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Why do TEKTRONIX, 

TEXAS INSTRUMENT 

E G & G and others 

use GRB74 Coaxial Cannecto 
an their products? 

Because 
GRB74 Coaxial Connectors 

are good for pulses 

GR874 Coaxial Connectors are wide-bandwidth, 
low-reflection devices that are made-to-order for 
fast-rise-time , high-frequency pulse systems. VSWR 
is less than 1.02 up to 7 GHz, less than 1.08 to 9 
GHz for the rigid air-line locking version, which 
means that these connectors pass pulses faithfully 
without ringing or deterioration of rise/fall times . 

The GR874 is a versatile coaxial system with a 
wide variety of elements and components ... power 
dividers, air lines, trombones,. tees, elbows, pads, 
terminations, adaptors, etc. 

The GR874 offers high performance at low cost ... 
price of a basic GR874 Coaxial Connector is $2.25, 
and purchases in quantity yield discounts. 

The GR874 saves setup time ... it is both a her­
maphroditic (no male or female versions) and quick­
connect/ -disconnect connector. 

Here is an example of how GR874 Coaxial eleme .. c:::==::l2~1'...:s: 

be used to produce bursts of high-rep-rate pulses v.;,-:i:;:= ::::::ii: 
low-frequency, fractional-nanosecond pulse gener;;;;11E::==:==:3. 

PULSE 
GENERATOR 

~Jl_ 
-! I- >I.Ont 

I 
TIME-

EJJ 
The cascaded GR874·TPD Power Dividers first reproduce the 

original pulse many times and, later, recombine the individually 
delayed signals into a higher-rep-rate pulse burst. Rep rates up 
to several hundred MHz can be obtained by this technique. 

GR874 Air Lines can be used to provide small delays (up to 
1 ns) . GR874 Attenuators can be used when compensatory 
reduct ions in amplitude are required (the GR874·TPD Power 
Divider has a port-to-port insertion loss of 6 dB). 

BOSTON • NEW YORK • CHICAGO • PHILADELPHIA • WASHINGTON , o.c. I 
SYRACUSE • OALLAS • SAN FRANCISCO • LOS ANGELES • ORLANDO 

CLEVELAND • TORONTO , MONTREAL 
GENERAL RADI.._, 

BOURNE ENO, ENGLAND ZURICH , SWITZERLAND WEST CONCORD, MASSACHUSETTS 
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APPLICATION 

Dymec Data Acquisi tion 
measure ana10g data de 8Yston,s • 
sources, and to dlspta rl•O<l 1r0;• 
ti on in _ digital lorni. T~ •nd 
!ormatton i n its most us pr 
available with a choic 
es. For direct readine 
rut on paper tape Is g 
I! the data Is lo be PtO.!<Joa_ 
may be recorded on entered 
ed cards, or digital llUnche<t 
ate. nlagneuc 

. .. Just turn to an hp Data Sheet! 

Number of Input 
Channels 

2013 Series 
(economy) 

25 (2-wire) or 
SO (1-wire) 2013 A-D 

25 (3-wire) expansible 
to 100 2013 J-M 

NMR 30 dB at 60 c/ s (filter) 

Noise Rejection 

ECMR 

DC Voltage 
Range 

Resolution 
(mV/ digil) 

Accuracy (% rdg.) 

Max. Speed, 
Readings / Sec, 

DC Volts 

Optional Measurement 
Capability 

Programming 

JO, JOO, 1000 V, fs 

lOO µV 
10 µV with amplifier 

.05% 

1.7 (4digits) 

AC voltage, 
resistance, de current 

Types of Output Printed strip, typewriter, 
Recording punched tape, cards 

2010 Series 
(noise rejection) 

2015 Serles 2017 Series 
(speed, accuracy) (readout In engr. units) 

25 (3-wire) expansible 25 (3-wire) expansible 25 (3-wire) e)(pansible 
to 100 2010A, B, E, H to 100 2015A, B, E, H to 100 2017A, B, E, H 

200 (3-wire) or 
100 (6-wirel 

2010C, D, F, J 

inf. at 60 c/s 
( integrating) 

200 (3·wire) or 
100 (6-wire) 

2015C, D, F, J 

inf. at 60 c/s 

200 (3·wire) or 
100 (6-wire) 

2017C. D, F, J 

20 db min. all freq. 
(integrating) 

At least 105 dB, all frequencies (floating) 

O.l , l, 10, 100, J , 10, 100, 1000 V, fs O.J, l, 10, JOO, 
1000 V. fs lOOOV. fs 

1 ,,,. V standard 
lO µV 

1 µV standard 
0 .1 µV with amplifier 0.1 µV with amplifier 

.015% ,005% .015% 

18 (3 digits) 18 (3 digits) 
7 (4 digits) 12 (5 digits) 7 (4 digits) 
1 (5digits) 1 (5 digits) 

AC voltage, resistance AC voltage, resistance AC voltage, resistance 
(frequency is standard) (frequency is standard) 

standard with DY-290 1A: add OY·2911C or DY·2560A with OY-2911 

Printed paper strip, perforated tape, punched card (IBM 526) 
magnetic tape 

$8310 - $18,550 $8160 - $18,400 $10,960 - $21,200 

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

If you have a data acquisition application , just call your 
Hewlett-Packard field engineer for a solution ... from a 
data sheet Dymec Division offers 32 basic configurations 
of standard medium-speed systems, one of which is sure 
to solve the problem. They're completely spec'd, field 
proved, right off a production line (without special engi­
neering)-and the economy of "off-the-shelf" delivery is 
passed along to you . 

The four basic lines of systems are briefly specified in 
the chart They differ primarily in the basic measuring 
instrument, and each series offers a wide variety of meas­
uring parameters and an equally wide assortment of 
recorded outputs , including printed paper tape, perfor­
ated tape, punched card, magnetic tape and typewritten 
record. 

For accurate measurement of low-level signals, espe­
cially in the presence of noise problems, look at the 2010 
Series. For economical systems, offering a wide variety 
of voltmeter plug-in capabilities, the 2013 Series. High­
speed, high-accuracy data acquisition can be solved by the 
2015 Systems, while data acquisition from transducers 
with readout in engineering units (Le., psi, rpm, °C or F) at 
the time of measurement is possible with the 2017 Series . 

Complete information is available (on data sheets) from 
your Hewlett-Packard field engineer. Or write Hewlett­
Packard, Dymec Division, 395 Page Mill Road, Palo Alto, 
Cali fornia 94306, Tel . (415) 326-1755; Europe: 54 Route 
des Acacias, Geneva. 

DYMEC 
DIVISION 

Circle 1 on reader service card 1 
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FUNCTION 

OHS 
~•r 1su• f s in uu~n ' 1 

tf;;;.. 414.\ AUTOVOl..TM£TER 

'e(/ "OIL£TT • to~CKARO s LOOK! 
voe COM OHMS AUTO 1.l!lE 

A DC VOLT-OHMMETER WITH 
NO RANGE SWITCH! 
More time saved-Put an end to tedious, time-consum­
i ng manual range switching with the new Hewlett­
Packard 414A Autovoltmeter. Just touch and read ... 
range and polarity change automatically. You read 
range and polarity on the digital readout above the 
analog meter. 
More accuracy-And the analog meter lets you meas­
ure ±5 mv to ± 1500 v full scale, 12 ranges, with an 
accuracy of ±0.5% of full scale ±0.5% of reading ; 5 
ohms to 1.5 megohms, 12 ranges, accuracy 1 % of 
reading ±0.5% of full scale. 

All this for just $650 I 
More uses-The 414A is the world's first "touch-and­
read" analog volt-ohmmeter with accuracy anywhere 
approaching what you require for trouble shooting, 
tweaking, peaking and nulling, probing a circuit with­
out a schematic. Use it for maintenance testing, on 
the production line, in the lab. 

In the de voltage function you simply touch the point 
to be measured and in less than 300 msec read the 
range and poiarity on the digital display and the precise 
de measurement on the individually calibrated, mirror­
backed taut-band meter. Automatic ranges are selected 
and displayed for resistance measurements, too. 

2 Circle 2 on reader service card 

More noise rejection-Ranges also can be selected and 
held manually, and a Down Range control feature lets 
you drop to the next lower range merely by pushing 
a front-panel button. 

Input resistance is 10 megohms on the 5 and 15 mv 
ranges, 100 megohms on 50 mv range and above. The 
414A is insensitive to 60 cps signals with peak value 
less than 7 times the full-scale de level of range in use 
in "Hold" position (rejection is 20% of reading when 
using Auto-ranging) . 

To get the true significance of this automatic instru­
ment, you need to see it perform on your bench. Call 
your Hewlett-Packard field engineer for that convincing 
demonstration. Or write for complete information to 
Hewlett-Packard, Palo Alto, Calif. 94304, Tel. (415) 
326-7000; Europe: 54 Route des Acacias, Geneva. 

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

HEWLETT -w PAGKARD 
An extra measure of quality 
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Technical Articles 

I. Design 

Design theory 78 Scattering parameters speed design of high-
frequency transistor circuits 
At frequencies where h, y or z parameters 
fail , this new technique simplifies transis-
tor circuit design 
Fritz Weinert , Hewlett-Packard Co. 

Computers 89 Sense amplifier fits any memory 
General-purpose integrated circuit can be 
used with most coincident-current memories 
Brant Johnson , Sylvan ia Electric Products , Inc 

Circuit design 95 Designer's casebook 
• Square-Jaw detector has 40-db dynamic 

range 
• Transistors replace diodes in milliohm-

meter circuit 

• No pulse-forming network in scr trigger 
generator 

• Ser bridge inverter eliminates transformer~ 

II. Applicat ions 

Reference sheet 101 Gra phs reveal reasons for high cost of 
maintenance 
Chart pinpoints costly trouble spots in 
avionics maintenance procedures 
G.W. Corley and H. Faecher, Westinghouse 
Defense and Space Center 

Computers 105 Divic gives answers to complex navigation 
questions 
Skillful blending of digital and differential 
processing avoid s need for large memory 
Joseph A. Parini, Lear Siegler, Inc. 

Industrial 115 Pumping new life into ruby lasers 
electronics New pumping system and low-cost flashtube 

make lasers a practical production tool 
Dieter Roess and Guenter Zeidler, Siemens & 
Halske AG 
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Readers Comment 

Modern marvel 

To the Editor: 
F.J. Wilkerson is incorrect in as­

suming that the size of an object 
determines its cost or valu [May 
16, p. 4]. Time was when h earing 
aids were less expensive than they 
are at present, and they wer e a lot 
bigger then, too-almost as big as 
the color tv set to which he refers. 

Tow the hearing aid industry has 
produced a marvel of electronics , 
an intricately designed and assem­
bled unit that £ll s in the ton a l gaps 
of human hearing loss , and con­
sequently, fills in the gaps in 
human lives where otherwise, great 
emotional and psychological loss 
might occur. 

A hearing aid is truly a bargain 
a t any cost. 

John Kojis 
President 
H earing Aid Industry Conference, 
Inc. 
Chicago, Ill. 

An extra ground 

To the Editor: 
In reading the article "-Improv­

ing the performance of multipur­
pose IC's with feedback" [June 27, 
p. 70] , I came upon one circuit that 
seems to be wrong. On page 73 is a 
schematic for an exclusive OR gate. 
With the base of Q3 at ground po­
tential , the base res istor would not 
be in the circuit. 

U.S. Navy 
Charleston, S.C. 

Marvin Lee Nolan 

• Reader Nolan is right; an ex tra 
ground symbol crept in. 

Foreign engineer's lament 

To the Editor : 
It seems evident that the present 

demand fo r engineers in the United 
States exceeds the supply ["Re­
cruitin g at IEEE," April 14, p. 46]. 
One of the few countries in the 
world with a surplus of engineers 
is Norway, where a sizeable propor­
tion of graduates have to emigrate 
to obtain a job . Althou gh a few 
U.S. firm s have tried to recruit en­
gineers from Norway, with some 
success, the engineers who most 
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RESISTORS FOR PERSPICACIOUS DESIGN ENGINEERS 

FILMISTOR0 

pu;cJSION 
METAL-FIUI 
RESISTORS 

Extended-range Filmistor 
Resistors now give you 
dramatic space savings 
in all wattage ratings -
l /20, I / JO, 1/8, I /4, I /2, 
and I watt - with ab­
solutely no sacrifice in 
stability! 

Filmistors offer extend­
ed resistance values in 
size reductions previously 
unobtainable. For exam­
ple, you can get a 4.5 MQ 
resistor in the standard 
1 /4 watt size, which had 
conventiona lly been lim­
ited to I Mn. Filmistor 
Metal-Fil111 Resistors are 
now the ideal selection 
for " tight-spot" applica­
tions in high-impedance 
circuits, field-effect tran­
sistor circuits, etc. 

Other key features are 
± I% resistance toler­
ance, low and controlled 
te111perature coefficients, 
low inherent noise level , 
negligible coefficient of 
resistance , a nd rugged 
111olded case. 

Fi lmistors surpass the 
performa nce require­
men ts of MIL-R-10509E. 

Write for Engineering 
Bulletin 7025C 

ACRASIL® 
PRECISION /POWER 
WIREWOUND 
RESISTORS 

These silicone-encapsu­
lated resistors combine 
the best features of both 
precision and power wire­
wound types, giving them 
unusual stability and re­
liability. 

Acrasil Resistors are 
ava ilable with tolerances 
as close as .05% , in 
power ratings from I to 
l 0 watts . Resistance val­
ues range from 0.5 ohm 
to 66,000 ohms . 

Their tough silicone 
coating, with closely 
matched expansion co­
efficient, protects against 
shock, vibration, mois­
ture, and fungus. 

Acrasil Resistors meet 
or exceed the require­
ments of MIL-R-26C. 

Write for Engineering 
Bulletin 7 450 

BLUE JACKETID 
VITREOUS ENAMEL 
PRECISION I POWER 
WIREWOUND 
RESISTORS 

--
Axial-lead resistors avail­
able in ratings from l to 
11 watts, with resistance 
tolerances to ± I% . Non­
inductive windings avail­
able to ±2% tolerance. 

All welded end-cap 
construction securely an­
chors leads to resistor 
body. Vitreous coating 
and ceramic base have 
closely matched expan­
sion coefficients. 

Write for Engineering 
Bulletins 74100, 7411A 

Tab-terminal Blue 
Jacket Resistors can be 
had in a wide selection 
of ratings fro111 5 to 2 18 
watts, with several ter­
minal styles to meet 
specific needs. 

Tab-termina l as well 
as axia l-lead Blue Jack­
ets can be furnished to 
meet the requ ire111ents 
of MIL-R-26C. 

Write for Engineering 
Bulletins 7400B, 7401 

KOOLOIUr 
CERUllC-SHELL 
POWER WIREWOUND 
RESISTORS 

Kooloh111 Resistors are 
furnished in axial -lead , 
axia l-tab, and radial -tab 
styles, in a broad range 
of ratings from 2 to 120 
watts . Both standard and 
non-inductive windings 
a re available. 

Exclusive ceramic-in­
sulated resistance wire 
permits "short-proof" 
multilayer windings on a 
special ceramic center 
core for higher resistance 
values. The tough non­
porous ceramic shell pro­
vides complete 111oisture 
protection and electrical 
insulation . Koolohms can 
be mounted in direct 
contact with chassis or 
" live" components. 

Axial-lead Koolohm 
Resistors to MIL-R-26C 
are avai la ble in MIL 
styles R W55 and R W56. 

Write for Bulletins 
7300, 7305, 7310 

STACKOHH® 
POWER 
WIREWOUND 
RESISTORS 

Sprague Stackohm Re­
sistors are especially de­
signed for equipment 
which requires power 
wirewound resistors of 
111ini111um height. Their 
flat si lhouette permits 
stacki ng of resistor banks 
in close quarters. 

Aluminum thru- ba rs 
with integral spacers act 
as mounting mea ns a nd 
a lso conduct heat from 
within the resistance ele­
ment. Resista nce wind­
ings are welded to end 
terminations for maxi­
mum reliability. An o ut­
standing vitreous coating 
protects the asse111bly 
against mec ha nical dam­
age and 111oisture. Cera111-
ic core, end terminations, 
and vitreous enamel are 
closely matched for co­
efficient of expansion. 

Stackoh111 Resistors are 
avai lable in both 10-watt 
and 20-watt ratings, a nd 
can be furnished with 
resistance tolerances as 
close as ± I% . Resista nce 
va lues range fro111 I ohm 
to 6000 oh ms. 

Both 10- and 20-watt 
types meet the stringent 
requirements of MIL-R-
26C. 

Write for Engineering 
Bulletin 7430 

Send your request to Technical Literature Service, Sprague Electric Co., 35 Marshall St .. 
North Adams, Mass . 01247, indicating the engineering bulletins in which you are interested. 

ON READER-SERVICE 

CIRCLE 495 

ON READER-SERVICE 

CIRCLE 496 

ON READER-SERVICE 

CIRCLE 497 

ON READER-SERVICE 

CIRCLE 498 

ON READER-SERVICE 

CIRCLE 499 

SPRAGUE COMPONENTS 

RESISTORS 

CAPACITORS 

PULS£ TRANSFORMERS 

INT£RF£R£NC£ FILTERS 

TRANSISTORS PULS£ .FQRMING NETWORKS 

THI N.FILM MICROCIRCUITS TOROIOAL INDUCTORS 

INT£GRAT£0 MICROCIRCUITS £L£CTRIC WAV£ FILT£RS 
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C£RAMI C·BAS£ PRINT£D N£TWORKS 

PACKAG£D COMPONENT ASS£MBLl£S 

BOBBIN and TAP£ WOUND MAGNETIC COR£S 

SILICON R£ CTIFl£R GAT£ CONTROLS 

FUNCTIONAL DIGITAL CIRCUITS 

SPRAGUE® 
THE MARK OF RELIABILITY 
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TO ORDER YOUR LAB KIT 
contact the factory or call your near­
est Compar office. For complete 
technical data, use the magazine 
reply card. 
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des ire to em igrate to the United 
States have to struggle through too 
many difficulties to get there. 

For example, our salary structure 
is so low one cannot afford to take 
a tri p across the Atlantic on the 
odd chance of getting a job. Then, 
th e procedure for obtaining an 
entry visa to the U.S. is a long and 
tediou s one. Without a sponsor or 
a job contract, one might not get 
an entry visa. Thus we have a 
"'aradox: it is difficult to get a job 
wi thout first going to the U.S ., but 
one might not be able to go to the 
U.S. without first having a job. 

I suggest that U.S. firms adver­
tise more in the local newspapers , 
send their recruiting people to con­
duct interviews in Europe, for 
example in Oslo, or invite the can­
didates to interviews in the U.S. 
and pay the fares. (It would be 
fair, I th ink, to deduct this from the 
salary if the candidate accented a 
job. After all , companies pay fares 
from coast-to-coast in the U.S.) 

And they should assist the can­
didates with their entry visa ap­
plications . 

Kjell Haug 
Elec trical Engineer 
International Telecommunications 

Union 
Baghdad, Iraq. 

Kafka or Koufax? 

To the Editor: 
Author Wallenstein [June 13, p. 

142) is not really offering a solu­
tion to the obsolescence problem 
when he sugges ts broadening of 
engineers' perspective. I believe he 
is making the classical error of 
assuming that two things which 
vary together are cause and effect, 
when in fact they are both func­
tions of some third phenomena. 

,-- ----------
SUBSCRIPTION SERVICE 

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

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

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

Subscription rates: in the U.S.: 1 year, $6; two 
years, $9; three years , $12. Subscription rates 
for foreign countr ies available on request L _________ _ 
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An engineer with a high degree 
of intellectual curiosi ty will dig 
through quantities of technical ma­
terial and still have time for Kafka 
because he enjoys the stimulation 
of a creative mind. If, as a result, 
he is technically up-to-date and 
can command a high consulting 
fee in his senior years , it is because 
of this intellectual curios ity, which 
has enabled him to take advantage 
of his years rather than submitting 
to them. 

The engineer lacking interes t in 
the arts would be b etter advised to 
avoid the mu seums and concert 
halls since, lacking this interes t, he 
will not develop into a b etter de­
signer but simply b ecome bored. 

In fact , there has always been 
in every profess ion those with 
varying degrees of motivation . Con­
sequently there have been some 
who have been current and knowl­
edgeable from the day of gradua­
tion through retirement. Any rap­
idly expanding technology is not 
going to change this picture but 
will result in higher degrees of 
specialization. Those at the top of 
their profession , in every profes­
sion, will have a higher degree of 
specialization built on a broad 
foundation. Those at th e other end 
of the scale will be poorly moti­
vated, lacking special skills and 
having little breadth. The former 
doesn' t need to b e told to broaden 
his outlook because he has been 
doing it all his life for the sake of 
the intellectual challenge. The lat­
ter is not going to study Taoism be­
cause he is too busy watching the 
ball game, which he enjoys. 

A. J. DeBerardis 
Manager 
Quality Assurance and Reliability 
Unitrode Corp. 
Watertown, Mass. 

--------------., 
ATTACH 

LABEL 
HERE 

I 
CHANGE OF ADDRESS I 

If you are moving, please let us know I 
five weeks before changing your address. I 
Place magazine address label here, print I 
your new address below. 

I "--------' I 
~na~m-e------------- j 

-:--;-~~~~~~~~--' 
address I 

Trruon 
RS series: 

71°C 
811· 
silicon 
power 
SUPPiies 
tor 
hiUh-reliabilitJ 
srstemsl 
71°C without derating, external 
heat sinking or forced air-31/z'' rack 
height-hermetically-sealed rectifi­
ers-temperature stabilized refer­
ence diodes and semiconductors­
computer grade filter capacitors­
all for extreme reliabil ity! Constant 
voltage/ constant current , with au­
tomatic mode crossover . Eight 
models. Write today for complete 
specs. Dept. E-30. 

0 -,. ~ J ---~~--:_«>_~J 

TTRYGON® 
POWER SUPPLIES 
Roosevel t, L. I., N. Y. (516) FReeport 8-2800 
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What high-performance HF antenna 
can you airlift to the field 
and erect in 2 hours? 

Granger Associates 
has the answer 
now It's G/ A's Model 747CA air-transportable HF antenna-which is 

only 10 feet long when packed, can be erected by five men in 
two hours, and stands up in 100-mph winds. 

This antenna gets messages through when other transportable antennas don't. 
It does it by concentrating radiation at the elevation angle most likely to be 
best for the frequency used and the length of the circuit. Produces a useful gain 
of 10 to 13 db at any frequency from 4 to 30 Mc, with side lobes 14 db down. 

Ordinary transportable antennas- like whips, 
dipoles and sloping V's- can't approach that 
kind of performance. The 747CA gives field 
stations an antenna fully comparable to a well­
designed fixed-station antenna. 

U.S. forces set up a Model 747CA in the 
Dominican Republic recently. Operated at only 
lkw power, it delivered a better signal than an 
ordinary transportable antenna operated at 10 kw. 

Send for complete 747CA antenna packed for airlift 

Granger 
Associates 

technical data on 
Model 747CA. 

AN EQUAL OPPORTUNITY EMPLOYER 

1601 California Ave., Palo Alto, California I Telephone : 321-417 5/ TWX: 910-373-1291 
Granger Associates Ltd., Walton-on-Thames, Surrey, England I Weybridge 44842 
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A hole in a laboratory door at the 
Raytheon Co.'s research division 
in 'i\l altham, Mass., serves as a 
reminder of the 
gas laser's rapid 
advance in the 
last few years 
from a low­
power curiosity 
to a high-power 
"w ea pon ." A 
central figure in 
that technologi­
cal leap-and the researcher whose 
laser accidentally drilled the hole 
a few years back-will join the 
National Aeronautics and Space 
Administration this month. Roy 
A. Paananen, 46, will head a group 
working on molecular lasers at the 
space agency's Electronics Re­
search Center. 

New materials. In the space op­
tics laboratory of the Cambridge, 
Mass., center, Paananen will ex­
plore molecular lasers for deep­
space communications. These de­
vices, which stimulate coherent 
radiation by manipulating the en­
ergy levels of molecules instead of 
atoms, include carbon dioxide sys­
tems , the new nitrosyl chloride and 
the still newer carbonyl sulfide sys­
tems. 

Recent studies of solar noise 
background indicate that lasers 
with outputs in the 2- to 5-micron 
region are the most promising can­
didates for interplanetary commu­
nications. "There are both atomic 
and molecular gases that emit in 
that band," says Paananen, "but 
the molecular gases give promise 
of higher efficiency." 

Paananen, who moved into laser 
development from microwave h1be 
work, is a native of Michigan and 
earned degrees at Michigan State 
University and the Massachusetts 
Institute of Technology. He was 
on the staff of MIT's Research 
Laboratory of Electronics and of 
Lincoln Laboratory before joining 
Raytheon 13 years ago. 

Record holder. In recent years 
Paananen has worked with ionized 
argon lasers . His 53-watt continu­
ous-wave output stands as the 
highes t announced to date for ion­
ized argon [Electronics, June 27, 
p. 25] . He was also the first to ob-
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200 kW power output 
with .7 kW drive from 
magnetically beamed 
MACHLETT triode 

rJlt 
I'*' ML-8618, Machlett's new 

magnetically beamed water­
cooled triode, provides high 
power gain , high plate efficiency 

and maximum cathode utilization. 
Electron trajectory from cathode to 
plate is magnetically controlled 
to greatly reduce electron 
interception by the grid ... and 
therefore decrease grid current and 
heating and allow significantly higher 
performance levels. 

Result: the ML-8618 delivers a typical 
200 kW power output with .7 kW 
drive as a Class C rf amplifier or 
oscillator. As a switch tube in 
pulse modulators, it is capable of a 
maximum 8 Mw high duty pulse. 
For full operating details, 
write to The Machlett Laboratories, Inc., 
Springdale, Conn . 06879. 

THE MACHLETT LABORATORIES, INC. 

A SUBSIDIARY OF RAYTHEON COMPANY 
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New from Sprague I 

h fE 

ISOLAYER* 
DIFFERENTIAL 
AMPLIFIERS 

WITH 
DIELECTRIC 
ISOLATION 

VaE voltage differential down to 3 mV 
Tight beta matching· Low capacitance 

lt•·Siltiomt• 
UD-2118 UD-2119 UD-2120 UD-2121 TO·S Cts• 

BVcEo 50V 50V 30V 30V 

@ lOllA 80 80 40 40 

@, 1 mA 150 150 100 100 

1vllf ,-Vee2I 3mV 5mV 3mV 5mV 

AI Vee, -VaE 21 5 µVj°C l OµVj°C 5 u.V/°C 10 µ.V/°C 

c ob 2pF 2pF 2pF 2pF 

Sprague Electric also makes a broad line of standard differential 
amplifiers, pairs, quads, and Darlington amplifiers 

'*trcdemcrk For complete information, write to Technical Literature Service, 

Sprague Electric Co., 35 Marshall St., North Adams, Mass . 01247 

SPRAGUE COMPONENTS 

SPRAGUE® "TRANSISTORS PACKAGED COMPONENT ASSEMBLIES 

CAPACITORS FUNCTIONAL DIGITAL CIRCUITS 

RESISTORS MAGNETIC COMPONENTS 

INTEGRATED CIRCUITS PULSE TRANSFORMERS THE MARK OF RELIABILITY 
THIN·FILM MICROCIRCUITS CERAM IC- BASE PRINTED NETWORKS 

INTERFERENCE FILTERS PULSE-FORMING NETWORKS 
'$praau e' and ·@·are 1e1iste1ed tt1dem11ks ol the Spraaue Electric Co. 
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tain an ultraviolet output from an 
ionized argon c-w laser. 

Varian Associates is setting up a 
new division to cash in on what 
it sees as a booming market for 
I i g h t - sensing 
and light - emit- t~ 
ting equipment. '\ 
V a r i a n calcu -
]ates that the 
market is cur­
rently at $50 
million, but that 
it will double in 
five years, pass­
ing microwave and power grid 
tubes in importance. To direct this 
new activity in Palo Alto, Calif., 
Varian has lured Vienna-born Wil­
frid F. Niklas from the Zenith 
Radio Corp.' s Chicago subsidiary, 
the Rauland Corp. [Electronics, 
Aug. 8, p. 109). 

"Light sensing and emitting" is 
Varian's phrase for photodetectors 
and vidicon and orthicon television 
camera tubes, cathode-ray tubes, 
delay storage tubes and image in­
tensifiers. The company had in­
tended to call the activity "light 
sensing and display" when some­
one suggested that an "LSD divi­
sion" might put Varian's image in 
the wrong light. 

War and peace. There are rather 
obvious military advantages in 
using storage h1bes-for informa­
tion re tention of bright displays­
and image intensifiers, which con­
vert an optical signal to electricity, 
amplify it and reconvert the result 
to light. "Guerrilla warfare has b e­
come so widespread in the past 
20 years that night surveillance de­
vices for the battlefi eld are more 
and more important,'' says Niklas. 
There are also applications in plant 
security and, according to Niklas, 
even in navigation. H e sugges ts 
that an image intensification sys­
tem might make it possible to do 
away with automobile headlights. 

In medicine, where so much ac­
tivity in electronics is directed to­
day, Niklas wants to do more work 
with X-rays and nuclear techniques. 
H e predicts great opportunities for 
light-sensing and emitting equip­
ment. 

Electronics I September 5, 1966 

f' 

• 

< 



.. 

) 

-

140 

120 

TEMPERATURE/ CURRENT CHARACTERISTICS 

100 

'ifl 
i-: 
z 80 UJ 
a:: 
a:: 
:::> 
() 

0 60 UJ 
I-
c( 
a:: 

40 

Q2L0 ___ ...._ __ __.30~,---~,--,--,--4~Q -----''-----5QL-~,--~,----~60,----_,_--__.,70_,._ __ _._ __ __.80 

AMB IENT TEMPERATURE, °C. 

Sorensen OCR Series now with temperature CQpability to 71 °C. 

Sorensen Wide Range 
Power Supplies 

to 20 kW. 
Sorensen's wide range DCR Series has been up-dated and 

improved. What 's new a bout the DCR's? They are now 100% 

silicon; ambient tempe rature capability is now to 71°C. • 

Four 3-phase models hove been added extending power 

capability to 20 kW; 24 models are now available with ranges 

up to 300 volts. • M ultiple mode programming- voltage/ 

current/ resistance . • Voltage regulation, line and load com­

bined, is ±.075% for most models • Constant current range 

0 to rated current. • DCR's meet MIL-1-26600 and MIL-1-6181 

specifications and conform to proposed NEMA standards. • 

Front panel indicator for voltage/ current crossover. These 

featu res of the improved DCR (model numbers wil l have an 

"A" suffix) are offered at no increase in price. Fo r DCR deta ils, 

or for data on other standard/custom power supplies, AC line 

regulators or frequency changers, call your local Sorensen 

rep, or w rite: Raytheon Co., Sarensen O perat ion, Richard s 

A venue, Norwalk, C onnecticut 06856. Tel: 203-838-6571. 

~--------------------- MODEL SELECTION CHART--- --------- ------------. 

