at your 

d ependable electronic distributor. 
592-27 

GENERAL. ELECTRIC 
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finance ability 
(low, low interest rates) 

• 

In WESTern PENNsylvania, you can 
obtain 1003 financing of industrial 
plant space at average interest rates 
as low as 43. This can result in 
savings of as much as $106,828 on 

a 62,000-square-foot industrial plant. In addition, 
financing of industrial machinery and eq uipment 
and loans for working capital are readily available. 
This complete financeability ... plus a fair tax 
climate ... pre-production training of a work force, 
usually at no cost to you ... four-season livability 
_ .. gives WESTern PENNsylvania a top combina­
tion of plant-location values. 

West Penn Power 
Part of the Allegheny Power System 4, 

---------------- - ------- - -
Area Development Department, Room 661 

WEST PENN POWER-Greensburg, Pa. 15601 
Phone : 412-837-3000 

In strict confidence, I'd like to know more about WE.STern 
PENNsylvania ' s: D Financing Plans D Fair Tax Climate 
D Pre-Production Training D Industrial Properties and 

Shell Buildings 
D Please have your Plant Location Specialist call. 

Name ___ _ _ _______ _ 

Title, _____________ _ 

Company ____________ _ 

Address. ____________ _ 

City ________ State ____ _ 

Zip Code. ____ Phone. _______ _ 
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New Books 

Radio engineering 

Non-Linear Transformations of 
Stochastic Processes 
Edited by P.1. Kuzentsov, 
R.L. Stratonich and V.I. Tiknov 
Perga mon Press. 498 pp., $20 

It is rare that a book has a logical 
sequence when it is compiled from 
a series of independent papers. 
But here the 39 papers on non­
linear transformations of stochastic 
processes, originally published in 
Soviet technical journals between 
1953 and 1961, not only stand alone 
but, frequently and surprisingly, 
two or three papers provide a 
broad look at a subject area. 

In addition, the book presents 
original solutions which comple­
ment but do not duplicate Western 
literature. Apparently some of the 
early work of American and British 
mathematicians such as Wiener, 
Rice, Middleton and Woodward 
was known, but the Soviet work 
doesn't reflect their methods. In 
some cases, the authors report on 
areas that have not been covered 
in the West as yet. 

Although the applications dis­
cussed are in radio and communi­
cations engineering, people in other 
disciplines who use statistical an­
alysis can profit from the book. 
The techniques are adequate for 
any technical problems that can 
be represented by similar mathe­
matics. A sh·ong background in 
probability theory and stochastic 
processes and some knowledge of 
the mathematical description of 
linear and nonlinear radio devices 
are necessary. 

Most of the papers in the first 
section investigate the parameters 
that describe random functions 
when transformed by various non­
linear systems, such as higher­
order moment functions , semi-in­
variants and quasi-moment func­
tions. Formulas are developed to 
convert one set of descriptive func­
tions to another. The parameters 
describing the nonlinear transfor­
mation can be determined by a 
corresponding linear transfonna­
tion of the quasi-moment functions. 

Other work includes the investi­
gation of Markov processes and a 
generalization of the Focker-Planck 

equation that can be applied to 
random functions with short corre­
lation time intervals. The results 
are important in determining the 
effect of a delay or memory on a 
nonlinear transformation. The ef­
fects of linear transformations on 
random functions are also dis­
cussed but in rather standard 
fashion and in only two papers. 

Two chapters apply the theory 
to noise effects, spectral represen­
tations of narrow-band random 
processes and almost-harmonic 
flu ctuations. The effects of noise 
on detectors and the effect of ran­
dom fluctuations in oscillators are 
explored in some depth. 

Investigations of the zero-cross­
ing problem, the distribution func­
tion of the interval b etween the 
random functions' successive zeros 
and transformations on the ex­
pected number of crossings are re­
ported. The last chapter introduces 
the problem of optimum Bltering 
and prediction in both linear and 
non-linear systems. 

Other techniques developed in­
clude: 

• Methods to make a linear ap­
proximation of a nonlinear trans­
formation, permitting application 
of correla tion theory. 

• A quasi-static approximation 
to reduce a nonlinear transforma­
tion with memory to one without 
memory. (A transformation with­
out memory is independent of past 
and future valu es of the random 
variable.) 

• An analysis of random func­
tions constructed from random 
points that are correlated in time 
and space. 

Sidney J. Korn 
Airborn e Instruments Laboratory 
Deer Park, N.Y. 

Oscil loscopes 

Oscilloscope Measuring Technique 
J . Czech 
Ph ilips Technical Library, 
Springer-Verlag New York Inc., 
620 pp., $15.80 

A definite advantage of this book 
is that a simple oscilloscope and 
auxi liary equipment will suffice to 
perform most of the measurements 
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There are many ways to measure 
frequency. This one was· shown 
in my Father's high school text 
book: 

Today, we do it electrically in less 
than two cubic inches, for you to 
use in your airplanes and other 
flying machines. The range: 50 
Hz to 3600 Hz. 

We also make . voltage E 
sensors, 25 millivolts to 
440 volts AC and DC. 

I 
Current sensors ranging 
from 2.5 milliamperes to 
250 amperes DC and to 
500 amperes AC. 

Phase sequence or open <J) 
phase detectors for sys-
tems up to 400 volts. 

T Time interval sensors 
from fifty milliseconds to 

minutes, hours, or days. 

We also make special sensors for 
values such as R.P.M. , tempera­
ture and others. If any of these 
interest you, please write us. 

GIANNINI I~----­
VOL TEX 

12140 E. RIVERA RD., WHITTIER, CALIF. 90606 
PHONE: 213-723-3371, TELETYPE: 213-685-6261 

An Independent Company/ An Equal Opportunity Employer 
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described and an expensive high­
grade laboratory scope is not 
needed. However, the reader seek­
ing to learn the lates t advances in 
oscilloscope measuring techniques 
will be disappointed and will have 
to him to scope manufachuers' 
technical literature. 

The book is recommended as a 
thorough introduction to the gen­
eral apµlications of oscilloscopes. 
About two-thirds of the book is 
devoted to oscilloscope measuring 
techniques and practical applica­
tions, covering radio, television 
and even mechanical measurement 
problems. Helpful photographs of 
scope traces are included. 

A few of the practical examples, 
however, suffer from obsolescence. 
One unfortunate omission is time­
domain reflectometry for tes ting 
tran smission lines and impedance 
matching. This is a powerful new 
tool that has great advantages 
over swept frequency measure­
ments and impulse tes ting-the 
older methods discussed by the 
author. A concluding section on 
waveform photography and pro­
jection of oscilloscope images on 
large screens for audience viewing 
is well done. 

Readers who purchase the book 
by title alone will b e surprised to 
find fully one-third of the text de­
voted to instrument des ign, most 
of which is obsolete. For example, 
the circuits describ ed are almost 
exclusively vacuum tube circuits. 
This section must therefore b e 
viewed not as a design guide, but 
rather a statement of design prob­
lems. 

The book is a revised and ex­
panded version of an earlier Ger­
man edition. The translation is 
smooth with only a few annoying 
European terms. 

Robert Kolar 
Hewlett-Packard Co. 
Colorado Springs, Colo. 

Microcircuits 

Integrated Circuit Engineering: 
Basic Technology 
Engineering Staff of Integrated Circuit 
Engineering Corp. , 
Boston Technical Publ ishers, Inc., 
408 pp., $22.50 

The economic impact of integrated 
circuits, their materials , processing, 
design packaging, assembly. reli­
ability and tes ting are among the 
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smart, slim 
edgewise? 

You can get it .. .from 
General Electric's full line 

Besides saving you valuable panel 

space, General Electric slim-line 

21/4" Type 185 EDGEWISE panel 

meters add exceptional styling and 

readability to your electronic 

equipment. Mount individually or 

in clusters of two, three, or more. 

See the complete General Electric 

panel meter line at your depend­

able electronic distributor. 592-28 

GENERAL. ELECTRIC 
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IF YOU CAN'T 
IDENTIFY 
THIS 

IT'S NO WONDER, 
because you've probably never seen 
fiducial marks generated this way 
before. 

HOW COULD YOU? 
We used the TRW Model 46A Trigger 
Delay Generator, just coming on the 
market. It's brand new, with some in­
herited virtues of its predecessor, TRW 
Model 2A-nanosecond accuracy, 
high power trigger to override random 
noise, clear digital display, selectable 
triggering threshold-plus plug-in 
capability so you buy exactly the trig­
gering input you need, exactly the 
sensitivity and spectral range your 
application calls for . 

ASK US FOR A TECHNICAL 
DATA BULLETIN AND 
APPLICATION NOTES 

giving the characteristics of the TRW 
Model 46A and the plug-ins, and illus­
trating how you can use the TRW 
Trigger Delay Generat.or, as we did, to 
generate fiducial marks, to measure 
delay lines, calibrate oscilloscopes, and 
trigger the TRW Image Converter 
Camera or countless other laboratory 
instruments. 

TRW1NSTRUMENTS 
139 Illinois Street, El Segundo, California 

AC 213. 679-9101 Extension 22884. 

Developers and manufacturers of state of 
the art diagnostic instruments for basic and 
applied research. 
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topics included in this handbook. 
Other areas covered are: mathe­
matics of IC design, digital and 
linear IC' s and future capabilities 
of IC techniques. 

Charts, graphs, cross sections of 
IC's and schematics are abundant. 
The book is intended to keep the 
working engineer, purchasing agent 
and company president informed 
on this fast moving technology. 

Although this is the fourth edi­
tion of the book, it is the first to 
appear in hard cover. It was origi­
nally prepared as part of a $250 
course on IC' s. Previous editions, 
in a loose-leaf binder, were avail­
able only to those attending the 
course. 

Recently published 

Electronics, Roy H. Mattson, John Wiley 
& Sons, Inc., 620 pp., $12.95 

Alterna ting Current Circuits and Measure­
ments: A Self-Instructional Programed 
Manuel, C.J . Anderson , A. Santanelli 
and F.R . Kulis, Prentice-Hall, Inc ., 
367 pp., $12 

Digital Computer Fundamentals, second edi· 
tion, Thomas C . Bartee, McGraw-Hill Book 
Co. , 402 pp., $6 .95 

Approximate Analysis of Randomly Excited 
Nonlinear Controls , Harold W. Smith, The 
M .l.T. Press, Research Monograph 34, 13B 
pp .• $7.50 

• 
Introduction to Electronics, Theodore 
Korneff, Academic Press, 545 pp., $11.75 

Engineers ' Relay Handbook, sponsored by 
the National Associati on of Relay Manufac· 
turers, Hayden Book Co., 300 pp., $11.95 

A Fortran Introduction to Programming and 
Computers: Including Fortran IV, Marvin L. 
Stein and William D. Munro, Academic Press, 
122 pp., $3 .95 

Electron Tubes, Royce Gerald Kloeffier, 
John Wiley & Sons Co., 262 pp., $5.95 

Radio Astronomy, John D. Kraus, McGraw­
Hill Book Co., 481 pp. , $13.75 

Electromechanical Power Conversion, Enrico 
Levi and Marvin Panzer, McGraw-Hill Book 
Co. , 499 pp. , $12.75 

Handbook of Stroboscopy, Frederick Van 
Veen, General Radio Co., West Concord, 
Mass., 116 pp. , $1 

Handbook of Relay Switching Technique, 
J.Th . Appels and B.H. Green, Philips Tech· 
nical Library , Springer-Verlag New York Inc., 
321 pp. , $10 .80 

Proceedings of the Fifth Annual Symposium 
on Nondestructive Evaluation of Aerospace 
and Weapons Systems Components and 
M aterials, Southwest Research Institute, San 
Antonio, Texas, 364 pp., $10 

RCA Linear Integrated Circuit Fundamentals, 
Technical Series IC-40, Radio Corp. of 
America , Electronic Components and Devices, 
Harrison, N .J., 240 pp., $2 

Metro•~ 

SINE/ SQUARE OSCILLATOR 
MODEL 3111 $71·'0 I ( FOB JA PAN ) 

SHz - S60kHz, 600 Q 

• 

HIGH SENSITIVE AC VTVM 
MODEL 1211 $66·50 I (FOB JAPAN) 

full scale 1.SmV - SOOV, 5Hz - 500kHz 

(' ~I 
~ 

i " . ; . -:J_, 
.:.-.-·1 

• • 

REGULATED DC POWER SUPPLIES 
29 models are available. For par­
ticulars, please apply for catalog. 

RIPPLE: 3mVpp 

MODEL VOLTS AMPS REGULATION FOB JAPAN 
(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 1 A ± IOmV 84.00 

535C 0~35V 5 A ± 3mV 250.00 

• Specialized dealers wanted : 
• Write today for details. 

e:M• .Metro11~ corp. 
76, CHOFU-CHIDORl ·CHD, OTA-KU, TOKYO 
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Ferroelectric memory 

Ferroelectric ceramic logic 
and NDRO memory devices 
D.C. Schueler, Sandia Laboratory, 
Albuquerque, N.M. 

Ferroelectric elements are looking 
better and better for applications 
where simple, small-capacity mem­
ories are needed for compatibility 
in size with semiconductor inte­
grated circuitry. 

Interest in them has increased for 
several reasons: 

• F erroelectric ceramics have 
been developed that can be used 
over a wide temperature range. 

• Material coefficients can be de­
termined as precise functions of the 
ceramic composition. 