Voltage Amps. Model Price Amp s. Mode l Price Amps. Model Price Amps. Model Price 

0- 20 J2S OCR 20· J2SA $10SS 2SO OCR 20- 250A $149S - - - - - -
Q. 40 JO OCR 40- JOA 32S 20 OCR 40- 20A S2S 3S OCR 40- 3SA $ 710 60 OCR 40-60A $92S 

0- 40 J2S OCR 40- J2SA J350 J2S OCR 40 -J2SA J99S 500 OCR 40-SOOA 29SO - - -
O· 60 J3 OCR 60· J3A S2S 2S OCR 60· 2SA 7JO 40 OCR 60- 40A 900 - - -
O· 80 s OCR 80- SA 32S JO OCR 80- JOA S2S J8 OCR 80- J8A 7JO 30 OCR 80-30A 87S 
0-lSO 2.S OCR JSO- 2.SA 32S s OCR JSO- SA S2S 10 OC R J50- JOA 7JO JS OCR J50-JSA 82S 

0-300 1.2S OCR 300· J .2SA 32S 2.S OCR 300- 2.SA S2S s OCR 300· SA 7JO 8 OCR 300· BA 82S 
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THE FIRST 
THE ONLY 

( Digital Differential Analyzer Integrator .J 
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The MEM 5021 is a Digital Differential Analyzer Adder Element constructed on a 

single monolithic chip utilizing MOS P-channel enhancement mode transistors. 

This element when used in conjunction with a dual shift register forms a 

complete Digital Differential Analyzer Integrator CODA) of ternary type. The DOA 

is designed to be used in parallel operation and performs rectangular integration. 

The ODA integrator can be used in a variety of control system applications or to 

solve any differential equation. FEATURES: 

• Parallel , ternary integrator usable with any length shift register 

• Arbitrary scaling 

• Initial conditions easily inserted 

• Biased or unbiased R remainder 

• Adders are separate and can be used independently 

• ~ ~ y is possible using additional elements 

• Inputs protected against static damage 

Write for "Applicat ion Notes-MOS Integrated Digital Differential Analyzer ." 
,. SElllCDKPUCTTJIS 

GENERAL INSTRUMENT CORPORATION. 
600 West John Street. H•cksvolle, L. I, N. Y, 

~ FROM GENERAL INSTRUMEN 
Electronic I s s eptember 5, 1966 

H - HO~ .. MOS• MQl MOS. MOS. MOS . MOS . MOS 
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ERRORS 
make 
us 
angry ! 

that's why we 
manufacture 
variable 
attenuators 
with error of less 
than 0.05 db* 

Think attenuators . .. say the words "Pre· 
cision Pe rformance" . . . and you must 
conclude Jerrold ATV-Series Turret Atten· 
uators. Small , compact, they cost far less 
than you might expect. 

Jerrold attenuators set the pace with 
intrinsic qual ity like coin -si lver contacts 
for maximum conductivity, finest-quality 
deposited carbon disc and rod pad re· 
sistors for extreme accuracy, and positive 
spring -load ed detent mechanism for 
faultless resolution-in fact all the elec· 
trical features of " pull -and -turn " atten· 
uators at one third the cost! 
Model ATV- 1 ,~ 0-0.9 db in 0.1 db steps 
(F ixed Attenuation 3 dbl, Accuracy ± 0.05 db at 
max. attenuation. $275.00 
Model ATV-9, 0-9 db in 1 db steps, 
Accuracy ± 0.1 db at max. attenuation. $250.00 
Model ATV-50, 0-50 db in 10 db steps, 
Accuracy ± 0.5 db at max. attenuation. $195.00 
Group this with 50 ohm impedance, 
VSWR of 1.06:1 at 1000 MHz (1.1:1 at 
1200 MHz) , low insertion loss .1 db max­
imum, and you come up with THE BEST 
BUY IN THE INDUSTRY! If you're oper· 
ating DC to 1200 MHz . .. send for com· 
plete specs today. 

rnmmlil MEASUREMENT AND 
l!llWLW1!I TEST INSTRUMENTATION 

JERROLD ELECTRONICS CORPORATION 
Gove rnment and Industrial Division 

Philadelphia, Pa . 19105 

14 Circle 14 on reader service card 

Meetings 

Space Simulation Conference, American 
Institute of Aeronaut ics and 
Astronautics, Institute of Environmental 
Sciences; Ri ce Hotel, Houston, Texas, 
Sept. 7·9. 

International Conference on the 
Physics of Semiconductors, Physical 
Society of Japan , International Union 
of Pure & Applied Phys ics, Science 
Council of Japan ; Kyoto Kaikan , Tokyo, 
Japan , Sept. 8-13. 

International Nuclear Industries Fair, 
Swiss Industries Fair; Basel, 
Switzer land, Sept. 8 -14. 

International Conference on 
Instrumentation for High Energy 
Physics, International Union of Pure 
& Applied Physics; the Stanford Linear 
Acce lerator Center, Stanford, Calif., 
Sept. 9-10. 

Eastern Convention on Aerospace and 
Electronics Systems, IEEE, Washington 
Hilton Hotel , Washington , Sept. 12·14. 

Petroleum Industry Conference, IEEE; 
Sheraton-Chicago Hotel , Chicago, 
Ill. , Sept. 12-14. 

Electromagnetic Compatibility 
Conference, Society of Automotive 
Engineers; Birmingham Airport Motel. 
Birmingham, Ala ., Sept. 13·14. 

Assembly Meeting, Radio Technical 
Commission for Aeronautics; Statler· 
Hilton Hotel, Washington , Sept. 14·16. 

Institute on Modern Solid-State Design 
Meeting, National Aeronautics and 
Space Ad ministration; University of 
Santa Clara , Calif. , Sept. 15-16. 

Institute on Research Contracting, 
the American University, the George 
Wash ingt on University; Twin Bridges 
Marriott Motor Hotel , Washington, 
Sept. 19-22. 

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 the Physical 
Society of England; Reading Un iversity, 
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 Air Force Base 
Development Center, Tennessee, 
Sept. 27-29. 

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

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

International Congress on Air 
Technology, Valley Education and 
Research Foundation ; Hot Springs, Ark., 
Oct. 26-29. 

Meeting of Metallurgical Society of 
American Institute of Mining, 
Metallurgical and Petroleum Engineers; 
Sheraton-Chicago, Chicago, Ill., 
Oct. 30-Nov. 3. 

Technical & Electronic Geramic 
Manufacturers Exhibit & Seminar; 
New York Trade Show Building, 
New York City, Nov. 1-3. 

Call for papers 

Technical Meeting and Equipment 
Exposition, Institute of Environmental 
Sciences; Washington . April 10-12. 
Oct. 1 is deadline for submitting 
papers to technica l program com­
mittee, Inst itute of Environmental 
Sciences , 940 East Northwes t High­
way, ~fount Prospect , Ill. 60056. 

International Scientific Radio Union 
Meeting, U.S . Nat ional Committee of 
the International Scientific Radio Un­
ion ; Cabana Motor Hotel. Palo Alto, 
Calif. , Dec. 7-9. Oct. 1 is deadline for 
submiss ion of 200-word abstracts to 
R.A. Helliwell , Rad ioscience Labora­
tory, Stanford University, Stanford, 
Calif. 94305. 

International Conference on Com­
munications, IEEE ; Minneapolis, 
Minn ., June 12-14. Dec. 1 is deadline 
for submission of a 50-word abstract 
and a 300-word summarv to Robert 
J . Collins , technical program chair­
man , 1967 ComTech ~1eeting. depart­
ment of electrical engineering, Uni­
versity of Minnesota, ~1inneapolis, 
Minn. 55455. 

* Meeting preview on page 16 
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AC metrology will never be the same after 
the Fluke 931A, the first true rms differential 
voltmeter. Measure the precise rms value of 
virtually any waveform within 0.05% from 
30 Hz to 50 KHz. Overall frequency response 
is 10 Hz-to 1 MHz. Range is 0.01 to 1100 volts. 
Ten to one crest factor accounts for effects 
caused by voltage spikes and pulse trains. 
Comes with or without probe. Both line or 
combination line/rechargeable battery powered 
versions are offered. Base price is $895. 

The new Fluke Model 931A True RMS Differential Voltmeter yields accurate rms measurements of any 
waveform which previously could be made only by ac to de comparison with a thermal transfer 

standard. Other features include high input impedance, in-line digital 
readout (lighted decimal ) , solid state design, and linear recorder output. 

The null mete< indicates pe•·"nt deviation_ from the dialed volt~ge. I FLUKE I 
Ten percent overrangmg mm1m1zes range changmg. 

Battery operation gives ideal isolation from ground loops. 
Model 931A meets MIL-SPEC shock and vibration requirements. 

For complete information, please call your Fluke Sales Engineer or write. 

FLUKE• Box 7428, Seattle, Washington 98133 •Phone: (206) 776-1171 •TWX: (910) 449-2850 
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All from Spraguel 

TWELVE OF OUR MOST POPULAR 
METALLIZED CAPACITOR TYPES 

'· ·'SPRAGUE TYPE 

~680P 

431P 

155P, 
156P 

218P 

~260P 

.6i 
~ 
~--

'.:. f 

~ 
~. 
* Tradema rk 

121P 

118P 

143P 

144P 

284P 

283P 

·282P 
(energy. 
storage) 

Case And 
onfiguratlon 

hermetically· 
sealed 

metal -clad 
tubula r 

film-wrapped 
axial-lead 
tubular 

molded 
phenolic 

axial-lead 
tubular 

hermetically· 
sealed 

metal-clad 
tubular 

he rmetically· 
sealed 

metal -cl ad 
tubular 

hermetica lly· 
sealed 

metal -clad 
tubular 

hermetically· 
sealed 

meta l-clad 
tubular 

Dielectric 

metallized 
Metfilm* 'A' 

metall ized 
Metfilm* 'E' 

polyester-film) 

metall ized 
paper 

meta llized 
Metfilm* 'E' 
polyester film) 

meta llized 
Metf ilm* 'K' 
polycarbonate 

film) 

metallized 
paper 

metall ized 
Difilm® 

{polyester fil m 
and paper) 

hermetically· 
sealed metallized 

metal-clad paper 
'bathtuli" case 

hermetically· metall ized 
sealed Difilm® 

metal -clad (polyester film 
"bathtub" case and paper) 

hermetically· 
sealed . metallized 

metal-clad paper 
ectangular case 

he rmetically· metall ized 
sealed Difilm® 

meta l-clad (polyester film 
ectangular case and paper) 

drawn 
metal case, metallized 

ceramic paper 
pillar terminals 

Temper1(ure 
Range 

- 55 c, 
+85 c 

-SSC, 
+85C 

-40C, 
+85C 

-55C, 
+lOSC 

-55C, 
+105 c 

_:_5s c 
+m c' 

-55C, 
+125 c 

- ssc. 
.+125 c 

-SSC, 
+125 c 

- SSC, 
+105C 

oc, 
+40C 

Mil itary 
Equivalent 

no 
specification 

no 
specification 

no 
specification 

CHOS, CH09 
Characteristic 

R 

no 
specification 

no 
specification 

CH08, CH09 
Characteristic 

N 

no 
specification 

CH53, CH54, 
CH55 

Characteristic 
N 

no 
specifica tion 

CH72 
Cha racteristic 

N 

no 
· . specification 

# 1 
Eng.' 

Bulletin · 
J 

2650 

2445 

2030 

2450A 

270S 

22100 

22110 

2220A 

2221A 

2222 

2223 

· .2148A· ~ 
'·.; 

>j 

For addit ional information, write Technical Literature Service, 
Sprague Electric Company, 35 Marshall St., North Adams, Mass. 01247, 

indicating the engineering bullet ins in wh ich you are interested. 

SPRAGUE COMPONENTS 

CAPACITORS PACKAGED CO MPONENT ASSEMBLIES 
TRANSISTORS FUNCTIONAL DIGITAL CIRCUITS 
RESISTORS MAGNETIC COMPONENTS 

SPRAGUE® 
THIN-FILM MICROCIRCUITS PULSE TRANSFORMERS THE MARK OF RELIABILITY 
INTEGRATED CIRCUITS CERAMIC-BASE PRINTED NETWORKS 

INTERFERENCE FILTERS 
U C· 6U S 

PULSE-FORMING NETWORKS 
' Spraiiut' 1nd ·@· are reaistered trademarks of the Spraaue Electric Co. 
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Meeting preview 

Instrumented society 
Three talks on the ins trumentation 
needed in traffi c control, pollution 
and biomedicine will h ighligh t the 
21st annual international confer­
ence and exhibit of the Instrument 
Society of America. The meetin g 
will be held at the Coliseum in New 
York City, Oct. 24-27. 

These subjects will be pursued in 
several of the 38 technical sessions 
scheduled. The rest of the sess ions 
concentrate on instrumentation for 
specialized industrial problems, 
control systems, aerospace applica­
tions and oceanology. 

Student project. Electrical engi­
neering students from the Univer­
sity of Michigan will describ e a 
proposal to automate highways. As 
a class project the students de­
signed a system with magnetic de­
vices buried in the pavement. Un­
der the plan the magnets sense the 
presence and speed of vehicles and 
pass the information to small com­
puters; the computers then calcu­
late the proper commands to con­
trol the vehicles acceleration, 
braking and steering. The sh1dents 
es ti ma te th at the sys tem would 
sharply increase highway capacity 
by permitting cars to travel safely, 
fi ve fee t apart, at speeds up to 70 
miles an hour. Aside from the cost 
of the au tomobile control equip­
ment, the highway installation cos ts 
are' es timated a t $50,000 a mile fo r 
interc ity highways and about $1 
million a mile for intracity roads. 

Other sessions. Two sympo­
siums, sponsored by professional 
groups with in th e ins trum ent soci­
ety, will b e held concurrently. The 
plenary session of the measurement 
standards instrumentation sympo­
sium will weigh effects of switching 
to the metric sys tem in the United 
Sta tes . Allen V. Astin , director of 
the National Bureau of Standards, 
will review the problems U.S. busi­
ness already faces because so many 
countries use the metric sys tem. 

The second symposium, on phys­
ical and mech anical measurement 
instrumentation, will treat the sub­
jec t of instrumentation for urban 
problems, su ch as transporta tion , 
water and power supply, air pollu­
tion, was te disposal, fi re fi ghting 
and law enfo rcement. 
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That's " testing" backwards. And that's what we do to every Hewlett­
Packard 3439A and 3440A. Test it forwards, backwards, inside and 
out. • Here you see it going through complete testing and calibra­
tion after assembly. Every circuit board is checked, and then the 
entire instrument is ca l ibrated to be sure it meets specifications. 
• But that 's just the beginning. From here it goes into a 50°C 
"oven" for an overnight cycling. On, 
off, on, off, all night long. Then we 
recheck it the next day. If any fail­
ures show up, they' re fixed. And th e 
tes ting starts all over again. Fini shed ? 
Not yet. 1!11 We test it once more at 
Quality Assurance before it goes into 
stock . 8 We go through a lot of 
trouble with your DVM. That's why 
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you have so little trouble with it. II By th e time it leaves our plan t, 
we have enough faith in each 3439A and 3440A that we' re willing 
to back it up with a year's guarantee. Ours is a confidence you don' t 
find with other manufacturers. But then, they don' t have the 3439A 
and 3440A either. 11!1 After testing it forwards and backwards, we ' re 
not afraid to get behind it. • The 3439A. So lid state. 4-digit readout. 

If- ..... - -

" 1 I -·• ::. e 
I 

.....,.. 
--
0 

Manual, automatic and remote rang­
ing. Extra-high sensitivity. Ac/ de 
voltage/ current res istance measure­
ments (de accuracy better than 
±0.05% of readi ng ±1 digit). Price, 
$950. The 3440A has BCD output. 
Price, $1160. Plug-ins, $40 to $575. 
Data subject to change without notice. 
Prices I. o. b. fa ctory. 

An exfra measure of quality 
1889 
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We couldn't find these 
computer-quality relays on the market. 
So we had to design our own. 

Here's what they offer you. 

IBM Wire Contact Relays-200 
million operations at 45¢ per pole 

Solderless connections, multiple coils, 
compactness and standardized mount­
ings give you lower manufacturing 
costs, lower initial product costs, lower 
product servicing costs. 

Also high operate speed-as fast as 4 
ms; fast release time-under 5 ms; ver­
satile contact arrangements-4, 6 and 

18 Circle 18 on reader servi ce card 

12 PDT, Form C, 4 and 6 PDT latch ; 
maximum re liability-1 error per over 
400 mill ion contact closures at 48 voe 
is attainable; variable coil voltages­
up to 100 voe. 

IBM 12-pole wire contact relays start 
at $5.40, 4-poles at $2.90, latch relays 
at $8.45 (even less in quantity). 

Permissive-Make Relays- high 
speed and virtually no bounce 
To design this kind of relay, we turned 
to a computer fo r he lp. 

The result was a unique contact 
spring co nfigurati on as a basis for 
asse mbl y - th e "pe rmi ss ive­
make". Its boun ce is less than 
50 microseconds. Its speed 
is as fast as 2.0 milli­
seconds. What's more, 
Typica l bo un ce characte ristics 
of the IBM pe rmiss ive-make 
re lay appea r at the right. Time 
base is 20 mi croseconds pe r 
ce ntim e te r-amplitude base is 
0 .5 volts pe r centimete r. 

I 

I 

this relay has an exceptionally long, 
adjustment-free life-over 400 million 
operations. 

Permissive-make relays are well 
worth considering for counting, logic 
switching, switch registers and timing 
circuits. 

The cost : $6.50 for 4-pole, Form C 
perm issive-make relays ; $7.75 for the 
6-poles. Incidentally, IBM permissive­
make relays minimize maintenance 
time and costs. That's because they' re 

llt.,4 

I " 

- -
I 

* 
11' 

! 

i 
! 

-
pluggable-just 

like our wire 
contact 

relays. 
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Reed Relays-miniaturized 
and pluggable too 

Newest of the IBM relays, the reed re­
lays are especially suitable for interfac­
ing relay logic and transistor circuitry. 

They have an operate time of 1 ms 
or less, an operate time variation of 
0.5 ms, a release time of 100 micro­
seconds. And, every reed relay is elec­
tronically inspected after assembly to 
insure long, trouble-free life. 

These miniature relays are available 
in 1, 2, 4 and 6-pole Form A and B con­
figurations; plus various combinations 
with either single or double coils. Prices 
range from $3.00 to $8.55 for Form A 
packages (always lower in quantity). 

The IBM miniature dry reed switch 
serves as the heart of the reed relays, 
and is now double plated, rhodium 
over gold, to give you low noise char­
acteristics. 

They provide long life (up to 125 
million operations-mean time to first 
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error) and low contact resistance (less 
than 100 milliohms throughout life). 

For highly consistent performance 
we dynamically set the air gap between 

the reeds. This means a stable sensi­
tivity of ± 7 NI (maximum) in every 
reed switch. 

For illustrated literature on any of 
these products, write: IBM Industrial 
Products, 1000 Westchester Avenue, 
White Plains, New York 10604. 

IBM. 
INDUSTRIAL. 
PRODUCTS 
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LOOK TO THE LEADER 
IN INTEGRATED CIRCUITS 

TEST THE BEST ... WITH 50 
bcrorc you buy_ __ try TIS new · 

Our proposition is simply this: 
We'll give you 50 molded TI integrated circuits with 
each order of 1000 units or more placed before No­
vember 1, 1966. 

Do anything you like with these samples .. . ham-
mer them ... test to destruction .. . wire into your cir-
cuits ... soak in boiling water ... compare with any 
others. Prove to yourself that they're best - by test! 

Money-back guarantee-If you're still not convinced 
that Tl molded integrated circuits do your job better 
than any competitive types avai lable, just return the 
unused circuits . We'll give you full credit for them. 
This offer is good for 60 days from date of any order 
placed before November 1, 1966. 

Offer includes popular series - Devices included in 
this offer are the popular digital circuits from the 930-
type DTL and Series 74 TTL families shown below 
right. Series 74 TTL is first choice of many designers 
for new equipment. Circuits in this line typ ically are 
48 % faster, have 25 % higher fan-out and 15 % better 
noise margin than DTL ... at competitive prices. 

Whether your system design calls for DTL or TTL 
circuits, you'll find a wide selection of single and mul­
tiple gates and flip-flops ava il able . With either series, 
high-speed logic is now ava il able to you at lower prices 
per function than ever before. 

Rugged design proved by test - TI molded i nte­
gratcd circuits offer outstanding durability. The rugged, 
high-density package is molded from the same encap­
sulant used in millions of SI LECT"' transistors and is 
backed by over 2,000,000 actual hours of test. Resis­
tance to impact, heat and moisture are further borne 
out by successful testing to the following rigorous 
schedule: Thermal Shock - MIL Std. 7 50, Method 
1056A; Temperature Cycling- MIL Std. 750, Meth­
od 1051 , Mois1ure R esistance-M IL Std. 202C, 
Method 1068, H ydropressure-3 % JOY, 110 PSI 
for four hours. 

Exclusive features save you money - You realize 
big reductions in total manufacturing costs with TI 
molded integrated circuits because they are specifically 
designed for use in automatic handling, assembly and 
test facilities. Exclusive features such as the positive 
index notch, pretinned leads and side-mounted lead 
design make it possible. Even the cartridge-type ship­
ping container lends itself to automated production 
Jine use. 

Fast delivery - Deliveries of TI molded integrated 
circuits are prompt ... prototype shipments can typi­
cally be made within days. And Tl's high production 
rates assure continued availability to meet your most 
critical production schedules. 

To obtain your 50 free evaluation samples immedi­
ately, just place your order with any TC sales office or 
authorized Tl distributor. 

20 
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All these devices are included-

Series 7 4 TTL 
0° to 70°C Operating Temp. 

SN740QN. Quad 2-input NANO Gate 
SN7410N Triple 3-input NANO Gate 
SN7420N Dual 4-input NANO Gate 
SN7430N 3-input NANO Gate 
SNJ440N Dua l 4-input NANO 

•·power'' Gate 
SN7450N Expandable Dual 

AND-OR-INVERT Gate 
SN 7451 N Dual AND-OR-INVERT Gate 
SN7.+53N Expandable 2-input 4-wide 

AND-OR-INVERT Gate 
SN7454N 2-inpul 4-widc 

AND-OR-INVERT Gate 

SN7460N Dual 4-input expander 
SN7470N Single-phase Flip-flop 
SN7472N Master-slave J-K Flip-flop 

930 Type DTL .. 
0 ' to 70'C 

SN I 5830N Dual 4 Nand Gate 
SN.15831N RS/ JK Flip-flop 
SNI 5832N Dual 4 Buffer 
SNl5833N Dual 4 Expander 
SN l 5844N Dual 4 Powe r Gate 
SNl5845N RS/ JK Flip-flop 
SNl5846N Quad 2 Nand Gate 
SN15850N Pulsed AC Flip-flop 
SN 15851 N One Shot 
SN15862N Triple 2 Nand Gate 
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FREE SAMPLES FROM Tl 
molded integrated circuits 

, 
RESISTS SHOCK . .. TI molded 
integrated circuits resist impacts that 
would smash metal packages and shat­
ter ceramic packages as shown in top 
photo. You benefit from fewer failures 
in handling accidents and greater reli­
ability in service. The solid molded 
construction gives extreme resistance 
to acceleration, vibration and shock as 
proven in acual test (see opposite page). 

r-· 1 

EASY TO ASS EMBLE ... TI ' 
molded integrated circuits are ideal for 
mechanized assembly, including auto­
matic insertion and wave soldering. 
Faster, easier handling cuts total man­
ufacturing costs. You realize big sav­
ings because of the in-line rigid lead 
pattern and convenient indexing notch. 
These features simplify assembly when 
compared with transistor-type circular 
lead packages. 

RESISTS DAMAGE ... You also 
realize savings from fewer rejects while 
achieving higher end-product quality 
because Tl molded integrated circuits 
have outstanding durability. For in­
stance, they'll hold up to heat that 
would induce failures in many compe­
titive devices. Result: fewer assembly 
rejects due to high soldering tempera­
tures. 

SEE THESE TESTS FOR YOURSELF! CALL YOUR Tl SALES ENGINEER 

TEXAS IN S T R U M EN TS 
INCO R POR A TED 
13500 N . C E N T R A L EX P RESSWAY 
P. O. B 0 X 5 0 1 2 • DALL AS 2 2. TEXA S 

SEMICONDUCTOR PLANTS IN BEDFORD, ENGLAND• NICE, FRANCE• FREISING, GERMANY • DALLAS, TEXAS 
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And Now, the $10,000 Computer 
PDP-8/S: A new high speed general purpose digital computer. 

Modular construction for repackaging. Field proven 
reliability. 4,096 word core memory. Microsecond 
speeds. Complete software including FORTRAN. 

Flexible input/output bus. Deliverable 
90 days ARO. Teletype included. 

The single unit price for the PDP-8 /S is $10,000, and there 
are liberal OEM discounts for multiple units . 

Designed to be used in instruments or systems, the PDP-8/S 
can be rack mounted or repackaged. 

The new POP-8/S is a close relation of DIGITAL's PDP-8, the most 
successful on-line, real time computer in the history of the scient ific 

community. At a base price of $18,000, more than 500 PDP-8 
systems have been sold. Its success results from a design concept 

that makes it the most flexible, versatile , adaptab le 
digital computer ever made. 

The PDP-8 /S uses the same programs, the same instructions, 
the same operations, and the same basic design as the parent 

PDP-8. It has the same size memory, is equally expandable, 
and indeed, uses the same line of modules and components. 

But the POP-8 /S is a bit slower. It takes 3~ microseconds to add . 
For process contro l and analysis, you probably won 't even notice . 

But you'll notice the price. 

COMPUTERS· MODULES 

DIGITAL EQUIPMENT CORPORATION, Maynard, Massachusetts 01754. Telephone: (617) 897-8821 • Cambridge, Mass. • Washington, D. C. • Parsippany, N. J. • 
Rochester, N.Y . • Philadelphia • Huntsville • Orlando • Pittsburgh • Chicago • Denver • Ann Arbor • Los Angeles • Palo Alto • Seattle • Carleton Place and Toronto, 
Ont. • Reading, England • Paris, France • Munich and Cologne, Germany • Sydney and West Perth, Australia • Modules distributed also through Allied Radio 

... 
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Editorial 

Custom IC's; 
a losing game 

Apparently integrated circuit makers have ev­
erythin g goin g their way : boom business with 
rapidly ri sing sales and unexpected profits. 
But in one part of the microcircuit business, 
makers are " los ing their shirt," as Robert Noyce, 
group vice president of Fairchild Camera & In­
strument describes it. Almost every company is 
rackin g up giant losses in the custom manufac­
turing business-that part of the industry in 
which a semiconductor company designs and 
tes ts a special circuit for a particular function 
of a specific customer. 

So many people in other semiconductor com­
panies are echoing Noyce's evaluation that a 
major upheaval is brewing in the way new 
circuits are created. 

The semiconductor companies are dropping 
their traditional insistence that they should have 
all the IC know-how and engineer and build 
circuits for customers and prospects. Instead, 
the firm s want to transfer the design job at 
leas t to their customers' engineering staffs. 

What's happened is perfectly clear-cut and 
painful. A semiconductor firm approaches a po­
tential user and offers to design an IC exclu­
sively for the customer, provided that fuh1 re 
volume produ ction is supplied by the designin g 
firm . Once the circuit is designed, the semi­
conductor firm has a lock on that customer's 
business . But it rarely vvorks that way. Too 
often, the semiconductor firm produces an IC 
that just fai ls to meet the customer's require­
ments or cos ts more than anticipated. So the 
customer walks away with a sample order of 
mayb e a hundred circuits and the semicon­
du ctor firm painfully swallows an engineering 
b ill that can run as high as $50,000. 

Efforts to remedy the situ ation haven ' t worked 
so far. For example, a t the Signetics Corp., 
president James Riley has set some stiff cri­
teria for custom work. " \Ve don' t accept a job 
unless there is the prospec t of producing at 
leas t 25,000 circuits a month fo r a minimum 
of one year," he says . Bu t Riley gru dgingly 
admits some jobs have never gotten to the 
production stage even though a volume com-
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mitment was made when work started. "The 
chances for success on a customer circuit p roj­
ect are no better than 50-50," according to 
Steven Levy, manager of operations a t Motor­
ola's integrated circuit departmen t. 

The solution the semiconductor companies 
would like to see is th e acceptance of s tandard 
circuits by users of IC's . Bu t almost everybody 
in the field admits that far too many cus­
tomers will never buy such an idea. Too many 
companies feel as H ewlett-Packard Corp. does: 
Its proprietary edge comes from having an 
unique circuit; that is los t if its equipment is 
built with circuits anybody else can buy. At 
the Teledyne Corp ., a user of IC's, vice presi­
dent Teck A. Wilson, also cas ts a dissenting 
vote: " If you stan dardize on a circuit every­
body can bu ild, you 've standardized on what 
is obsolete." 

As large scale integration becomes commer­
cially feas ible-the next technological advance 
in microcircuits-the problem b ecomes even 
worse for semicondu ctor companies. "Chances 
that any other customer could use a large, array 
we've designed for a specific job are nil," com­
pl ained one executive. 

Still, the semicondu ctor companies have ab out 
run out of patience with their big losses in the 
custom circuit business. Some plan to make 
the customer pay all the design cos ts, a move 
that would a t leas t double the fees charged 
for this service. Another step will b e to do 
more computer-aided des ign, to reduce the 
amount of engineering in a circuit. 

Fairchild's Noyce b elieves it will b e pos­
sibl e to standardize on a low level of integra­
tion and build in proprietary circuits by in­
genious wiring devised by a computer. 

But the answer that is being offered more 
and more is to turn the job completely b ack 
to the customer. 'What the semiconductor com­
panies want to do is work from a completed 
des ign : prepare the masks and then perform 
processin g and tes ting. 

Thus, the engin eers who build equipment 
th at uses IC's will have to know the limitations 
and capabilities of integrated circuits. The prob­
lem is complicated b ecause the design con­
straints of any one manufacturer's IC proc­
essing are differen t from those of any other. 

For the fir st time a pattern is evolving th at 
plots how the acceptance of in tegra ted circuits 
will affect the stru cture of the electroni cs in­
dus try. For a time, many people feared th at 
the semiconductor companies would domina te 
electronics because the maker of the IC was 
also the designer. Now it seems clear that 
the maker of IC' s will play the role of just an­
other component supplier, albeit a very sophisti­
cated one. 
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to the 
stepper Motor Held 

STEPPER 
MOTOR' 

""t. HSM - 6 ...... 

c11pc 
1RfCJSIOH pii11t1JS ... ... r_.: 

CLIFTON STEPPER MOTORS 

SJ.U: 

LENGTH (M.F.) 

WE CHT {OZ .) 

RATED O.C. VOLT. 

RESISTANCE 
( OHMS/PHASE) 

NO LOAD RESPONSE 
RATE PULSE/SEC 

NO LOAD SLEW 
RATE PULSE/ SEC 

H~L01NG TORQUE 
OZ-IN ONE PHASE 

DETENT, OZ-IN 
ZERO INPUT 

TYPE NUMBER 

8 10 11 11 8 8 11 8 15 

0.770 0.770 1.215 1.215 1.062 1.112 0.770 1.215 1.062 1.535 

1.0 1.6 3.2 3.2 1.5 1.5 1.0 3.2 1.5 6.4 

0.19 0.19 0.77 0.37 0.18 0.45 0.19 0.77 0.10 2=.4===> 

90° • 90° 90° 15° 90° 90° 45° 45° 15° 90° 
±3° ±3° ±3° Il 0 ±3° ±3° :'.:2° ±2° ::: 1° :t3° 

m m m w ™ ™ ffl ~ w ffl 
20 20 20 30 20 20 20 20 30 20 

28V 28V 28V 28V 28V 28V 28V 28V 28V 28V 

300 300 300 150 300 300 135 130 150 150 

320 350 185 600 360 280 soo 440 950 150 

930 700 190 1600 375 650 2700 1200 1800 150 

0.35 0.50 1.4 0.60 0.80 0.58 0.60 1.5 0.54 3.2 

0.05 0.05 0.24 0.17 0.10 0.05 0.12 0.8 

MSA-8-1 MSA·lO·A·l MSA-ll ·A-1 RSA-11 -A-1 MSM·i -A-1 MSl-i-A· l MSA-8-A·l MSA·ll ·A-2 RSA -8-A·I MSA·lS·A-t 

EXCITATION MODE : TWO PHA SES PA RALLELED ALTERNATELY. TYPICAL CHARACTERIST ICS 

After careful testing and having already 
had units in end-use equipment in the 
field , we are now ready to announce a 
full line of size 8, 10 & 11 stepper motors . 
and the controllers that go with them. 

Steppers are gaining popular ity rapidly 
in digital systems because of their quick 
response, high resolut ion, and many 
other distinct advantages over the con· 

ventional servo motor. 
We'd l ike to step in to your stepper 

motor picture with CliftonPrecision 
qua I ity , re l iabi I i ty and application 
knowledge. 

Clifton Precision Products, Divisio11 
of Litton Industries, Clifton Heights, Pa., 
Colorado Springs, Colo. Area 215 622· 
1000; TWX 215 623-6068. 

CLIFTON PRECISION 
PRODUCTS 

DIVISION OF LITTON INDUSTRIES rn 
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Los Angeles keeps 

IBM computer and 

orders another 

Comsat's tests 

of t ime division 

complete success 

Navy to bounce 

signals off moon 

Electronics Newsletter 
September 5, 1966 

Los Angeles has partially resolved its data-processing dilemma: it's 
decided to keep its International Business Machines Corp. System 360 
model 30 even though the computer isn't yet working at expected speeds. 
The city, however, had no other choice; had it sent the troublesome 
machine back to IBM, it would have been months before a replacement 
computer would have been ready. In deciding to keep the model 30, 
Los Angeles went one step further: it committed itself to accept, in addi­
tion, a model 40, scheduled for delivery by Nov. I [Electronics, July 
11, p. 129]. 

Los Angeles continues to charge IBM $100 a day because software 
delivery has been delayed. And it has agreed to give the company more 
time to correct the fault with the data cell drive, which is a bulk-storage 
unit that can hold up to 400 million characters on strips of magnetic tape, 
kept in compartments, or cells, each containing 200 strips. 

The Communications Satellite Corp. last month successfully completed 
the first test of time division multiple access with the Early Bird satel­
lite [Electronics, June 27, p. 46]. John Puente, a staff member in 
Comsat's modulation technique department, said, "Tests were abso­
lutely successful in every category-more successful than we 
expected." 

Voice and data signals were transmitted between terminals at Andover, 
Maine, and Mills Village, Canada. The voice and data were first com­
bined as pulse-code modulation signals. These signals then modulated 
carrier frequencies which were time division multiplexed by alternately 
stopping and starting the transmission in each terminal. 

Puente would not reveal the minimum guard time--which prevents 
signal overlapping- used in the experiment, but said that it was much 
less than I microsecond and that the test equipment was capable of meas­
uring time intervals of 40 nanoseconds. 

Comsat now plans to test a 600-channel time-division system. 

Tests leading to the first operational use of the moon as a passive satel­
lite to relay microwave Teletype messages in ship-to-shore communica­
tions are scheduled to begin this month. The $1.3-million shipboard sys­
tem, built by the Lockheed Electronics Co., Plainfield, N.J., uses state-of­
the-art transmission techniques coupled with elaborate aiming equip­
ment to keep the 16-foot dish antenna pointed at the moon while the 
ship moves. Ground terminals for artificial satellite communications will 
be employed in the test, but Lockheed has a contract to build four ground 
terminals for the moon-bounce system. Lockheed is a subsidiary of the 
Lockheed Aircraft Corp. 

The Navy and Lockheed decline to say how extensively the system 
will be used. Several shipboard units are on order, however, and it is 
believed that they will he deployed on vessels around the world. The 
system is to be operational by 1967. The system can simultaneously 
transmit and receive wideband carrier, frequency-shift telegraphy of 
76 baud over two Teletype channels or one continuous-wave telegraphy 
channel. 

The principal advantage in using the moon as a passive reflector is 
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O'Neal getting 

Pentagon R&D job 

Sylvania East 

cuts staff 

New horizo.ns 

Air Force briefings 

to forecast needs 

for next 5 years 

Electronics Newsletter 

that microwave line-of-sight techniques can overcome conditions in the 
atmosphere and ionosphere that interfere with long-range communica­
tion at medium and high frequencies. 

Russell D. O'Neal, a 52-year-old physicist, is being nominated as Assistant 
Secretary of the Anny for research and development, succeeding Willis 
M. Hawkins Jr. , who recently resigned to become a vice president of the 
Lockheed Aircraft Corp. O'Neal was vice president for engineering and 
research at the Bendix Corp. He is a specialist in microwave radar test 
equipment, computer design and guided missiles. 

The technical employment picture is not all rosy. Sylvania Electronic 
Systems East, in Waltham and Needham, Mass., laid off 175 employees 
this week because of a lack of work. They include engineers and tech­
nicians in addition to contracts and production personnel. The employ­
ment level ~ere is now at 4,200. Sylvania Electronic Systems has over­
all responsibility for systems management of major Government projects 
for the parent company, the General Telephone & Electronics Corp. 

While the Eastern operation is cutting back in personnel, the Central 
operation, in Buffalo, N.Y., and the Western operation, in Mountain View, 
Calif., are recruiting. A Sylvania spokesman says major contracts are "in 
the wings." He describes the cutback as a temporary lull. 

The Raytheon Co. moves into a new area of commercial diversification 
with the acquisition of the Seismograph Service Corp. of Tulsa, Okla., 
whose major business is exploration for oil and other natural resources. 
Raytheon follows such companies as the Ampex Corp. and Teledyne, Inc., 
in entering the seismograph business. 

A secret briefing for industry, scheduled Oct. 18 to 20 in Boston, will 
spell out what the Air Force will need in command-and-control equip­
ment two to five years from now. 

"Industry doesn't want us to tell it what's coming the next eight months, 
or a year. We'll try to provide a background for planning beyond the 
work that is now on their books," says William J. Sen of the advanced 
planning staff at the Electronic Systems Division, Hanscom Field, Mass. 
The division and the National Security Industrial Association are cospon­
sors of the meeting. Reports on advanced technology at Rome Air Devel­
opment Center, N.Y., and Wright-Patterson Air Force Base, Ohio, also 
will be included. 

The information will be aimed at three kinds of company planners: 
directors of marketing, systems planning and research and development. 
I t will include strategic and tactical defense systems, sensors, data proc­
essing, displays and trends in missile range technology. The sessions will 
provide more detail than the Defense Department briefings earlier this 
year. A subcommittee of the Defense Industry Advisory Committee has 
been set up to provide the Pentagon with feedback on the merits of 
service briefings of this kind. 

Not all the sessions in Boston will be looking ahead. The final one will 
be a post mortem on existing systems: it too will be secret. 
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-> Announcing the Brush Mark 250, 
first strip chart recorder 
for the perfectionists 
of the world. 

Shown with 1 µv preamplifier RD 4215-70; 
event markers optional. 

(Tum the page and see what we mean)----

Circle 490 on reader service card 26A 
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BUSINESS REPLY MAIL 

NO POSTAGE NECESSARY IF MAILED IN THE UNITED STATES 

CLEVITE CORPORATION 

BRUSH INSTRUMENTS DIVISION 

3631 PERKINS AVE. 

CLEVELAND, OHIO 44114 

FIRST CLASS 
PERMIT 2472 

CLEVELAND, OHIO, 
U.S.A. 



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 
recorder for the perfectionists of the world ! 

1 Unmatched frequency response. 
Flat to 10 cycles on full 4V2" 

span! Usefu I response to 100 cycles . 
Nobody has a strip chart recorder in 
the same league. 

2 Wide selection of signal condi-
tioners. Choose from 21 inter­

changeable preamps. Use one to­
day ; plug in a different one when 
your recording requirements 
change. ~ 

3 Crisp, clean rectilinear writing. 
Patented, pressurized inking sys­

tem puts smudge-proof trace into 
the paper not just on it. 

4 Contactless, non-wearing feed-
back system. Same one used in 

our multi-channel Mark 200 re­
corders. (No slide wires!) Accuracy? 
Better than Y2%! 

5 Multiple chart speeds. Push-
button choice of twelve . . . from 

5 inches/second to 1/10 of an 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. 

--------------------------------------· 
k to k w rn re db ut yo.;• ew 11/.drk !JO 

P e nd chart Bampk rd spec1•1c t ors. 

F e ve yot..r locdl Sal !',En 1ne r pnone 

5 t 

Get details fast! Send this card! 
26B 

7 Removable chart paper maga-
zine. Great for desk top record 

reviews. Man-sized manual winding 
knobs let you roll chart forward and 
back. Chart reloading is a cinch. 

.. 

See what we mean? The Mark 250 is 
for the perfectionists of the world. 
Ask your Brush Sales Engineerfor a 
demonstration. Or, write tor chart 
sample and specifications . Clevite 
Corporation , Brush lnst ir t...11 men~5 
Division, 37th & Perkins, C e v e Ian ' 
Ohio 44114. 

CLEVI TE 
brush INS T RUM E N T S 

i v 1s10N 

The Brush Mar 25f 
First recorder for perfe 

Circle 490 on reader servi 
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* T.M. Pennsalt Chemica l Corp. 
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Reducing a connector's 
length is one thing. 
Reducing its weight 
is another. 
Bendix Solder and 
Hermetic-Type "Pancake" 
connectors do both. 

,. 

-

One thing you can say about Bendix® 
JT Pancake connectors: they reduce 
connector length by up to 50 3 and 
weight up to 60 % , making them the 
smallest, lightest models available. 

Equally impressive is the wide range 
of types we've got on hand, all ready to 
be delivered in rapid, off-the-shelf 
fashion. Among them are wall mount, 

box mount, jam nut, straight plug and 
90° plug; nine different sizes; 34 different 
insert patterns; 16-, 20-, 22- and 24-con­
tact sizes that will accept a wire range 
of 16 through 28 gage. 

(You'll find most of these types avail­
able in our crimp-type JT Pancake 
connector line, too. ) 

What about performance? These light-

• 

weights have nine major design improve­
ments. There are provisions for up to 
128 contact pins, increased resistance to" 
pin bending, greater contact retention.­
temperature capabilities to 392°F, and 
improved electrical characteristics 
through rigid, glass-filled epoxy inserts, 
to name a few. For complete information,­
write us in Sidney, New York. 

Scintilla Division r~no'j/ 
CORPORATIOll 

Circle 28 on reader service card 
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Space electronics 

Lunar traffic jam 

As Lunar Orbiter 1 winds up its 
photo-taking mission around the 
moon, offi cials at the National Aero­
nautics and Space Administration 
are preparing its stablemate, Sur­
veyor 2, for its most ambitious mis­
sion to date in the double-barrel 
program to find the best sites for 
the first American astronauts to 
step on the moon. The one-eyed 
Lunar Orbi ter, launched Aug. 10, 
made a major contribution by refin­
ing knowledge about the moon's 
gravity, but fai led to take the high­
resolution photos needed to ver­
ify Apollo landing sites. 

Th e next Surveyor will have a 
hard act to follow. Surveyor 1 
sent back 11,237 high-quality 
pictures after a perfect launch 
from Cape Kennedy May 30 and 
even survived the rigors of lunar 
night when the temperature fell 
to -250°F. The next Surveyor, 
scheduled for launch around 
Sept. 20, will duplicate the pic­
ture-taking assignment at a site 
in the middle of the moon but 
will attempt a far more difficult 
landing. 

Landing straight. Benjamin 
1'filwitzky, NASA's Surveyor 
program manager, explains that 
Surveyor 1 landed near the so­
called vertical impact point on 
the west side of the moon. At 
this poin t, which is based on the 
complex celestial mechanics of 
the earth-moon sys tem, a space­
craft launched directly from 
ear th could land vertically. But 
NASA obviously doesn' t want to 
be res tricted to a single landing 
area when it sends the Apollo 
astronauts to the moon. 

The next Surveyor is due to 
land farther east, around Sinus 
Medii (Cen tral Bay) and thus 
make a sharper turn and still 
land in an upright position. In­
stead of approaching the moon 

at an angle of about 6° from the 
vertical as was the case with its 
predecessor, the next Surveyor ini­
tially will be 23° from vertical. The 
design limit is 45°. 

All of this makes the mission far 
more difficult. Since the radar will 
not be looking directly down at 
the moon, it will have to sweep a 
larger area. This increases the 
range and weakens the returned 
signal accordingly. It also intro­
duces more radar "noise" caused 
by sweeping over rough spots on 
the moon's surface. The correction 
maneuvers required of the space­
craft's propulsion sys tems are also 
made more complex. The small 
vernier rockets used to keep the 

craft pointed along the axis of its 
flight will h ave to expend more 
fuel. 

Space brake. The main retro­
motor used 'to slow the craft to a 
landin g speed it can survive also 
will have to do extra work. Mil­
witzky explains that as the Sur­
veyor approach es the moon the 
lunar gravity takes over to make 
the craft fall s traight down. The 
more the retromotors slow the 
craft, th e greater is the effect of 
the moon's gravity. This is called 
a "gravity turn" in space jargon. 
In the case of Surveyor 2, the 
gravity turn will be much greater. 

Five more Surveyor flights are 
planned after th e next one. All the 

spacecraft are externally identi­
cal, although some may carry 
scientific instruments to gather 
more data on the moon. How­
ever, Milwitzky sees the pro­
gram's prime job as calibrating 
sites for Apollo. H e hopes to 
certify seven sites in the seven­
flight program. 

The next Lunar Orbiter, mean­
while, will be launched late this 
fall to do what its predecessor 
could not do: take photographs 
of potential Apollo landing sites 
with a resolution of a few yards. 
The first spacecraft in the five­
flight series sent b ack rnedium­
resolution photos, including the 
best pictures to date of the 
moon's dark side and the first 
picture of the earth , but the 
high-resolution camera system 
apparently was stymied by a 
spurious signal in the spacecraft 
that caused the shutter to trip 
prematurely. To compensate for 
this condition, offi cials at 

ASA's Langley Research Cen­
ter, H ampton, Va., ordered the 
spacecraft to lower its orbit in 
an attempt to get a closer view 
of the moon. 

Hospitable moon. The major 
accomplishment of Lunar Orbi­
ter 1 was the discovery that the 
moon's gravitational field is not 
so unevenly distributed that it 
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would disturb a spacecraft's 
orbit. As William H. Michael Jr. 
of Langley's Space Mechanics Di­
vision put it, "\Ve seem to have a 
hospitable moon." This is vitally 
important for the Apollo mission 
since the command module must 
remain in a stable orbit around the 
moon with one astronaut aboard 
while the other two visit the sur­
face. 

Michael's calculations showed 
that the moon seems to bulge at 
the top and middle and be slightly 
depressed at the bottom and half­
way between the middle and top. 
The irregularities are quite small: 
the average radius of 1,100 miles is 
only a quarter-mile greater at the 
top and a quarter-mile less at the 
bottom. The depression in the 
northern hemisphere is only an 
eighth of a mile as is the bulge 
around the lunar equator. 

Russia too. Based on tracking 
data so accurate that the effects of 
the moon's gravity on the space­
craft velocity can be measured to 
within half an inch per second , 
Michael predicted the spacecraft 
would orbit for at least another five 
months before plunging into the 
moon. Even then the onboard 
propulsion system could be used 
to raise the orbit and keep the 
spacecraft alive, but this would 
furth er add to the traffic jam ac­
cumulating around the moon. In 
addition to the next Lunar Orbiter 
and Surveyor-both to be launched 
this year-the Soviet put its Luna 
2 up there and may send other 
spacecraft before long. 

Michael cautioned, however, that 
the data on the moon's gravity will 
need considerable refinement. The 
movements of dozens of spacecraft 
orbiting the earth over the past 
eight years have been accurately 
charted and there still exist some 
questions about the earth's gravity. 
Although a few days of tracking a 
single spacecraft can not be con­
sidered conclusive, he did say that 
"immediate prospects for the 
Apollo are comforting." 

Apollo in November? 
The near-perfect Apollo/Saturn 202 
fli ght is setting the stage for the 
first orbital manned flight of the 
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moon craft this year. Spacecraft 
manager Joseph Shea reported as 
satisfactory the performance of two 
electronic systems flown for the 
first time on an Aug. 25 ballistic 
flight-the S-band tracking system 
and the guidance system developed 
by the Massachusetts Institute of 
Technology. 

George E. Mueller, head of the 
manned program at the National 
Aeronautics and Space Administra­
tion, is sticking to his earlier state­
ments that the first manned Apollo 
flight is not officially set for this 
year although it has been widely 
rumored for around mid-Novem­
ber. He said the final decision will 
be made in November. 

... Gemini in September 
Also providing information neces­
sary for future space flights will be 
the three-day Gemini 11 mission 
scheduled to begin Sept. 9. The 
astronauts will attempt to rendez­
vous with the Agena target ve­
hicle on their first trip around the 
earth. They will also try to achieve 
the first automatic reentry using 
the onboard computer and inertial 
guidance system to feed commands 
into the attitude control and ma­
neuver electronics system that con­
trols the reentry thrusters. The 
crew will not touch the controls 
unless necessary. 

Military electronics 

Ground bugs 
To the chagrin of Congress and 
the Pentagon, technical problems 
are plaguing the Army's trans­
portable satellite communications 
ground terminals , including those 
needed in Vietnam. 

Col. Mitchell Goldenthal, head 
of the Army's Satellite Communi­
cations Agency, told a Congres­
sional group last month that the 
Hughes Aircraft Co.'s AN/ MSC-46 
terminals are lacking in these areas : 

• Cryogenerator systems needed 
for cooling the parametric ampli­
fier require major maintenance 

every 400 hours. Such work can­
not be done in the fi eld, so each 
system must be flown back to 
Hughes' plant in California for re­
juvenation. 

• The tracking systems have 
proved to be "unduly sensitive" 
and a Government-contractor team 
is touring the terminal sites to iron 
out the difficulties and provide ad­
ditional training to personnel. 

• The system's power supply, 
housed in cargo vans, is troubled 
by arcing because of high humidity. 
To solve this, air conditioning must 
be added. 

Goldenthal told the House Mili­
tary Operations subcommittee that 
the terminals will be debugged and 
operating properly by the end of 
the year. He said some of the tech­
nical problems result from the 
Army's decision not to include an 
engineering test model in the origi­
nal contract, which is now nearing 
$23.l million. 

Repair woes. The colonel cred­
ited Hughes with making a "great 
effort .. . to adjudicate this ( cryo­
generator) problem." The company, 
he explained, is bearing the cost 
of flying the cryogenerators back to 
the United States for the required 
maintenance. 

In the debugging operation, 
Hughes-built cryogenerator sys­
tems costing $30,000 are being re­
placed by a unit supplied by Arthur 
D. Little, Inc. , of Cambridge, 
Mass. , costing only $12,000. The 
Arthur D. Little unit can operate 
for 3,500 to 4,000 hours without 
major overhauling. But a weight 
penalty is being paid for the longer­
running unit. 

The Hughes terminal now weighs 
123,000 pounds and includes a 40-
foot parabolic antenna housed in 
an inflatable radome. Three vans 
are needed to support its opera­
tions. Delivery, which started late 
last year, w ill continue for some 
months. Six are in Hawaii , Ethi­
opia, the Philippines, W est Ger­
many, Fort Monmouth, .J. (a 
trainer) and somewhere in South­
east Asia. Eight more are on order 
and will be installed as alternates. 
After that, no more MSC-46 ter­
minals will be built. 

Lighter model. Another type of 
ground terminal , developed by 
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Radiation, Inc. , of Melbourne, Fla., 
the AN/ TSC-54, will b egin enter­
ing the inven tory early next year, 
Goldenthal said. This is a lighter 
weight terminal for tactical forces 
with an 18-foot dish antenna. 

The Army has ordered 13 of the 
Radiation systems, including an 
engineering tes t model. They will 
have an antenna not requiring a 
cryogenic cooling system. 

The colonel reported that the 
tactical terminals are four months 
behind schedule and about 40% 
more expensive than anticipated. 

H e said the scheduling slip was 
caused in part by technical diffi­
culties that were not furth er ex­
plained. Also, he said, subcontrac­
tors have b een slow in delivering 
parts for the system. The first 
model is due in April, 1967; the 
original schedule called for delivery 
by this December. The price of the 
terminals is now set at $13.3 mil­
lion, some $4 million more than 
anticipated . 

Radiation, Inc. , reports it has 
success fully tes ted the fir st model, 
bouncing signals off orbiting mili­
tary sa tellites. 

Outdoor advertising 

A chattering Teletype last month 
printed the first com mercial via a 
military communications satellite. 
The unlikely loca tion of this event 
was the infield of Hollywood Park 
Racetrack in Los Angeles. The 
X-band message was transmitted 
from the sa tellite in its 18,200-nan­
tica l-mile orbit to a ground-based 
antenna only 6 fee t in diameter. 

Surprisingly enough , the cus­
tomer- the Navy-and the builder, 
the Hughes Aircraft Co. in Fuller­
ton , Calif. , received last-minute per­
mission from the Defense Com­
mu nica tions Agency to interrupt ac­
ceptance tes ts on the new system 
to send the commercial. They per­
formed this promotional spectacu­
lar before thousands of engineers 
attending the \Ves tern Electronic 
Show and Convention. It was a 
demonstration of the fir s t model of 
a second - genera tion shipboard 
communications terminal, the AN I 
SSC-3. 

Navy plug. Th ere's no doubt that 
the Navy was anxious to show off 
its share of the three-service Ini-
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tial Defense Communica tions Sat­
ellite Project, since the Air Force 
and Army have grabbed most of 
the mentions to date. The \Vescon 
demonstration also helped engi­
neers to learn more about the new 
shipboard terminal and just how 
well th e military sa tellites were 
working, something the Defense 
Communications Agency has b een 
rather coy about discussing re­
cently. 

The 11-line Tele type message 
was repeated several times with 
few errors. 

Hughes, no slouch in publicizing 
its technical achievements, had 
hoped to use the Philco Corp. satel­
lites for voice relay. But for some 
unexplained reason, the Pentagon's 
communication agency did not al­
low voice transm issions in the tes ts . 
[For de tails , see below]. 

Hughes project engineers say 
they can track and communicate 
with all seven of the Philco satel­
lites, which were put into near­
synchronous random orbits by a 
Titan-3C booster on June 16. With 
the 6-foot dish , the terminal can 
d ig a signal out of the noise with 

Titan 3C: unexpected source of trouble launch of the second series-hopefully until the power 
loss could be isolated and corrected. The Philco Corp ., 
maker of the seven satellites, announced that its tests 
indicated that the craft weren't to blame. And the 
Hughes Aircraft Co. , builder of the ground stations, 
after running some independent calibration tests, also 
disclaimed any responsibility- despite the rash of 
trouble that the military has been encountering with 
Hughes ground stations [See related story on page 30] . 

The Pentagon's hopes for a successful launch of an­
other group of communications satell ites went up in 
flames on Aug 25. And so did the satell ites. Eighty 
seconds after the big experimental Titan 3C roared 
off the pad, a rocket malfunction automatically caused 
the craft to destroy itself and its satellite package. 

The fi ery end of the Titan 3C is not without ironv. 
For the past two mon ths Pentagon officials have 
taken every opportun ity to point with pride to thei r 
communications satellites, lofted into random orbits 
on June 16 [See related story on page 31]. All reports 
claimed an unqualified success-the seven Initial De­
fense Communications Satellites were fl ying high and 
healthy. It appears now these reports were inflated. 

Last month , on the eve of the launch of a second 
series of Initial satelli tes , Air Force Gen. Ben I. Funk 
issued a terse announcement which disclosed that 
something was wrong with either the satell ites or the 
ground stations. For some reason , a Pentagon spokes­
man explained, signals received from the 18,200-nauti­
cal-mile-high satellites were about 30% weaker than 
had been anticipated. This power loss reportedly was 
uncovered soon after the satellites were placed in 
orbit but the information was kept secret. 

Because of the problem the Pentagon delayed the 
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Nothing wrong. Finally, on Aug. 25, the Pentagon 
announced that it had a tentative answer: there was 
nothing wrong with either the satell ites or the ground 
stations. The power loss, explained a Defense Com­
munications Agency spokesman , was attributable to 
"free space loss" - attenuation that occurs when a 
signal travels a long distance thrnugh space. Appar­
ently, pointed ou t the embarrassed spokesman, this 
signal loss wasn' t considered when the power speci­
fications were prepared. 

Convinced that the problem had been isolated and 
that no changes were necessary on the satellites, the 
Pen tagon ordered liftoff, a day behind schedule. And 
then the rocket blew up. 

The next series of military satellites is now sched­
uled for launch early next year. But there's word that 
the Pentagon may push up the schedule to as early as 
eight weeks from now because it wants more and 
better communication links to South Vietnam. 
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LO S AN GEL ES, AUG . 22 -26, 1966 -- TH IS MESSAGE SENT AND 

RECEI VED AT THE 1966 WE STE RN ELECfRON I CS SHOW AND CONVENTION 
I S AN EXAMPL E OF ThE U. S. NAVY ' S NEW "SPACE -A GE" VOIC E. II ' 
WAS RELAY ED THR OU GH A MI LITARY SA TELL I TE MOR E THAN 18 000 
MILES ABOVE THE EARTH'S EQU ATOR, USING ONE OF THE NEW , SEAGOING 
SATELLITE COMMU NICATIO N TER MINALS BU ILT FOR THE NAVY BY HUGHES 
AIRC RAFT COMPANY , FULLERTON , CALIF. THE TER MI NALS WI LL 
SUPPLENENT EXIS TI NG COMMUN I CATI ONS METHOD S AND OF FER RELIABLE 
LONG - RANGE VOICE AND TELETYPE COMMUNIC ATIONS UNAF FE CTED BY 
SOLA R AND AT MOSPHERIC DI STURBANCES. 
U. S. NAVY SEND ING -- -- ---- -

Teletype message transmitted via the Initial Defense Communications 
Satell ites to a Hughes Aircraft Co. 6-foot antenna at Wescon. 

a level as low as - 140 dbm (deci­
bels above 1 milliwatt). 

Smaller yet. The 6-foot parabolic 
antenna is the larges t that can be 
operated on combat ships without 
interfering with other ship sys tems 
and " is about as small as we can 
go working with present satellites," 
says A.W. Ladd, Hughes project 
manager. However, with satellites 
currently being designed, which 
have higher effective radiated pow­
ers , shipboard antennas can go 
down to 3-foot diameters, Ladd 
explains. 'With minor modifications, 
the SSC-3 will also be able to work 
with the upcoming tactical satel­
lite program, one Navy official 
notes. 

Hughes is building seven of the 
SSC-3 terminals for the Navy. Two 
are research-and-development mod­
els (XN-1), but all will be in stalled 
shortly on ships for command-and­
control communications, says Louis 
Johnson, ass istan t project manager 
for satellite communications, Naval 
Electronics Sys tem Command. The 
first ship will begin operating with 
one of the terminals in October. 

The Navy is trying to get the 
money to build the terminals for 
a number of its ships. The SSC-3 
is described as the future "work­
horse of the Navy." Excluding re­
search and development and instal ­
lation, Johnson estimates that each 
SSC-3 will cost about $700,000. 

The Navy became interes ted in 
the possibilities of communicating 
by satellite in 1962-years after the 
Army and the Air Force. While 
there were many problems, the 
first model, used with the Syncom 
and made basically from off-the­
shelf hardware, did prove the feasi­
bility of shipboard satellite ter­
minals. 

The SSC-2 used uncooled para­
metric amplifiers. Total system 
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noise temperature for the S-band 
set was 180° K. The SSC-3 took a 
jump in frequency, to X-band, and 
used Peltier-cooled (thermoelectric) 
parametric amplifiers; total sys tem 
noise temperature is 240° K. 

On the mast. The SSC-3 will be 
mounted on a ship's mast. The Cas­
segrain feed puts out a 1.5° beam 
and the multimode, four-horn mon­
opulse feed keeps total sys tem 
losses to 0.1 db or less. First stages 
in the preamplifiers are three para­
metric amplifiers : one for error sig­
nal plus elevations, one for error 
signal plus azimuth and the last for 
sum channel. All have tunnel-diode 
second stages. 

The set has both a frequency­
modulation modem and a digital 
modem. The digital modem can 
be used with lower signal-to-noise 
ratios and is 5 db more efficient 
than the f-m unit. It can receive 
Teletype messages with the set's 
transmitter power at only 100 
watts. A water-cooled klys tron can 
produce 5 kilowatts, or 43 db of 
gain, for an output at the antenna 
feed of + 67 dbm minimum. 

The three-axis, gyro-stabilized 
pedes tal has a tracking accuracy 
of 0.1° root-mean-square error and 
will operate in a 75-knot wind. 
Once the satellite is acquired, the 
SSC-3 tracks it automatically. The 
phase-lock receivers (for which 
Hughes is seeking patents) will 
lock on a zero-decibel signal-to­
noise ratio signal. 

Enough for now. Operating with 
the Initial satellites, the Hughes 
terminal can handle one duplex 
voice channel and two Teletype 
channels or 16 channels, "which 
is plenty for us," one Navy official 
says. However, the 6-foot ship­
board terminal cannot communi­
cate with a satellite at the same 
time one of the 40-foot Mark-lB 

satellite ground terminals - also 
made by Hu ghes-is on the air. 
Although the SSC-3 is only on one 
of the four channels , the Mark-lB 
is so powerful it overrides the ship­
board set's signal. 

The Navy concedes that it has a 
number of operational and techni­
cal problems to be worked out. It 
also wants more improvements in 
the shipboard set: reducing the an­
tenna's weight and size, improving 
reliability and maintainability and 
integrating the control console and 
other equipment inside the ship. 

Optoelectronics 

Photon finish 
As an electronic material, silicon 
can be classified as a workhorse, 
performing a remarkable number 
of jobs reliably and steadily. With 
careful breeding, scientists at the 
Hewlett-Packard Co. in Palo Alto, 
Calif., have now produced a sili­
con photoconductor that's fast in 
the stretch, too. And Hewlett­
Packard' s entry-a photoconductor 
with a speed of response several 
orders of magnitude faster than 
present devices-may cause system 
designers to again put their money 
on optoelectronics, once touted as 
a sure winner. 