• New hot pressing techniques 
allow improved control of material 
homogeneity and density. 

Capitalizing on these improve­
ments Sandia Laboratory built a 
seven-bit ferroelectric memory of 
lead zirconate-titanate that can fit 
into a quarter-inch square inte­
grated circuit flatpack. The memory 
itself is in the shape of a disk, 150 
mils in diameter and 3 mils thick. 
A circular or dot electrode at the 
center of the disk is surrounded by 
seven pie-shaped segments-the 
bits of the memory. 

The dot electrode is used to ex­
cite the piezoelectric vibrational 
mode. Its polarization is constant 
at saturation remanence. (Like fer­
romagnetic materials , the ferro­
electrics have a square-shaped hys­
teresis loop when polarization is 
plotted versus electric field.) The 
back surface of the disk is a single 
electrode. 

Sandia fabricated the memory 
from bulk ceramic material that has 
been precisely ground into cylin­
ders having the finished diameter. 
The cylinder is then sliced into 
disks, lapped and polished to the 
desired thickness . Each is ultra­
sonically cleaned and heat-treated 
at 750°C. Thin aluminum or chro­
mium-gold electrodes 3,000 to 5,000 
angs troms thick are vacuum-de­
posited on the major surfaces; the 
pattern is defin ed by metal shadow 
masks. 

Gold wire leads 1 mil in diameter 
are then nailhead bonded to each 
cured in a microcircuit fl atpack 
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with a 25-mil layer of RTV Silastic. 
The electrode leads are wedge­
bonded to the package lands. 

For storing binary information, 
the phase relationship of the dot 
and segment voltages is the only 
polarization-sensitive parameter. 
The segment voltage changes phase 
by 180° when the direction of the 
remanent polarization is reversed. 
Nondestructive readout is readily 
obtained by detecting the phase of 
the segment voltage relative to a 
reference voltage. Disk drive levels 
can be adjusted so that a segment 
can drive a logic gate directly at 
abou t 3 volts rms. 

High-speed write in is generally 
not needed for applications where 
ferroelectric memories are useful. 
Write-in times range from 1 to 10 
milliseconds. This allows the power 
source to have a higher impedance 
(10 to 100 kilohms per bit) and 
lowers the amplitude of the critical 
polarization voltage. 

In writing, a negative pulse is 
first applied to the write line so 
that all bits are negatively polar­
ized. A positive voltage pulse is 
then applied to the write line with 
the_ input register deter~ining 
which of the bits are polarized 
positively. Write in of a word is in 
parallel and takes a few millisec­
onds. Breakdown voltage of the 
transistors in the NOR gates of the 
write-in circuit must be as high as 
150 volts, requiring this part of the 
circuitry to be composed of hybrid 
elements. 

Presented at the Western Electronics Show 
and Convention, Los Angeles, 
August 23-26, 1966 

Voltage statistics 

Random sampling-a statistical 
measurement approach 
John T. Boatwright, Hewlett-Packard 
Co., Loveland, Colo. 

A voltmeter that samples input 
radio-frequency signals randomly, 
functioning somewhat like a sam­
pling oscilloscope, is free of the 
limitations inherent in conventional 
broadband voltmeters. Incoherent 
sampling permits measurement of a 
signal from 1 kilohertz to 1 giga­
her tz tuning. 

Conventional techniques with 
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For testing, life aging, 
breadboarding, production · 

CHEM EL EC 
DUAL IN-LINE 
TFE SOCKETS 
HAVE 3-LEAF 
CONTACTS FOR 
EXTRA 
R LIABILITY 
Unique contact design gives Chemelec 
sockets their extra reliability: In each pin 
hole are three beryllium copper leaves 
that bow in toward the center. When you 
insert a lead, the leaves deflect to let it 
slide in easily-but press firmly against 
it to assure good contact. A built-in barb 
keeps the contact in when you pull out 
the lead. 

• 14, 16, 18, 20, 22, 24 pins 

• contacts are hard gold plate over nickel 
plate on beryllium copper 

• TFE fluorocarbon plastic bodies are 
practically "everything proof" 

• long life-100,000 

insertions ~ 
• low contact resistance-
0 .10 ohm . . . 

Write for literature. ® 

G-A.~LOC~ 
ELECTRONIC PRODUCTS 

GARLOCK INC. 

Cherry Hill , N.J . 08034 • Phone (609) 424 -1 470 

In Europe : Europ~lecS.A ., LesClayes-Sous - Bois , France 
In the United Kingdom :Lectropon ,Ltd.,Slough ,England 
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synchronized samplers can recover 
complete information about the 
sampled signal so long as the sig­
nal is periodic, or almost periodic, 
so that coherent sampling is possi­
ble. The random or incoherent 
sampler loses the time information 
about the sampled signal but re­
tains statistical information, even 
if the signal is not periodic. The 
sampler requires no synchroniza­
tion circuitry. 

A noncoherent sampler has been 
cons tructed to measure the average 
value of a broadband of high-fre­
quency signals. The instrument's 
output is displayed on a meter and 
the output of the zero-order or 
sample-hold circuits are made 
available by means of a jack at the 
back of the instrument. Sampling 
is performed in the measurement 
probe to keep the physical lengths 
in the sampling-bridge elemen t 
short. The samples from the probe 
are fed through an attenuator and 
amplifier b efore processing by the 
sample-hold circuits and the aver­
age detector. 

The pulse generator that drives 
the sampler assembly is controlled 
by a repetition-rate modulator so 
that the sampler is always asyn­
chronous with any input signal. 

The signal recovered from the 
random sampler is basically a rela­
tively broadband signal whose 
spec tral energy is uniformly dis­
tributed over a specified low-pass 
bandwidth. This uniform distribu­
tion-unlike the harmonically re­
lated intervals of the spectral en­
ergy from the recovered signal in 
a synchronous sampler-does limit 
the instrument's sensitivity, since 
simple matched filter techniques 
can no longer be used to reduce the 
total noise power from the sampler 
or zero-order hold circuit. 

The instrument's absolute aver­
age detector can be modified with 
appropriate circuitry to make root­
mean-square or peak value meas­
urements . But it then becomes 
necessary to assure that statistical 
reliability exists-that enough sam­
ples are taken so that the recovered 
signal is truly representative of the 
sampled signal. 

Presented at the Western Electronics Show 
and Convention, Los Angeles, Aug. 23·26, 
1966. 

You 
can display 

anything 
with IEE 
series 10 

rear-projection 
readouts 

numbers, 
letters, 

words, symbols, 
even colors! 

IEE readouts display anything 
that can be put on film, even 
colors! Single-plane presentation 
makes for visual crispness; bright, 
bold characters (up to l" in height) 
for remarkable clarity. So if read­
ability and versatility are what 
you're after, look into IEE Series 
10 Readouts. Five other models 
available with maximum charac· 
ter heights from %"to 33/s". 

Send today for complete information 
on IEE rear-projection readouts and 
accessories? 

fiH) INDUSTRIAL ELECTRONIC 
~ENGINEERS, INC. 
7720 Lemona Avenue. Van Nuys, California 
Phone: (213) 787-0311 •TWX (910) 495-1707 
Representatives in Principal Cities '11 1968 1..e 
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New Literature·-

Capacitor reliability. General Electric 
Co., Box 158, Irmo, S.C. A 26-page 
brochure describing a report on the 
reliability of tantalum-foil capacitors 
gives the company's definition of reli ­
ability . 
Circle 420 on reader service card. 

Operational amplifiers_ Analog Devices, 
221 Fifth St., Cambridge, Mass., 02142. 
A four-page short-form catalog de· 
scribes 13 operational amplifier models 
and gives specifications covering 22 
units. [421] 

Trimming potentiometer. Helipot divi· 
sion, Beckman Instruments, Inc., 2500 
Harbor Blvd., Fullerton, Calif., 92634. 
Data sheet 66191 covers the model 63P 
trimming potentiometer, a %-in. -square 
military trimmer with Cermet resistance 
element. [422] 

Rotary thumbwheel switches. Engi · 
neered Electronics Co., 1441 E. Chest­
nut, Santa Ana, Calif., 92702. The in­
dustrial Blue Cover line of economical 
rotary thumbwheel switches is de­
scribed in a four-page brochure. [423] 

Rosin core solder. Alpha Metals, Inc., 
56 Water St., Jersey City, N.J., 07304. 
A technical bulletin describes Reliacor 
No. 11, a mildly activated rosin core 
solder designed to provide more effec­
tive soldering under type RMA of 
Federal Specification QQ-S-571d. [424] 

Transistor test set. Baird -Atomic, Inc., 
33 University Road , Cambridge, Mass., 
02138. Brochure EP-2 deals with the 
company's latest version of its model 
PB-1 automatic transistor test set that 
performs up to 10 tests in less than 1 
second in any sequence. [425] 

P-c board holders. Taurus Corp. , Acad ­
emy Hill, Lambertville, N.J .. 08530, has 
published an eight-page catalog on its 
line of printed -circuit board holders in 
plastic, steel and beryllium copper. 
[426] 

Vacuum catalog. Andar Corp ., 185 E. 
Evelyn Ave., Mountain View, Calif., 
94041, has available a vacuum catalog 
that includes a complete price list and 
technical data on ion pump systems, 
flanges and fittings for high-vacuum 
applications. [427] 

Teflon tapes and film. Dilectrix Corp., 
69 Allen Blvd., Farmingdale, N.Y., 
11736, offers a four-page illustrated 
fact sheet describing the manufactur­
ing methods for fabrication of Teflon 
tape, sheet and film. [428] 

Photoconductive cells. Epic, Inc. , 150 
Nassau St., New York 38, N.Y., has 
available descriptive literature on photo­
conductive cells, the sensitive material 
of which consists of cadmium sulphide 
with doping materials of cadmium com-
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bined with elements of the sixth group 
of the periodic system. [429] 

DTL circuits. Signetics Corp., 811 E. 
Arques Ave., Sunnyvale, Calif. Design 
data and applications for 17 diode­
transistor-logic circuits are featured in 
a brochure on the SElOOJ series inte­
grated circuits. [ 430] 

Pulse generator. E-H Research Labora­
tories, Inc. , 163 Adeline St. , Oakland, 
Calif., 94607. A technical data sheet 
covers the model 120E pulse genera­
tor, which features a fast rise time and 
high repetition rate. [431] 

Data transmission system. Lenkurt Elec­
tric Co., Inc., 1105 County Road, San 
Carlos, Calif., has available a four-page 
brochure on the 25A data transmission 
system, which can be arranged for a 
wide variety of multichannel telegraph 
and intermediate-speed data applica­
tions. [ 432] 

Stepper motors. The A.W. Haydon Co., 
232 North Elm St., Waterbury, Conn ., 
06720. Product information sheet No. 
127 provides data on high torque, 
general duty and miniature stepper 
motors. [433] 

Potentiometer wire. Sigmund Cohn 
Corp ., 12 South Columbus Ave., Mount 
Vernon , N.Y., 10553, offers a brochure 
outlining the advantages of the com­
pany's L.T.C. gold alloy potentiometer 
wire, its corrosion resistance, high 
tensile strength, low-noise level and 
length of life. [434] 

Tuning forks. Riverbank Laboratories , 
P.O. Box 65, Geneva , Ill. , 60134. A 
20-page catalog, No. 966, covers many 
lines of prec1s1on audio-frequency 
standards. [435] 

Reed switch. Solid State Electronics 
Corp., 15321 Rayen St., Sepulveda, 
Calif., 91343, has published a bulletin 
on the model 7001 spdt Microreed 
relay. [436] 

Microminiature connectors. Continental 
Connector Corp., 34-63 56th St., Wood­
side, N.Y., 11377. An eight-page catalog 
covers the series MM -22 microminia­
ture plug and socket connectors . [437] 

Capacitors for transistorized tv. Nu­
cleonic Products Co., Inc., 3133 E. 12th 
St., Los Angeles, Calif., 90023, has 
published a four-page application note 
titled " Metallized Lacquer Film Capac­
itors in the Horizontal Defl ection Circuit 
of Transistorized T.V. ". [438] 

Miniature recorders. Thomas A. Edison 
Industries, McGraw-Edison Co., West 
Orange, N.J. , 07051. A six-page illus­
trated bulletin, No. 3091 , describes 
miniature circular chart recorders avail­
able in D'Arsonval or moving iron move-
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bright, bold 
meter relay? 

You c:an get it. . .from 
General Electric:' s full line 
Add years-a head BIG LOOK® styling 

to your equipment with G-E Type 

195 contactless meter relays, fea­

turing solid-state, l ight-sensi t ive 

switchi ng for the ultimate in 

simplicity and readability. All rat­

ings are available in 2112", 3V2", 4V2" 

sizes w ith single or double set­

po ints. See the complete General 

Electric panel meter line at your 

dependable electronic distributor. 
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ments for current, voltage, or temper­
ature recording . [439] 

IC logic modules. Wyle Laboratories, 
Products division , 133 Center St., El 
Segundo, Calif. The series M line of 
integrated-circuit logic modules is de· 
scribed in a set of detailed specifica· 
tion sheets. (440] 

Hermetically sealed relays. Guard ian 
Electric Manufacturing Co., 1550 W. 
Carroll Ave., Chicago, Ill. , 60607, has 
released a 16-page bulletin giving com· 
plete information on hermetically sealed 
relays, contactors and control switches 
t hat meet or exceed m ilitary specifica· 
tions. [441] 

Static frequency converters. The Lou is 
Allis Co., 427 E. Stewart St., Milwaukee, 
Wisc ., 53201. Bulletin 7050 presents 
information on a line of static frequency 
converters, the company's advanced 
solid state complete power package for 
precise, adjustable speed control of 
single or multiple a·c motors. [442] 

Pressure transducers. American-Stand· 
ard , Advanced Technology division, 
1401 South Shamrock Ave., Monrovia, 
Calif., offers a four-page, short-form 
catalog on its complete line of bonded, 
strain gage pressure transducers. [443] 

Differential operational amplifier. Analog 
Devices, 221 Fifth St., Cambridge, 
Mass., 02142. An application sheet 
covers basic principles, uses and tech ­
nical specifications for model 301 
varactor bridge differential operational 
amplifier. [444] 

Induction heating. Lepel High Fre­
quency Laboratories, Inc., Woodside, 
N.Y. Volume II No. 1 of the Review 
contains articles entitled " Induction 
Heating and Solid State Technology" 
and " Induction Heating In Heat Trans­
fer Research " . [445] 

Test sockets for TO devices. Barnes 
Development Co., Lansdowne, Pa. , 
19050. Data sheet 178B shows a line 
of Quik/Sert sockets for test, ag ing 
and breadboarding of 3 to 14 lead 
transistors and integrated circuits 
packaged in TO housings. [446] 

Coaxial and waveguide switches. E&M 
Laboratories, 7419 Greenbush Ave. , 
North Hollywood, Calif. A four-page 
bulletin describes coaxial and wave­
guide switches that cover the frequency 
range of d·c through 26.5 Ghz.[447] 

Carriers and contactors. Barnes De­
velopment Co., Lansdowne, Pa. , 19050, 
has issued a data sheet on the series 
029 carriers and contactors, which 
provide convenience, speed and pro­
tection for handling and test of 14-lead 
fl atpack integrated c ircuits. [448] 

NEW EBERT l!IEP.J1.werl"METAL TUBE 
MERCURY RELAYS ARE GUARANTEED TO 
PROVIDE LONG, MAINTENANCE-FREE LIFE 
EVEN IN PROBLEM ENVIRONMENTS 
FACT: Ebert Hi-Power Merc ury Relays are 
ava ilable in l , 2 and 3-po le un its. Load 
ra t ings up to 40KW or 100 Amps. Load 
vo ltages up to 550 V.A.C. They are un­
matched for conti nuous in-use reliability, 
du rabi lity, com pactness and ease of in­
sta 1 la t io n . FACT: Thei r hermetic ally 
seated, m ercury-to-m ercury ac t ion e limi­
na t es co ntac t probl e ms. FACT: Th ei r 
epoxy-c lad , metal tube construct ion with­
stands physica l shock or rough handling. 
FACT: Once you 've tried an Ebert Hi­
Power Relay you won 't be sa t isf ied w it h 
any other ! 
•Guaranteea for one year against detects in materials 
and workmanship, 

Also available in solid state time delay 
and solid state hi-sensitive models 

1cE1 E"efiiifYCiciRJii°Ni'cs'fcO'Ji'P. 
~ 130- 12 JERICHO TURNPIKE, FLORAL PARK, N. Y. 11002 
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Reprint order form 

Send to: Electronics Reprint Dept. 
330 West 42nd Street 
New York, N. Y. 10036 

For llstlng of reprints avallable see 
the reader service card. 

To help expedite mailing of your 
reprints please send cash, check or 
money order with your order. 

For reprints of the latest special 
report: 

Communications Satellites Part 

Send me reprints of key no 
R-89 at 75¢ each. 

For reprints of previous special 
reports fill in below: 

Send me . . . . . . . reprints of key 

no.(s) . . . . • . . at . ... .. ¢ each. 

For prices see the reader service 
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ELECTRONICS 
Qua lification Form 

for P osit ions Ava ilable 

ATTENTION: ENGINEERS, 
SCIENTISTS, PHYSICISTS 

This Qualification Form is designed to help you 
advance in the electronics industry, It is unique 
and compact. Designed with the assistance of 
professional personnel management, it isolates 
specific experience in electronics and deals only 
in essential background information. The adver .. 
tisers listed here are seeking professional ex­
perience . Fill in the Qualification form below. 
STRICTLY CONFIDENTIAL: Your Qualification 
form will be handled as " Strictly Confidential" 
by Electronics. Our processing system is such 
that your form will be forwarded within 24 
hours to the proper executives in the companies 
you select. You will be contacted at your home 
by the interested companies. 
WHAT TO DO. (1.) Review the positions in the 
advertisements. (2.) Select those for which you 
qualify. (3.) Notice the key numbers. (4.) Circle 
the corresponding key number below the Qual i­
fication Form. (5 .) Fill out the form completely. 
Please prinr clearly. (6 .) Mail to: Classified Ad­
vtg. Div., Electronics, Box 12, N. Y. 10036. 
COMPANY PAGE KEY ±t 
AMELCO S~Ml-CONOUCTOR 268 I 
ATOMIC- PERSONNEL INC.---268 ___ 2 _ 

BENDIX- CO RPORATION 18 1*-- 3 
COM STOCK & WESCOTT INC-. --194* ___ 4 
GENERAL- DYNAMICS 176 ___ 5 

Fort Worth 
GRUM MAN - Al RCRA FT 
LAW RENCE RADIATION 

270-27-1 - 6 -----
LABORATORIES 1~· 7 

LEA R SIE GLER INC-. -~---_-_-_-_-_-~2~68=--- 8 
LOCKHEED CALIFORNIA 

COMPANY 144 ' 9 
L OCK!JEEO MISSILES &- SPA.CE- 180 -- 10-
MA RTIN - 277--11 

Orl ando­
NATIONAL;(:ASIJ"REGISTER--244-~12-

NEWPORT NEWS SH IPBUILDIN G 204- 13 -
PAN AMERICAN - -- 267 - 14 -
ROHR CORPORATION _____ 72 - 15 
TEXAS INSTRUMENTS ____ 194 -- 16 -
U. S~ NAVY--------269-- 17 

Naval Ordnance Lab 
UNION CARBIDE CORP. 
UNIVAC DIV. 

Soerry Rand . Corp. 

268 18 
269 19 

,. These advertiseme nts a ppeared in the 9/ 5 issue. 

PERSONAL BACKGROUND 
Name .... . ••............•........... . .. 
Home Address . .. .. .......•.•...•...••••. 
City . . . . . . . . . . . . . . . . Zone . . . . State ....• . 
Home Telephone ......... • .• • ••.•....••. . 

EDUCATION 
Professional Degree(•) .•...••.••.••.•. . - • . 

~~i::!:ltv . : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Da te(1) .. .. ............... . .•... . . .. . ... • 
~ELDS OF EXPER IENCE (Please Check) 9 / 19/ 66 
I I Aerospace n Medicine 

Antennas Microwave 
~ Ac

1
·SrWcui"ts ._ Navigation 

r r Operations Research 
Communications Optics 

'-- Components L. Packaging 
r Computers r Radar 

I- ~fe~tron Tubes I- ~ia~~t;!Jr~ 
Engineering Writing Solid State 

H ~~~;~n:;~/ors I- i~!~~f~:~ers 
H :~:~~~~entatlon I- Ot~~'.:: : :::::::::: 

CATEGORY OF SPECIALIZATI ON 
Please indicate number ol month• 

experience on proper llne1. 

RESEARCH (pure, 
fundamental , basic) 

RESEARCH 
(Applied) 
SYSTEMS 
(New Concepts) 
DEVELOPMENT 
(Model ) 
DESIGN 
(Product) 
MANUFACTURING 
(Product) 
FIELD 
(Service) 
SALES 

Tech· 
nica l 

b ptrl· 
ence 

(Months) 

Super· 
visorv 
b peri· 

ence 
(Months) 

(Pr2oosals & Produ cts) . . . . . . . . . . . . 
CIRCLE KEY NUMBERS OF ABOVE COMPANIES' 
POSITIONS THAT INTEREST YOU 1 2 3 
4 s 6 7 8 9 10 11 12 
13 14 15 16 17 18 19 
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'~HOY! B.O.M., 
STATION 16! 

CAR£ TO COM£ 
ABOARD FOR 

A MOVIE?'' 

We thought you might appreciate a little inside humor. The 
truth of the matter is that our down range island stations 
fo r the Eastern Test Range offer a lot more solid ground 
to move around in than is avai lable on the ships in the 
operating fleet. The situation is usually the other way 
around. When one of the tracking ships is in the area, the 
Base Operations Manager is issuing the invitations. And 
not always to a movie. 
The point is that both jobs are vital ones in our overall 
responsibility during a launch. Be it missi le, manned space 
craft, satellite or space probe, both the BOM and SOM 
make important split-second decisions with the chips down. 
A multi-mill ion dollar mission may depend on their 
know-how. 
They know their technology. They take full responsibi lity 
for directing the real-time monitoring of vehicle perform­
ance in flight ; using pulse and CW radar, telemetry, optics, 
infrared, timing, command/control, data encoding and 
transmission equipment of the latest design. They perform 
in-flight trajectory measurements, utilizing digital com­
puters and inertial navigation systems. 
If you have engineering management ability, can make 
instant deci sions, a strong technical background in any of 
these areas, and an EE degree, write to Manager of Profes­
sional Employment, Guided Missiles Range Division, Pan 
American World Airways, Inc., Dept. 28J°-3 , 750 S. Or­
lando Avenue, Cocoa Beach, Florida. An Equal Oppor­
tunity Employer. 

•• 1 §i· 'I· id f •• 
GUIDED MISSILES 
RANGE DIVISION 

PAN AMERICAN WORLD AIRWAYS , INC. 
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With all the companies offering the same positions, 

how do you find the right one? 

Look to the company consistently active in major projects. Lear Siegler hardware 
is involved in all the significant aerospace programs. LSI Instrument Division 
products are currently in use on over 70 aircraft, spacecraft and missles. And, 
we have been actively applying new concepts in the design and production of 
advanced flight navigation and reference systems and cockpit displays for 
more than 30 yea rs. 

Exercise and elbow room are what you get at LSI. In a half-million 
square feet of newly-completed aerospace facilities. For the right position: 
CIRCUIT DESIGN ENGINEERS - TEST EQUIPMENT DESIGN ENGINEERS -
NAVIGATION & COMMUNICATIONS SYSTEMS ENGINEERS- A.G.E. DESIGN 
ENGINEERS ... send your resume in confi dence, or write for information to: 

E. B. Mellinger 
Professional Employment Manager 

LEAR SIEGLER, INCi ® 
INSTRUMENT DIVISION 

4141 EASTERN AVE., S.E., GRAND RAPIDS, MICHIGAN 41508 

r@-&-~E..:e;;s-•. 
I 

For FEE PAID posi tions 

t 
t hroughout U.S. I 

I Send Coupon Today I 
I ATOM IC PERSONN EL, INC. I 
I Suite L, 1518 Walnut St., Phiia., Pa. I 
I Experienced Engineers . .. Working I 
I "Full Time" . . . For You! 

• Send resume today. (If none, send' I 
I coupon for confidential application.) I 
I Name I 

R. U. answering more than1 
advertisement? Then please send a 
separate reply to each box number. It 
will help you get an answer sooner. 

EMPLOY MENT SERVICES 

· H 

I I 
I Address I 
I City State___ I 

Your Resum e-Ma k e i t sell You ! Ins truc ­
tions. sampl es : $2 . Executive, Box 246EL, 
Montclair. N .J . 07042 . 

..:m-::- ----...---. .mL----~-..-. -..-

CIRCLE 969 ON READER SERVICE CARD 

Color DIAL TELEPHONES $10.95 
Factory rebuilt \Ve6tern Electric Com11lete 
In white, beige, lvory. pink. green, 
or blue . Jr 4 prong plug is re- - · quired artd $2.00. Fully guaran- · 
teed. Write for tree list. All ·. 
shipments 1lOR : · :. 

SU RP LUS SA VI N G CEN T ER 
Dept. E-9196 
Waymart, Pa. 

CIRCLE 968 ON READER SERVICE CARD 
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BUSINESS OPPORTUNITY 
Leading English 

Electronic Instrument Business 
No competition-unique. O wner wishes to 

sell Know-how ond Patents. 

Price $1,000,000 or less, acco rd ing to as­

sistance required. Principals write to: 

SPRINGHEAD MANOR 
SHIBDEN, HALIFAX, YORKSHIRE, ENGLAND 

CIRCLE 967 ON READER SERVICE CARD 

EMPLOYMENT 
OPPORTUNITIES 

INSTRUMENT TECHNICIANS 
THE OAK RIDGE NATIONAL LABORATORY 
Highly skilled instrument technicians to assist 
in the installation and maintenance of process 
control instrumentation sys tems and devices for 
chemical pilot plants, nuclear reactors and other 
large experimental installat ions. 

High school education, plus additional training 
in either the physical sciences, instrumentation, 
or electronics, and at least 4 years experience in 
installation and maintenance of complex instru­
mentation and control systems. Entrance rate 
$3 .39 per hour; $3.45 per hour after six months. 
Reasonable interview and relocation expenses 
paid by Company. 