About a decade ago; optoelec­
tronics - combining solid-state 
light emitters and detectors in in­
tegrated structures to produce 
electronic function s-looked very 
promising. Optically coupled cir­
cuits and subsystems, it was said, 
could be produced with a high de­
gree of input-output isolation, 
combined with ability to handle 
many signal channels in parallel. 
And the circuits could do anything 
conventional electronics could do 
-amplify, switch, store and per­
form logic operations. 

Too slow. But the initial enthu­
siasm for optoelectronics soon dis­
sipated when designers ran up 
against what seemed to be a funda­
mental limitation-lack of speed. 
The trouble was that the speed 
with which photodetectors respond 
to changes in light intensity de-
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TronSifron 

THYRISTORS 
Now ... industry's lowest 

prices for 
premium-performance SCR's 

Low cost T0-52 packaging provides military quality at commercial prices 

Silicon Triode 
Thyristors 
This Transitron family of premium, high-relia · 
bility, planar silicon controlled rectifiers is now 
available in hermetically-sealed T0-52 packages 
at the lowest prices in history. 
Ideally suited to both commercial and military 
applications, the 2N4332 family features : 
• Blocking Voltages up to 250 volts 
• Leakage Currents @25°C, less than 20 nano amps 
• Leakage Currents@125°C, less than 50 micro-amps 
• Low Holding Current-1.0 mA max.@ 25°C. 
• Low Gate Triggering Current - 10.0 micro-amps 

max.@ 25°C 
The low trigger current and voltage requirements 
make the series particularly useful for many high­
performance switching applications. 
In spite of the miniature package, these devices 
can effectively handle repetitive, high -peak pu lse 
currents of low duration and duty cycle. They are 
designed to meet all of the rigid requirements of 
M IL-S-19500. Extensive temperature cycling, 
storage and operating life tests, as well as me ­
chanical and hermetic seal tests, are included as a 
regular part of the manufacturing process to 
maintain military standards of quality. 

i ~~ 
~ 16 
... 14 
~ 12 
0: 10 
!; 8 

~ 6 
< 4 
:::' z 

o~. 1 ::__~1 . o~~,o~~,oo..:::::::~10=0=0 ~10,000 
PULSE DUllATION ("SEC) 

The high pulse cu rrent capabi lity of the 2N4332 family 
makes it idea I for commutating turn-off circuits and othe r 
capacitor discharge applications. 

Typical applications include : Electroluminescent 
displays ; timing and logic circuits; inverters ; and 
squib firing, servo motor driving and phase con ­
trol circuits. 

TYPES AND MAXIMUM RATINGS 

TYPE 
2N4332 
2N4333 
2N4334 

VDRM / VRRM 
(@ I25°C) 

30/ 30V 
60/ 60 

100/ 100 

TYPE 
2N4335 
2N4336 
2N4337 
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VDRM / VRRM 
(@ 125°C) 

J50/150V 
200/ 200 
250/ 250 

Gate Turn-off 
Triode Thyristors 
Also available in hermetically-sealed T0-52 
packages, at extremely low prices, is a new series 
of silicon planar Transwitches (2N4320/25). 
These units are ideal for use in industrial and 
military circuits requiring gate turn-off action. 

The series offers anode currents to 250 mA, 
with a minimum gate turn -off beta of 5. Operating 
temperature range : - 65°C to +125°C. 

Reasonable quantities are available for off-the­
shelf delivery, with fast action assured on large­
quantity orders. 

TYPES AND MAXIMUM RATINGS 
VDRM/V RRM 

TYPE ( @ 125°C) 

2N4320 30 / 30V 
2N4321 60/ 60 
2N4322 100/100 
2N4323 150/ 150 
2N4324 200/200 
2N4325 250/ 250 

Average Forward Current. ... • ... . ..... 250 mA @ 75°C 

One Cycle Surge (60 CPS) . . . .. . ... .... 5 Amps @ 75°C 

Peak Gate Current for 8 msec ........ . 100 mA @ 75°C 

Peak Gate Power for 8 msec . . .. . . ... .. 200 mW @ 75°C 

Average Gate Power. . .. . . ... . . . .. . .. . .. 20 mW @75°C 

Storage Temperature Range . . . . .. . -65°C to+ 1500C 

Operating Temperature Range .. .. • •. -65°C to+ t25°C 

Light-Activated 
Triode Thyristors 
Transitron 's silicon planar Photoswitches are 
efficient, low-cost, light-sensitive devices for 
electro-optical applications. Contained in a min­
iature package (modified T0 -18). the Photoswitch 
has been designed for critical control of electronic 
switching circuits such as counters, sorters, in­
dexers, logic controls and card or tape readout. 

It offers the design engineer the option of gate 
triggering (50 µa max.) or light activation (150 
foot candles) or a combination of the two. 

The TPS 20 Photoswitch family features: 

• Blocking Voltages up to 200V 
• Low Leakage Current - 100 µa max.@ 100°C 
• Low Holding Current -1.0 mA max.@, 25°C 

TYPES AND MAXIMUM RATINGS 

TYPE 

TPS 20 
TPS 50 
TPS JOO 
TPS 150 
TPS 200 

VDRM/VRRM 
( @ lOOoC) 

25 / 25V 
50/ 50 

!00/IOO 
150/150 
200/ 200 

Average Forward Current. ..••• .• •• . • . . 200 mA @, 75°C 

One Cycle Surge (60 CPS) .. ...• ... .•. . 5 Amp.@ 75°C 

Peak Gate Current for 8 msec .. . ....... 250 mA @ 25°C 

Average Gate Current. ... . . . ... . . . .. .• . 25 mA @ 25°C 

Reverse Gate Voltage . . ...... .• •. . .• . . .... .• .. 5 Volts 

Reverse Gate Current. . .. .. . . .. . . . .. . ..... ..... 3 mA 

Storage Temperature Range . .. . •. .. . -65°C to+ 150°C 

Operati ng Temperature Range . ..•.•. -65°C to+ 125°C 

:~~~·~;;~;~" • 
e lectronic corporation, Wakefield , Mass. 01881 
Wherever there's electronics ... there's Transitron 

- ® 
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pends on the level of illumination . 
The best available source of light, 
electroluminescent zinc sulfide, 
could only produce modes t light 
levels, about four watts per square 
meter. As a result, the available 
photodetectors, cadmium sulfide 
and cadmium selenide, were too 
slow to compete with conventional 
electronic devices as circuit ele­
ments. 

With the advent of efficient in­
jection electroluminescent diodes, 
a light source became available 
that is more than 1,000 times 
brighter than zinc sulfide, equiva­
lent to 6 kilowatts per square 
meter. Unfortunately, optoelec­
tronics designers had not been able 
to take advantage of this high out­
put level because there were no 
good photoconductors to match the 
characteristics of gallium arsenide 
light emitters. They could only 
choose between junction type pho­
todetectors with limited gain , or 
high-gain CdS or CdSe, which 
have limited sensitivity at the 
wavelength of gallium arsenide 
emitters. 

Teamwork. One of the early 
apostles of optoelectronics, E.E. 
Loehner of Hewlett-Packard -
working with a colleague, T.J. Die­
sel, and with the help of Stanford 
University's Richard H . Bube, a 
photoconductor authority-has now 
increased the gain and speed of 
response of single-crystal silicon 
photoconductors by several orders 
of magnitude. The development of 
an efficient and fast silicon photo­
conductor is significant because 
the spectral and electrical char­
acteristics of silicon are well 
matched with those of gallium ar­
senide injection diodes. Further­
more, silicon devices are compati­
ble with integrated-circuit tech­
nology. 

One factor that limits the re­
sponse time of most photoconduc­
tors is the lifetime of the majority 
carriers in a material. A photocon­
ductor is basically a light-sensitive 
res is tor, whose electrical conduc­
tivity can be increased when ex­
posed to light radiation . vVhen the 
photoconductor absorbs light, elec­
tron-hole pairs are liberated in the 
material. These contribute to con­
ductivity until captured by imper-
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fections known as "traps," or by 
recombination. Photodetector re­
sponses to changes in light inten­
sity depend greatly on free-car­
rier lifetime. For example, at low 
light levels response time in cad­
mium sulfide is 100 to 1,000 times 
greater than the lifetime. 

Life expectancy. Loehner and 
his co-workers at Hewlett-Packard 
increased the electron lifetime in 
silicon by a process they call zinc 
counterdoping. They made photo­
conductors by diffusing zinc into 
n-type silicon single crystals con­
taining arsenic donors. The ratio 
of arsenic to zinc is about 2 to 1. 
The result of this combination 
is highly negatively charged "cap­
hue" centers in the material. vVhen 
incident photons release electron­
hole pairs, these centers immedi­
ately capture the holes. The centers 
repel elec trons and electron life­
time is increased. Lifetimes up to 
several hundred microseconds and 
response times not much greater 
than 3 or 4 times these have been 
observed at room temperature. 

Photoconductor gain is limited 
by the onset of space-charge lim-

. ited current, vvhich occurs when 
the applied voltage gets too high. 
At this point, th e photoconductor 
ceases to function. Because silicon 
has high conductivity, it can oper­
ate with higher voltages and there-

ANALOG 
SIG NAL 
IN 

+ 25 v 

680 

Digital-analog gate (bridge in color) passes 
an analog signal but is digitally controlled. 

fore ge t high gain before space­
charge limiting sets in . Measured 
gain of th e zinc counterdoped pho­
to detectors is greater th an 106 . 

According to Loehner, the re­
sponse speed of the new devices 
is expected to open up applications 
thus far closed to optoelectronics. 
The Hewlett-Packard group has 
already built some simple storage 
elements that have worked sa ti s­
factorily at excitation levels of 
l1/2 to 21/2 volts. 

The work, sponsored in part by 
the Army Engineer Research and 
Development Laboratories, F ort 
Belvoir, Va., was reported last 
week at a conference on radiative 
processes in electronic materials 
held in Boston. 

Computers 

Circuit on display 
Researchers at the University of 
Illinois are developing some un­
usual circuit techniques for storing 
and displaying analog information 
in a digital system-without a vast 
computer program, complex cir­
cuits or expensive ca thode-ray 
tubes. 

The project, under the direc tion 

+ 10 v 68 k 

GATED 
ANALOG 
SIGNAL 
OUT 

-1 0 v 
68 k 

-25 v 
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If our JXP precision 
resistor is so superb, 
how come we' re 
reluctant to discuss 
its reliability? 

Because we don 't want you to think 
of the JXP as a " high reliability" 
resistor. 

It is one, of course. But the term in 
this case is a bit of an understate­
ment (rather like describing the 
Grand Canyon as a hole in the 
ground.) 

For the same reason, we'd just as 
soon that you didn't think of the JXP 
as a " military" resistor, despite its 
RN classification. 

And even the term " metal film " fails 
to do justice to the JXP. Our Jeffers 
Electronics Division 's metal film re­
sistor has characteristics and per­
formance capabilities that surpass 
the best of any resistor art, past or 
present. 
How, then , should you think of the 
JXP? Simply as a " precision" resis­
tor-because it's in this area of pre­
cision that our resistor can most 
clearly be seen to be in a class by 
itself. 

The JXP gives you the highest pre­
cision at a reasonable cost, with tol­
erances down to 0.02% available 
upon request. But more than that , this 
extreme precision is arrived at delib­
erately, rather than by happy acci­
dent. 
We manufacture the JXP under so­
phisticated " white room" conditions. 
We employ a fanatically tight system 
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of process and material controls. And 
we limit ourselves to a narrow popu­
lation of resistor characteristics (25 
PPM or less) . So it 's no wonder that 
our entire resistor output is identical 
in precision and stability. (In fact , any 
pair of JXPs can be matched, time 
and time again, to within 0.01 % !) 

We 'd be delighted to send you com­
plete information about our JXP pre­
cision resistor (including its military 
and reliability aspects-if you insist) . 
Just mail us the coupon. 

A patent attempt to 
win your admiration 
Even though our various electronic 
components already offer excellent 
performance, this never seems to 
satisfy the restless individuals in our 
Research Laboratory. They're con­
stantly developing new ways to im­
prove both our products and our 
manufacturing processes. 

During the last six months alone, 
Speer Carbon Company and Air Re­
duction Company (our parent) have 
been awarded a significant variety 
of patents-including: 3,227,983 
(U.S.) for Stacked Resistors; 3,238,-
151 (U.S.) for Resistor Composition ; 
3,240,625 (U .S.) for Semiconductor 
Film Resistors ; 727,273 (Canada) for 
a Method of Capping Film Resistors ; 
731, 781 (Canada) for a Fluorescent 
Lamp Starter; 648,979 (Belgium) for 
Resistor Manufacture ; 667,242 (Bel­
gium) for Composition Resistors ; and 
49, 129 (Luxembourg) for Composi­
tion Resistors. 

We have no patent on mere excel­
lence, of course. But when it comes 
to perfection ... well , only time will 
tell. 

We've even been 
distributing 
Distributors 
In keeping with our basic policy of 
quicksilver service, we have been 
setting up a national network of In­
dustrial Electronic Parts Distributors 
covering every major market area. 

Thes·e men are hip-deep in both 
Speer carbon composition resistors 
and in Jeffers molded chokes. And 
both inventories, needless to say, of­
fer the latest MIL and commercial 
specifications. 
For the name of your helpful Speer 
Industrial Distributor, contact your 
Speer representative-or use the 
coupon. 

----------------, 
JEFFERS ELECTRO NI CS DIVISION 
SPEER CARBON COMPANY 
DuBois, Pennsylvania 15801 

Speer Carbon Co. is a Division of Air 
Reduction Company, Inc. 
O Send complete information on your 

JXP precision resistors. 
o Send the name of my helpful Speer 

Industrial Distributor. 
Name __________ _ 

Title _ __________ _ 

Company _________ ~ 

Street __________ _ 

I City State __ Zip __ I 
~----------------~ 
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( CURV E TO BE DISPLAYED) 

Para mosaic, a prototype of a digitally controlled display for analog quantities. 

of W.J. Poppelbaum, professor of 
electrical engineering, is being con­
ducted at the university's digital 
co mputer laboratory. 

One technique, still under inves­
tigation, is the application of digi­
tal-analog circuits to graphi cal 
processing and display. For exam­
ple, circuits such as the one 
sketched on page 34 can pass an 
analog signal when the digital ga te 
is open, but when th e gate is 
closed, the output floats. 

\Vith these circui ts, says Poppel­
baum, graphical processing-of 
bubble chamber data, for in stan ce 
-can be performed with accuracies 
of 0.1 % or better and at megahertz 
speeds. The new approach is to do 
all the graphical process ing in ana­
log form , digitizing the data after­
ward if necessary. The usual pro­
cedure requires digitizing the 
analog data, process ing it in a digi­
tal computer and then reconvert­
ing it to analog form for displ ay. 
Processing in this context includes 
moving an image around on a 
screen or tran smitting graphi cal 
data through a noisy channel to a 
remote receiver. 

Other circuit examples include 
co mparators-whose digital output 
indicates the equality of two ana­
log inputs-amplifiers and out-of­
range indicators that can inhibit 
the comparators. 

One at a time. The circuits are 
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used in what Poppelbaum calls a 
paramosaic-one form of which is 
a matrix of wires with a storage 
element at each intersec tion. The 
matrix is scanned, one storage ele­
ment at a time, and the digital­
analog gating circuit gates analog 
data to each storage element, such 
as the coordinates of a point on a 
curve. 

Other digital-analog circuits in 
the paramosaic can shift the dis­
played image up, down , sideways, 
rota te it or change its size. 

The lab built one prototype, a 32-
by-32 paramosaic in which the 
storage elements are fl ip-flop cir­
cuits. A small light bulb connected 
to each storage element displays 
the stored data. Poppelbaum says 
a paramosaic made from an electro­
luminescent panel got much b etter 
resolution. It produced a semiper­
manent dis.play more cheaply than 

L IGHT 

ELECTROLU MIN ESCENT MATER IAL 

LI GH T 

Electroluminescent panel, in cross 
section, from which a high·resolut ion 
paramosaic could be built. 

possible with , say, storage cathode­
ray tubes. 

Th e paramosaic looks like a 
san dwich ; it's made of two tran s­
parent electrodes, an opaque layer, 
a l a~ ·c r of electroluminescent ma­
terial and two layers of p and n 
material. A focused beam of ligh t, 
controlled by analog-digital cir­
cu its, sweeps across the panel, trac­
ing ou t a curve, for example. Th e 
res istance of the light-sensitive p-n 
junction drops sharply wherever 
the light strikes it b ecause light 
generates hole-electron pairs. The 
res is tan ce remains low because 
elec trons are trapped and slowly 
released after the light beam 
passes. 

Turn it off. \Vh ere the junction 
res istance is low, most of the bias 
vo ltage between the transparent 
elec trodes appears across the elec­
troluminescent material causing 
that spot to glow. The sheet of 
elech·oluminescent material, there­
fo re, displays the path followed by 
the fo cused b eam and retain s the 
display until the bias voltage is 
removed. 

Instrumentation 

Look sharp 
Air F orce and space agency offi­
cials concede that, too often, satel­
lites des igned to observe the earth 
from afar simply don' t "look" in 
tlw right direction and the expen­
sive spacecraft spin around the 
earth without orientation . To pro­
vide better aim to th ese sa tellites, 
the mili tary and th e National Aero­
nautics and Space Administration 
settled on infrared sensing tech­
niqu es to help orient th e craft with 
the earth's hori zon. Th e search now 
is for the b es t infrared spectral 
band to defin e th e earth 's rim. 

Th e program is b eginning to pay 
off. Studies so far indi cate that the 
best band is in the far infrarecl­
spccifically the 14- to 16-micron re­
gion. H eat in this region is rcRected 
by carbon dioxide. H ence th e 
earth's atmosphere, which in clu des 
carbon dioxide, repels hea t radiat­
ing from the sun . Since there is 
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we're not saying 
conventional shift registers 

are old hat ... 

but, you will ! 
(AMELCO'S NEW 20-BIT SHIFT REGISTER IN A SINGLE MEMA* PACKAGE) 

If exceptionally high packaging density, low cost, and 
high reliability are important considerations to you, 
consider the many advantages of Amelco's new Shift 
Register in a MEMA. The MEMA (Micro-Electronic Mod­
ular Assembly) is a hermetically sealed package offer­
ing the following advantages O 275 Monolithic Circuits 
per cubic inch O Reduced testing and assembly cost 
both at the component and system level O Improved 
reliability as a result of reduced interconnection wiring. 

The Shift Register itself is assembled using Amelco's 

dual TIL Logic elements. It provides O Serial or Par­
allel Input and Output O 1.0 MHz Clock Rate O Low 
Power Dissipation (190 mW for the 20 bit register). 

Two types are now available - 20 bit Shift Register, 
Type 5551BM - 16 .bit Shift Register, Type 5552BM -
and the MEMA's great flexibility will be used for addi­
tional standard and custom circuits. 

So don't take our word that other packages are old hat. 
Find out for yourself. 

AMELCO SEMICONDUCTOR 
DIVISION OF TELEDYNE, INC. • 1300 TERRA BELLA AVENUE • MOUNTAIN VIEW, CALIFORNIA • Mail Address: P. 0 . Box 1030, 
Mou ntai n View, California • Phone: (415) 968·9241 / TWX: (4 15) 969 · 9112 I Telex : 34 ·841 6 • REGIONAL OFFICES : Southwest -
Suite 213, 8621 Bellanca Ave ., Los Angeles, Californ ia 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; 60 Broad Hollow Rd ., Mellville L. I. New York , (516) 692 -4070; P. 0 . Box 366, 
Kimberton, Pennsylvania , (215) 885·1755 • Northeast-805 High Street, Westwood , Massachusetts, (6 17) 326-6600 • Southeast-711 Magnolia Avenue , 
Orlando, Florida, (305) 423 ·5833 • Midwest-650 West Al gonquin Road , Des Plaines, Illinois, (312) 439-3250; 3020 Woodla rk Lane , St. Paul , Minnesota . 
(fil ?l fi4fi - 11 Fil • r.,,.n1ul.,._ n ..... i.. ; .. c- .. 1..... u ... -•-~-• n .. - L . - , ........... • • ....... 
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more carbon dioxide near the 
earth's surface than at high alti­
tudes , an infrared sensor detects 
more heat when it's pointed at the 
horizon than far above it. 

Hide the horizon. The ideal ap­
proach would be to look at the 
earth in the visible spectrum but 
often clouds make this impossible. 
Various other spectral bands have 
been tried-some with disastrous 
results. The second Orbiting Geo­
physical Observatory (OGO), for 
example, tried to find the horizon 
in the 8- to 20-micron band. Vi'hen 
its radiometer found some high­
altitude cold clouds-which emit in 
the 10-micron region-the space­
craft thought it was looking at 
outer space and went out of con­
trol. The third OGO was modified 
to look at the horizon in the 12- to 
22-micron band and that worked 
for a while. Other problems, how­
ever, made that test short-lived. 

The research program proceeded 
on many fronts but some of the 
best data backing up the C02 band 
came from three sounding rocket 
experiments-two by the Air Force 
at White Sands Missile Range, 
N.M., and the first of NASA's two 
planned Project Scanner flights 
from Wallops Island, Va. , Aug. 16. 
NASA plans its second flight at 
Wallops Island in November, and 
the Air Force has a program call­
ing for another flight at White 
Sands and three at Fort Churchill , 
Canada. Augmenting this program 
are flights of the X-15 rocket re­
search craft, which is equipped 
with a far-infrared radiometer. 

Still a more ambitious attack on 
this problem is under study by 

1 ASA and the Scanner's prime 
contractor, Honeywell, Inc., of Min­
neapolis. The company received a 
$230,000 contract from NASA in 
March to determine fi rst what ad­
ditional data is needed and second 
whether more sophisticated tech­
niques are feasible. The first phase 
could lead to orbiting experiments 
as part of the manned Saturn/ 
Apollo applications program of a 
special-purpose unmanned space­
craft just for t11at purpose or 
"piggy-back" experiments on such 
spacecraft as the Orbiting Astro­
nomical Observatory. 

How sharp? For the moment, 
however, NASA's only approved 
program involves ballistic flights 
on sounding rockets. Jules Kanter, 
who runs the program in the elec­
tronics and control division of the 
agency's Office of Advanced Re­
search & Technology, says the big­
gest ques tion remaining is how 
good is the resolution. At bes t, 
presen t spacecraft systems give at­
titude reference to within about 1° 
of the vertical axis. An infrared 
radiometer looking through the 14-
to 16-micron band detects a sud­
den drop of radiated heat between 
15 and 30 miles. NASA hopes this 
can be translated into a vertical 
accuracy of 0.02°. 

The November Scanner flight 
will gather data when the atmos­
phere in the Northern Hemisphere 
is coldest. August is the warmes t 
month and if the temperature pro­
files are the same during both No­
vember and August, project offi­
cials will have at least a partial 
answer to the problem. 

All the hardware, except the ra-

Project Scanner payload designed to gather informat ion on the 
earth's horizon to orient future satellites more precisely. 
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diometer, for the November flight 
is at NASA's Langley Research 
Center, Va., which operates the 
$4.5-million project. The radiom­
eter is being tes ted at the Santa 
Barbara, Calif., research center of 
th e Hughes Aircraft Co., using in­
frared sensors supplied by the 
Barnes Engineering Co. Honeywell 
will integrate the equipment in ad­
dition to furnishing the spacecraft 
under its $2.2-million prime con­
tract. 

Water-vapor test. During the 
13.5-minute flight from ·wallops Is­
land last month, a Trailblazer-2 
vehicle rocketed the Scanner pay­
load to an altitude of 380 miles . 
Data was telemetered in two wave­
length bands: 14 to 16 microns and 
the 20- to 40-micron band that re­
flects hea t radiated by water vapor. 
The guidance sys tem on the spin­
ning spacecraft used a telescope 
with an infrared sensor to measure 
returned heat energy and control a 
cold gas jet attitude-control system 
that kept the payload stabilized to 
within 2° of the vertical. 

Still ano ther flight is possible 
after November since Honeywell 
is under contract to deliver a third 
spacecraft in case the next one 
doesn't work. This craft could be 
flown next August to provide more 
data points on temperature proB.les 
and confirm the findings of last 
month's shot. 

Manufacturing 

Plastic bandwagon 
Plastic packages have been such a 
success for transistors that inte­
grated ci rcuits are speeding clown 
the same road-even though there 
seems to be serious doubt as to 
whether the plastic package will ""'-­
satisfy as many IC cus tomers. The 
bigges t ques tion is reliability; there 
isn't enough data available. You 
can also get an argument as to 
whether plastic will save much 
money in the long run. 

Still, every manufacturer of IC's 
-including the skeptics-is putting 
at leas t part of his line into plastic 
packages. They reason that the 
plastic transistor's feat of wiping 
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Up to 72% smaller than MIL-C-25C paper capacitors I 

MIL·C-199788/2 reduces capacitor size drastically­
down to .125". diameter by ~,, long. At the same time 
electrical characteristics are upgraded sharply. 

MIL-C-199788/2 hermetically sealed mylar* capacitors 
are available now from TRW with immediate delivery 
in production quantities. 

• REDUCED SIZE-35% to 72% smaller than MI L· C·25C. 

• VOLTAGE CHOICE-30V, 50V, 100V, 200V, 600V, 1000V. 

• CAPACITANCE CHOICE-.001 mfd through 10.0 mfd . 

•TOLERANCE CHOICE-±10%, ±5%, ±2%, ±1 %. 

For full information contact: TRW Capacitors, 112 W. First St., 
Ogallala, Nebraska. Phone: 308-284-3611 • TWX : 910-620-032 1 

iJl T hese capac itors-when designated TRW Type 693-are available to high reliability specifications, and in 
custo m capacitances and tolerances beyond the range of MI L-C-199788/2. ' Du Pont r egis tered trademark 

TRW CAPACITORS 
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11 9 years ago 
we had a great 

idea that put us 
in the high-rel 
relay business. 

It's still a great 
idea, and now 

we've put it 
in a one-inch 

package! JJ 

Wedge-action• was the great idea . By com~ 
bining long precious-metal contact wipe with 
high contact force , it gives Electro-Tee relays 
the highest dry-circuit confidence level ever 
reached. (90'/o, based on a failure rate of only 
,001'/• in 10,000 operations .) 

Packing wedge-action into a one-inch enve· 
lope wasn't easy. But it was worth it. It gives 
you maximum reliability in minimum space. 
And it's available for both 6PDT and 4PDT 
operations , in relays that exceed all require• 
ments of MIL-R-5757/1 and /7. 

The one-inch relay is just one of our family 
of wedge-action relays , which cover almost 
every dry-circuit to 2 amp application. When 
you need a high-rel relay that really works, 
remember our great idea, and put it to work 
for you. 
•u. S. Patent No. 2,866,046 and others pending. 

~ 
Electro.Jee corn. 
S LIP RINGS • RELAYS• SWITCHES • OPTICS 

P.O. Box 667 • Ormond Beach, Florida 
(904) 677-1771 • TWX 810-857-0305 

Manufacturing Facilities: 
Ormond Beach, Fla. • Blacksburg, Va, 
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out the Japanese cost advantage 
overnight was so spectacular that 
they have to gamble on a repeat 
performance with IC's. 

Motorola, Inc. , Texas Instru­
ments Incorporated and the Sig­
netics Corp. , a division of the 
Corning Glass Works , are betting 
that plastics will be a big success. 
The Microelectronics division of 
the Philco Corp. is also heavily 
committed to plastic packaging. 
Philco's Eastern operation, in Lans­
dale, Pa., will use the transfer 
method of production. The General 
Elec tric Co. , which developed one 
transfer method for transistors , will 
also use it for IC's ; but GE does 
not seem to be as ready as the 
other four companies to make such 
sweeping claims. 

On the other hand, the Semicon­
du ctor division of the Fairchild 
Camera & Instrument Corp. and 
the Radio Corp. of America are 
sticking to relatively primitive and 
in expensive injection techniques. 

Heat and humidity. The method 
of encapsulation is a matter of 
choice. Reliability almost seems 
to be a matter of opinion; everyone 
has fi gures to support his stand, 
and everyone's figures are diff Prent. 

"I think you can meet military 
specifications," says Steve Levy, 
integra ted circuit marketing man­
ager for Motorola. And Tl's George 
Berryman said in a paper presented 
at \Vescon that two million hours 
of testing on transistors indicates 
that plastic packages can meet mili­
tary specifications and are as re­
liable as their counterparts in metal 
cans. 

:\fost data on reliability has come 
from transistor tes ts. Signetics, 
however, has deliberately made 
IC's with cavities in the plastic, 
th en exposed th em in a helium 
atmosphere and found that the 
leak rate was less than the 10-s 
centimeters per second accepted as 
a hermetic standard. It has also 
tested some devices in a pressure 
cooker for 30 to 40 clays b efore 
they broke down. 

Says marketing manager George 
Didinger, "One large military cus­
tomer has even suggested that we 
quit using glass." Signetics won't 
do that just yet, though by next 
year it expects plastic IC shipments 

to outstrip glass, because "not all 
our military customers feel that 
way. Most of them just don't be­
lieve that plastic is hermetic." 

Levy says plastic packages will 
also dominate Motorola's ship­
ments. The 23 devices, both diode 
transistor logic and resistor tran­
sistor logic, on which Motorola an­
nounced price reductions at \Ves­
con , are rated from only 0° to 75° C, 
however, which is not up to mili­
tary standards. Philco says it has 
tes ted devices at 125° C. 

Skeptics. Ben Jacoby, IC market­
ing manager for RCA, says the cost 
advantages of up to 90% that some 
manufacturers are claiming may 
not hold up. RCA will soon intro­
duce an all-ceramic dual in-line 
package with a welded seal that is 
at most 25% more expensive than 
plas tic. "There's a real race to b e 
run yet," Jacoby feels. The her­
metically sealed ceramic package, 
he says, has not yet gone through 
a rigid cost-reduction program. 

Fairchild's marketing boss, Don 
Valentine, says, "\Ve will offer a 
ceramic, hermetically sealed dual 
in-line pack with both DTL and 
RTL for the same or better cost 
than anybody using molded epoxy." 
Fairchild expects to eliminate the 
expensive lead frame and 50% of 
the ceramic by taking the flip-chip 
approach. "That way we'll still 
have hcrmeticity, and we don't see 
plastics as being a penny cheaper," 
adds Valentine. 

Advanced technology 

Power from plasma 
One of the problems plaguing 
spacecraft designers has been the 
plasma that's created when the 
craft reenters the atmosphere. A 
Sandia Corp. researcher now pro­
poses to put the plasma to work 
by using it to generate currcnt­
and without adding weight or com­
plex components. The plan is to 
separate the forward section of the 
nose cone from the rear section 
with an insulator connected to a 
conductor. 