Excellent Working Conditions 
and 

Employee Benefit Plans 
An Equal Opportunity Employer 

Send detailed resume to: 
Centra l Employment Office 

UNION CARBIDE 
CORPORATION 
Nuclear Division 

P. 0 . Box M 
Oak Ridge, Tennessee 37830 • 

Large American 
Semiconductor Manufacturer 

seeks 
MANAGER 

• . • o f Euro pe an o rigin to establish new Euro ­
pean Head q uarters. After thorough factory 
training, he will coordina te the activity of 
ex isting sales representatives and develop the 
market for integrated circuits and Field Effect 
Transistors . Qualifications must include strong 
technical. sa les and administrative experience , 
and residence in Europe . 

Please send resume stating education, expe­
rience, salary history, and languages in de tail 
to address below prior to September 20 , 1966. 
After September 20, 1966, coble Amelco Moun ­
tain View for European address. 

Interviews will be arranged in Europe be­
tween September 20, 1966, and October 26, 
1966. 

All inquiries will be kept completely confi­
dentia l and will receive a personal answer. 

AMELCO SEMICONDUCTOR, 
1300 Terra Bella Ave ., 

Mountain View, California 

e CLASSIFIED ADVERTISING 
e BUSINESS OPPORTUNITIES 

e USED OR SURPLUS EQUIPM ENT 

FOR SALE: 

ELECTRIC, GAS, and 
VACUUM FURNACES 

li'orming Gas Generators. Nitrogen Generators. Endo­
thermic Generators. Ammonia. Dissociators. Induction 
Heaters. Vacuum M etallizers. Strip Chart ltC!corders. 
Tt•mperature ControUers. 1-' rogrammers. :Mass Spec­
trometers. Spectrophotometers. Hefractometors. Cas 
l' urifiers. }:; (l'('tron Tube A1imufa('turing, Aging, and 
Testing J<_:qulpment. 

INSTRUMENTS & MACH IN ES INC. 
1200 Grove Street 

201-371 -7900 

Irvington, N.J . 

CIRCLE 966 ON READER SERVICE CARD 
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engineering 
opportunities 

AT THE U. S. NAVAL 
ORDNANCE LABORATORY 

--one of the largest laboratories in 
the world located on an 875-acre 
"campus" in the rolling hills of 
Maryland near the Nation's Capital. 

ELECTRONIC ENGINEER 
(Instrumentation) 

To design and develop t h e electronics 
for new types of instrum entation for 
ballistics ranges and fac il ities for aero­
space simulation. Duties will include 
developing new e lectronic i nstrumenta­
tion for measurement of aeroballistic 
phenomena, co n s u lting with associates 
on requirements of new instrum enta­
tion, and developing new e lectronic 
techniqu es for obtaining data. A Bach­
elor's degree in electronic or electrical 
engineering requ ired. In addition, appro ­
riate experience required at higher sal ­
ary levels. $8,479 to $10,927. 

MECHANICAL ENGINEER 
To design and develop s uperson ic and 
h ypers o nic wind tunnel models, balances 
a nd instrumentation. Duties will inc lude 
pe rfo rming stress a nalyses, dynamic 
loading compu tation a nd m ec h anica l 
design layouts. The pos·ition will nor­
mally involve respons ibility for a task 
from its inception through design. draft­
ing, manufacturin g and s h a kedown 
phases to completion and release to the 
u s ing activity. A minimum of a Bach­
elor's degree in mechanical engineering 
or allied field required. At higher sala ry 
level s appropriate professional experi­
ence also required. $7,729 to $9,536. 

ELECTRICAL ENGINEER 
To work in data acquisition laboratory. 
Duties will inc lude des igning s pecial 
p urpose data setups u si n g computer 
type peripheral equipment such as an­
a lo g and digital tape units, ana log to 
digital co nverters, paper tape readers 
and punches, and buffers . Bachelor' s de­
gree in electrical or e lectronic engi neer­
ing required plus at least one year of 
experience in vo l ving both logical design 
and computer programming. With a 
Master' s degree no experience is re­
q uired . $8, 479. 

MECHANICAL ENGINEER 
To conduct research on probl e m s of re­
sponses of basic stru ctures to s tatic and 
dynamic {particularly exp losion) load­
ing , Duties will include applied analyti ­
cal and experimental researc h on such 
basic structure s as cylinders, sp heres, 
plates, beams', etc. to provide general­
ized information on re s ponse which will 
be u seful for the design of blas t re­
s istant con structi o n. Bachelor 's degree 
in m echanc ia l engineering required. 
Training in the areas of stress analys is, 
dynamics, and s trength of materials, 
and knowledge of the basic princi pleg 
of compress ibl e and incompressible 
flows and thermodynamics desirable. 
Also, exper ience or interest in computer 
and m athematical analysis would be 
he lpful in t h e analytical portions or the 
researc h work. $7 ,729 to $8,479. 

The e are career Civil Service po­
s itions with regular salary in­
creases, liberal benefits. 

Send resume or SF-57 to: Profes­
sional Recruitment Division, U. S. 
Naval Ordnance Laboratory, White 
Oak, Maryland 20910. 

An Equal Opportunity Employer 
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If technological leadership were 
the whole story 

All we'd have to do is mention 
our name. 
And we do, lots of times. Our nameplates are featured on many D.0 .0. 
systems, NASA and FAA programs. But this equipment really has to 
talk for itself, in Washington , Cape Kennedy, Houston, Vandenberg, or 
outer space. And it doesn 't have much time to do it . 

We've learned how to say an awful lot in microseconds. Consider our 
unit computer, the CP·642A/ USQ·20 (V) -the first military real·t ime 
computer capable of completing complex calculation in microsecond 
times . In fact, our real·time, on -line data processing systems are sub­
jects of a great deal of conversation, because they do a lot in a very 
short time. The Naval Tactical Data System , of wh ich this un it is a part, 
ties an entire task force together in a vast real-time communication 
network permitting absolute control of entire task·force firepower with 
a single ship. That says a lot for our technologica l leadership in hard­
ware and software. 

If you 'd like to be a topical tid·bit, join the rest of our engineers who have 
gained recognition from systems ranging from small aerospace com· 
puters to large real·time systems ... for missile range instrumentation, 
antisubmarine warfare, guidance and control systems and th in film 
memories. But first write to us and send a resume to Mr. R. K. Patter­
son, Employment Manager, Dept. 17J, UNIVAC Defense Systems, 
UNIVAC Park, St. Paul , Minn. 

UNIVAC 
DIVISION OF SPERAV AANQ CORPOR AT ION 

DEFENSE SYSTEMS DIVISION 
2750 WEST SEVENTH BLVD. 

ST. PAUL, MINN. 55116 
AN EDUAL OPPORTUNITY EMPLOYER 
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FOR ENGINEERS & SCIENTISTS 
WHOSE BEST RESPONSE IS TO A CHALLENGE ! 

•.. will find it at Grumman, engaged in some of the most advanced 
-projects of modern times. A typical area of opportunity is deep sub­
mersibles where the uncharted world of the deep oceans and the veh i­
cles that can maneuver in them is undergoing the hard scrutiny of 
our scientific staff. 

Deep submersibles require the application of techniques, materia ls, 
and equipment with which Grumman has been long familiar. Contrib­
uting to this transfer of skills is our demonstrated ability to deal with 
the complex man-machine life support interface requ ired by advanced 
aircraft (e.g. EA-68) and manned space vehicles (e.g. LM-Lunar Mod­
ule) and the systems engineering and design skills needed for the ir 
development. 

The challenge continues in these latter areas unabated. Engineers 
and scientists who enjoy a challenge can just about "hand pick" from 
the wealth of opportunities. 

270 

Computer Liaison Engineers-B.S. in Engineering, Physics or M ath. 
Thorough ly familiar with military computer memory power sup­
plies. Duties: vendor liaison for monitoring design & performance 
including testing, component selection & scheduling. Will also CO· 
ordinate efforts of suppo rting groups such as M aintainability, Rel ia· 
bility, etc. 

Computer System Engineers-Engineers & Mathematicians with 1-5 
years experience in tne analysis, design and development o f digital 
computer systems. -. 

Programmers-Experienced in both general p urpose and special 
e~hr~~~- techniques, to work on complex systems for aerospace ..,. 

Digital Systems Engineers-BSEE with a minimum of 3 years expe· 
rience in military digital and data processing eq u ipment. Must be 
capable of performing a comp rehen s ive analysis of digital equip-
ment to establish support concepts and define support require-
ments. 

Aircraft Electro-Mechanical Designers-Designers with experience 
in a ircraft electrical /e lectronic circuit design, installation, liaison., 
packaging to military specifications. 

Electro-Mechanical Designers-Requires a minimum of 5 years 
ex perience in the packaging of Military Electronic ground su pport 
equipment & capable of developing designs from engineering sche­
matics and/or logic diagrams. Mu st be know ledgeab le in electrical 
isolation and shielding techniques associated with EMI problem s 
and capable of designing suitable electrical harnesses & familiar 
with the application and se lection of electrical components. Knowl­
edge of printed circuit design desirable. 

Circuit Design Engineers-BSEE with 3 to 10 years exp erience in 
solid state circuit design to military specifications. Experience w ith 
broad band amplifiers, A / D or D / A Converters for high speed 
(lOmc) switching circuits, desirable. Knowledge of packaging tech· 
niques for cordwood construction and integrated circuits , helpfu l. 

Aerospace N avigations Systems Engineers-BSEE with a major in 
control theory and 3-8 years experience with small analog com­
puters. ine rtial sensors and solid-state circuit design . Knowledge of 
aircraft navigatio n systems, required; capab le of designing small 
analog computer and investigating total navigation system problems. 

Inertia l Navigation Systems Engineers-B
0

SEE (MSEE preferred) 
with major in control tneory and .3-8 years experien c e in the design 
& development of navigation systems ha rdware. Should be capab le 
of direct ing major systems reaesig n program. Circuit design expe· 
rience desirab le but not essential . 

Armament Contro l Engineers-BSEE with a minimum of 3 years ex­
pe rience in the design of arming & releas ing systems for airborne 
armam~nt. 

Aircraft Autopi lot Engineers- BS in EE, ME or AE with a minimum 
of 5 y ears experience i n autop ilot systems with emphasis on auto­
m atic control theory. The assig nment covers the system from con­
cept to hardware, through bench checkout to flight test of autopi lot. 

Aerospace Electri ca l Power Systems Engineers-B.S. in E.E. o( 
Physics with a minimum o f 2 years experience in design, develop­
ment, or integration of ai rcraft or spacecraft electrica l , power sys­
t ems. Pos it.ions available in aircraft programs, manned & unmanned 
spacecraft programs; aircraft & spacecraft advanced systems. 

Display Systems Engineers-BS & 4 or mo re years experience in 
t he design of display systems for radar target tracking, air traffi c 
control , ASW or reconnaissance. Applicant should have experience 
with various types of cathode-ray tube devices. 

ECM Subsystems Engineers-B .S. in E.E. or Physics w ith 2 to 6 
y ears exp erience in design of EC M receivers &/or jammers or ap­
pl icable radar cornmunicatio n background. 

Rada r Development Engineers - BSEE w ith a minimum of 4 years 
experience in the analysis, des ig n and development of airborne 
r ada r systems. Should be ca pabl e of analyzing the rada r system 
with end view of integrating the equipment in t o a compl ex space 
vehicle system. Will fully participate in laboratory and flight de­
velopment p rogram conducted in the finest faci lities ava ila b le in 
a professional atmosphere. 

Communications Systems & Equ ipment Engineers-BSEE with a ,, 
minimum of 2 years experience in Communication a nd Radio Navi­
gation Hardware Engineering. Familiarization with the following 
equipments is desirable: H .F. (SS B), VHF / FM & AM, UHF / FM & AM, ,._ 
Voice & Data Link Communications Equipment, ADF, VOR, TACAN , 
Radar Altimeter, and Doppler Navigation. Duties inc lu de: Systems 
integration, analysis of equipment design, circuit & component 
analysis, generation of equipment specifications, inform ation and 
test procedures information, liaison with subco ntractors & contrac-
to rs; laboratory & vehicle system testing. 

ASW Electronic Systems Engineers-B.S. or M .S. degree with a ., _ 
minimum of 2 years ex perience with probl ems associated with 
su bmarine detection. Duties will include conceptua l design and 
sub-system p erform ance analysis in Advanced System Section in­
c luding trade-off studies. for: sonar, radar, ECM, IR, sensory and 
signal processing equipment; aircraft navigation integrated data 
processing, display and contro l systems. 

Human Facto rs Engineers-MA or PHO in Experimental Psychology 
with at least 2 yea rs Human Factors experience. BS in Engineering 
with appropriate ex perience will be considered. Positions are avail ­
able in Aircraft Systems Analysis, Display & Control Design , Cockpit 
Layout, Design for Maintainability, Training Requi rements, Training ~ 
Devices and t:.xperimental Studies. 

Programmers-BS in Math or Engineering (o r equ iva lent). capable r 
of converting engineering information (i n the form of test requ ire­
ments specifications on flow charts) into the format n ecessary t o 
permit card punching, magnetic t ape preparation, computer input/ 
output statement listings and production of perforated tapes. 

Electronics I September 19, 1966 
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RF Englneers-BSEE (or equivalent) with a minimum of 4 years' 
experience in radar, communications or electronic countermeasure 
systems to determine support equipment requirements and/or de­
sign & development of electronic support equipment to checkout & 
fault isolate aircraft or space vehicle RF systems. 

Logic & Switching Engineers-BSEE with minimum of 3 years expe­
rience in digital logic, timing and control, arithmetic elements and 
time sharing systems. Must be capable of developing a detailed 
logic design from system specification. Should be able to perform 
detailed system analysis to m inimize hardware, eliminate hazards 
& timing problems & to specify testing requirements . 

Calibration & Maintenance Engineers-BSEE or ME preferred with 
a minimum of 5 years experience in establishing procedures for 
Ground Support equipment calibration and maintenance. Must be 
proficient in measurements & familiar with Standards & Calibration 
equipment. Sound knowledge of commercial and military specifi · 
cations concerning calibration & maintenance of electrica l , elec­
tronic, electro-mechanical , fluid manufacturers of motors & other 
components. 

Instrumentation Design El)gineers-BSEE with a minimum of 3 years 
experience in digital logic & system design. Experience with tele­
metry & analog multiplex tape systems, highly desirable. Will be 
responsible for complete check-out of airborne instrumentation 
from component procurement to systems checkout. 

Instrumentation Application Engineers-BS in ME or Physics with 
a minimum of 2 years experience with transducers, recorders, data 
gathering systems, & interested in lab type work. 

BS in ME, EE or Physics with a minimum of 2 years experience, to 
work with telemetry, digital systems & tape recorders as applied 
to Flight Test Development Programs. 

BSEE with a minimum of 2 years experience in electronics circuit 
,application with knowledge of digital techniques. Will operate analog 
& digital data acquisition systems. 

BS or MS in ME, EE or Physics w ith a minimum of 5 years appli· 
cable experience to work on advanced development of scientific 
measurements associated with lunar exploration. Ass ignments avail­
able in Bethpage & Cape Kennedy, Florida. 

Instrumentation Measurement Enginee..S-BS in ME, AE or CE with 
at least 3 years experience in design and calibration of multi·com­
ponent strain gage balances, thrust stands, or weighing systems. 
Assignments will include design of wind tunnel balances, complex 
structural component gaging and high temperature, high vacuum 
strain gaging studies. 

BS in ME, EE or Physics w ith 4 years experience in Instrumentation 
measurement problems. A good theoretical and practi ca l knowledge 
of transducers, their specifications and application to measurement 
of temperature, pressure flow, acceleration, rate, force, is required. 

BS in ME, EE, Physics or equivalent experience in calibration of test 
instruments & laboratory standards. 

Test Data Reduction Specialist-B.S. & minimum of 2 years experi­
ence with telemetry ground station operation, digital computer 
processing of test data, airborne & ground test data acquisition 
systems including range instrumentation, data reduction, hardware/ 
software interfaces, analog signal processing & data processing 
planning, scheduling & estimating. Assignments ava ilable at Beth­
page, Cape Kennedy, White Sands, Houston, Patuxent, Md. & 
Savannah, Ga. 

Digital Computer Programming Analysts-B.S. or equ ivalent with 
minimum of 2 years experience in developing programming require­
ments for automatic checkout. Knowledge of CDC 160, CDC 3200, 
&/or IBM 7094 computers, required . Ass ignments available at 
Bethpage, Cape Kennedy & Houston. 

Electronics Field Engineers- B.S. in Electronics or Physics with a 
minimum of 6 years exp erience desirable, but candidates demon­
strating the equivalency will be conside red . In-plant training will be 
provided. Must be experienced in one or more of the following 
areas: search & track radars, digital computers, inert ial guidance 
systems & transistor theory & application. 

Guidance & Control Integration Engineers- BS or advanced degree 
with experience in design, analysis and integration of vehicle guid­
ance & control systems. Applicants should possess a working 
knowledge of both analog & digital feedback system & design tech­
niques. System test or hardware design expe ri ence desirable. Posi­
tion entails conceptual work in defining guidance & control sys­
tems, establishing subsystem and component requirements, system 
development and verification. 

Reliability Test Engineers-with experience in test planhing, test 
eq uipment, reliabili ty test procedures, overstress testing, and other 
related test disciplines essential in estab lishm ent of reliability test­
ing requirements and evaluation of vendor generated documents. 
Engineering degree with several years work in a related field is 
desired. 

NOTE: Positions also available in the above areas to Recent 

Engineering Graduates 

Use the attached inquiry form to arrange a mutually 
convenient interview. 

GRUMMAN 
AIRCRAFT ENGINEERING CORPORATION 

B e thpage •Long Island• New York 
An Equal Opportunity Employer (M/ f) 
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Now ... a single source for every 
tape recording and oscillograph need 

.. 
4 

EA$ 00 : 
EA SYMAN KOO AK CQ ! 

£ ,,. s r M A J¥ - K o t:t .A 1<. _ _:a:_:o:._.:__:_ _ __:_jt!..~-.l~...,..,,,.~1~~-"""'""""""" 

CEC, a leading manufacturer of mag­
netic tape recorders and oscillographs, is 
the only company which offers single 
source responsibility for all tape, paper, 
and chemical needs. 

Result : a substantial contract adva ntage 
to the user-combined with assured qual­
ity control, convenience, and delivery. 

A com plete family 
to serve you 

CEC Magnetic Tapes. Created and pro­
duced by Eastman Kodak, these tapes 
offer significant advances and benefits 
unmatched by any others. 

00 Only CEC tapes are color-coded on 
the box, can, reel; even digitally num­
bered on the tape itself for instant identi­
fication and traceability. 

00 Only CEC tapes are divided into four 
spec ific categories to meet the exact re­
quirements of every data recorder. 

00 Only CEC tapes come shielded in 
metal containers - packed in cardboard 
filing boxes cove red wi th protective plas­
tic sleeves. 

00 Only CEC tapes are protected from 
shipping and storage damage by means 
of a plastic waffle hub, thus preventing 
tape serration and fl ange deformation . 

DATACOLOR 88. A two-color red and 
cyan emulsion paper which produces 
traces in distinctl y different hues for rapid 
and positive identification. 

272 Circle 272 on reader service card 

DATAF LASH 55. The extreme sensitiv­
ity of this paper now makes it possible 
to obtain perfect oscillograph records at 
writing speeds in excess of 75,000 ips. 

DATAFLASH 56. A high writing speed 
product which produces superb traces, 
timing, and grid lines where Zenon lamps 
are used. 

DATAFLASH 57. High wntmg speed 
D ata fl ash 57 features a '·develop-out" 
option for oscillograms of archiva l 
quality. 

DATATRACE 11 & 31. Heat sensi tive 
recording papers for use with CEC's 
DG-55 11 Portable Two-Channel Ther­
mal Writing Recorder. High contrast or 
reptoduceable types are available. 

DATARITE 33. DATARITE refers to 
CEC's D atarite Magazine in which oscil­
lograms are automatically developed and 
dried as quickly as data is recorded. 
DATARITE 33 is ideal for high writ­
ing speed applications. 

DATARITE 22. Type 22 has less sensi­
tive emulsion than Type 33. At low writ­
ing speeds, it will give excellent oscil­
lograms. 

Type 49943-3 Datarite Developer Solu­
tion is a non-ammonia, general purpose 
formula which provides exceptionally 
high trac e contrast a nd hi gh writing 
speed capability. 

Type 49943-4 Datarite Developer Solu­
tion is an ammonia-type formula which 

combines high writing speeds with re­
duced paper staining in high humidity 
environments. 

Hi-S1>eed Chemical Kit - No. 217050. 
Designed for use in CEC's new 23-I09B 
and 23-109A Processors. Easily capable 
of processing more than 1500 square 
feet of oscillographic paper wi thout re­
plenishment, it's the logica l choice where 
numerous rolls of recorded material must 
be processed. 

Liquid Concentrate Chemical Ki t­
No. 156455. The ··economy" package for 
use with the 23-109A. Processes up to 
500 square feet of paper, on an intermit­
tent basis, thereby avoiding costly waste 
of solut ions. 

For all the facts about CEC tapes, oscil­
lographic papers , and chemicals, call or 
write for CEC Bulletin K it 9050-X7. 

CEC 
Data Instruments Division 

CONSOLIDATED 
E LECTRODYNAM ICS 
A SUBSIDIARY OF BELL & HOWELL / PA SADENA, CALIF. 91109 
INTERN ATIONAL SUBSIDIARIES: WOK ING, SURREY , ENGLAND 

AND FRIEDBERG (H ESSEN), W. GERMANY 
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Soviet Union 

Computer show 
Soviet leaders stoutly maintain 
they'll soon have a network of 
supercomputers running the coun­
try's industries and solving its eco­
nomic problems. But judging from 
the Interorgtechnica Automation 
Show held in Moscow earlier this 
month, the engineers who h ave to 
design and build the supercom­
puters aren't faring too well a t the 
game of follow the leaders. 

Far from supercomputers , the 
few new Soviet machines unveiled 
a t the show were small, easy-to-use 
models. And the most elaborate 
demonstrations in the Soviet pavil­
ion-largest at the 18-nation exhi­
bition-featured the two-year-old 
Minsk 22 computer [Electronics, 
July 26, 1965, p. 133). 

To be sure, the Soviets keep 
their advanced computer technol­
ogy very much unto themselves. 
So Western showgoers who had 
hoped for a glimpse of the BES 1 6, 
reportedly the larges t and b es t 
Russian digital computer, found 
only a small ancestor on display, 
the BESM 4. It's known, however, 
that the fir st nonmilitary BESM 6 
went into service last month at the 
meteorological center in Moscow. 
But even after discounting Soviet 
secrecy, W estern observers remain 
convinced that the emphasis in 
production clearly centers on small 
machines. 

lndustrywide. In the drive to put 
whole industries under computer 
control, Rus sian data-processing 
exper ts apparently haven't waited 
for the advent of supercomputers. 
One display at the Soviet pavilion 
indicated the Russians are trying 
to control their entire fertilizer in­
dustry with a system built around 
the Minsk 22. 

According to the Interorgtech­
nica display, the Minsk 22 system 
handles data processing for the 
production of 28 different kinds of 

fertilizer and its supply to 20 cus­
tomers-Soviet republics and ex­
port agencies-across the country. 
A Soviet computer specialist at the 
show said that about 100 such sys­
tems currently are in operation in 
the USSR, controlling everything 
from material flow to bookkeeping. 
At the Lvov television works in 
the Ukraine, for example, a Minsk 
22 sys tem schedules work flow 
throughout the plant on the basis 
of inputs from several dozen count­
ers and some 30 teletypewriters. 

Transistorized. The bes t tran sis­
torized machine in sight at the 
Soviet pavilion was the KBM 1, 
kingpin element for an industrial 
management and control sys tem 
the Russians call COY 1. The sys­
tem consis ts of modular units and 
can perform up to 100,000 opera­
tions a second from a repertoire of 
256 different operations. It has 
compilers for two computer lan­
guages plus a supervisory program 
that allocates priorities for multi­
programing among as many as 80 
asynchronous reques ts . The fast­
access memory has a capacity of 
4,096 words. 

Another fully transistorized com­
puter shown was a hybrid-a 
combination of a Dnieper digital 
control computer and up to three 
MN-10 analog machines. The com­
bination works especially well for 
continuous process control, the So­
viets say. 

Slow and easy. The Soviets at 
Interorgtechnica also displayed a 
pair of small, slow, easy-to-operate 
machines that were designed, seem­
ingly, to cope with a lack of trained 
computer personnel. 

One, the Vilnius, accepts only 
keyboard inputs. Its basic comput­
ing elements are relays, diodes and 
electromechanical counters , limit­
ing its speed to 300 operations a 
minute. It adds , subtracts, multi­
plies and divides automatically but 
is only semiautomatic when it 
comes to taking square roots or 
raising to a power. 

About in the same class is the 

MIR family of machines for solving 
engineering problems, developed 
by the Kiev Institute for Cyber­
netics. This computer has a battery 
of 200 programs and the user sim­
ply types out the problem to feed 
it into the computer for solution. 

East Germany 

Cut to fit 
Driving to boost the output of the 
state-run electronics industry de­
spite a labor shortage, East German 
economic planners are turning in­
creasingly to au tomatic production 
techniques. So determined are the 
planners to step up productivity, 
for example, that they've converted 
an aircraft factory in Dresden to 
develop automatic production 
equipment solely for plants that 
turn out electronic and electrical 
components. 

The effort seems to b e paying 
off. The new plant, called VEB 
Elektromat, now is producing au­
tomatic stator-winding machines, 
fuse ass em biers, resistor-grinding 
machines and wire-harness makers. 

Elektromat officials make con· 

Punched paper tape programs East 
German machi ne t hat forms 
harnesses automatically. 
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siderable ado about a 66-foot long 
automatic resistor production line 
they developed in just 15 months. 
And they have high hopes for some 
of their machines in vVes tern mar­
kets. Already they've sold resistor­
grinding equipment to British and 
French manufacturers. They also 
expect to turn up W estern cus­
tomers for their automatic wire­
harness forming machine. With 
both these machines Elektromat 
maintains it has come up with 
equipment no one else yet pro­
duces. 

Best seller. Elektromat's best ex­
port seller so far is its $25,000 
automatic resistor-grinder that cuts 
spirals on film resistors to adjust 
their resistance to a tolerance of 
±0.3%. A small computing network 
in the grinder varies the pitch of 
the cut so that the spiral takes up 
at least 70% of the active length 
of the film. 