Hot spot. \\Then a nose cone re-
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enters the atmosphere at hyper­
sonic velocities, the heat caused by 
fr iction ionizes the atmosphere. 
Around the front of the craft the 
cone emits a stream of electrons 
that flow through the surrounding 
ionized gases, or plasma, toward 
the rear of the vehicle. The rear 
section of the nose cone is cooler 
and collects some of the free elec­
trons; hence the entire rear of the 
craft is negatively charged. The 
potential between the two sectrons 
causes a current flow. Current 
could be stored in either batteries 
or capacitors. 

Continuous current would be 
generated as long as plasma is be­
ing created. The amount of power 
generated would depend on the 
nose cone's materials, size and 
shape, and the speed and tempera­
tures reached during reentry. 

The inventor of the generator, 
Keneel J. Touryan , supervisor of 
reentry studies at the Sandia 
laboratory in Albuquerque, N. M., 
says that a maximum of 2,000 watts 
could be generated continuously 
during reentry with a 3-foot-diam­
ater nose cone. 

Electronics notes 

• Another IC radio. The Philco 
Corp. is the second company to 
announce a home radio receiver 
using integrated circuits. Its debut 
is set for October, about the same 
time as the General Electric Co.'s 
clock radio [Electronics , July 11, p. 
40]. All the active circuits in 
Philco's a-m table model will be 
in two silicon flip chips soldered 
onto a 1- by 0.6-inch carrier board. 

• High field. A superconducting 
solenoid generating 103,590 gauss 
in a two-inch bore is believed to be 
the highes t field attained in a work 
area of that size. The solenoid was 
built by Magnion, Inc., of Burling­
ton, Mass. Although it requires a 
liquid-helium environment, the de­
vice operates from a battery-in 
contrast to conventional magnets 
which require, for example, 50 kilo­
watts input and 10 tons of metal 
to produce 40,000 watts. The Mag­
nion coil, made of niobium tin rib­
bon, has an outside diameter of 
5.2 inches, and an active winding 
length of only 5.5 inches. 
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Field-proven hp 65/A Test Oscillator 
Accurate test signals, 10 Hz (cps) to 10 MHz (me) 
Typically 10 ppm short-term stability 
Long-term frequency stability ±0.02%, amplitude stability :tO.l % 
1 % accurate 90 db output attenuator 
50·, 600-ohm output impedances (optional 75!1) 

Use it for: 
Response testing, narrow- or wide-band 
Test signal source with low distortion in presence of shock, 

vibration or hf radiation 
Measuring filter transmission characteristics, tuned 

circuit response 
Telephone carrier measurements 
Bridge measurements 
Video amplifier tests 
Voltmeter calibration 
Amplifier loop gain plots 
Receiver alignment 
Network gain/loss measurements 

Here's a high-performance solid-state 
source of low-distortion test signals for 
a wide variety of uses. Performance­
proved in the field. Wide frequency 
range, continuously variable across six 
bands. Low hum and noise. Voltmeter 
output monitor calibrated in v and db, 
highly accurate output attenuator with 
output isolation achieved through power 
amplifier. Price: On ly $590. 

Ask your hp field engineer for a dem· 
onstration of this basic measuring instru· 
men!. Or write for complete information 
to Hewlett-Packard, Pa lo Alto, California 
94304, Tel. (415) 326-7000; Europe: 54 
Route des Acac ias, Geneva. 

HEWLETT 

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

·PACKARD 
An extra measure of quality 

905 

L_.,.__.....,. ______ ·----~----~----

Circle 41 on reader service card 41 



3M Brand Inert Fluorochemical 
Liquids cut component failure 
rates drastically by removing 
heat faster. 

•••••••• Po wer inp u t ·········~~ 

42 Circle 42 on reader service card 

PRACTICALL y EVERYTHING we can say 

about 3M Fluorochemical Inert Liquids 

adds up to one thing for the designer and 

engineer: INCREASED RELIAB ILITY. 

Why? Because componen t failure 

rates increase sharply as component 

temperatures increase. Efficient heat 

removal lowers the temperature 

and increases reliability. 

3M Inert Liquids are far more efficient 

at removing heat than air or other 

conventional dielectric coolants. 

Results: LOWER COMPONENT 

TEMPERATURES, LOWER FAILURE 

RATES, HIGHER RELIABILITY. 

FOR THE FULL STORY: chemical inertness, 

non-flammability, high temperature 

stability, compatibility, high electric 

strength, low dissipation factors, write: 

3M Company, Dept. KAX-96, 

St. Paul, Minn. 55119. 

Chemical Division 3m 
Circle 43 on reader service card-+ 
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Make sure Honey­
well's revolution­
ary new Auto­
Torque mechanism 
is inside. It's the 
first substantial 
improvement in 
meter technology 

in ages - a new kind of band-type 
meter - first to be machine manu­
factured. Auto-Torque is more reliable 
(since there are 50 3 
fewer parts, you can 
practically wave 

good-bye to service prob- .. ~1,,,,,,,,,'f.,,,,, ,, jewel meters). Auto-Torque 
!ems). Auto-Torque is • ») ··"" ''·1,,,,,,,, ~~ I: is under the hood of the world's 
more durable (since the " smartest-looking meters. And there 
moving system is suspended it--~!Mll:!""---1!, ~:are plenty of styles to choose from. 
on metal bands under ten- ,.. In fact, Auto-Torque meters come 
sion, there's no friction and to you in the widest selection of 
wear). Auto-Torque is · band-type meters available today .. . 
more accurate (since the mechanism is FormoreinformationonAuto-Torque, 
self-shielded, it can be mounted on any write to Honeywell Precision Meter 
panel without special calibration - Division in Manchester, N. H. 03105. 
without worrying about "sticks", either). 

Auto-Torque is more economical 
(quantity-order prices for volume buy­
ers are below comparable pivot and 

. Beforeyou 
pick out a new meter, 

Honeywell 
Auto-Torque Meters 

better look under the hood. 





Pioneering? 

Our switches 
have already been 
to the moon, 
to Mars ... 
and then some 
What we have learned about reliability in space age switching 
-and what we are learning today-should be helpful to you. 

We've made important contributi ons in nearly all of the 
aerospace projects-Apol lo. Mariner. Ranger. Surveyor. 
to name a few. 

And, we've gone beyond. In our laboratories we are 
solving problems presented by future projects-sophisticated 
problems involving swi tch miniaturization. metallurgy, plastics. 
circui try, human engineering, and many more. 

Our quality assurance procedures and manufacturing 
experience and fa cilities are playing important roles in the 
Zero- Defects program. 

Whatever industry you are in. you can benefit from this 
advanced capabili ty by calling a M ICRO SWITCH Field 
Engineer. He can also show you the largest selection of 
switches in the universe. 

Call a Branch Office (see Yellow Pages. " Switches. 
Electric") or wri te us at Freeport. 

MICRO SWITCH 
FREEPORT, ILLINOIS 61032 

A DIVISION OF HONEYWELL 

HONEYWELL INTERNATIONAL• Sales and service offices in all principal cities of the world. 

Manufacturing in Un ited States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 
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Stress Analyzed 
Design Maximizes 

Foil Strain Gage 
Performance 

measuring transducers. Now, 
transducer quality toil strain gages 

are available for all stress 
measuring applications. 

The enlarged photograph shows 
the pertinent design features that 

separate this gage from its 
predecessors . No other gages, 

commercially available tor stress 
analysis, provide all of the 

Longer Life, Improved Accuracy 
and Ease of Handling head list of 

New SR-4® Foil Gage Advantages 

BLH Electronics announces a new 
line of Stress Analyzed Foil Strain 

Gages. These new gages are the 
result of demands tor precision toil 

strain gages that stand up under 
the rigors of dynamic forces such as 

encountered in rocket testing. 

Heretofore, the use of foil gages 
of this quality has been restricted to 

precision force, pressure and torque 

advantages shown. 

Write for complete product and 
technical information . 

BLH ELECTRONICS, a division of 
Baldwin-Lima-Hamilton, Waltham, 

Mass. Plants in Waltham, Mass., 
Pasadena, Calif . and Darmstadt 

West Germany. ' 

BALDWIN · LIMA· HAMILTON 
A subsidiary of Armour and Company 

Stra in Gages • Temperature Sensors • Load Cells • Pressure Cells • Torque Pickups • Recorders • Instrumentation • Integrated Systems ELECTRONtCS 
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What takes the guesswork 
out of Ed Brzana's job? 

-i Hallicrafters takes deserved pride in its blue-ribbon reputation. 
That's why they class Instrument Calibration and Control Services Lab 
Manager Ed Brzana as a VIP. In an average week, Ed supervises 
certification of 460 instruments, making sure they hew to stringent 
accuracy specifications. On his schedule, he has no time to debate 
questionable r-f power readings. 

To dispense with guesswork, Ed relies on a Sierra Model 290C RF 
Power Calorimeter. Hallicrafters' ability to measure r-f power from 

"7 DC to 10 Ge within a 1 % limit of error has established the 290C as 
the company's standard for both military and commercial product 

-...> lines. In a typical day, QC engineers use the 290C to calibrate r-f watt­
,. meters for working standards, run incoming acceptance tests on 

Carcinotron tubes, and perform acceptance tests for the military on 
-" Hallicrafters-built ALT 13, 15, and 16 jammers. 

Many delivered products now receive acceptance checks on a 
290C. Maybe some of yours! At today's high cost of r-f generation, 

.., you can't afford either to fall short of specs or give away excess power. 
For further information, write to Sierra/Philco, 3885 Bohannon Drive, 
Menlo Park, California 94025. 

. •• • 

This r-f power standard 
from Sierra 

SIERRA ELECTRON IC DIV. 
OF 

PHILCO 
A SUBSIDIARY OF £:-yf4:tor?:lom/1a 77Jf> 

Circle 47 on reader service card 



48 

SURPRISE PACKAGE * 
from HONEYWELL 

the greatest price/performance 
combination in the entire 
magnetic tape system field­
Honeywell 7600 Series! 
*The first tape systems to offer a total modular concept. 
the brilliantly designed Honeywell 7600 Series is going 
to change a lot of people's ideas about tape hardware! 
Incorporated in the versat ile new 7600 Series are the 
following features : 
• Choice of Direct Response Electronics: Wideband to 
1.6 MHz; Medium Band to 700 KHz • FM Response to 
80 KHz • Extensive use of Integrated Circuitry • 7-
speed Automatica lly Switched Electroni cs • N RZ Digital 
to 1000 BPI • Extremely low Flutter. Skew. and Time 
Displacement Error • Choice of Wideband Phase Lock 
or Velocity Tone Servo Systems • Balanced Tens ion 

Front-access universal housings assure 
unmatched flexibility; accept plug-in 

Tape Drive • Seven Speeds from 1 Ye to 120 ips, com­
pletely bidirectional • 1 OW' or 1 5" Reel Capab ility 
You can see a Honeywell 7600 Series system now! 
Call your Honeywell Sales Office for a demonstrati on of 
this remarkable new instrument - they've got one. and 
they' ll be glad to put it through its paces for you. De­
livery? The 7600 Series is in full production and you r 
Honeywell Sales Engin eer can give you up-to-the­
minute delivery information. Price? Regardless of the 
7600 package you specify, we assu re you it wi ll be 
much less than you expect. Don't waste a day- call 
Honeywell now! 

--

circuit cards for Digital. FM. or Direct • -

Total modular concept means you can 
buy the 7600 system you need now; 
expand it easily with options to meet 
future requirements. 

Advanced transport system features bal­
anced tension direct drive. It eliminates 
belts. pulleys. gears. and ptnchrollers 
and only the tape heads make contact ~ 

with the oxide side of the tape. 
means components are completely in. '!-- -
dependent for optimum flexibility, 

HONEY WELL IS WORLDWIDE• Sales and service orfices in all principal cities of the world. Manufacturing in Brazil, Canada. France, Germany. Japan . Mexico. Netherlands. United Kingdom. United States. 

Electronics I September 5, 1966 
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Mail This Coupon Today for Full 
Information on the New 7600 I 

Bill Wallace 
Mail Station 432 
Honeywell, Test Instruments Div. 
Denver, Colorado 80217 
Please rush li tera ture on the new 7600 
Tape System to: 

Name ___________ _ 

Company __________ _ 

Address __________ _ 

City ____________ _ 

State _______ ~ip, ___ _ 

DATA HANDLING SYSTEMS 

Honeywell 
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More Switching Capacity at Lower Cost ... • 

for Millions of Operations CLARE 
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Plug into wired chassis or 
printed circuit board 

Mount directly 
on printed circuit 

Type LBP Relay sockets offer choice 
of two terminal styles; elongated· 
tiole solder type terminals for wired 
assemblies (shown in photo) or tab 
terminals (insert) for PCB mount­
ing. Maximum height for plug-in 
wired assembly mounting, 1% 
inches; for PCB mounting, 1% 
inches. Relay shown actual size. 

Type LB Relay has tinned nickel silver terminals for direct 
PCB mounting. Volume : 1.33 cubic inches. Maximum 
mounted height, 1.24 illChes. Relay shown actual size. 

CONTACTS: Forms A, B, C or D. Up to 6 forms 
per relay 

CONTACT LI FE: Mech.: 100.000.000 operations 

Resistive Power Load (at 25°C) : 
Current Voltage Life Contact 

(amperes) (operations) Form 
1.0 28 vdc 10,000,000 c 
2.0 28 vdc 100,000 c 

.25 11 5 vac, 60 cps 50,000,000 c 
Low Level Load (at 25°C): 

Current Voltage Life Contact 
(operations) Form 

10 ,.a 10 mv 250,000 c 
(closed (open 
circuit) circuit) 

(maximum contact resistance-100 ohms) 

COILS 
Nominal 

Operating Resistance 
voltage 

Single wound 5 to 100 vdc 
coils nominal 

Double wound 4to75vdc 
coils (each nominal 

coil) 

DIELECTRIC STRENGTH 
500 vac rms, 60 cps 
1 000 vac as special 

INSULATION RESISTANCE 
500 K Megohms min. 

SHOCK 

=10% @ 25)C 
20to 

6550 ohms 

10/ 10 to 
3275/ 3275 

ohms 

OPERATING: 15g's 11 ms% sine wave, 10 usec 
max. contact chatter 

VIBRATION 
OPERATING: 10g's 5-2000 cps, 10 us max. con­
tact chatter 

Electronics I September 5, 1966 

SENSITIVITY: Approximately 350 milliwatts-6 Form C or 
4C2D contacts. 

TYPICAL OPERATE, RELEASE AND BOUNCE TIME 

35 Contact Bounce 

~ 30 3;;; 
Normally open at operate 

z Cl 1.0 ms z 0 0 Normally closed at release l;l 25 u ... 3.0 ms "' "' :::; 
23 ::! 20 Notes 

~ !. 1. All values are typical 
~ 15 ... 2. Switched battery volt-~ j: j: age source 
~ 10 1 ... 

3. Coils not arc suppressed "' GI: C[ ... ... ... 4. Contact bounce not in-A. 5 ... 
0 GI: eluded in operate and 

release times. 
1.5 2 2.5 3 3.5 

MULTIPLE OF MUST OPERATE VOLTAGE 

NOTE - These specifications are 
condensed. For complete technical 
data see Data Sheet 552. 

Address: 
Group 09N5 

C. P . CLARE & CO. 
3101 Pratt Boulevard 

Chicago, Illinois 
60645 

relays and related conuo/ components 
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Motorola "< 

.... 830-Series _ I 

MDTL 
Integrated Circuits 
in PLASTIC! 

~ 
-~~~r-· 

J ~ J 

'' 

ACTUAL SIZE 

Here's the popular 830-
series DTL integrated cir­
cuit complement in plastic 

packages at prices from 30 
to 60% lower than what you 
have been paying for metal! 

Offering the same wide 
.__ _______ ___.range of circuit functions 

as previous metal and flat-packaged types, Motor­

ola's new MC830P series, for operation from 0 to 
+75 °C, provides an unusual opportunity for 

reducing production costs. 

For example, the Motorola-designed Unibloc* 
plastic package, with dual in-line pin arrangement, 
offers great advantage for use in production 
.assembly with automatic insertion equipment. 

("Unibloc" is Motorola's trade name for its solid, single4 

piece pressure-molded package that offers unusual physical 
strength for internal leads and connections, plus improved 
heat transfer characteristics.) 

Here are the new MOTL* circuit prices: 

Circuit Function Pricet (100-999) 

MC830P Dual 4-lnput Gate $2.70 
MC831P Clocked Flip-Flop 3.25 
MC832P Dual Buffer 3.00 
MC833P Dual Expander 2.40 
MC844P Dual Power Gate 3.00 
MC845P Clocked Flip-Flop 3.25 
MC846P Quad 2-lnput Gate 3.25 
MC848P Clocked Flip-Flop 3.25 
MC862P Triple 3-lnput Gate 3.00 

tSee your Motorola representative for even more sub­
stantial savings in larger quantities. 

For complete details write to: Motorola Semiconductor 
Products Inc. , Dept. TIC, Box 955, Phoenix, Arizona 85001. 

.,,._ 

~ 

" 

-

°' Trademark of Motorola Inc. ).. -

MOTOROLA 
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Problem: 

Get 
faster, 
more 
efficient 

" d . " " rea 10 

of data. 

FIBER OPTICS: Sense marks on papers 

Solution from 
American Optical: 

Fast, 
quiet, 
reliable 
fiber-optic 
readers'' for 
data processing. 

. ' 
FIBER OPTICS: Sense holes in tapes 

FLEXIBLE--=c===:o---......__ ..... 
FIBER­
OPTIC 
BUNDLE 

PHOTOTRANSISTORS- CLAD ROD ASSEMBLY 

,... 

~ 

~ 

f--

.,.. 

--

'l 

TO~REED RELAYS +-

El ec tro -opti ca l systems incorporating fiber opti cs are 
opera t ing at up to fo ur t imes the speed of elec tro­
mechanica l systems. When a combination of fiber optics, 
phototransistors, and reed relays is used, reading of 
basic data is not co ntro ll ed by mechanical limi tations. 
Th e use of fibe r optics all ows wide design freedom to 
increase system operating speed. 

In addition, electro-optical devices provide inherently 
q uieter operation . And the need for continual replace­
ment of expensive electromechanical components is 
elim inated. The use of fiber-optic devices isolates heat 
and eliminates friction , the major causes of wear and 
failure. In most applications, both initial cost and use 
cost can be reduced by design simplicity. 

FIBER OPTICS: Sense holes in cards 

.. ' 
I I . ' 

11 I 

111 I 

JI ,. 
I I 

' 

.. 
... 

__ ,.. 
PHOTO- l 

CLAD ROQ.. ASSEMBLY TRANSISTORS; 

Amer ica n Opti ca l know -how makes such design sim ­
plicity possib le. AO pi oneered f iber opti cs and today 
produces the most widely used sensi ng devices. Th is 
accumu lated prac tica l desig n and applica tion experi­
ence, along wi th research and product ion capabili ty, is 
readily avai lable to yo u. 

Contac t A O now and lessen the time and expense of 
getting from exploration to application . Sorters and 
collators, verifiers and key-punch equipment, printers 
and readers, teletypes-most any data processing eq uip­
ment-can benefit from these American Optical fiber­
optic devices. Write American Optical Company, Fiber 
Optics Department, Southbridge, Massachusetts 01550. 
Or call 617-764-3211. 

NEW FROM .. AMERICAN OPTICAL COMPANY 
® SPACE-DEFENSE DIVISION-SOUTHBRIDGE, MASSACHUSETTS 
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Sylvania 's satellite communication terminal is one of the most mob ile ground stations ever built. Weighing only two tons , it is readily transported by truck 
or helicopter. Three men can set it up in less than an hour. When used with Syncom Il l , this termina l provides one duplex voice channel and 16 simulta­
neous teletype channels . 

CUSTOM DESIGNED FOR MOBILITY 
The power amplifier for the transmitter in the 
new Sylvania Comsat Ground Station is the 
air-cooled VA-881 - a specially designed 6.5 
kW Varian klystron . Since the VA-881 operates 
without a liqu id-to-air heat exchanger, it is 
lightweight and avo ids the maintenance prob­
lems of leakage, plugged lines, and spillage. 

Working hand-in-hand with America 's leading sat­
ellite ground terminal designers, Varian has devel­
oped another new family of CW klystrons. These 
tubes have now advanced the state-of-the-art to : 
tuning ranges approaching 10%; bandwidths ap­
proaching 1 %. 
When you need a state-of-the-art klystron , call on 

VARIAN AIR-COOLED 
KLYSTRON POWERS 

SYLVANIA'S NEW 
COMSAT TERMINAL 

Varian . Our scientists and engineers have the most 
thorough knowledge , capability , and technology in 
the entire microwave tube industry. Why not put 
this sk ill to work for you? 

Palo Alto Tube Division , 611 Hansen Way, Palo Alto , California 
94303. In Europe: Varian A. G., Zug, Switzerland. In Canada: 
Varian Associates of Canada, Ltd., Georgetown , Ontario. 

@varian 
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If you've suffered the friction, noise and wearout problems 
of brush encoders because optical encoders were out of 
your price range, suffer no more! Wayne-George an­
nounces a breakthrough in the price of optical encoders 
applicable to the low and intermediate resolution ranges. 
These new Wayne-George encoders offer resolution and 
accuracy to 10 binary digits per input shaft revolution in 
Natural Binary Code format or to 3 decimal digits per 
revolution in BCD Code format. The encoders feature 
self-contained, solid state electronics within a case diameter 
of 2.5 inches (smaller sizes coming soon). Operating life 
and MTBF exceed 30,000 hours. Prices? ... You are in 
for a surprise ! .. Call or Write: 

l 1 r~® WAYNE-GEORGE CORPORATION 
/ [3, CHRISTINA STREET, NEWTON, MASSACHUSETTS 02161 TEL. (617) 969-7300 

TWX 6 1 7 - 3 :J 2 - 7 6 3 7 
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Our ferrite division can make that many 
toroids in a month . In sizes as small as 
80 mils, with high temperature stability, 
inductance values within ± 5%, and in a 
wide range of ferrite materials to meet 
practically any pulsing speed. For exam­
ple: for microsecond switching we can 
offer our Ferramic® 0-5, 0-6, and T-1 
ferrites and for nanosecond switching 
there's our Ferramic Hand Q-1 materials. 

This materials capability plus our pro-

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

recording head ferrites, and multiaper­
ture devices. 

So whether you want 2 samples, an 
order of 10 million, or catalogs and tech­
nical literature, you can get immediate 
action- by writing Mr. Ken Talbot, Mana­
ger of Sales, Indiana General Corpora­
tion, Electronics Division/Ferrites, 
Keasbey, New Jersey. 

INDIANA GENERAL rf il 

Ten million pulse transformer cores 
is peanuts to Indiana General . 



CHOOSE ONE ur~SUREMENl REUUIREMENlS 
fOR 10UR OWN mL 

0 TYPE 453 
0 TYPE 422 

DC-6 MHz 
DC-15 MHz 

DC-50 MHz 10 mV/div to 
Bandwidth 

5 mV/div to 
1o mV/div to 20 V/div 

Deflection Factor 
20 V /div 

Single 10V/div 
Dual 

Dual No 

Tenronix 
Channels Yes 

Yes No 
Delay Une No 

Yes sx 
Sweep Delay 

1x 1Ys 
5~ 

Portable 
Height 10 

12;4 16 
Size Width 14 

Depth 
20;4 14 

22 
28~ AC ' 115 V or 230 V 

Weight (pounds) v r 230 V ± 10o/o ; ±1oy.; 45.soo Hz; 
AC ' 115 o 

oscilloscones 
AC: 96-131 V 45-440 Hz ; approx. 40 approx . 20 watts. 

power or 192-214 V; watts . oc: 11.5-35 V; or 1~ 
Requirements 45-440 Hz ; 5 V . approx. 23 x size D batteries' oc : 11 .5-3 ' ts Te\<.tron i 

approx 100 watts . watts ; acceP approx. 100 rnA 
24 V battery pack. ---

58 

Rack Mount 
Yes 

(7 " Rack Height) 

Ml 
Available 

Probes and . 
Yes 

Accessories 
Included 

$2050 
® 

TYPE 453 
TYPE 422 

A TEKTRONIX PORT ABLE will fit your specific requirements. 
Your Tektronix field engineer will be happy to demonstrate 
any of these oscilloscopes at your location . Just call him, 
or write Tektronix, Inc., P. 0. Box 500, Beaverton, Oregon 97005. 

Circle 58 on reader service card 

Yes No 

(1 " Rack Height) 
Yes 

Yes 

$1400 (AC Model) 
*$900 

/DC Model) ~ *$1150 (AC *without battenes 

TYPE 321A 

Tektronix, Inc. 
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A family of three perforators is 

,... just right when it satisfies about 
99 percent of the applications. interrogation during a punching 

.... And these Tally perforators do. cycle and before the tape is ad-
- .,. Easily the best known perfora- vanced to the next character. If 

tor on the market today is the an incorrect parity code is 

wonderfully reliable Tally 420 sensed, (1) tape advance is in-

which operates at 60 characters hibited, ( 2) the code in error is 

per second. Some of our cus- overpunched with an all-hole tape, low tape, tape motion sen-
... tomers have operated this per- delete code, ( 3) tape is ad- sors, and teletypesetter configu-
_..,, forator up to 500 million cycles vanced and the same character ration. 

without overhaul. punched again. Clean accurate Write for more wisdom. Com-

Fastest perforator in the family 
tapes are a virtual certainty. plete data on each and every 

is the Tally P-150, which, as you All Tally perforators accept pa- member of the Tally group of 
~ might guess, operates at 150 per, plastic, or foil tapes. They perforated tape equipment is 
_,,, characters per second. Round- feature asynchronous operation yours for the asking. For your 

... ing out the line is our popular so that punch commands can be information please address K . 

~ 

120 character per second perfo- accepted at any time interval up Crawford, Tally Corporation, 

rator, the P-120. to maximum speed. Tally per- 1310 Mercer Street, Seattle, 
... 

The Tally P-120 and P-150 
forators handle 5 through 8 Washington 98109. Phone: 

- ' offer a remarkable degree of 
channels on any standard tape (206) MA 4-0760. TWX: 

sophistication. With the parity 
up to 1 inch without modifica- (910) 444-2039. In the U.K. 

_; option they catch their own mis-
tion. Tally perforators have and Europe, address H. Uli-

takes while working at maxi-
high quality die blocks and pre- john, Tally Europe, Ltd., Rad-

mum speed. Here's how it 
cision honed punch pins indi- nor House, 1272 London Road 

' 
--.,.! works. Parity contacts in the 

vidually fitted for long life London, S. W. 16, England. 

perforating mechanism allow 
punching. All models offer in- Phone POLlards 9199. 

_,. 
tegral reeling. All Tally perfo-

> rators are available in 50/60 

-< Hz, 115/230 vac models. TALLY" 
- ... Options include bit echo verifi-

cation, remote backup, end of 
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familiar faces 
from the 

world's broadest 

line of 

indicating 

relays 

Model 705 Sensitrol-highly sensi· 
live; surface or flush mounted; 
single or double, fixed or adjustable 
contact; ranges as low as 0.5-0· 
0.5 µa. 

Model 1075 Photronic-operateswith · 
out physical contact; single or double 
adjustable set points; continuous 
reading beyond set point; taut band 
frictionless mechanism; solid state 
switching circuit; ranges from 10 µa. 

Model 813 Miniature-compact and 
lightweight; sensitive and Sensitrol 
(magnetic) contacts; single or double 
contact; ranges as low as 2-0-2 µa. 

Model 723 Sensitrol-sealed; shield· 
ed; internal reset; solder terminals; 
single or double magnetic contact; 
ranges as low as 1-0-1 µa. 

Model 1073 Mag Track-long scale; 
shielded; positive contact; combines 
Load Current Contact Aiding with 
magnetic attraction; self-contained 
reset; single or double adjustable 
contacts, ranges from 10 µa. 

Model 1092 Sensitrol-low cost; all 
purpose; magnetically shielded; wide 
range adjustability; ideal for use in 
engineering breadboard circuits. 

Model 1097 Ruggedized 3X" Relay 
-Load Current Contact Aiding type 
fully meets applicable portions of 
military ruggedized spec; sealed; long 
scale; shielded; solder terminals; 
single or double adjustable contacts. 

Model 1930/1940 Photronic-3){'' and 
4Yi" in either bakelite or plastic front; 
low cost; add-on power supply and 
solid state switching circuit; shielded; 
non-physical, adjustable contact. 

Weston Instruments, Inc.• Newark Division• Newark, N.J. 07114 

WESTON®prime source forprecision ... since 1888 
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Population 
Explosion 

Our Innovators in Switch Design have produced more 

than 200,000 different types. That's a lot of switches. 

200,000 different speciality switches are offered by Arrow-Hart. 
All quality. All types from electro-mechanical switches to solid 
state controls. Switches for use on tools, appliances, electronic 
gear, aerospace devices, ground support equipment, and all 
electrically-operated equ ipment. 
What does this mean? Simply, that whatever kind of switch you 
need, Arrow-Hart is the place to get it. Because if it 's not on 
hand, it can be created for you-and produced quickly, efficiently, 
and economically. 
Th is broad line of quality speciality switches and the specialists 
who can innovate creatively for you and your products . .. are two 
of many reasons why you buy better electrically at Arrow-Hart. 
Write today for data. The Arrow-Hart & Hegeman Electric Co. , 
103 Hawthorn Street, Hartford, Conn . 

JY BETTER ELECTRICALLY e BUY BETTFR Fl Fr.Tl=llr.LU IV A QllV oi::TTi::o i:: 1 i::rTr:iir 111 i v - '"'"v 
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Here's how DALE ~ 

Surge Arresters work: 

SURGE ARRESTERS 
stop damaging transients! 

Arc is initiated between top of spiral 
electrode (1 l and cylindrical elec­
trode (2); Coil (3) is energized. 
Magnetic field produced by the coil 
causes spark to rotate down tapered 
spiral electrode, lengthening it to 
breaking point (4) before excess 
current is drawn. 

62 

Dale Surge Arresters deliver complete 2-way protec­
tion against transient over-voltages from any source. 

l. Patented ·:· design bypasses repeated surge 
voltages without damage to arrester or equipment 
attached. Pre-ionized atmosphere can be used to 
establish constant breakdown voltage level. 

2. Surge-created arc is extinguished rapidly once 
normal voltages have been reached. This helps elimi­
nate costly circuit interruptions caused when ordinary 
spark gaps draw excessive current which blows fuses 
and opens circuit breakers. 

Check the areas where your circuits can utilize this 
complete transient voltage protection. Dale maintains 
complete transient voltage laboratory facilities to 
assist you with application engineering. 

*Covered by U.S. Patent No. 2,916,667 

For complete information write for new 

TWO TYPES AVAILABL E 

LAS Dustproof case. Will bypass 10 
current surges rising to 15,000 amps 
peak in 5 microseconds and containing 
total charge of 21 coulombs with no 
damage to arrester or equipment at­
tached and less than 20% change in 
original DC breakdown voltage. Spark 
gap arc-over voltage factory adjustable 
from 1500 to 4000 voe ::!: 20%. 