The grinder can handle film re­
sistors with values as low as 10 
ohms and as high as 10 megohms. 
All the operator has to do is dial in 
the nominal unground value, the 
desired value and the tolerance. 
After that, the machine takes over. 

Unground resistors are fed au­
tomatically from a vibrating hop­
per to a spindle that rotates the 
resistor as the cutting tool advances 
along it to produce a spiral. When 
the spindle grips a resistor, it's ini­
tial value is accurately measured. 
Based on this measurement, the 
computing network sets the speed 
of the cutting tool feed. Then the 
resistor is switched into a bridge 
circuit; the cutting operation con­
tinues until the bridge is balanced. 
If the desired value can't be ob­
tained with a cut between 70% and 
100% of the active film length, the 
machine rejects it. If 10 resistors 
in a row are rejected, the machine 
shuts down and fla shes a warning 
light indicating that the operator 
should recheck his settings. 

Harnessed. Elektromat thinks it 
may have another export winner in 
its automatic wire-harness machine. 
The machine lays out wires for 
harnesses according to a paper­
tape input. It can handle layouts 
up to 21 inches wide and 48 inches 
long involving up to 20 different 
size of wire. 
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Harnesses are laid out on a drum 
studded with pins. Wires are fed to 
the layout drum from a magazine 
of spools. They are wrapped 
around the pins and are cut ac­
cording to the tape program as the 
drum rotates and shifts up and 
down, also nnder tape control. 
Maximum harness-forming speed is 
about 33 feet a minute. 

Great Britain 

Computer on the rails 
British Railways has put a com­
puter on the rails as part of its 
effort to hold the line on roadbed 
maintenance costs, now running 
slightly over $75 million a year. 

For more than a decade, the gov­
ernment-owned railroad has been 
checking out alignment of its 
27,000 miles of tracks with record­
ing trolleys that produce accurate 
-but voluminous-chart records 
of track conditions. The sheer vol­
ume of the charts, which require 
painstaking evaluation by experts 
to spot faults , loomed as a bottle­
neck in British Railways' plans to 
automate maintenance equipment. 

To eliminate the bottleneck, Brit­
ish Railways and Derwent Elec­
tronics Ltd. jointly developed a sys­
tem that automatically spots track 
faults. The equipment costs 

$34,400, but apparently will pay for 
itself many times over in main­
tenance savings. After running 
tests on a prototype, British Rail­
ways ordered an additional 11 sys­
tems and plans to have them 
checking track throughout the 
country within the next year. 

Superimposed. The so-called 
Neptune system (for North E as tern 
Electronic Peak Tracing Unit and 

umerical Evaluator) superim­
poses a fixed-program digital com­
puter on the traditional electro­
mechanical track-checking trolley. 
The trolley picks off data for five 
parameters-right- and left-hand 
top (smoothness of the rails) , right­
and left-hand rail curvature and 
cross level (difference in height be­
tween rails). The data for each 
parameter is fed into a separate 
channel in a data logger with a 
floating peak analyzer. Output of 
the data-logger channels passes to 
arithmetic units that analyze statis­
tically the recorded peaks. 

The peaks are stored and printed 
out every quarter of a mile. Cycle 
time of the arithmetic units is 11 
microseconds and storage capac­
ity is 70 eight-bit words. Whenever 
a parameter strays outside the ac­
ceptable limits, the printout shows 
it with a symbol alongside the out­
of-limits value. In addition to the 
digital printout, eptune produces 
a punched tape that can program 
automatic tamping machines. For 
serious deviations in cross level, 

British Railways' Neptune system puts computer on track-checking 
trolley to spot faults quickly. 

Electronics I September 19, 1966 

,. 

.. . 

.. 

.. _ 



- .. 

- + 

,.. 

. .. 

... 

-.. 

. .., 

the track fault that makes railroad 
cars sway, the system develops an 
output signal that actuates a paint 
sprayer. It marks the track within 
9 inches of the defect. 

With Neptune, British Railways 
has carried electronic analysis of 
rail conditions a step beyond the 
system installed in early 1965 on 
the private car assigned to fhe vice­
president for engineering of the 
New York Central Railroad. The 
New York Central sys tem uses 
strain gages fitted between the 
body frame and the axle journal 
box to obtain a rough analysis of 
cross level. 

But New York Central engineers 
can get a b etter idea of how 
smooth their passenger cars ride at 
high speeds over a stretch of rail­
road. Their system can handle 
speeds from 40 miles per hour all 
the way up to 120 mph . Neptune, 
by contrast, has a top speed limit 
of 40 mph for checking cross level. 
When all five track parameters are 
checked, top speed for the trolley is 
20 mph. 

Accent on avionics 
The British aviation industry is 
beset by a big problem-too much 
capacity and too few airplanes to 
build-but the woes of the airframe 
makers haven't grounded the 
country's avionics producers. 

-At the bustling Farnborough Air 
Show this month, it was clear that 
much of the industry's vitality is 
coming from high-flying avionics 
manufacturers. The stress now is 
on aircraft control and instrumen­
tation, but British companies re­
main active in communications, 
surveillance and testing equip-
ment. 

Avionics, in fact , accounts for a 
big chunk of Britain's electronic 
production. Of a total of $750 mil­
lion last year, avionics covered al­
most a third-some $238 million. 
The proportion is even higher when 
it comes to exports. British sales of 
airborne equipment and ground 
navigational aids last year came to 
$81 million out of total electronics 
exports of $238 million. 

Mobile. There was plenty of evi­
dence at Farnborough that British 
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avionics. manufacturers are devel­
oping world-class equipment even 
though the country's aircraft pro­
duction is declining. Marconi Co., 
for example, introduced a mobile 
military radar system that can 
handle several flight interceptions 
at speeds up to Mach 2. Marconi 
says the three-trailer system can 
be operating within two hours after 
it arrives at an unprepared site. 

The Marconi system consists of 
three elements-a C-band height 
finder, plus S-band and L-band 
surveillance radars. The S-band 
radar has a moving target indica­
tor that eliminates "blind speeds". 
The C-band height finder has a 
dual transmitter-receiver unit with 
scan pattern controlled by the 
Myriad computer that rides herd 
on the over-all system. 

No hands. Another set of hard­
ware that figures to boost Britain's 
avionics exports is a new instru­
ment landing system developed by 
Standard Telephone · and Cables 
Ltd., an affiliate of the International 
Telephone & Telegraph Corp. The 
solid state sys tem uses a patented 
technique to prevent b ends caused 
by reflections from buildings or 
high ground in the azimuth and 
guide-slope beams. 

STC says it has virtually de­
signed routine maintenance out of 
its new ILS system; a monitoring 
system handles routine checks and 
tests . The system carries a price 
tag of just over $120,000, lower 
than most ILS systems now in use. 
STC already has in hand more 
than $1 million worth of orders for 
the new system from British and 
Australian aviation authorities. 

Well spaced. The Farnborough 
Air Show also provided a sampling 
of the space hardware British man­
ufacturers have developed as part 
of their effort to keep from b eing 
grounded by the slowdown in air­
craft production. Associated Elec­
trical Industries Ltd. for instance, 
showed a working model of the 
latest British satellite-tracking 
radio telescope-which boasts an 
82-foot dish antenna-built for the 
Chilbolton station of the Science 
Research Council. 

Elliott-Automation Ltd. showed 
what it has proposed to the Euro­
pean Space Research Organization 
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for a pair of 800-pound scientific 
satellites ESRO plans to launch in 
1969 or 1970. For th is ESRO pro­
posal, Elliott is project leader for 
an international team that includes 
companies from France, Holland, 
Italy, Sweden and the U.S. 

Japan 

Breaking in 

A solid market in England for com­
puter peripheral equipment may be 
in the offing for Fujitsu Ltd. , the 
lone Japanese computer maker that 
has achieved any significant suc­
cess so far with exports. 

Fujitsu will deliver late this year 
to Elliott-Automation Ltd. a trial 
shipment of four magnetic tape 
handlers and one high-speed line 
printer. Elliott plans to test the 
units on a 503 compu ter; if they 
work out, the Japanese peripherals 
stand to b ecome standard equip­
ment on Elliott's new 4100 series. 

The tape handlers are Facom 603 
models , which have a transfer rate 
of 60,000 characters per second and 
feature a single capstan with direct 
drive through a Minertia motor 
produced by the Yaskawa Electric 
Manufacturing Co. The line printer 
is a Facom 642, which has a maxi­
mum speed of 1,500 lines per min­
ute with up to 136 characters per 
line. 

Elliott, a heavyweight in the 
British computer industry, will b e 
switching suppliers-rather than 
changing production policy-if it 
adopts the Fujitsu equipment as 
standard. For the computers it mar­
kets , Elliott produces the central 
processor and generally relies on 
United States companies like the 
Ampex Corp. , Potter Instrument 
Co., the Anelex Corp. and the Na­
tional Cash Register Co. for pe­
ripheral equipment. This is in line 
with the British government's 
policy to bolster the computer in­
dustry by concentrating on central 
processers. 

The trial order was worth only 
$110,000 to Fujitsu but it could be 
the entree to substantial and steady 
sales in Britain over the next few 
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years . Along with the tape handlers 
and high-speed line printer , Elliott 
also may buy magnetic disk mem­
ories , drum memories and paper 
tape units from Fujitsu. 

Belgium 

Victory at sea 
Hardly a week goes by without 
some Japanese electronics company 
snapping up a contract in some­
body else's backyard. But last 
month, a small Brussels-based firm 
huned the tables on the Japanese. 
The company, SAIT Electronics, 
waltzed off with an order worth 
more th an $6 million to fit out with 
marine electronics gear 60 "F ree­
dom" cargo ships that will b e built 
in Japan by the Ishikawajima in­
dus trial group. 

SAIT (an acronym for Societe 
Anonyme Internationale de Tele­
graphie sans Fil) managed to un­
derbid its Japanese competition 
largely b ecause SAIT produ ces a 
standard line of bridge consoles, 
navigational radars , direction find­
ers, fathom eters and the like that fit 
Ishikawajima's bill with little modi­
fication. Along with its edge in 
price, SAIT clinched the deal b e­
cause it could offer worldwide 
maintenance service for the equip­
ment. Together with the Marconi 
Co. of Grea t Britain and the Radio 
Corp. of America, SAIT runs 
a globe-girdling service network 
called Radio Marine Associated 
Companies. 

Secretive. SAIT is little known 
outside maritime circles and appar­
ently likes it th at way. Even the 
company's annual report to stock­
holders doesn't disclose sales fig­
ures , although SAIT admits that 
80% of its business comes from 
marine electronics. 

When it can't sell marine gear 
outright-as it did to Ishikawa­
jima-SAIT often leases it. Some­
thing b etween 20% and 25% of its 
annual output of marine equipment 
is leased. Along with th e equip­
ment, a SAIT maintenance man of­
ten goes aboard to keep it serviced. 
E ven SAIT's competitors admit the 
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Belgian company has built a solid 
reputation among ship operators 
with its equipm ent and service. 

Looking landward. Althou!!h ma­
rine equipment will be SAIT's 
mainstay for a long time to come, 
company chairman Gilbert Perier 
in recent years has charted a course 
that has landed SAIT considerable 
business ashore. SAIT already has 
supplied , for example, a flight simu­
lator for Eurocontrol and portable 
microwave links for the govern­
ment-run Belgian television net­
works. And SAIT won the contract 
for the high-speed data-logging 
equipment used in a prototype 
small reactor recently complRted at 
Belgium's nuclear research center 
in Mal. 

SAIT also expects to expand its 
maritime sales to Soviet-bloc coun­
tries. After about 15 years of culti­
vating potential East-bloc custom­
ers, a payoff has started to come. 
This month, the second of three 
freighters b eing built in Antwerp 
for Yugoslavia was launched. All 
three ships will carry SAIT gear. 

New markets on lan d and at sea, 
Perier feels, will keep the com­
pany's sales growing steadily. Prof­
its have climbed over the past four 
years from less than $400,000 in 
1961 to $800,000 last year. To fi ­
nan ce the expansion, which is 
backed up technically bv four spe­
cialized research teams, SAIT is 
increasin g its capital substantially. 
Even so, only 25 % of the com­
pany's shares will be publicly 
owned and SAIT fi gures to remain 
closemouthed about its operations. 

Gilbert Perier heads SAIT Electronics. 

Italy 

The plot quickens 
Rome's carabinieri are famou s for 
ge tting to th e scene of a crime in 
record time. Their speed comes in 
large part from a continu ous plot 
of patrol car locations that shows 
the duty offi cer at headqu arters 
which car is closest to a trouble 
spot. 

ow the carabinieri (roughly the 
equivalent of a uniformed FBI) are 
tes ting a system that will make the 
plot even more of an occupational 
hazard for criminals. Instead of 
keeping tabs on cruising patrol cars 
by position reports radioed in , the 
new sys tem automatically interro­
gates the cars at a rate of one per 
second. The tes ts-on 10 patrol 
cars-will wind up this month. By 
the end of the year, the carabini<:'ri 
expect to have the automatic plot 
in full operation with 40 cars. The 
sys tem, developed by Selenia 
S.p.A., can handle up to 64 cars. 

Coded. In the new sys tem, patrol 
car locations are plotted automatic­
ally on a king-size wall display snlit 
up into 2,000 posi tion sectors. E ach 
car is interrogated in turn with a 
nine-bit code transmitted in the 40-
magahertz band used also for po­
lice voice communications. 

The patrol car transceiver re­
sponds automatically when it picks 
up its code signal. It transmits back 
a 15-bit code that shows its sector 
location and whether or not the 
car is cruising, stopped or in action. 
At the display, the response is de­
coded and fed into a memory that 
switches the wall display's posi­
tion-indicating lamps on and off . 

One method of getting the fixes 
on patrol car locations would b e a 
triangulation among two fixed re­
ceiving stations and the interro­
gated patrol car. For the Rome 
system, Selenia adopted a less com­
plex technique. 

Wh en a patrol car goes on sta­
tion, the carabinieri aboard punch 
pushbuttons to feed the sector 
number into the memory of the 
transceiver. As the car passes from 
one sector to another, the new num­
b er is punched in to keep the auto­
matic plot up to the minute. 
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Destination? Orlando, Florida! ... To conduct a 
successful career interview with Martin Company 

Picture yourself on this journey. Within 
hours you'll be shaping your future with 
the top engineering team now designing and 
producing Sprint, Walleye, RADA, Shille­
lagh, Pershing and many other advanced 
systems. 

In flight , you can prepare for that important 
interview by considering these discussion 
points. Our conversation will focus on the 
importance of the engineer at Martin, and 
how the Company has invested eight mil­
lion dollars in new R&D facilities in the past 
three years a.lone just to aid him in his quest 
for knowledge. It will also include mention 
of the 150 special programs underway to 
help acquire additional long-term business. 

Your side of the conversation? You should 

NIARTIN 
ORLANDO 

make a bid for a front-row seat on this team 
by showing how you can contribute to the 
high standard of technical excellence that 
characterizes Martin. 

And by the way. Just before your plane 
touches down, look out the window and 
see how Orlando is situated in the heart 
of Florida's lake country. It's a great place 
for your family. 

Put yourself in this 
picture by making an 
appointment today. Call 
us collect. Phone 
305/855-6100 and ask for 
Don Parsons, Manager, 
Professional Staffing. 

CO NI PA NY 
FLORIDA 

MO;fp 
WITH MARTIN 
IN FLORIDA! 

An Equal Opportunity Employer. 



Electronics advertisers 

•AMP Incorporated 181 
Ga rceau , Hargrave & McCullough Inc. 

• Acme Electric Corporation 
Scheel Advertising Agency Inc. 

Acopia n Corporation 
M ort Bar ish Associates Inc . 

• Ad-Yu Electronics Inc. 
P & G Ad ve r tising Age ncy 

A irpax Electronics Inc. 
Welch , Mirabile & Company Inc . 

•Alco Electronic Products Inc. 
M arketroni cs Advertising 

All en Bradley Company 
Fensholt Advertising Agency Inc. 

Alpha Wire Corporation 
Campbell -Ewald Company 

Amelco Semiconductor Company 
Sturges & Associates 

American Optical Company 
Fuller & Smith & Ross Inc. 

Amphenol Corporation 
Marsteller Inc . 

• Andrew Corporation 
Fens holt Ad vertisi ng Inc. 

Astrodyne Incorporated 
Tech / Reps 

Automatic Electric Company 
Tatham-Lai rd & Kudner Inc. 

216 

266 

280 

208 

221 

57, 58 

177 

73 

97 

80, 81 

64 

254 

99 

Babcock Relays Company 107 
Le land Oliver Company 

•Ballantine Laboratories 233 
Lang-Lawrence Ad v . Inc . 

Barnstead Still & Steri lizer Company 212 
Creamer Trowbridge & Case Inc. 

•Bausch & Lomb Inc. 238 
W olff Assoc iat es Inc. 

Bell Telephone Laboratories 100 
N .W . Ayer & Son Inc. 

Bendix Balzers Vacuum Inc. 170 
H utch ins Advertising Company Inc. 

Bendix Semiconductor Corporation 9 
MacManus, John & Adams Inc. 

Benrus Watch Company, 
Technical Products Division 234 
S & S Creative Services 

Borden Chemical Company, 
Mystik Industrial Division 137 
Cona hay & Lyon Inc . 

• Bourns Incorporated 
Trimpot Di vi sion 15, 66, 67 
The Lester Company 

Brinkma nn Instruments 213 
The Sha lier-Rubin Company 

• Brush Instruments Division of 
Clevite Corporation 82, 83 
Carr Li ggett Advertising Inc. 

Bunker-Ramo Corporat ion 214 
Bertrand Advertising Agency 

• Burndy Corporation 167 
Ted Gravenson Inc. 

Burr-Brown Research Corporation 232 
N .W. Winter Adverti s ing Agency 

Burroughs Corporation 108 
Conti Advertising Ag ency Inc . 

• Bussmann M fg. Company 
Div. of McGraw -Edison Company 54, 55 
Henderson Advertis ing Company 

• CML Incorporated 223 
Keyes , M artin Company 

o C.S.F. OAS 7 
SPI 

• CTS Corporat ion 87 
Burton Browne Advertising 

Cambridge Therm ion ic Corporation 98 
Chirurg & Cairns Inc. 

Celanese Corporat ion of America 96 
West, Weir & Bartel Inc. 

CELCO, Constantine Engineering 
Laboratori es Inc. 138 
Sta no Advertising Inc. 
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• Christie Electric Corporation 256 
Len Woolf Company 

• Clairex Corporation 242 
Mic he l -Cather Inc. 

Colorado, St at e of 283 
Buchen Ad verti sing Inc. 

• Consolidated Avionics Corporation 38 
The Sta nl ey Schwartz Company 

Consolidated Electrodynamics 
Corporation 272 
H ixson & Jorgensen Inc. 

Control Data Corporation 248 
Barnes Champ Advertising 

Coors Porcelain Company 205 
Ta llant / Yates Ad vertising 

Corning Glass Works 
Electronics Division 179 
Rumrill -Hoyt Incorporated 

Creamer Industries Inc. 219 
Brya n / Donald Advertising Inc. 

Derlinger Metallurgical Corporation 221 
Roy E. Bi shop Advertising 

Di-Aero Corporation 241 
Charles E. Brown Advertising Ag ency 

Dialight Corporation 252 
H .J . Gold Company 

• Dimeo-Gray Company 250 
Weber, Geiger & Kalat Inc . 

• Dorne & Margoli n Incorporated lg3 
Snow & Depew Advertising Inc. 

Dow Corning Corporation 149 
Church & Guisewite Advertising Inc. 

Duncan Electronics Inc. 248 
Le land Oliver Company Inc. 

• DuPont De Nemours & Company, 
Freon Div ision 77 
Batten, Barton, Durstine & Osborn Inc. 

DuPont De Nemours & Company, 
Teflon Division 105 
Batten, Barton, Durstine & Osborn Inc. 

Eagle Signal Div. of 
E.W. Bliss Company 
Fee ley Advertising Agency Inc. 

Eastman Kodak Company 
X-Ray Industrial Div. 
J . Walter Thompson Company 

Ebert Electroni cs Corporation 
Fl a mm Advertising 

Eimac Division of Varian Corp. 
Hoefer Dieteri ch & Brown Inc. 

68, 69 

78, 79 

266 

178 

Electro Techniques 217 
Ad vertising Direction by Mitchel 

Electronic Communications 
Inc. 284, 285, 286, 3rd Cover 
Neals & Hickok Inc. 

Erie County of 
Comstoc k & Company 

Erie Technological Products 
Company Inc. 
Altm a n H all A ssoc iates 

Eubanks Engineering Company 
Moore-Bergstrom Company 

223 

190 

227 

• Fairchild Control s Division 231 
Dunwoodie Associates Inc. 

Fai rch i ld Dumont Co rporation 200 
Conti Advertising Agency Inc. 

• Fairch il d Instrumentation Division 36, 37 
Faust / Day Incorpora ted 

•Fairchild Semiconductor Inc. 39, 40, 182 
Fau st / Day Incorporated 

Fanstee l Met allurgica l Corporation 171 
Reineke , Meyer & Finn Company 

Ferroxcube Corporation of America 72 
Solow / Wexton Inc. 

John Fluke Mfg . Company 198 
Bonfield Associates Inc. 

········., • I • ,. ., .. ... ..• C'. ~.' 

Form ica Co r poration 
Perry Brown Inc. Div. of 
Cl inton E. Fra nk Inc. 

6 2 

Gar lock Company Inc. 264 
Richardson , Thom as & Bushma n Inc. 

General Dynamics , General Atomic 
Division 221 
Barnes Cha mp Advertising 

Genera l Dynamics, 
Fort Worth Division 176 
Glenn Advertising Inc . 

• Genera l Electr ic 
Company 257, 259, 261, 263, 265 
George R. Nelson Inc. 

• General Electric Compa ny, 
Components Divi ision 88 
George R. Nelson Inc. 

• Genera l Electric Company, 
M iniature Lamp Division 244 
Batten, Barton, Durstine & Osborn Inc. 

• General Electric Company, 
Polymer Products Division 169 
Ross Roy Inc. 

• General Electri c Company, 
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•General Electric Company, 
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George R. Nel,on Inc. 

General Radio Company 6 
K .E. Morang Compa ny 

Giannin i-Voltex Company 261 
Feldm an-Everett Adverti s ing 
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Od iorne Industrial Inc. 

• Grayhill Incorporated 217 
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Gudebrod Brothers Silk Compa ny Inc. 104 
Ramsdel l -Buckley & Company 

Classified advertising 
F. J . Eberle , Business Mgr. 

EMPLOYMENT OPPORTUNITIES 267-271 

EQUIPMENT 
(Used or Surplus New) 
Fore Sale 268 

ADVERTISERS INDEX 

Ame lco Semiconductor 268 

Atomic Personnel Inc. 268 

Grumman Aircraft 270, 271 

Instruments & Machines Inc. 268 
Lear Siegler Inc. 268 

Pan Am 
Guided M issi les Range Div. 267 

Radio Resea rch Instrument Co. 268 

Springhead Ma nor 268 

Surplus Saving Cen ter 268 

U .S. N avy 
N aval Ordnance Laboratory 269 

Union Carbide Corp. 268 

Univac Corp . 
Sperry Rand Corp. 269 

• For more information on complete product 
line see advertisement in the l at est Elec­
tro nics Buyers' Guide 

o Advertisers in Overseas Advertising Section 
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Hayakawa Electronics Company Ltd. 225 
Dai -lchi International Ltd . 

Heinemann Electric Company 245 
Thomas R. Sund heim Inc. 

• Hewlett Packard Associates 175 
Lennen & Newell Inc . 

• Hewlett Packard Company, 
Colorado Springs Division 101 
Tallant / Yates Inc. 

• Hewlett Packard Company, 
Harrison Division 2 
Hea ly Ad vert isi ng Agency 

• Hewlett Packard Company, 
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• Hewlett Packard Company, 
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George Homer Ma rtin Associates 
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Hoffman Electronics Corporation 160 
Jay Chiat & Associates 

IRC Incorporated 189 
Gray & Rogers Irie. 

Industrial Electronics Engineers Inc. 264 
Gumpertz, Bentley & Dolan Inc. 

International Instruments Inc. 230 
Thomas R. Su ndhei m Inc . 

International Rectifier Corporation 187 
Botsford , Constantine , & McCa rty Inc. 

•ITT Cannon Electric Inc. 210, 211 
West Weir & Ba rte I Inc. 

ITT Jennings Radio Mfg. Company 222 
L.H . Waldron Adv . Agency 

ITT Semiconductor Inc. 59 , 61 
Neals & Hickok Inc. 

o ITT Stantard Telephone & Cable Ltd, OAS 9 
Broc kie Haslam & Company 

• J F D Electronics Corporation 92 
M ichel-Cather Inc. 

Kaye & Company Inc., The Joseph 256 
Robert Hartwell Gabine Inc. 

• Kepco Incorporated 22 
Weiss Advertising Agency 

Keystone Carbon Company 91 
Downing Industrial Advertising 

• Lambda Electronics Corporation 70, 71 
Michel Cather Inc. 

• Lapp Insulator Company Inc. 174 
Wolff Assoc ia tes Inc . 

Lockheed Missiles & Space Company 180 
Mccann Eri c kson Company 

McCoy Electronics Company 162 
Buchen Ad vertis ing Inc. 

McGraw-Hill Book Company 168 
Machlett Laboratories Div. of 

Raytheon Company 11 
Fu ller & Smith & Ross Inc. 

P.R. Mallory & Co. Inc. 12, 13 
A itkin Kyn ett Company Inc. 

O Marconi Instruments Ltd. OAS 2 
Lovell & Rupert Curtis Ltd. 

Martin Company 277 
Shattack Roether Advertising 

Maryland Telecommunications Inc. 94 
Ray E. Finn Incorporated 

Memorex Corporation 65 
Ha I Lawrence Inc. 

• Metal Removal Company 228 
Ad vertising Producers A ssociates 

Metronix Corporation 262 
Standard Advertising ltd . 

Microwave Electronics Corporation 246 
Bonfield Associa t es 

Monsanto Company 38B & 38C 
Foote, Cone & Belding Inc. 
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Motorola Semiconductor Products 
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Lane & Bi rd Ad vertising Inc. 

D Mullard ltd. OAS 5 
Rol es & Parker Ltd . 

• Murata Mfg. Co. ltd. 257 
Dent su Advertising ltd . 
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All en, Dorsey & Hatfi eld Inc. 