LA9 Hermetically sealed with soft 
solder. Will bypass approximately 100 
current surges of 300 amps peak with 
2 x 4 millisecond wave shape with no 
damage to arrester and equipment at­
tached and less than 20% change in 
original DC breakdown voltage. Factory 
adjustable from 500 to 5000 voe ::!: 
20%. (10% tolerance available). Bypass 
capability derates below 1500 volts. 

Both LAB and LA9 have insulation resist­
ance in excess of 1000 megohms and 
will not drop below 10 megohms during 
or after rated number of current surges. 

catalog on surge and Aircraft Lightning~ DALE ELECTRONICS, INC. _., .. •'"'""'""'• 
Arresters or call DALE: 605-665-7887 DAl./1® SIOUX DIVISION GD 

100 Douglas Avenue, Yankton, South Dakota ~ •• ,~"'"'""'<>-

Circle 62 on reader service card Electron ics I September 5, 1966 

,_ 

,..-

r 

y-

< 



- ? 

--, 

Ship electronics: 

new emphasis 

on reliability 

Congress cuts funds 

for Navy F-111 B 

Taylor expected 

to be named head 

of ARPA division 

Washington Newsletter 

September 5, 1966 

A combination of microelectronics, adaptive switching techniques and; 
redundancy promises more reliability for the electronic equipment used 
on military ships. The Navy expects to put 85% of shipboard communi­
cations gear and 15% of radar equipment in the same category as other 
vessel subsystems, which have a mean-time-between-failure rate of two 
years. Planners are hinting at a big purchase of the new equipment 
within a couple of years for ships; designers of aircraft and tactical 
ground electronics also are showing interest. 

The forecasts are based on work done for the Office of Naval Re­
search by Motorola, Inc., and the Westinghouse Electric Corp., under 
contracts totaling over $600,000. Max Yoder, project manager of the 
study, said the Navy put the companies' transceivers through 7,000 hours 
of tests before the study was concluded and is extrapolating from these 
results a mean-time-between-failure rate for other equipment of 18,000 
hours. 

The budget for the Navy's controversial F-lllB interceptor took a drub­
bing in the final version of the 1967 defense appropriation bill that has 
cleared a joint Senate-House conference committee. Work on the Navy 
version of the all-purpose aircraft was reduced to the research-and­
development level plus only $7.8 million for advance parts procurement. 

But the bill, which now goes to a vote in both houses, where adoption 
is probable, preserves electronics R&D on the Navy plane. 

Work on the Phoenix missile's fire-control system was given a specific 
go-ahead. The Hughes Aircraft Co. is _prime contractor on the Phoenix; 
the Control Data Corp. and Univac division of the Sperry Rand Corp. 
are principal subcontractors. 

Last month the House, in its original version of the bill, authorized 
the Navy to spend $159 million on its F-lllB. The Navy had planned 
to put about $88 million of this into R&D and $71 million into advance 
parts procurement for an eventual prototype. 

But when the bill got to the Senate, Sen. John L. McClellan (D., Ark.) 
tacked on amendments permitting R&D but prohibiting parts procure­
ment and preventing the Pentagon from spending any of its nearly $400 
million "discretionary funds" for procurement. The conference accepted 
all but $7.8 million of the cutback. 

Robert Taylor is expected to take over as director of information proces­
sing for the Defense Department's Advanced Research Projects Agency 
{ARP A). The information processing section is the focal point of the 
Pentagon's decisions on investments in new directions for computer 
technology. Taylor has been deputy to Ivan E. Sutherland, who left 
the agency this month for a Harvard University appointment as associ­
ate professor of electrical engineering. Sutherland will also continue 
research work in computer-aided graphics and design. His sketchpad 
project was one of the first in the field. 

It is also reported that Lawrence G. Roberts of the Massachusetts 
Institute of Technology's Lincoln Laboratory will move to Washington 
as chief scientist for Taylor. 
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Can't understand 

metric system, so 

Smith votes it down 

Electronics industry 

weJcomes ease 
in copper squeeze 

Justice Department 

opposes copyright 

charge to CATV 

Project no hole 

64 

Washington Newsletter 

Lame duck Rep. Howard W. Smith (D., Va.) for the second time in 
two years has killed a proposed study of United States adoption of the 
metric system-essentially because, he says, he doesn't understand it. 
Smith, defeated in the Virginia Democratic primary this year after 35 
years in Congress, is chairman of the House Rules Committee, with­
out whose approval bills seldom get to the House floor. Smith first 
deferred action last Sept. 9 on a study proposed by the chairman of 
the House Science Committee, George W. Miller (D., Calif.). At that 
time, Smith said: "I don't understand it, so it can't be very important." 
Last week after a belated request by Miller, Smith gave it another 
hearing. But when Miller was unable to translate 10 yards of cheese­
cloth at IO cents a yard into metric units, Smith and the Rules Commit­
tee again turned thumbs down. 

Pressure of tight copper supplies is easing for electronics and other 
industrial users. Imports of foreign copper are rising steadily and prices 
are close to domestic levels. Three factors contributed to the improved 
situation: a drop in demand by big foreign users, a switch to aluminum 
and other metals by U.S. users and an increase in supply in world markets. 
Indications are that defense production set-asides-a quota of excess 
production capacity-will soon become stabilized. The quota was 
increased two weeks ago. 

The Justice Department, after some delay, has taken a strong stand 
against legislation that would subject community antenna television 
systems to copyright-law payments for programs they pluck off the air­
waves and distribute to clients. 

For some time the Administration has felt that forcing copyright pay­
ments on CA TV operators would put most of them out of business. Now 
the Justice Department has put this feeling into words at hearings before 
a Senate Judiciary subcommittee. The Johnson family has interests in 
both CATV and broadcast stations. 

Complicating the issue is a ruling in New York by a Federal judge 
that CA TV systems already are subject to copyright payments for pro­
grams they pick oif the air. That decision is being appealed. 

Project Mohole, the ambitious plan to drill through the ocean bed to 
sample the earth's mantle, was cancelled indefinitely by a combination 
of budget cutting, increased Congressional impatience with big, esoteric 
research projects and an ill-timed political contribution. The Senate 
last week yielded to House pressure to delete $19 million from the fiscal 
1967 budget for the $120-million long-term project. 

The House opposition had strengthened when it was disclosed that 
the principal contractor, Brown & Root, Inc., of Houston had contributed 
$24,000 to a Presidential political fund. The disclosure coincided approxi­
mately with President Johnson's appeal to save the project, providing 
House opponents of the project with leverage. The National Science 
Foundation, which manages the project, estimates that it has paid out 
or has obligated $36 million for the stable deep-sea drilling platform 
and elaborate control mechanisms and drilling technology. 
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Why specify 
Mallory wet slug 
tantalum capacitors? 
One reason: 
D lowest weight and smallest size per microfarad-volt 

• ..i, Check these character istics: 

-, 

_ ... 

Wet Slug Mal lory MTP Solid Mallory TAS 

37,200 

0 .0024 

Mfd -volts/in3 178,000 

Wt: grams/mfd ...-ol t 0 .00067 

COMPARE SIZES 

FOR 8 .8 Mfd. 50 VOLTS _j_ wet-slug FOR 100 Mfd. 30 VOLTS _L 
-----;:=~----: .115" ----~!!!!!!!!!!M!J1"'---:·225• 

-r j--.775"-I -,-

foil 

_L_ solid 
- ---"te!!!!!stlr---:·279" 

.650"-I -r 

_L 

Specify Mallory wet slug tantalum capacitors 
wherever you need lowest DC leakage, and proven 
freedom from catastrophic failure. Note: they 
don't need voltage derating. We'll help you by 
recommending the best type for your application. 

And we'll recommend without bias, because we 
make a complete line of wet slug, solid and foil 
types. Write or call Mallory Capacitor Company, 
a division of P. R. Mallory & Co. Inc., Indian­
apolis, Indiana 46206. 

MALLORY 
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What's 
so special 

about this 
Thermal 
Writing 

Recorder? 
Just about 
everything. 

This is CE C's new DG 5510 - the 
most advanced, versatile and re· 
liable direct-writing instrument 
yet perfected. 
The basic 5510 recorder is a solid-state, 
eight-channel, self-contained unit with 
driver amplifiers and power supply 
capable of accepting a broad selection 
of high-level signals. 

Specific advantages include ..• 
Electrical Signal Limiting assures that 
the stylus motor and writing assembly 
cannot be damaged by trans ient or 
other high-level signals which may 
occur. Each analog channel is provided 
with electrical signal limiting built into 
the driver amplifiers, adjustab le to 
115% of full-scale deflection . 

Varying ac and de signals, having a 
wide dynamic range, can be precisely 
conditioned by the proper choice of the 
Type 1-500 series preamplifiers avail­
able: the 1-510 Attenuator, 1-511 
Medium Gain, and 1-512 Medium-Low 
Gain Preamplifiers. 

Solid-state driver amplifiers provide 
compensation and damping to the stylus 
motors throughout the entire operating 
limits to assure constant instrument 
accuracy. 
A heated writing stylus traveling over 
a "knife edge" produces exceptionally 
sharp contrast rectilinear traces when 
used with CEC Data Trace ® thermal· 
sensitive paper. 
Accessibility and ease of maintenance 
are significant advantages of the 
recorder assembly. It comes with 
3-position rack sli"des and mounts into 
a standard 19" rack. 

66 Circle 66 on reader service card 

Applications include the military , aero­
space and industry in general. 
The complete DG 55 I 0 System consists 
of the following : 

One Type 5-510 Bas ic Recorder. 
One Type 1-051 Preamplifier 

Mounting Case. 
One Type 17-050 Mobile Console 

Cabinet. 
Eight Type J -500 Preamplifiers, 

(specify type desired). 

Features: 
l!I Solid-state electronics. 
I!] Designed for operator convenience. 
I!] Immediate readout. 
l!I Interchangeable plug-in 

preamplifiers. 

I!] Sensitivity - 25 mv to 500 volts 
full scale. 

I!] Rectilinear recording without ink. 
l!I Frequency response - de to 150 Hz. 
l!i Calibrated zero suppression ± I 00 

volts max. 
I!] Automatically adjusted trace 

contrast. 

r f 
' ' 

! 
, ___ _J 

BASIC RECORD ER 

l!I Twelve-speed pushbutton chart 
drive. 

I!] Modular design with built-in driver 
amplifiers and power supply. 

I!] Timing marker and pushbutton 
event marker integral to basic 
recorder. 

I!] Zero adjust integral to the basic 
recorder provides full-scale posit ion 
adjustment. 

Accessories: 
l!J Remote-control panel. 
I!] Interchannel bipolar event markers 

(max. of seven available). 
I!] Driver amplifiers for bipolar event 

markers. (For low-level event 
signals .) 

I!] Slow-speed conversion kit-provides 
mm/ min. chart speeds in addition 
to standard mm / sec. chart drive. 

I!] Polarity reversal switching. Factory 
option. 

I!] Six-channel, 50 mm width per 
channel. Factory option. 

l!i Paper supply and take-up, 1000-ft. 
roll. Factory option. 

l!l Power supply for 50 Hz and 
nonstandard voltages avai lable. 

For complete information about the 
advanced new DG 5510 System, call 
or write for CEC Bulletin 5510-X13. 

CEC 
Data Instruments Division 

CONSOLIDATED ELECTRODYNAMICS 
A SUBSIDIARY OF BELL & HOWELL /PASADENA, CALIF. 91109 
INTERNATIONAL SUBSIDIARIES: WOKING. SURREY, ENGLAND 

AND FRIEDBERG (HESSEN). W. GERMANY 
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Relay shipments rescheduled again? 
Next time call Leach! 

One week delivery. That's a promise. At least on standard 
units. Even our new SERIES K for example. Here' s a 10 amp 
4PDT polarized relay offering maximum capabilities for the 
most severe aircraft, missile and aerospace applications. And 
we have built up an inventory to cover your requirements . 

The SERIES K holds size and weight to an absolute 
minimum without sacrificing operating characteristics. 
It will withstand 1oog shock, 3og, 70 to 3000 cps 
vibration, meets Mil-R-6106E and has a temperature 

range of - 70° to +125 °c. Operate and release time is less 
than 15 milliseconds including bounce. Yet it measures only 
1 .000 " x 1 .015 " x i.015 " and weighs less than 2.5 ounces. 
Need one? A dozen, a hundred? Even a thousand? Then call 
us today. You'll have them. Right on time. 

Leach Corporation, Relay Division, 5915 Avalon Boule-

vard, Los Angeles, California 90003 LEACH 
Phone {Area code 213) 232-8221 

Exoort: LEACH INTF.RN ATTOJJ AT c: "' 



Two new high power 
silicon transistors: 

zoov S 3oov, 3.5A, low cost 

These new Delco NPN transistors are designed to do 
a better job in your medium-high voltage inverters, 
converters, regulators and switching circuits. 

Low saturation resistance (typically 0.3 ohm) and 
built-in protection against high-voltage transients 
make these two new devices ideal for rugged switch­
ing applications. 

High punch-through voltage, high frequency re­
sponse, and low saturation resistance are provided by 
the silicon element itself, which is fabricated by our 
unique triple sequential diffusion process. Exceptional 
resistance to thermal and mechanical shock are a re­
sult of ultrasonic bonding of aluminum to aluminum 

tPrices shown are for quantities of 1000 and over. 

base and emitter contacts. 
Both devices are packaged in solid copper Delco 

T0-3 packages which give them ruggedness and low 
thermal resistance (typically 0.75° c/ w). 

Contact your nearest Delco sales office or distribu­
tor for complete data, the low prices and off-the-shelf 
delivery. 

I 
Vern hFE R(sat) 

TYPE Vern Vceo ( sus) IC IB VcE= lyp 

--~ @re 

DTS 410 200V ~'OO'm'" 3.5A 2.0A 10 @ 2.5A 0.3 ohm 
@ l.OA 

--------
DTS 411 300V 300V min 3.5A 2.0A 10@ 2.5A 0.3 ohm 

@ l.OA 

FIELD UNION, NEW JERSEY• DETROIT, MICHIGAN 
SALES Box 1018 Chestnut Station 57 Harper Avenue 

SANTA MONICA, CALIFORNIA• 
726 Santa Monica Blvd. DELCO RADIO ~ 

68 

(201) 687-3770 (313) 873-6560 
OFFICES SYRACUSE, NEW YORK CHICAGO, ILLINOIS' 

1054 James Street 5151 N. Harlem Avenue 
(315) 472-2668 (312) 775-5411 

(213) 870-8807 
General Sales Office : 
700 E. Firmin, Kokomo, Ind. 
(317) 459-2175 

•office includes field lab and resident engineer for applications assistance 
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Division of General Motors 
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Air safety recently took a giant step forward. A light 
plane was lost in the fog over rugged Alaskan ter­
rain miles from Kenai airport. Fuel was running low. 
The pilot came in for a 3-point landing. How? With 
ADF. And laurels go to a Servo Corporation VHF­
UHF direction finder system. These Doppler-effect 
units will soon be installed throughout the U.S. 

The Servoflight® Model 5000 VHF/UHF Doppler 
Direction Finder is pictured above. Frequency cov­
erage is 118 to 160 MHz and 225 to 400 MHz. It has 

10 preset channels on VHF and 10 on UHF. Servo­
flight offers a bearing accuracy of+ 1°, and a sen­
sitivity of 10 µ.V/Meter on VHF and 20 µ.V/ Meter 
on UHF. 

This is one of the many sophisticated systems pro­
duced by Servo's Communications & Navigation 
Division. Other Servo divisions produce unique 
products which daily serve safety through science: 
the Servodynamics Division, the Infrared & Electro­
Oetics Division, and the Railroad Products Division. 

0 
servo corporation of america 

111 new south road 
hicksville, l.i., new york 11802 
516 938-9700 
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Quality Need Not Be Expensive 
Some people would have you believe that to buy the 

best, you must pay the most. This is not necessarily 
true. Price is only a measure of value-never a substi­
tute for it. 

At Stackpole, the real value of any resistor is deter­
mined by a combination of its performance record and 
its price. Perhaps this is why so many of our customers 
continue to specify Stackpole resistors year after year 
to maintain top performance for established products 
and for their new ones, too. Such confidence and loyalty 
cannot be based on price alone. 

Uniformity has become the accepted characteristic of 
Stackpole resistors. Unique production methods, coupled 
with in-depth experience in manufacturing and testing 
are your assurance that Stackpole resistors will give you 
absolute performance. The resistors you order today will 
be identical in every way to your last order. 

Most leading manufacturers of electronic equipment 
have long recognized Stackpole resistors for rel iabil ity. 

Circle 70 on reader servi ce card 

Whether it be the rugged demands of portable television 
or the critical tolerances of space age communication 
and tracking equipment, Stackpole resistors deliver the 
performance you expect- the kind of dependability that 
builds a reputation for your products. 

Why continue to pay a premium for quality? Let us 
prove that you get value from Stackpole. Quality re­
sistors, economically priced, are deliveFed promptly and 
backed up by our complete corporate facility. Next time, 
specify Stackpole. There 's a family of fine resistors 
available in sizes of 2, 1, 1/2 and 1/4 watts. For samples 
and additional information, write: Stackpole Carbon Com­
pany, Electronic Components Division, Kane, Pa. Phone: 
814-837-7000 - TWX: 510-695-8404. 

f~ STACltPOl.E 
ELECTRONIC COMPONENTS DIVISl!;lN 

" OUR 60th Y!=AR " 
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To expert tailors 
with an engineering 

background 
Rohr has been famous for years for the capability to tailor a wide variety of special-purpose 
machines and facilities for the ever changing production requirements here. And, increasingly, 
this vital equipment design function works in the areas of engineering and fabrication of numeri­
cal and automatic control. If your qualifications measure up to our requirements, we invite you 
to investigate Rohr. It may be a perfect f it. 

ELECTRONICS ENGINEERS (MACHINE CONTROLS) 
Backgrounds should include an E.E. degree, and hardware-oriented design and development expe­
rience in solid state circuits, digital logic techniques , and servo-mechanisms. Senior level assign­
ments are available. Numerical control experience is desirable, but a high degree of interest 
in the field is even more important. 

MACHINE DESIGN ENGINEERS 
Background should include engineering in one or more of the following disciplines: Design of 
machine tools, design of automated handl ing devices , and the design of servo-drive systems, both 
electrical and hydraulic. 

Call or address resume to Mr. N. DeWitt, Professional Placement Supervisor 
Dept. 89, Rohr Corporation, Chula Vista, California. 

M.l lN PLANT !-1£.1..0QU . ..itlCRS : (HULA 
VISH. CHlf./PL.t.NT: R IV£RSl0 [ , 
C ili llr, / • SS( MBLY PL ANTS, WINO[R, 
G ... . ; AUBUR N, WASM. 
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-· We've got every connector in the book. 
For your copy, write: Winchester Electronics, Main Street & Hillside Avenue, Oakville, Conn. (203)274-8891. 



©© As comfortable 

That's the way most engineers feel about using these 28 
popular Motorola silicon annular complementary transistors 
in their designs. 

NPN PNP APPLICATION 

2N2218·18A 2N2904·04A Complementary high performance STARS* 2N2219-19A 2N2905-05A 
2N2221-21A 2N2906·06A for medium level switch and amplifier 

2N2222-22A 2N2907-07A applications. 

2N3946 2N3250·50A Complementary high performance BOX 

2N3947 2N3251-51A for low level switch and amplifier 
applications. 

2N3252 2N3467 Complementary high performance 

2N3253 2N3468 SNOWFLAKES for high level switching 
applications. 

2N2369 2N3546 Complementary high performance low 
level high speed switch applications. 

Why? 
Because they are versatile. They fit anywhere - do all 

jobs well. If there were such a thing as a "universal" transistor, 
these would all be top candidates for the title. 

as an old 
shoe. 

Secondly, they're reliable. That's what makes it 
so comfortable for the designer. He knows he can 
depend on each and every device with patented 
annular structure that he uses. 

He also knows he has a dependable supply. 
Motorol a has been making these types by the 
millions for years. 

And the prices? They're comfortable, too. That 

is the nicest part. 
So, why don 't you get yourself some old shoes 

- and get comfortable! Your local Motorola semi­
conductor distributor has them all in stock in up 
to 1000 quantities. Larger requirements can be 
handled by your nearest Motorola district office. 
For complete technical data write: Motorola Semi­
conductor Products Inc., D ept. TIC , Box 955, 

Phoenix, Arizona 85001. 
*Trademark of Motorola Inc. 

"" MOTOROLA Semiconductors 
- -wkwtkpllie&M iAfJ~t.d ea;ze/ 
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Capacitor reliability? 

Take Scott's word for it: MYLAR® 
H. H. Scott manufactures some of the 
wor ld's most widely used stereo ampli­
fiers. They are recommended by many 
leading independent testing organiza­
tions. Because thi s kind of reputation de­
pends on capaci tor reli a bility, engineers a t Scott use 
capacitors of MYLAR* exclusively for audio circuits 
from .047 to .47 microfarads: 

" We don ' t ha ve to \\'lo rry a bout performance with ca­
pacitors of MYLAR in our component s and consoles," 
says Chief Engirieer D a h von Recklinghausen. " We use 
capacitors of MYLAR because of their low lea kage, ex­
tremely long life , excellent capacitance stability and 
a bility to withstand the wide temperature and humidity 

-= ou PONT'S R(CISTtRr:o lR,t.O[t-'. ... RK roR lTS POLV[ST[R FILM. 
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ranges encountered in high-power hi-fi 
a mplifiers. " MYLAR a lso offers high die-

~ ~ r lectric strength in thin gauges, so capac-
itors can be made sma ller, leaving space 
for more circuitry. And, in many cases, 

capacitors of MYLAR cost less than paper. 
Scott components and consoles are known for excel­

lence in quality, performance and reliability. So are ca­
pacitors of MYLAR. For complete information write 
Du Pont Co. , Room 33 70A, Wilmington, Delaware 19898. 

(In Can a d a. write ~UPON" 
Du Pont of Can a da ~ only OUPONTm•ke• 

Ltd ., P. 0. Box 660 , '" ........ . 
Montreal 3, Quebec.) Be uer.l~~,~~;~'c~:~~;,r~1ving 

MYIAR" 
POL.VESTER ~11.M 

Circle 75 on reader service card 75 



When you buy 
our Multipoint ... 
be prepared for 

• surpnses 

10 at least* 

X's indicate standard features at no extra cost 

List price $1535 or lower 

Solid state amplifier 

50,000 ohm off balance input impedance or better 

Stray rejection: longitudinal 60 cycles AC, 1,000 times span or 120 volts 

Accuracy ± Y4 3 span or ±3Yz microvolts or better 

Manual point advance. Dial in any point without disturbing synchronization 

Permanently sealed slidewire requires no cleaning 

5 chart speeds 

Choice of 8 print frequencies from 1 Yz to 60 seconds per point 

Tilt out writing platen and chart tear-off bar 

Esterl ine 
Angus 

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

Discover additional surprises, such as optional electrical programmed printing 
which permits point skipping as fast as 1;.. second. Write for Series "E" Catalog. 
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Excellence in 
instrumentation for 

over 60 years 

Circle 76 on reader service card 

Brands (Names available on request) 

A B c D 

x x 
x 

x 
x 

Esterline Angus Instrument Company, Inc. 
Box 24000E • Indianapolis, Indiana 46224 
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Technical Articles 

Scattering parameters 
speed design of h-f 
transistor circuits 

page 78 

Sense amplifier fits 
any memory: 

page 89 

Divic gives answers to 
complex navigation 

questions: 
page 105 

Pumping new life 
into ruby lasers: 

page 115 

Coming 

September 19 

As microwave systems go solid state, engi­
neers have learned they need new des ign 
techniques to take advantage of the char­
acteristics of new high-frequency transis­
tors. One such technique involves the meas­
uring of so-called sca ttering parameters 
and plotting their values on a Smith chart 
to synthesize the desired transis tor circuit. 
For the cover, photographer Norton Pearl 
superimposed on a Smith chart a H ewlett­

Packard vector voltmeter, which is measuring s-parameters of 
the transistor shown mounted in a special fixture. 

Though integrated circuits have won wide acceptance in com­
puter design, mostly they have b een used in the logic portion. 
A new design , however, makes a sense amplifier of microcir­
cuits so it will be compatible with the microelectronics of 
processors. In addition, this general-purpose design works in 
any computer with a coincident current memory. 

A special algorithm and a unique combination of digital and 
differential processing techniques have been devised for th is 
small computer, whose size has been shrunk by the use of 
integrated circuits. The effec t is to combine the speed of a 
digital differential analyzer with the flexibility of a general­
purpose machine. 

Two bars to using the ruby laser in industrial applications 
have been their short life that makes them uneconomic and 
slow repetition rates. Now, a device with a new resonator 
design and a low-cost mercury fl ashtube for pumping prom­
ises at last to make the laser a production tool in commercial 
micromachining processes. 

•An introduction to computer-aided design 

•Glass as a design material 

•Pulse-code modulation for telephone transmission 

.... 



Design theory 

Scattering parameters speed design 
of high-frequency transistor circuits 

At frequencies above 100 Mhz scattering parameters 

are easily measured and provide information difficult to obtain 

with conventional techniques that use h, y or z parameters 

By Fritz Weinert 

Hewlett-Packard Co., Palo Alto, Calif. 

Performance of transistors at high frequencies has 
so improved that they are now found in all solid­
state microwave equipment. But orerating transis­
tors at high frequ encies has meant design problems: 

• Manufacturers ' high-frequ ency performance 
data is frequently incomplete or not in proper form. 

• Valu es of h, y or z parameters , ordinarily used 
in circuit des ign at lower frequencies, can't be 
measured accurately above 100 megahertz because 
es tablishing the required short and open circuit 
conditions is difficult. Also, a short circuit fre­
qu ently causes the transistor to oscillate under tes t. 

These problems arc yielding to a techniqu e that 
uses scattering or s parameters to characterize the 
high-frequ ency performance of trans_istors . Scatter­
ing parameters can make the des igner's job easier. 

• They are derived from power ratios , and conse­
quently provide a convenient method for measuring 
circuit losses. 

• They provide a physical basis for unders tand­
ing what is happening in the transistor, without 
need for an understanding of devi ce physics. 

• They arc easy to measure because th ey are 
based on refl ection characteristics rather than short­
or open-circuit parameters. 

The author 
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Fritz K. Weinert, who joined the 
technical staff of Hewlett-Packard 
in 1964, is project leader in the 
network analysis section of the 
microwave laboratory. He holds 
patents and has published papers 
on pulse circuits, tapered -line 
transformers, digital ·tuned circuits 
and shielding systems. 

Like other methods that use h, y or z parameters, 
the scattering-parameter techniqu e does not require 
a suitable equivalent circuit to represen t the tran­
sistor device. It is based on the assumption that the 
transistor is a two-port network-and its terminal 
behavior is defin ed in terms of four parameters, Su, 

s 1 ~ , s~ 1 and s~~, cal led s or scattering parameters . 
Since four independent parameters completely 

define any two-port at any one frequency, it is pos­
sible to convert From one known set of parameters 
to another. At frequencies above 100 Mhz, however, 
it becomes increasingly difficult to measure th e h, 
y or z parameters. At these frequencies it is difficult 
to obtain well defin ed short and open circuits and 
short circuits frequ ently cause the device to osci l­
late. However, s parameters may be measured cl i­
rectly up to a frequency of 1 gigahertz. Once ob­
tained, it is easy to convert the s parameters into 
any of the h, y or z terms by means of tables. 

Suggested measuring systems 

To measure scattering parameters , the unknown 
transistor is terminated at both ports by pure re­
sistances. Several measuring sys tems of thi s kind 
have been proposed. They have these advantages: 

• Parasitic oscillations are minimized because of 
the broadband nature of the transistor terminations . 

• Transistor measurements can be taken remotely 
whenever transmission lines connect the semicon­
du ctor to the source and load-especially when the 
line has the same characteristic impedance as the 
source and load respec tively. 

• Swept-frequ ency measurements are possible in­
stead of point-by-point methods. Theoretical work 
shows scattering parameters can simplify design. 
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Scattering-parameter defin it ions 

To measure and define scattering parameters the 
two-port device, or transis tor, is terminated at both 
ports by a pure resistance of value Z0, called the 
reference impedance. Then the scattering param­
eters are defined by s11 , s 12, S21 and s22• Their phys­
ical meaning is derived from the two-port network 
shown in first figure b elow. 

Two sets of parameters, (a1 , b 1) and (a2, b2), rep­
resent the incident and reflected waves for the two­
port network at terminals 1-1' and 2-2' respectively. 
Equations la through ld define them. 

a2 = __!_ ( V2 + vZc, 1?) 
2 v zo -

b2 = __!_ ( V2 - vzo I2) 
2 vz0 

(la) 

(lb) 

(le) 

(ld) 

The scattering parameters for the two-port network 
are given b y equation 2. 

(2) 

It 

+ 
at 

In matrix form the set of equations of 2 becomes 

(3) 

where the matrix 

(4 ) 

is called the scattering matrix of the two-port ne t­
work. Therefore the scattering parameters of the 
two-port network can be expressed in terms of the 
incident and reflected parameters as: 

S1 1 = b1 I 
a i a2 = 0 

(5) 

In equation 5, the parameter s11 is called the input 
reflection coefficient; s21 is the forward transmission 
coefficient; s12 is the reverse transmission coeffi ­
cient; and s22 is the output reflection coefficient. All 
four scattering parameters are expressed as ratios 
of reflected to incident parameters. 

Physical meaning of parameters 

The implications of setting the incident param­
e ters a1 and a2 at zero help explain the physical 

Iz 
2 

+ 
oz 

v, TWO-PORT vz 
bt 

NETWORK 
bz 

"" 
- - ..... 1' 2' 

Scattering parameters are defined by this representation of a two-port network. Two sets of incident and reflected 
parameters (a,, b,) and (a,, b,) appear at terminals 1-1' and 2-2' respectively. 

ZIN 

02 

bz 
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By setting a, equal t o zero the S u parameter 
can be found . The Zo resistor is thought 
of as a one-port network. The condition 
a, = 0 implies that the reference impedance 
Roo is set equal to the load impedance Zo. 
By connecting a voltage source, 2 Eo1, 
with the source impedance, Zo, parameter 
S21 can be found using equation 5. 



meaning of these scatterin g parameters. 
By se tting a~ = 0, express ions for s11 and s22 can 

he found. The terminatin g sect ion of the two-port 
ne twork is at b ottom of page 79 with the parame ters 
a~ and b2 of the 2-2' port. If the load resistor Z0 is 
thought of as a one-port ne twork with a scattering 
parameter 

Zo - Ro2 
Si = ---­

Zo + Ro2 
(6) 

where R02 is the reference impedance of port 2, 
then a2 and b2 are related by 

(7) 

When the reference impedance R02 is set equal to 
the local impedance Z0, then s2 becomes 

Zo - Zo 
82 = Zo+ Zo =O (8) 

so that a2 = 0 under this condition. Similarly, when 
ai = 0, the reference impedance of port 1 is equal 
to the terminating impedance; that is , Roi = Z0. 
The conditions ai = 0 and a2 = 0 merely imply 
that the referen ce impedances Roi and R02 are 
chosen to be equal to the terminating resistors Z0. 

In the relationship b etween the driving-point im­
pedances at ports 1 and 2 and the reflection coeffi­
cients s11 and s22, the driving-point impedances can 
b e denoted by: 

Z;n = ~11; 

From the relation ship 

Su=~ I 
ai a2 = 0 

t [(VifvZ';;) - V Zo I 1] 
S11 = 

t [(Vi/ V Zo) + v zo I 1] 

which reduces to 

S11 = 
Z;n - Zo 
Z;n + Zo 

Similarly, 

Zout - Zo 
&22 = 

Zout + Zo 

(9) 

(10) 

(11 ) 

(12) 

These expressions show that if the reference im­
p edance at a given port is chosen to equal the ports 
driving-point impedance, the reflection coefficient 
will b e zero, provided the other port is terminated 
in its reference impedance. 
Jn the equation 

&.i1 =~ I 
ai a2 = 0 

th e condition a2 = 0 implies that the reference im­
pedance Ro2 is set equal to the load impedance R2, 
center figure page 79. If a voltage source 2 E 01 is 
connected with a source impedance Roi = Zo, ai 
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can be expressed as: 

Since a2 = 0, then 

a2 = 0 = - --= + v Z0 12 1 ( V2 . 1- ) 

2 v zo . 

from which 

V2 . rn----= = - v Zo I2 
vZo 

Consequently, 

b2 = ; ( ;~o -VZo 12) = ;~o 

(13) 

Finally, the forward transmission coefficient is ex­
pressed as: 

(14) 

Similarly, when port 1 is terminated in Roi = Zo 
and when a · voltage source 2 E 02 with source im­
pedance Z0 is connected to port 2, 

V1 
S12 = -­

Eo2 
(15) 

Both s12 and s2i have the dimensions of a voltage­
ratio transfer function. And if R01 = R02, then S12 
and s~ 1 are simple voltage ratios. For a passive 
reciprocal network, S21 = S12· 

Scattering parameters s 11 and s22 are reflection 
coeffi cients. They can be measured directly by 
means of slotted lines, directional couplers , voltage­
standin g-wave ratios and impedance bridges. Scat­
tering parameters s 1~ and s21 are voltage 
tran sdu cer gain s. All the parameters are frequency­
cl ependent, d imensionless complex numbers. At 
any one frequency all four parameters must b e 
known to describe the two-port device completely. 

There are several advantages for letting R01 = 
Ro2 = Zo. 

• The s11 and s22 parameters are power reflection 
coeffici ents that are difficult to m easure under 
normal loading. However, if R01 = R02 = Zo, the 
parameters become equal to voltage reflection 
coefficients and can b e measured directly with 
available test equipment. 

• The s12 and s21 are square roots of the trans­
ducer power gain, the ratio of power absorbed 
in the load over the source power available. But 
for R01 = R02 = Z0, they b ecom e a voltage ratio 
and can be measured with a vector voltmeter. 

• The actual measurement can b e taken at a dis­
tance from the input or output ports. The meas­
ured scattering parameter is the same as the param­
e ter exis ting at the actual location of the particular 
port. Measurement is achieved by connecting input 
and output ports to source and load by means of 
transmission lines having the same impedance, Z0, 
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25°C 100 Mhz 300 Mhz 100°c 100 Mhz 300 Mhz 
S11 0.62 < -44.0° 0 .305 < -81.0° S11 0.690 < -40° 0 .372 < -71° 
S12 0.0115 < + 75.0° 0 .024 < +93.0° S12 0 .0125 < +76.0° 0 .0254 < +89.5° 
5 2 1 9.0 < + 130° 3.85 < +91.0° S 21 8 .30 < +133.0° 3 .82 < + 94.0° 
5 22 0.955 < -6.0° 0.860 < -14.0° S22 0 .955 < -6.0° 0.880 < -15.0° 

25°C 590 Mhz 1,000 Mhz 100°c 500 Mhz 1,000 Mhz 
S11 0.238 < -119.0° 0.207 < +175.0° S11 0.260 < -96.0° 0 .196 < +175.0° 
S12 0 .0385 < + 110.0° 0.178 < +110.0° S12 0.0435 < +100.0° 0 .165 < +103.0° 
S 2 1 2 . 19 < + 66.0° 1.30 < +33 .0° S21 2.36 < +69.5° 1.36 < +35.0° 
S22 0.830 < -26.0° 0 .838 < -49. 5° S 22 0.820 < -28.0° 0 .850 < -53.0° 

Scattering parameters can be measured directly using the Hewlett-Packard 8405A vector voltmeter. It covers the 
frequency range of 1 to 1,000 megahertz and determines S 21 and s,. by measuring ratios of voltages and phase 
difference between t he input and output ports. Operator at Texas Instruments Incorporated measures s-parameter 
data for Tl's 2 N3571 transistor series . Values for Vcru = 10 volts; le = 5 milliamperes. 

as the source and load. In this way compensation 
can be made for added cable length. 

• Transistors can be placed in reversible fixtures 
to measure the reverse parameters sn and s12 with 
the equipment used to measure Sn and s21 • 

The Hewlett-Packard Co.'s 8405A vector volt­
meter measures s parameters. It covers the fre­
quency range of 1 to 1,000 megahertz and deter­
mines s~ 1 and s 1 ~ by measuring voltage ratios and 
phase differences between the input and output 
ports directly on two meters, as shown above. A 
du al-directional coupler samples incident and re­
fl ected voltages to measure the magnitude and 
phase of the reflection coefficient. 

To perform measurements at a distance, the setup 
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on page 86 is convenient. The generator and the 
load are the only points accessible for measure­
ment. Any suitable tes t equipment, such as a vector 
voltmeter, directional coupler or slotted line can 
be connected. In measuring the s21 parameter as 
shown in the schematic, the measured vector quan­
tity V2/E0 is the voltage transducer gain or for­
ward gain sca ttering parameter of the two-port 
and cables of length L1 and L2 . The scattering 
parameter s21 of the two-port itself is the same 
vector V ~/ E0 but turned by an angle of 360° (L1 + 
L2)/>.. in a counterclockwise direction. 

Plotting s11 in the complex plane shows the 
conditions for measuring s11 • Measured vector r1 

is the reflection coefficient of the two-port plus 

.... 
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Amplifier design with unilateral s parameters 

Step 1 

<n 
LL.I 
LL.I 
Q:'. 
(!) 

LL.I 
0 

LL.I 

180 

90 
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~ -90 
::c: 
c.. 

-180 
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Step 2 
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ID 
0 

0 10 (!) 

(!) 6 
0 
...J 

0 
0 

10 0.1 0.5 

FREQUENCY (Ghz) 

From the measured data transducer power gain is plotted as decibels versus frequency. From the plot an 
amplifier of constant gain is designed. Smith chart is used to plot the scattering parameters. 

to 
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To design an amplifier stage, a 
source and load imped ance com­
bination must be found th at gives 
the gain d esired . Synthesis can be 
accomplished in three stages. 
Step 1 

The vector voltmeter measures 
the scattering parameters over the 
frequency range des ired . 
Step 2 

T ransducer 
plotted versus 

Step 3 

power gain is 
frequency using 

equation 19 and the measured d ata 
from step 1. This dete rmines the 
frequency response of the uncom­
pensated transistor network so that 
a constant-gain amplifier can be 
designed . 
Step 3 

Source and load imped ances must 
be selected to provide the proper 
compensation of a constant power 
gain from 100 to 500 Mhz. Such 
a constant-gain amplifier is de-

signed accordin g to the following : 
• Plot s 1 1 ° on the Smith chart. 

The magnitude of sll 0 is the linear 
di stance measured from the center 
of the Smith chart. Radius from 
the center of the chart to any point 
on the locus of s11 represents a 
reBection coeffi cient r. The value of 
r can therefore be d etermin ed at 
any frequency by drawin g a line 
fro m th e origin of the chart to 
a value of s11° at the frequency of 