Navigation Computer Corporation 213 
Industri a l Publi c Relations Inc. 

Newport News Shipbuilding & Dry Dock 204 
Cargrill Wilson Ac ree Company 
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• Norton Associates Inc. 256 
J .J . Coppo Company Inc. 

Parsons Electronics Company Ralph M. 251 
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D Plessey Electronics 
Company OAS 3, OAS 10 & 11 
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Keyes, Ma rt in Company 

Polaroid Corporation 173 
Doy le, Da ne, Bernbach Inc. 

• Potter Brumfield Incorporated 24 
Gran t , Schwenck & Baker Inc . 

Princeton Applied Research Corporation 4 2 
Mort Bari sh Associ at es Inc. 

RH G Incorporated 8 
S.M . Sachs & Associates 

Radio Cores Inc. 14 
Sander Rodkin Advert is ing Agency 

Radio Corporation of 
America 38A, 165, 4th Cover 
Al Paul Lefton Company 

• Radio Materials Company, 
Div. of P.R. Mallory Co. 237 
Ga ll ay Ad ver t ising Inc. 

D Rally OAS 4 
Dum esnil Pub lic ite 

Raytheon Company, 
Components Division 150 
Full er & Smith & Ross Inc. 

Rhode & Schwarz Incorporated 128 
Armand Ri chards Adverti si ng Agency 

• Sage Electronics Corporation 
Mathison Ad vert is ing Inc . 

Sangamo Electric Company 
Winius·B randon Company 

Scientific Data Systems 
Doyle, Dane, Bernbac h Inc. 

Sealectro Corporation 
Lescarboura Ad vertisi ng Inc. 

Secon Metals Corporation 
Walter J. Zimmerman Associat es 

Semimetals Incorporated 
Duncan-Brooks Incorporated 

Semtech Corporation 
Burress Advertisi ng 

255 

219 

51 

217 

240 

258 

166 

63 • Servo Corporation of America 
Basford Incorporated 

Sigma Instruments Inc. 206, 207 
Ma rsch a lk Compa ny Inc. 

Signetics Corporation 
Cunningham & Walsh Inc. 

o Silec 
Wallace & Draeger 
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Simpson Electric Company 103 
The Fens holt Advertisi ng Agency 

Slater Electric Incorporated 106 
Kane light Gladney Inc. 

Solitron Devices Inc. 41 
Haselmire & Pea rson Adverti si ng 

Spectral Dynamics Corporation 38 D 
Mesa / Copy 

Spectrol Electronics Inc. 253 
Jones, M a her Roberts Advertisi ng 

Sperry Electronic Tube Division 74 
Nea ls & Hickok Inc. 

Sperry Rand Corporation 172 
Reach, McClinton & Company 

Sprague Electric Company 5, 10 
Harry P. Bridge Company 

Stackpole' Carbon Company 60 
M eek & Thomas Inc. 

Struthers-Dunn Incorporated 
H arry P. Bridge Company 

Sylvania Electric Products Inc. 
Tatham-Laird & Kudner Inc. 
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27 to 34 

Synthane Corporation 2 15, 227 
Arndt, Preston, Chapin, lamb & Keen Inc. 

• Syntronic Instruments Inc. 254 
Burton Browne Inc. 

TRW Instruments 262 
Fuller & Smith & Ross Inc. 

TRW Semiconductor 47 
Fuller & Smith & Ross Inc. 

• Tektronix Incorporated 49 
Hugh Dwight Advertis ing Inc. 

Tempress Research Company Inc. 35 
Hal Lawrence Inc. 

Texas Instruments Incorporated 194 
McCa rty Company/ Ri ce Inc. 

Texas Instruments Incorporated, 
Semiconductor Division 203 
Don L. Baxter Inc. 

Theta Instrument Company 219 
Armand Richards Adverti si ng Agency 

Thomson-Houston 56 
Mitc hell Morrison Inc. 

Trygon Electronics 
Solow/ Weston Company Inc. 

247 

Ultra Carbon Corporation 199 
Church & Guisewite Advertising 

o United Aircraft International OAS 8 
Cunningha m & Wa lsh Inc. 

• United Transformer Company 2nd Cover 
Philip Stogel Company 

• Universal Instruments Corporation 195 
Caroe Marketing Inc. 

Utah Industrial Promotion Commission 220 
David W. Evans & Associates 

Vector Electronics Company 259 
Van Der Boom , Mccarron Inc. 

Victory Engineering Corporation 7 
Bl ack-Russell -Morris Inc. 

Vitramon Inc. 235 
Ted Sommers Inc. 

Volkert Stampings Inc. 188 
Fred Wittner Company 

Wayne George Corporation 
Studio D. Incorporated 

Westinghouse Metals Division 
McCann / ltsm 

West Penn Power Company 
Fuller & Smith & Ross Inc . 

S.S. White Company 
W.L. Towne Company Inc. 

Wisconsin Power & light Company 
Ra lph Timmons Inc. 

Zippertubing Company 
Edwa rd S. Kellogg Company 

D Zivy & Cie S.A. 
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260 

236 

229 
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OAS 6 

• For more information on complete product 
l ine see advertisement in the latest Elec­
tronics Buyers' Guide 

o Advertisers in Overseas Advertising Section 
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~/¢ULTIMATE PHASE METER 

Type 524A3 with digitol 
indicator. ~ype 524A3 
Phase Computer only 
produces analog output 
with recorder and d.c. 
digital voltmeter. 

USES: 
Plot phase curve. Plot 
envelope delay curve. 
As standard phase' 
meter. f 

~ 

TYPE 524A3 

Accuracy ± 0.03° 
20 CPS to 500 KC 

FEATURES: 
Phase directly represented 
in four odive digits. Phase 
reading independent of the 
ratio of signal amplitude. 
Analog (or digital) ouiput 
available for external re­
corder or programmable 
systems. No frequency ad­
justments from 20 cps to 
500 kc. No amplitude ad­
justments from 0.3 volts to 
50 volts rms. 

-~oP£ 

Plot envelope delay curve at RF and IF frequencies. 

WIDEBAND PH.ASE STANDARD 

USES: I 
As primary wide-bond P,hose standard in 
standard laboratories. fo rloccurate measure­
ment of phase shift of u~known networks. 
For calibration of phase meters and phase 
sensitive equipment. As a precision phase 
meter, measures phase shift between 
two volto ges. I 

280 Circle 280 on reader service card 
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I TYPE 209 

AD-YU 
TYPE 209 

Accuracy 0.015° 

50 CPS to 10 KC 

FEATURES: 
Resolution in micro-degree 
(10-' ). Self-calibration, self­
checking by means of fun· 
damental bridge balancing, 
without an external stand­
ard. Phase shift 0° to 360° 
with 7 -digit resolution. Fre­
quency coverage continuous 
from 50 cps to 10 kc. Di­
rectly traceable to National 
Bureau of Standards. No 
error due to loading of both 
output signals. 

UNKNOWN 
NETWORK 

AD-YU 
TYPE 203 

PHASE DET. 

Measure phase shift of on unknown network 
with accuracy better than 0.02 ~ 
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CONSIDER COLORADO/ INDUSTRIAL COLORADO 

Electronics I September 19, 1966 

... where people have a reason to be more productive ... 
To work harder. To be conscientious and stable. To make more effort 
to do a good job for you. 

Consider Colorado's labor force, 750,000 strong. Well -trained in 
widely diversified fields. People who are willing to work hard because 
there's a lot to live for in their State. A stimulating climate. A myriad of 
recreational activities easily accessible to all. Their attitude is reflected 
by unemployment and compensation rates wh ich are among the lowest 
in the nation. 

Consider opinions of companies with multi-state facilities about 
Colorado employees. "An enthusiastic and cooperative group of em­
ployees." "A stable work force." "Less absenteeism." "Productivity higher 
than other divisions." The average employee in the 25 and older age group 
has better than a high school education. 10.7% of that group with 4 years 
of college, the highest percentage in the nation. Each year 80,000 workers 
improve themselves through adult education programs. 

If these are qualities you want in your employees, consider Industrial 
Colorado for your expansion or relocation . 

Skilled. unskilled. or highly specialized. Colo­
radoans are well educated. conscientious. anx­
ious to improve themselves and help their 
company - an asset to any employer. Write for 
a complimentary copy of Industrial Colorado. 
a revised-to-the-minute. factual. 74-page 
spiral-bound portfolio. It covers 11 important 
considerations pertinent to plant expansion or 
relocation in any part of the State. Address in­
quiries to Dwight E. Neill. Director. Division of 
Commerce and Development. 01 State Serv­
ices Building. Denver. Colorado 80203. 
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Miniaturization of RF 
communications equipment has ,. 
opened a broad new range of space- and 
weight-saving opportunities for systems 
designers. Consider these examples: ~ -

AN/ART-47 and AN/ARR-71 - an 
airborne transmitter /receiver combina-
tion covering 3500 UHF ch21nnels with 

1 

.. 

• ------- AM or FSK duplex capability. Transmitter 
I output is 1 kW. Transmitter and receiver, 

c::: embodying latest solid -state techniques, 
:3 I fit into 2.65 cubic feet. C'O 
.~ AN/GRC-112 - I -kilowatt data link c. I Cl. 

~ radio, all solid-state except power ampli-"" 
"" 

:.0 Cl. I tier stages, selectable AM or FM, in a 
2E ro C'O r:::i 

Cl. 

tactical configuration occupying only 9.5 ::t: "C C'O ,... u 

I :JD ..!!:! .... cubic feet for duplex operation . :::> 
~ 0 

:.0 >. AN/SRC-27- a shipboard transceiver r'" 
0 - i= I "C E :::> 

now being evaluated by the U. S. Navy, a.> .... 0 
E ~ -o ..Cl • 'f 

0 ..Cl c: C'O 

I this ECI development requires only 5 c Cl. :::> ~ c: ~ ~ ·- 0 ..Cl 0 - -<= .... cubic feet. Yet it delivers 100 watts of C'O 
"' b,() 

C'O:;::; C'O 
::: C'O -en I :JD D ""E AM UHF power and permits communi-> .... ~ 

C'O .E 
0 - c: I ] cation on 3500 channels, 20 of them a.>·-- a.> 

"' - ~ preset. = u 0 
C'O :.0 E I AN/GRC-134-in the Marine Tactical ::: :::> a.> 

li I 
Data System, this transceiver offers 50 

>. watts of UHF AM power and covers 3500 
c: "' channels from a 2.6 cubic foot package. "C a.> a.> C'O "' I a.> > "' 

a.> Cl. a.> 

"' ('O "' E E -0 .?:- You can probably use ECl's outstand-c: -<=..!!:! C'O 0 "C 
~o... z: c..:> c:c C3 

I ing solid-state design capability on your 
next communication system. Use the -------I coupon at left for full detai ls. 
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A two-year head start on your 

1 
miniaturized multiplex system 

I 
I Please send me information on D airborne D shipboard 

D ground transportable multiplex equipment. 
I Name ________________ _ 

I Title _____________ ____ _ 

I Company ________________ _ 

I Address, ________________ _ 

I City ____________ _____ _ 

State Zip ______ _ 

·---------------

You can cash in on more than two years of production experience with miniaturized solid-state 
multiplex already accumulated by Electronic Communications, Inc. Reliable ECI multiplex is 
field proved through service with the Post Attack Command and Control System (ACC-1 and 
ACC-3), and with Marine Corps and U.S.A.F. troposcatter communication terminals (AN I GCC-5 and 
AN/GCC-6) . This means that you can design your system around multiplex gear that's ready to 
go witho-ut costly, time-consuming engineering and development. ECI multiplex is available in 
building-block units of 3, 4, 12 and 24 1 
channels. The equipment is fully quali ­
fied to military specifications. Whether 
you 're working on airborne, shipboard or 
air transportable multiplex systems you 
can enjoy a free de­
sign head start. For 
full details, use the 
coupon above. 

ELECTRONIC COMMUNICATIONS, INC. 
P. 0 . B 0 x 1 2 2 4 8, s T. p E TE Rs B u R G I 
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[ Cl's microelectronic fli ght 
control computer now under devel­
opment for advanced space programs. 

··--···-
I need details of space instrumentation for 

D fl ight contro l D vo ice communications 

D telemetry 

Name _ ___________ _ 

Company _ __________ _ 
Title _ ___________ _ 
City ___ ____ _ _ __ _ 
State __________ _ 

--------

Learn how Saturn experience 
has proved reliability of 
ECI space instrumentation 

ECl's capabilities in the field of space instrumentation 
have been clearly demonstrated by the Company's 
success in assigned responsibilities for Saturn . 

ECI flight control computers flew aboard the last 
six Saturn I veh :cles and have performed well within 
mission requirements . Improved triple-redundant ver­
sions are part of the Saturn IB and Saturn V programs. 
ECI now has under development a microminiaturized 
flight control computer for follow-on space programs. 

In telemetry, ECI has produced solid -state trans­
mitters from VHF to L and S band for the U.S. Air 
Force, U.S. Navy and NASA's Saturn program. 

ECI meets NASA's MSFC 200-4 specification for 
fabrication and assembly facilities. 

ECI missile system experience includes the design, 
development and manufacture of special solid-state 
receiver equipment for the Minuteman program. 

To learn how ECl's successful space instrumenta­
tion background can be applied to your system, use 

~ the coupon above. 
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