100 Mhz}CONSTANT 
GAIN 

5oOMhz CIRCLES 
Gi 

20 16 pf 

~{----
\ I 
~~~~--v~~~~ 

Z1 

Source impedance is found by inspecting the input plane for realizable source loci that give proper gain. Phase 
angle is read on the peripheral scale "angle of reflection coefficient in degrees." 
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interest. The value of r is scaled 
proportionately with a maximum 
value of 1.0 at the periphery of the 
chart. The phase angle is read on 
the peripheral scale "angle of re­
flection coefficient in degrees. " 
Constant-gain circles are plotted 
using equations 24 and 25 for G,. 
These correspond to values of 0, 
- 1, -2, -4 and - 6 decibels for 
s11 " at 100 and 500 Mhz. Con­
struction procedure is shown 
on page 83. 

• Constant-gain circles for s22" 
at 100 and 500 Mhz are con­
structed similarly to that below. 

• The gain Go drops from 20 db 
at 100 Mhz to 6 db at 500 Mhz, a 
net reduction of 14 db. It is desir­
able to find source and load imped­
ances that will flatten this slope 
over this frequency range. For this 
case it is accomplished by choos­
ing a value of r1 and r2 on the 
constant-gain circle at 100 Mhz, 
each corresponding to a loss of 
- 7 db. If this value of r1 and r2 
falls on circles of 0-db gain at 500 
Mhz, the over-all gain will be: 
At 100 Mhz, 
GT(db) Go+ G, + G2 

= 20 - 7 - 7 = + 6 db 

At 500 Mhz, 
GT(db) = 6 + 0 + 0 = +6 db 

• A source impedance of 20 
ohms resistance in series with 16 
picofarads of capacitance is chosen. 
Its value is equal to 50 (0.4 - j2) 
ohms at 100 Mhz. This point 
crosses the r1 locus at about the 
-7 db constan t-gain circle of G, as 
illustrated on page 83. At 500 
Mhz this impedance combination 
equals 50 (0.4 - j0.4) ohms and 
is located at approximately the 
+0.5 db constant-gain circle. The 
selection of source impedance is an 
iterative process of inspection of 

Load impedance is found by inspect ing the output plane for loci that give proper gain. 
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the input ri plane on the Smith 
chart. The impedance values at 
various frequencies between 100 
and 500 Mhz are tried until an im­
pedance that corresponds to an 
approximate constant-gain circle 
necessary for constant power gain 
across the band is found. 

• At the output port a G2 of 
-6 db at 100 Mhz and +0.35 db 
at 500 Mhz is obtained by select­
ing a load impedance of 60 ohms 
in series with 5 pf and 30 nano­
henries . 

• The gain is: 
At 100 Mhz, 

GT(db) = Go + G1 + G2 
= 20 - 7 - 6 +7 db 

At 500 Mhz, 
6 + 0.5 + 0.35 = +6.85 db 
Thus the 14-db variation from 100 
to 500 Mhz is reduced to 0 .15 db 
by selecting the proper source and 
load impedances. 

Stability criterion. Important in 
the des ign of amplifiers is stability, 
or res istance to oscillation. Stabi l­
ity is determined for the unilateral 
case from the measured s param­
eters and the synthesized source 
and load impedances. Oscillations 

are only possible if either the input 
or the output port, or both , have 
negative resistances. This occurs 
if s11 or S 22 are greater than unity. 
However, even with negative re­
sistances the amplifier might be 
stable. The condition for stability 
is that the locus of the sum of in­
put plus source impedance, or out­
put plus load impedance, does not 
include zero impedance from fre­
quencies zero to infinity [shown in 
figure below]. The technique is 
similar to Nyqu ist's feedback sta­
bility criterion and has been de­
rived directly from it. 

Amplifier stability is determined from scattering parameters and synthesized source and load impedances. 
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input cable L 1 (th e length of the outpu t cable has 
no inHuence). Th e sca ttering paramete r s 11 of the 
two-port is the same vector rl but turned at an 
angle 720° L 1 I ,\ in a counterclockwise direc tion . 

Using the Sm ith chart 

Many circuit des igns require that th e impedance 
of the port characteri zed by s 11 or the reHection 
coefficient r be known. Since the s parameters are 
in units of rcHcetion coeffi cient, they can be plotted 
directly on a Smith chart and easily manipulated 
to es tablish optimum gain with matching networks. 
The relation ship between reflec tion coefficient r 
and the impedance R is 

R - Zo 
r = --·-

R + Zo 
(16) 

The Smith chart plots rectangular impedance 
coordinates in the reHection coefficient plane. ' Vhen 
th e Sn or S22 parameter is plotted on a Smith 
chart, the real and imaginary part of the. impedance 
may be read directly. 

lt is also possible to chart equation 1 on polar 

Zo 

Lf --

IN .. ____ .....,.our 

UNK NOWN 
TWO-PORT 

UNKNOWN 
TWO-PORT 

IN 

UNKNOWN 
TWO-PORT 

coordinates showing the magnitude and phase of 
the impedan ce R in the complex reHection co­
effi cient plane. Such a plot is termed the Charter 
chart. Both charts are limited to impedances hav­
ing positive res istan ces, Jr 1[ < 1. vVhen measuring 
transistor parameters, impedances with negative 
resistances are sometimes found. Then, ex tended 
charts can be used. 

Using a parameter in amplifier design 

Measurement of a device's s parameters pro­
vides data on input and output impedance and 
forward and reverse gain. In measuring, a device 
is inserted between known impedances, usually 50 
ohms. In practice it may be des irable to ach ieve 
higher gain by changing source or load impedances 
or both. 

An amplifier stage may now be des igned in two 
steps. First, source and load impedances must be 
found that give the desired gain . Then the imped­
ances must be synthesized, usually as matching 
networks between a fi xed impedance source or 
between the load and the device [see block dia­
gram top of p. 87]. 

-L2--+-

Zo 

521 : 
Vz e 

E0 e 

L +L 
360°-1- 2 

),, 

• 2 irL2 
1--

),, Vz 

-j~ 
). 

EO 

-j 

V2 

Eo 
0 

- i 

e 
j 

2
; (L 2+L11 

+i 

- j 

S parameters can be measured remotely. Top test setup is for measuring Sz1; bottom, for Sn . Measured vector V./Eo 
is the voltage t ransducer gain of the two-port and cables L1 and L,. The measured vector r, is the reflection coefficient 
of the two-port plus input cab le L, + L,. Appropriate vectors for r, and s parameters are plotted. 
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To design an amplifier stage, source and load impedances are found to give the gain desired. Then impedances are 
synthesized, usually as matching networks between a fixed impedance source or the load and the device. When 
using s parameters to design a transistor amplifier, it is advantageous to distinguish between a simplified or 
unilateral design for times when S 12 can be neglected and when it must be used. 

When designing a transistor amplifier with the 
aid of s parameters , it is advantageous to dis­
tinguish between a simplified or unilateral design 
for instances where the reverse-transmission param­
eter s12 can be neglected and the more general 
case in which s2 1 must b e shown . The unilateral 
design is much simpler and is, for many applica­
tions, sufficient. 

Unilateral -circuit definitions 

Transducer power gain is defined as the ratio 
of amplifier output power to available source 
power. 

GT= 122
• R c2 

Eo2 

4R-:;-

(17) 

For the unilateral circui t CT is expressed in terms 
of the scattering parameters s11 , s2 1 and s12 with 
S1 2 = 0. 

GT = Go .G1.G2 
where: 

(18) 

Go = I 821 I 2 = transducer power gain for 
R1 = Zo = R2 (19) 

I 1 - lr11 2
1 

I 1 - r1 S11 I2 
(20) 

power gain contribution from change of 
source impedance from Zo to R1 

= reflection coefficient of source impedance 
wi th respect to Zo 

I 1 - I r2 l2 I 
G2 = ....;-----7--­l 1 - r2 52-i I 2 

power gain contribut ion from change of 
load impedance from Z0 to R2 

R2 - Zo 
R2 + Zo 

(21) 

(22) 

(23) 

reflection coefficient of load impedance 
with respect to Zo 
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In designing an amplifier stage the graphical 
procedure shown at the bottom is helpful. The 
measured values of parameter s11 and its complex 
conjugate s11 ° are plotted on the Smith chart to­
gether with radius distances. Center of the constant­
gain circles located on the line through s11 ° and the 
origin at a distance 

roi = G1 [ I sn I J 
G1 m ax 1 - I S11I2 (1 - G1/ G1 max) 

(24) 

The radius of circles on which C 1 is constant is 

_ V l - G1 / G1 m ax (1 - l s11 l2
) 

POI - 1 - I S11 I 2 (1 - G1 / G1 m ax) 
(25) 

If the source reflection coefficient r1 is made equal 

The two-port network is terminated at the ports by 
impedances containing resistance and reactance. 
Expressions for the transducer power gain can then be 
derived in terms of the scattering parameters. 

CIRCLES ON 
WHICH G

1
: CONSTANT 

-t 

A graphical plot helps in design of an amplifier stage. 
Here the measured parameters Sn and Su* are plotted 
on a Smith chart. The upper point is su*. 

.. ., 



to Su 
0

, then the generator is matched to the load 
and the gain b ecomes maximum (G10111x). Constant­
gain circles can be constructed , as shown, in 1- or 
2-decibel increments or whatever is practical using 
equations 9 and 10. 

If the source impedance R1 or its reflection coeffi­
cient is plotted, the gain contribution G1 is read 
directly from the gain circles. The same method is 
used to determine G2 by plotting s22, s22 °, constant­
gain circles and r2• 

Examples for the design procedure are given in 
greater detail in Transistor Parameter Measure­
ments, H ewlett-Packard Application Note 77-1. The 
procedure is outlined in "Amplifier design with uni­
lateral s parameters ," beginning on page 82. 

Measuring s parameters 

S-parameter measurements of small-signal tran­
sistors require fairly sensitive measuring equip­
ment. The input signal often cannot exceed 10 milli­
volts root mean square. On the other hand, wide 
frequency ranges are required as well as fast and 
easy operation. Recent advantages in measuring 
equipment have provided a fast and accurate meas­
uring system. It is based on the use of a newly de­
veloped instrument, the H-P sampling vector volt­
meter 8405A [see photo p. 81], and couplers. 

The vector voltmeter covers a frequency range 
of 1 to 1,000 Mhz, a voltage measurement range of 
100 microvolts full scale and a phase range of 
± 180° with 0.1° resolution . Tt is tuned automat­
ically by means of a phase-locked loop. 

Direc tional couplers are used to measure reflec­
tion coefficients and impedances . A directional cou­
pler consists of a pair of parallel tran smission lines 
that exhibit a magnetic and electric coupling be­
tweep them. One, ca lled the main line, is connected 
to the generator and load to be measured. Measure­
ment is taken a t the output of the other, called the 
auxiliary line. Both lines are built to have a well 
defin ed characteristi c impedance; 50 ohms is usual. 
The voltage coupled into the auxiliary line consists 
of components proportional to the voltage and cur­
rent in the main line. The coupling is arranged so 
that both components are equal in magnitude when 
the load impedance equals the characteristic im­
pedance of the line. 

Direc tional cou piers using two auxiliary lines in 
reverse orientation are called dua l-directional cou­
plers. A feature of the unit is a movable reference 
plane; the point where the physical measurement 
is taken can be moved along the line connecting the 
coupler with the unknown load. A line stretcher is 
connected to the output of the first auxiliary line. 

The reference plane is set closer to the transistor 
package than the minimum lead length used with 
the transistor. Additional lead length is then con­
sidered part of the matching networks. The inHu ­
ence of lead length is also measured by changing 
the loca tion of the reference plane. 

Measurement of Su parameter is made when the 
instrument is switched to one of two positions. The 
quotient VB/ VA equals the magnitude of s11• Its 
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phase is read directly on the 8405A meter. When 
switched to the alternate position, the s21 parameter 
is read directly from the same ratio. 

Accuracy and limitations 

\ i\Then measuring small-signal scattering param­
eters , a-c levels b eyond which the device is con­
sidered linear must not be exceeded. In a grounded­
emitter or grounded-base configuration, input volt­
age is limited to about 10 millivolts nns maximum 
(when measuring Su and s21 ). Much higher voltages 
can be applied when measuring s22 and s12 param­
eters. In uncertain cases linearity is checked by 
taking the same measurements at a sampling of 
several different levels. 

The sys tem shown is inherently broadband. Fre­
quency is not necessarily limited by the published 
range of the dual directional couplers. The coupling 
factor K falls off inversely with frequency below 
the low-frequency limit of a coupler. The factor K 
does not appear in the result as long as it is the 
same for each auxiliary port. Since construction of 
couplers guarantees this to a high degree, measure­
ments can be made at lower frequencies than are 
specified for the coupler. . 

The system's measurement accuracy depends on 
the accuracy of the vector voltmeter and the cou­
plers. Although it is possible to short circuit the 
reference planes of the transistors at each fre­
quency, it is not desirable for fast measurements. 
Hence, broadband tracking of all auxiliary arms of 
the couplers and tracking of both channels of the 
vector voltmeter are important. Tracking errors are 
within about 0.5 db of magnitude and ± 3° of phase 
over wide frequ ency bands. Accuracy of measuring 
impedances expressed by s11 and s~~ degrade for 
resis tances and impedances having a high reac tive 
component. This is because s 11 or s~~ are very close 
to unity. These cases are usually confined to lower 
frequencies. 
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Computers 

Sense amplifier fits any memory 

General-purpose amplifier attaches to most coincident-current memories 

without redesigning; it has adjustable threshold, good noise rejection 

and it drives any standard logic gate with positive or negative output 

By Brant Johnson 
Sylvania Electric Products, Inc., Woburn , Mass . 

A new sense amplifier will simplify the memory 
designer's job and enable computer makers to pro­
duce less costly machines. In the past when a mem­
ory was designed, a sense amplifier was designed 
to go with it. The new general-purpose amplifier 
can be used in most coincident-current computer 
memories . 

Sylvania Electric Products, Inc., a subsidiary of 
General Telephone and Electronics Corp. , devel­
oped th e sense amplifier at its ·woburn, Mass . lab­
oratories. It attaches to most coincident-current 
memories without the need for custom design work. 
It accepts any threshold levels over a wide range of 
temperatures, rejects noise, drives standard logic 
gates with either a positive or negative output and 
works with high- or low-speed memories. 

The sense amplifier is an integrated circuit, which 
makes possible a computer built entirely of inte­
grated circuits. Up to now most sense amplifiers 
were made of discrete components. The sense am­
plifier [see photo on page 90) has a bandwidth of 
10 megahertz and drifts only 22 microvolts per 
degree centigrade. 

Most sense amplifiers are designed specifically 
for the particular memory with which they will be 
used. This is necessary because the threshold level 
varies from application to application , because of 
the presence and severity of noise and because the 
r('quirements of logic circuits may vary. 

The author 

Brant Johnson is a design 
engineer in the int egrated cir­
cuits department of Sylvania 's 
semiconductor division . Besides 
t he sense amplifier described 
here, he has designed a wide­
band amplifier that Sylvania 
produces and has worked with 
d igital IC's and with memories. 
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The new circuit was designed to be compatible 
with Sylvania's universal high-level (SUHL) logic 
family, [Electronics, April 19, 1965, p. 166) for use 
with Sylvania's MSP-24 microcircuit computer 
[Electronics, October 18, 1965, p. 72). 

What's a sense amplifier? 

When data is taken from a coincident-current 
ferrite-core memory, it comes out as elech·ical 
pulses on a group of wires-one wire for each bit 
in the word. Ordinarily the presence of a pulse indi­
cates a 1 bit, and the absence of a pulse at the 
proper time indicates a 0 bit. The sense amplifier 
accepts these pulses, rejects noise pulses, shapes 
the signal, amplifies it and drives logic circuits 
through which data is transferred to the computer's 
memory data register. 

The sense amplifier is a differential amplifier 
whose two inputs are connected to the two ends of 
the sense winding [see panel on p. 91). The input 
to the amplifier is sometimes positive, sometimes 
negative and always noisy. The amplifier must 
therefore accept both positive and negative pulses, 
but produce a uniform output that is always of the 
same polarity. 

Two kinds of noise 

Common-mode noise and differential noise com­
plicate the task of signal detection. Common-mode 
noise-that is, noise that appears equally at both 
amplifier inputs-is caused by inductive coupling 
from the relatively large currents that write infor­
mation into the memory, across the closely spaced 
wires on which the cores are strung. Differential 
noise arises from fully selected cores that do not 
switch because they are already in the 0 state and 
from half-selected cores. The zigzag routing of the 
sense line partly cancels differential noise; with this 
routing half the cores are sensed in one direction 
and half in the other. Nevertheless, the signal-to-
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Sense amplifier on monol ith ic sil icon chip 40 mils square 
can be used in most coincident-cu rrent memories. 

noise ratio on the sense line is low. For example, a 
64-by-64 bit memory plane made of 20-mil cores 
that require an 875-milliampere write current and 
produce a 35-millivolt pulse when they switch can 
generate differential noise greater than 10 millivolts 
and common-mode noise of 1 volt or more. 

A sense amplifier must reject differential signals 
below a fixed threshold level. Usually the threshold 
level is optimized for a particular memory; it de­
pends on the size of the core. Such an amplifier may 
be unreliable in another memory sys tem. If, for 
example, the signal-to-threshold ratio is too low, a 
valid 1 bit may be read as a 0. Conversely, a high 
signal-to-threshold ratio may permit noise to be 
detected so that a 0 is read as a 1. Therefore, a 
sense amplifier to be used with a variety of memory 
sys tems must have a variable threshold control. The 
threshold voltage of a sense amplifier must be well 
defined, because the degree of uncertainty in the 
threshold limits the accurate setting of the ampli­
fier's threshold level to the minimum output pulse 
expected from the core. With poor threshold defi­
nition, the threshold voltage must be set lower 
than desired, decreasing the degree of noise pro­
tection. 

Sense amplifiers must reject common-mode noise 
several volts in amplitude, yet be sensitive enough 
to detect small differential voltages of either po­
larity. Therefore the sense amplifier's input stage 
normally consists of a differential amplifier fed by a 
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current source. The supply voltages and bias levels 
for the input stage must be chosen so that the 
collector-Lase junctions of all transistors are 
strongly reverse biased-enough to keep the tran­
sistors in their active region even in the presence 
of several volts of common-mode noise. The Syl­
vania ci rcuit rejec ts up to 5% volts of common­
mode noise. 

Unlike most others, the Sylvania sense amplifier 
docs not include an internal strobe circuit-a cir­
cuit that blocks passage of signals through the 
amplifier except during a short time interval when 
the proper signal is expected. The strobe usually 
follows detection and amplification and precedes 
wave shaping. With the Sylvania amplifier, more 
precise strobing is possible with an external gate 
circuit at the output, where the signal is a pulse 
with well defined amplitude and duration. Strobing 
at the output is preferable because it avoids loading 
of the amplifier analog section and improves fre­
quency response. 

Circuit details 

Sylvania's monolithic sense amplifier is a silicon 
integrated circuit, diagramed on the opposite page. 
Its input is through pins A and B to transistors Qi 
and Q2 connected as a differential pair. Transistor 
Q3 supplies a constant current to the pair. The two 
resistors connected to the bases of Q1 and Q~ pro­
vide a low input impedance, approximately match­
ing the input impedance of the amplifier to the out­
put impedance of the sense winding, and thereby 
reducing reflections. 

The output of the first stage passes through the 
emitter-follower transistors Q4 and Q5 , which iso­
late the input stage from the res t of the circuit. The 
isolation helps preserve the gain of the input stage 
by reducing the loading effect of the following 
stages. The negative voltage at the emitters of Q.1 

and Qr, is connected to ground (or to an alternative 
voltage-see below) through the voltage divider net­
work Ri o, Rn , Ri2 and R13, and es tablishes a less 
negative voltage at the base of transistor Q8. This 
voltage remains constant regardless of the presence 
of a signal; therefore Q8 operates as a grounded­
base amplifier, with its base at a fixed negative volt­
age instead of at ground. 

The emitters of Q6 , Q7 and Q8 are all electrically 
common and are approximately 0.75 volt more nega­
tive than the base of Q8 • But that base is more posi­
tive than the bases of Q6 and Q7, considerably more 
so than 0.75 volt, because of the voltage divider. 
Therefore Q6 and Q7 are reverse biased and do not 
conduct. 

When the amplifier is quiescent, pins A and B 
are at the same potential, a few volts below ground. 
The differential pair Q1 and Qt conduct. A small 
current passes through Q8 and RH to the - 12 
volt power supply. If a voltage appears between 
pins A and B, one of the input transistors-say Qt 
-will conduct less and the other will conduct more. 
The collector of Qi becomes more positive, and 
this level is transmitted through Q4 to the base of 
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Adjustable threshold and choice of positive or negative output pulse are features of th is genera l-purpose 
sense amplifier. The threshold is established by the connection of pin H or I to ground or to a positive or 
negative voltage, directly or through a resistance; thus there are three ways to adjust it. For a negative 
output pulse, pins F and G are connected together; for a positive output pulse, pins E and G are connected . 

Q6 , which turns on (if the input signal is large 
enough ). A signal of reversed polarity b etween A 
and B will pass through Q2 and Q;; and will h1rn 
on Q7. This passes additional current through R14 , 

raising the potential at the three common emitters 
and turning off Q s. 

Positive or negative 

If pins F and G are connected together, and E is 
disconnected , the current through Q8 passes from 

Memory windings 

The diagram at the right identifies the various 
windings ordinarily used in a coincident-current 
memory. Half-select currents , too small to switch 
the magnetization state of the ferrite cores alone, 
pass through one x and one y winding. The total 
or full-select curren t flowing through the two 
wires is large enough to switch the one core through 
which both wires pass. The direction of the cur­
rent forces the core into the 0 state; if it is already 
in that state, then it does not switch and no output 
pulse is generated. But if the core was previously 
in the 1 state, then it switches to O; the change in 
magnetization generates a pulse in the sense wind­
ing; this winding passes through all cores in the 
plane. 

The inhibit winding controls the writing of new 
data into the memory. Half-select cu rren ts pass 
through the x and y windings in the opposite di­
rection to that for reading, so that a single core 
tends to switch into the 1 state. If that core is 
intended to remain in the 0 state, an opposing 
current passing th rough the inhibit winding insures 
that it does not switch. 

Coincident-current memories are made of a stack 
of planes like the one in the diagram. Typical sizes 
are from 32-by-32 up to 100-by-100, wired in a 
pattern similar to the 4-by-4 in the diagram. All 
the x windings are connected in series and so are 
all the y windings. A current on one x and one y 
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the + 5 volt power supply through resistor R16• 

Transistor Q9 does not conduct. \ Vhen Q8 turn s off, 
this current is diverted into the b ase of Q9 , which 
then b ecomes saturated. Its curren t Rows through 
a connec tion b etween pins L and K; when it turns 
on, the voltage at K decreases sharply and a nega­
tive output signal is generated. 

On the other hand, if pins E and G are connected, 
and F is disconnected , the current through Q8 

comes through the diode D 1 • There is no diversion 

INHIBIT 
LINE 

winding therefore selects a single core in each plane; 
if the planes are horizon tal, the selected cores 
will be in a vertical column through the stack. 
Each plane corresponds to one bit in a word, and 
con tains one bit of every word in the memory. Each 
plane has its own individual sense winding and 
inhibit winding passing through every core in the 
plane. 
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A 17-millivolt input pulse 100 nanoseconds wide ( left) produces a negative output pulse less than 60 na no­
seconds later. A sim ilar pulse ( right) can produce a positive output pulse with a si mi lar propagation delay. 

of Q1/s base current, so that Q9 is normally satu­
rated. When a signal turns on either Q6 or Q7 , 

the base current is diverted from transistor Q9 to 
the collector of Q6 or Q7 ; Qu cuts off, the voltage 
at K increases sharply and a positive output signal 
is generated. 

When the sense amplifier is one of a group op­
erating from a single memory stack, pins L and K 
are connected on each amplifier. But when several 
stacks are operated individually, each feeding in­
formation into a single processors, the outputs from 
the various stacks must pass through an OR gate. 
(One can also visualize other situations where out­
puts of several sense amplifiers must pass through 
an OR gate.) The easiest way to combine the out­
puts of several amplifiers (provided the outputs are 
negative) is to omit the connection between pins 
L and K on all but one amplifier and then connect 
all the pins K on all the amplifiers with the first 
logic circuit in the data path of the processor. Then 
when any one transistor Qv turns on, the common 
connection becomes negative and acts like a nega­
tive-input OR gate. 

The number of amplifiers that can be operated 
in parallel this way depends on the parallel resis­
tance of all the output tran sistors in the cutoff state, 
the capacitance of the interconnecting wires and 
other system factors. Amplifiers of this design con­
nected for positive outputs cannot be operated in 
parallel; their output transistors are normally satu­
rated, and cu tting off one of them will not cause 
the common connection to become positive because 
the remaining transistors will hold it down. 

The photographs shown above are oscilloscope 
traces of the amplifier's performance for positive 
and negative outputs. Both photos show an input 
pulse 100 nanoseconds wide and 17 millivolts high . 
In each case the amplifier reaches its output level 
in less than 60 nanoseconds. The trailing edge of 
the output is not shown in the photos; its delay and 
transition time can be different, depending on the 
circuit driven by the amplifier and on the distrib­
uted capacitance along the wire that connects the 
amplifier with its driven circuit. 
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Adjusting the threshold 

The reverse bias on transis tors Q6 and Q7 con­
trols the threshold voltage of the amplifier. Several 
different ways to adjust the threshold level are 
available. The description of circuit operation as­
sumed that pin I was connected to ground. But if 
either pin H or pin I is connected to ground, or 
to some positive or negative voltage, directly or 
through a resis tance connected in series or in paral­
lel with R13, the bias on the two transistors and 
hence the threshold level will be affected. 

Including the effects of a resistor Rx and a 
threshold-controlling voltage Vx, ei ther of which 
can be zero, the voltages at the emitters of Q6 and 
Q1 are: 

V0 Q, = (VeQ, -vx{ l -.YzRu+~~R, 3 +Rx] -vbeQs 
V =(V -V )[1- .YzRw J-v cQ; eQ, x .YzR10+ R12+ Rl3 +Rx heQs 

The two express ions are identical except for the 
components involved. The term VbeQs is the base­
to-emitter voltage drop on the transistor Qs; all 
other voltages are measured to ground. Since the 
bases of Q6 and Q7 are connected directly to the 
emitters of Q4 and Q5, 

VeQ, = VbQ• and VeQ, = VbQ, 
Then the reverse bias on Q6 and Q1 is: 

V V -V (VbQ, - Vx) (.YzR10) V 
bQ,- eQ,- x +.YzR1o+R12+R13+Rx + beQ• 

To forward bias either Q6 or Q7, a positive signal 
voltage that exceeds the reverse bias by the base­
to-emitter voltage or more must be delivered to the 
base. The three transistors Q6 , Q1 and Qs are 
nominally identical, and therefore have equal base­
to-emitter voltage drops. Thus the required signal 
voltage is the middle term in either of the previous 
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pair of equations. This voltage divided by the 
single-ended gain of the input stage (about 50) de­
fines the threshold voltage of the amplifier. The ef­
fects of Rx and V x on the threshold voltage are 
shown in the graphs at the right. 

Symmetric response 

The voltage transfer characteristic shown in the 
photo at the right is the amplifier's output plotted 
against an input of an a-c voltage with an ampli­
tude of 80 millivolts peak to peak. Pin I was con­
nected directly to ground for this tes t. The photo 
shows that the amplifier's 17-millivolt threshold 
level is highly symmetric-that is , the amplifier 
responds in the same way to positive and negative 
signal s of equal amplitude. To obtain this sym­
metry or low offset, the two input transistors should 
have the same base-to-emitter voltage drop-within 
1/2 %-when conducting, and the collector resistors 
must match within two or three percent. The 
matching of the resis tors is less critical than that 
of the voltage drops , because their value has less 
effect on threshold level. 

The Sylvania sense amplifier has a threshold 
whose uncertainty is very low. Less than 1 milli­
volt increment in the input voltage causes output 
to change from a logic 1 to a logic 0 or vice versa. 
This low uncertainty may be attributed to the oper­
ation of transistor Q8 and to the amplifier's high 
differential gain. The input stage amplifies the input 
signal by a factor of 50 and applies it to transis tor 
Q6 or Q7• These transistors possess high transcon­
ductance so that an increas ing voltage as small as 
50 millivolts applied to the base generates enough 
emitter current to raise the collector potential of 
transistor Q8 and saturate transistor Q9. When pins 
F and G are connected, the collector potential of Q9 
is limited to a minimum of - 0.7 volts by diode D 1 

and to a maximum of +0.7 volts by the base-emitter 
junction of Q9. This clamping action keeps Q8 in 
its active region so that it is capable of both high­
speed operation and voltage gain. When no signal 
is present, the transistor draws about 2.4 milliam­
peres. About 1.2 milliamperes of this current comes 
through diode D1 and the res t through Rm. The 
conducting diode es tablishes the collector potential 
of Qs at -0.7 volts. To raise this collector poten­
tial to +0.7 volts , the D 1 diode current must b e 
reduced to zero, and the voltage drop across R16 

reduced by 1.4 volts. Therefore the Q8 collector 
current must be decreased by 1.2 + l.4/R16• One 
and a half milliamperes of current from either Q6 

or Q1 will effect this reduction and will cause a 
change in the logic state of the amplifier output. 

vVith this information, an equation may be writ­
ten that relates input threshold uncertainty to am­
plifier and transistor characteristics. Calling the 
threshold uncertainty /1 Vt, 

1.2 + _!i_ 
R IG 11Vt = -~--

(G) (gm) 
where G equals 50, the gain of the input stage, and 
gm equals the transconductance of Q0 or Q7, which 
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An a-c input signal 80 millivolts peak t o peak produces 
a 5-volt output signal. Less than 1 millivolt 
incremental voltage causes the output to switch; the 
posit ive and negat ive t hresholds are both 17 millivolt s, 
symmetrical with respect t o ground. 
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Threshold voltage can also be varied by applying 
a voltage at pi n I. 

is equal to a/ Re; Re is the a-c resistance of a tran­
sistor's base-emitter junction, about 26 volts per 
ampere. (The factor 26 is the approximate value of 
the quantity nkT / q at room temperature; k is 
Boltzmann's constant, T is the absolute tempera­
ture, q is the electron charge, and n, about 1, 
accounts for second-order effects in the junction.) 
The a of the transis tor may b e considered approxi­
mately unity, so that 

( 1.2 + ~~ ) (26) 
11 Vt = 

(50) (1 ) ( 1.2 + ~~ ) 
26 50 = 0.52 

This approximation was checked against experi-
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RECOVERY TIME-NANOSECONDS 

Recovery time depends both on differential 
overload and on pulse width , but is not seriously 
high even at inputs greater than a volt . 

mental evidence, and agreed well within the accu­
racy of the tes ting equipment. 

Resistance to overloading 

To block common-mode noise voltages, which 
may reach several volts , the input stage of a sense 
amplifier must have a large reverse bias across 
its collector-base junction . Otherwise, a comrnon­
mode signal may drive the input into either cutoff 
or saturation and the amplifier will not work. The 
input s tage of Sylvania's sense amplifier has several 
volts of common-mode protection provided by a 
- 12 volt power supply that biases the bases of the 
input tran sistors to 8 volts below their collectors. 
The - 25 volt supply biases transistor QR which 
also is strongly reverse biased. 'vVith these large 
reverse biases, the input stage can fun ction nor­
mally even in the presence of large common-mode 
voltages. Common-mode pulses varying from 10 to 
100 nanoseconds and up to 2.5 volts have been 
applied to the amplifier without affecting its output. 
Th e amplifier can reject larger common-mode 
sinusoidal voltages. 

Large reverse biases on the input transistors also 
improve amplifier recovery from differential over­
loads. When a large differential sign al appears 
at the base of Qi, the constant-current source QR 
limits the collector voltage of Qi to - 7.8 volts. 
Since the bases of Qi and Q2 are biased at - 12 
volts, th e transis tors will not saturate and recovery 
delays due to storage time are avoided. 

Sense amplifier recovery time, as shown above, 
is relatively independent of pulse width . Even when 
differential overdrive exceeds 1 volt, recovery time 
is less than 75 nanoseconds. 
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Frequency response of the sense amplifier, in 
terms of threshold, is flat up to one megahertz 
or more. Above that frequency the threshold 
voltage increases, reaching +3 db at 7 Mhz. 
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PROPAGATION DELAY-NANOSECONDS 

Propagation delay depends on amplitude of 
input pulse to 60 millivolts and on the 
width of the input pulse to a smaller extent. 

High-frequency operation 

The frequency response of the sense amplifier 
input stage should be high to avoid degrading the 
input signal's waveform, which would increase 
propagation delay in the amplifier. 

The frequency at which roll-off begins for the 
Sylvania sense amplifier is 7 rfhz, as shown above. 
The graph shows the frequency response in terms 
of threshold voltage instead of in term s of power 
output, as is customary in audio and r-f amplifiers ; 
the threshold voltage increases b eyond the roll-off 
frequency in much the same way that power output 
decreases. The roll -off frequ ency is called the - 3 
db point as if power output were b eing measured. 
The 7-Mhz level is high enough to satisfy band­
width requirements of most medium- and high­
speed core memories. It reduces propagation delay 
in the amplifier to about 50 nanoseconds. 

The chart above displays propagation delay 
versus input signal amplitude for various pulse 
widths. As the pulse width decreases, both thresh­
old voltage and propagation delay increase, b ecause 
of the finite bandwidth of the input stage. However, 
the overdrive above the low-frequency threshold 
voltage required to keep the propagation delay less 
than 60 nanoseconds increases only slightly as 
pulse widths are narrowed. For example, a SO-nano­
second pulse requires less than 15% overdrive 
above the 17-millivolt threshold to keep amplifier 
propagation delay under 60 nanoseconds. The high­
speed operation and the fast recovery time make 
Sylvania's integrated-circuit sense amplifier useful 
in high-speed memory sys tems that have narrow 
output pulses and cycle times of less than one 
microsecond. 
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Circuit design Designer's casebook is a regular 

Designer's casebook 
feature in Electron ics. Readers are invited 
to submit novel circuit ideas, packaging 
schemes, or other unusual solutions to 
design problems. Descriptions should be 
short. We' ll pay $50 for each item published 

Square-law detector 

has 40-db dynamic range 

By Robert J . Matheson 
Instit ute for Telecommunicat ion Sciences and Aeronomy, 
Boulder, Colo. 

A diode network and detector circuit provides an 
output proportional to the square of an input volt­
age. It has a 40-decibel input ran ge, uses no 
critical or expensive components and is easily ex­
tended to larger dynamic ranges, if required. This 
circuit replaces such devices as thermal converters, 
second-harmonic generators and diode-shaping net­
works in metering circui~. 

Splitting its 40-db input range into two 20-db 
segments avoids limitations such as high-amplitude 
saturation and low-amplitude drifts and nonlineari­
ties inherent in other diode network schemes [see 
plot directly below]. Two identical stages operating 
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100K 
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IN 459 
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OUTPUT 
CHA RA CTER IST IC 

0.0001 .__ _ _ _ _ _..... _ __ ...L<, _ _,__ ____ __.J 

o.ot 0.1 1 10 
INPUT (V RMS)~ 

Output characteristics required to give a square-law 
device with a smooth transi t ion between stages. 

SECOND STAGE 

-t7V 

Diode network in series with the emitter lead of t ransistor Q, is t he key to circuit operat ion. It causes the 
effect ive emitter resistance to decrease as the emitter voltage increases. Thus Q, acts as a current source and 
produces an output current proportional to the square of the base volt age. Values for resistance are as 
fo llows: Ru , Ra• = 3.18K, Rm = 57.9K, Rae = 18.75K, R. = 3K, R, = 10, R,. , Rm = 5.06K, R .. = l.86K, 
Rrn = 64.2K, Ro = 300 and Rs, R. = 990. 
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at convenient levels produce the two segments. 
When matched, the stages, shown in the block 
diagram, give the proper output function by means 
of input amplifiers and output attenuators . 

Opera tion of each stage is as follows: a signal 
between 0.4 and 4.0 volts root mean square is 
detected and applied to the base of transistor Qi 
(see schematic). The diode network, in series with 
the emitter lead of Q1, causes the effective emitter 
res istance to decrease as the emi tter voltage in­
creases. Transistor Q1 acts as current source to 
produ ce an output current ii proportional to the 
square of the b ase voltage. An output voltage of 0.1 
to 10 volts develops across the 1,000-ohm load 
formed by resistors R1 and R2 • 

Stage two is essentially identical to stage one. 
However, because of an additional 20 db of am­
plification, its operating range of 0.4 to 4.0 volts 
corresponds to an input signal of 0.04 to 0.4 volts. 
Similarly, although Q2 is capable of supplying as 
mu ch output current i2 as Qi, the output is de­
veloped only across R1. This results in an ou tput 
vo ltage of 0.001 to 0.1 volt. 

Each stage saturates and gives a constant output 
for voltages above its operating range. For voltages 
below its opera ting range, ·the stage is cut off and 
has zero output. The output characteristic at the 
low end of the operating region of stage one adds 
to the sa turated output of s tage two. In this way 
the desired square-law characteris tic is achieved. 
Minor differences between the stages are omission 
of a 270-kilohm resistor and substitution of a dif­
ferent diode in the detector compensation network. 
These differences ex tend the second stage square-

•O.OIMV ,__ ____ _... _____ _,_ _____ _, law characteristic beyond the controlled cutoff 
0.01 0.1 10 required by the first stage. 

INPUT VOLTAGE (VOLTS RMS AT 450 KILOHERTZ! Thus, detection and squaring is accomplished at 
Measured output characteristics of the circuit 
operating with a 17-volt power supply. Add ing 
stages extends the dynamic range on the low end 
without seriously affecting total accuracy. Greater 
accuracy is achieved by increasing the number 
of segments in each diode network. 

voltage levels where diode offset and temperature 
coefficient are easily made negligible. Moreover, 
when the outputs of the two stages are combined, 
only one of the stages contributes significantly to 
the total output. Either stage one swamps ou t the 

- i2 

The 40-db input range of the diode detector is split into two 20-db segments, thus avoiding high-frequency 
saturation, low-frequency drift and nonlinearities inherent in other diode networks. Both stages are identical 
and operate at levels that produce the two segments. When matched, the stages give the proper output 
function by means of input amplifiers and output attenuators. 
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saturated output of stage two, or stage one is cut 
off and contributes nothing to the ou tput of stage 
two. It is this fea ture that gives over-all accuracy 
comparable to that of an individual stage (see out­
put plot). It also permits additional stages to ex tPnd 
the dynamic range on the low end without seriously 

Tran~istors replace diodes · 
in milliohmmeter circuit 

By Peter Lefferts 
TIA Electric Co., Princeton, N.J ., 
subsidiary, Heinemann Electric Co. 

Substituti')n of transistors for diodes in the recti­
fier circuit of an a-c milliohmmeter produces a sig­
nificant increase in sensitivity and linearity. The 
cos t of the circuit is reduced because a relatively 
inexpensive milliammeter is used instead of a 
microammeter, a consequence of the transistors 
providing gain . 

In the circuit on the right the transistor base­
emitter junctions are connected in a full -wave cir­
cuit to rectify the in comin g signal. The amplified 
collector current deflec ts the milliameter. 

For a given output current, the base to emitter 
voltage drop of the transistor is smaller than the 
voltage drop across a conventional diode. The 
lower voltage drop and the transistor's gain re­
sults in at leas t a 30-to-l increase in sensitivity. 

No pulse-forming network 
in scr trigger generator 

By James E. Curry ,~' 

ITT Gilfillan, Inc., Los Angeles 

, A modification of the well-known line-type radar 
modulator produces a general-purpose triggering 
circuit that is immune from noise. While trigger 
generators built with silicon-controlled rectifiers 
are not new, the circuit on page 96 replaces the 
expensive pulse-forming network with a capacitor, 
improving the circuit's performance while reducing 

* Now with Houston Fearless Corp., Los Angeles 
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affecting total accuracy. 
Preliminary tests using three stages indicate that 

little difficulty is involved in adding stages to get 
larger dynamic ranges. Increasing the number of 
segments in each diode network and careful tem­
pera ture compensation achieve greater accuracy. 
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Milliohmmeter uses transistors as rect ifiers with gain, 
permitting measurement of low values of a-c voltage. 

As indicated in the graph , negative feedback 
in the emitter ci rcuit results in linear voltage rec­
tification at lower input vo ltages than is poss ible 
with diodes. H owever, the input impedance is as 
low as 100 ohms during the positive portion of the 
input wave. This is not detrimental , because the 
circuit is intended to measure voltage drops across 
low values of resis tance. 

its cost by 25%. Its sharply-peaked outpu t pulses 
are ideal for applications from triggering modula­
tors in radars to firing flash tubes in strobe units. 

Capacitor C 1 in the circuit is charged by the 
+ 150-volt supply through the charging choke L 1 

and diode D 1• \Vith C 1 fully charged, an incoming 
pulse, typically a 4-volt square pulse of I -microsec­
ond duration, turns on the scr. Provided wi th a re­
sistive path to ground, C 1 discharges through the 
primary of the pulse transformer producing a spiked 
output pulse; in this case the pulse has a 300-volt 
peak amplitude and its width at the 50% -amplitude 
level is 5 microseconds. Pulse amplitude can b e 
varied by adjusting the transformer-turns ratio. 

During discharge, the ringing of C 1 with the 
charging choke L 1 drives the voltage across C 1 to 
- 15 volts, back-biasing the scr and shutting it off. 
Diode D 1 isolates the power supply from the capac-
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itor's discharging effect [see wave shapes]. 
An important aspect of the circuit's design is pro­

tection against accidental turn-on of the scr during 
the charging cycle. If low-level noise or reflections 
from the load were to cause such a turn-on , the 
entire 150-volt supply would b e shorted to ground, 
blowing a fus e or tripping a circuit breaker in the 
protection circuitry [not shown]. 

The scr is conducting during approximately the 
fir st 10 microseconds after triggering, so false trig­
gering pulses have no effect. For the next 15 p,s, C1 

and L 1 are ringing and the voltage at C1 is negative 
as shown in the waveform ; the negative voltage 
back-biases the scr, preventing a false triggering 
pulse from turning on the scr. At 25 µ,S after trigger­
ing, when the voltage at C 1 is zero or rising, the scr 
is vuln erable to fals e turn-on by low-level noise 
pulses for a period of 5 p,s. However, this time in­
terval occurs long enough after discharge so that 
mos t reflective pulses have b een dissipated. The cir­
cuit's 5-µs interval of vulnerability is much briefer 
than those of comparable scr triggering circuits and 
constitutes the circuit's principal advantage. 

At 30 p,s after discharge, and certainly by 40 p,s, 
there is enough charge on the capacitor to forward 
bias the scr and a large triggering pulse is again 
required to turn it on. By 60 p,s after discharge Ci 

Ser bridge inverter 
eliminates transformers 

By L.M. Tibbets 
Electronic Tube Division, 

Sylvania Electric Products, Inc., Emporium, Pa. 

A bridge inverter's cost can be cut in half by slave­
triggering two silicon-controlled rectifiers with a 
capacitive load. Slave-triggering eliminates bulky 
and expensive gate transformers and enables the en­
tire inverter to be eas ily mounted on a printed cir­
cuit board. The circui t at the right was designed 
as part of a power supply for an electroluminescent 
panel serving as a capacitive load. 

The bridge circuit is directly coupled to a multi­
vibrator which drives it with staggered square 
pulses, each 2 volts in amplitude. The input pulses 
drive SCR:1 and SCR1 directly while SCR1 and 
SCR~ are slave-driven by the capacitive load C1• 

Slave triggering is an indirect switching tech­
niqu e, employing two or more switches, in which 
secondary or slave devices are turned on automati­
cally by the energy released when a primary device, 
the master trigger, is fired. In this circuit, for exam­
ple, slave triggering is illustrated by the sequential 
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Capacitor c, is charged by the supply through charging 
choke L, and diode D, to 300 volts. An incoming trigger 
pulse turns on the scr, discharging c, through the primary 
of the pulse transformer and producing a 300-volt spiked 
output pulse. The ringing of L, and C, turns off the scr. 

is again charged up to +300 volts and the circuit 
is ready for the next triggering pulse. The circuit's 
maximum pulse repetition rate is 12 khz, leaving 
about 80 microseconds between pulses. 

DIRECT D- C 
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MUL TIVIBRATOR 
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Capacitive load C, slave triggers SCR, and SCR2, 
eliminating the need for gating transformers. 
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switching during the second half-cycle of bridge 
operation. Only the master trigger, SCR3, is turned 
on directly; the firing of SCR3 , however, switches 
load C i into a position where it turns off SCR~ and 
generates a switching signal to turn on SCR2 (which 

Electronics I September 5, 1966 

t -

;- .J 

,... 



- J 

- , , 

- \ 

- ..._ 

~ 

_...,,. 

then turns off SCR1). Thus the other three active 
elements in the bridge are all turned on or off by 
the firing of SCR~ . 

An input of 800 pulses per second (both half­
cycles of a 400-hertz mu! ti vibrator) gives a 400-hz 
outpu t. Bridge switching inverts the second pulse of 
each successive pair of pulses whi le choke Li and 
load capacitance C 1 resonate in series to shape the 
resulting square wave to a sine wave with a peak 
amplitude of 350 volts. 

An initial positive charge is placed on the right 
s ide of load capacitor C i, through diode D~ and 
res istor R~, to prepare the circuit for bridge opera­
tion . The fir st half- cycle begins when a pulse turns 
on SCR4; C1 is th en discharged throu gh SCR4, R3 

Feedback improves 
parallel-T filter 

By James Strattan , 
High Fideli ty Recording, Wichita, Kan . 

A single-transistor feedback circuit reduces the 
high attenuation in the pass band that severely 
limits the conventional T -notch filter. 

Without feedback, a 60-hertz filter having the 
component valu es shown below for R1, R2, R:i, C i, 
C2 and C3 will have a Q factor of 0.25. The addi­
tion of feedback between the collec tors of Q1 and 
Q2 (the feedback transistor) improves the response 
by a facto r of 80. Thus, the filter response is down 

c, 
0.5 µ f 

470 K 
02 

0.25 µf 2N2613 

INPUT--i 

470Kf 
R3 

10 K 2.65 K 

and D", placing 10 volts across the gate-cathode 
junction of SCRi and turning it on. C 1 now charges 
rapidly through the path Li , SCR1 , Ci and SCR4, 
making the left side of C1 positive. 

\Vhile this charge on C1 is still intact, a second 
pu lse turns on SCR:i, placing the entire C1 voltage 
across SCRi, reverse bias ing it and shutting it off. 
The C 1 voltage also sets up a current Row throu gh 
R1 and D1; tlie resu ltin g 10-volt drop across D1 

turns on SCR2. \Vith SCR2 conducting, the anode 
of SCR1 is shorted to the ri ght side of C1 . This 
reverse biases SCR~ and shuts it off . \ \Tith a second 
chargin g path Li , SCR~, Ci and SCR3 es tabli shed, 
C1 charges rapidly in the opposite direc tion, and 
th e cycle begin s over again. 

l decibel a t 62 hertz. For 120 and 180 hertz, ca­
pacitor values C 1, C:! and c~ decrease proportionally 
from those at 60 hertz. 

The emitter-followers, Q2 and Q:i, minimize the 
effects of source and load impedances. 

The bes t results are obtained when preli minary 
adjustments on the parallel T are made with 
somewhat less feedback than the 150-ohm re­
sistor, R4 , provides. To redu ce th e feedback , R4 
should be in creased to approximately 680 ohms. 
If R4 is replaced by a potentiometer, the feedback 
can be varied. Replacing Q1 wi th a transis tor of 
higher beta, such as a 2N3390, redu ces the loss 
through the circuit at fr equencies below 60 hertz. 

A b asic application for this circuit is in repro­
du cing stereo tape, where the des ign salvages sig­
nals normally buried far b elow the noise level of 
the original tape recording. 

-32 v 

C2 
0.5 µf 

Ot 
2N2613 

6.8 µf 

I OUT 

10K 

Transistor Q, provides feedback for th e para llel T·notch filter. Values shown for components are designed 
for 60 hertz. For 120 and 180 hertz decrease capacitor C,. Co and C,. values proportionally. Control of the reject ion 
bandwidth is provided if t he 150-ohm resistor is made variable t o 680 ohms. This is done with a potentiometer. 
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The astonishing 
performance 
of Secret Agent, 
Glass Bond. 

See how Ferroxcube's Secret Agent, 
Glass Bond, gets up to five times 
greater packing density out of a 
recording head than arch enemy 
Epoxy Bond. It's done with your 
existing plating or coating and no 
increase in electronics by shrinking 
gap lengths to 50 microinches or 
less. 
Thrill to flying heads that dare to 
fly lower (less than 100 micro­
inches) with Glass Bond than with 
conventiona I agents. The resulting 
reduction in space losses means 
significant improvements in output 
amplitude and packing density over 
that possible with higher flying 
assemblies. 
Learn why Ferroxcube's glass ­
bonded recording heads last at 

FERROXCUB E 
CORPORATION 
OF AMERICA 

least ten times longer in contact 
recording applications than lamin­
ated metal types and at least three 
to four times longer than epoxy­
bonded ferrite heads. In compara ­
tive life tests, wear on a glass· 
bonded head was almost imper­
ceptible at the time an epoxy­
bonded head reached end -of-life. 
The secret of our Secret Agent is 
the unique combination of Ferrox­
cube 's new ferrite material , called 
4R5 , a special glass-bonding 
agent, and an exclusive fabricating 
process which permits more pre­
cise control of recording head 

geometry than any other manufac­
turing technique. 4R5 and our spe­
cial glass agent are fully compatible 
with one another providing a me­
chanically homogeneous structure 
which is almost impervious to ex­
ternal environmental stress. And 
there is no sacrifice in electro­
magnetic properties; 4R5 has ex­
ce 11 ent permeability, very low 
residual retentivity and material 
and gap losses are negligible in 
most applications over a wide fre· 
quency range. 
For the latest performance achieve­
ments of Secret Agent Glass Bond, 
write for the book. Don't wait for 
the movie. Ask for Bulletin 1007B. 

Ferroxcube ~ 

Saugerties, New York Boston Chicago Dallas los Angeles Minneapolis New York Area Phoenix Philadelphia Washington , D.C. 
914 -246-2611 617-669-311 0 312-261-7880 214-255-044 1 213-837-1464 612·666-466 1 201 -267-5688 602-265-1 792 215-667-466 5 703-693-4900 
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Graphs reveal reasons 
for high cost of maintenance 

Nomograph reduces man -hour calculations and provides an easy 

-<._ way to pinpoint maintenance procedure problems 

By G.W. Corley and Harold Faecher 
Westinghouse Defense and Space Center, Baltimore, Md. 

Maintenance stands out as one of the major factors 
in the operational cost of avionics and airborne 
weapons systems. About one-fourth of the annual 
Department of Defense budget is spent on it. 

To measure this factor the parameter "mainte­
nance man-hours per flight hour" (MMH/FH) was 
set up. This parameter can be calculated in three 
ways: by using inputs based on performance pre­
dictions , fi eld data on similar equipment and en­
gineering data from pilot production. 

The nomograph on page 102 developed from a 
need to cut down on the number of calculations 
required. It presents all the factors contributing 
to maintenance man-hours per flight hour for any 
sys tem, and permits rapid analysis of the effec ts 
of changes in sys tem maintenance procedures. 
The nomograph is based on the equation 

MMH (M«toX FrX Pn+McttX FcXP;) K+(MptX F 11X Pp) 

FH N 

which is an expanded version of the maintain­
ability equation found in Military Standard 471. 
(Mil-Std 471 will supersede Mil-Maintenance 
26512). The equation is general enough to evalu­
ate other sys tems , including ground transportation 
sys tems and complex weapons sys tems. 

The example illustrated on the nomograph is 
an airborne high-frequency voice communications 
transceiver in need of repair. It is designed to be 
removed from the aircraft, replaced at the flight 

' line and repaired at the field shop. For this par-
ticular unit, the fo llowing factors arc determined: 

MTBF (mean time between fai lu res) = 210 hours 
Mcto = 0 . 25 hours 
Mctr = 4 hours 
M "t = 7. 5 hours 

Electronics I September 5, 1966 

In this case, the number of preventive mainte­
nance actioµs in a given time interval, Np, is cal­
culated by dividing the total opera ting time N of 
50,000 hours by the average time bel:'..veen pre­
ventive maintenance actions. Thus Np = 50,000/ 
100 = 500. 

The number of operating hours is 1.5, since for 
every hour of flight, an additional 0.5 hour is de­
voted to ground checks, runway holding patterns 
and other tes ts. 

Glossary of maintenance terms 

Mrto = mean active corrective maintenance time 
(arithmetic mean) at the organizational level 
(flight line). 

Mrt r = mean active corrective maintenance time 
(arithmetic mean) at the fi eld shop level. 

M"' = mean active preventive ma intenance time 
(arithmetic mean ). 

Fr =number of expected corrective maintenance 
tasks occurring during the representative op­
erating time period ( ). 

F " = number of expected preventive maintenance 
tasks occurring during the representative op­
erating time period ( ). 

Po = average number of personnel required to 
perform organizational level corrective main­
tenance. 

Pr = average number 'of personnel required to per­
form fie ld shop level corrective main tenance. 

P ,, = average number of personnel required to per­
form preventive maintenance. 

K = average operating hou rs per flight hour. This 
is a constan t normally greater than one since 
the equipment is operated on the ground dur­
ing maintenance checks in addition to being 
operated in flight. 

N = an arbitrary number of operating hours , 
usually very large compared to equipment 
fa ilure rates . 
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provides maintainability engineers with a ready 
means of determining cost factors and schedu li ng 
problems in systems maintenance. 

'"" 40001 "/MAINTENANCE MAN 

., -t' f- { 1 

1000 800 6001 4 00 20G 

NO, OF INSPECTIONS IN N (Fpl 

® 

~ "( 
I 

HOURS PER FLIGHT 
HOUR, SCHEDULED 
M ptXFp xPp 

N I 

.020 .060 .100 .140 .10e 

f ~ 1 • 



- ., 

- .. 

:J: ... 

EFFECT OF Mpt AND INSPECTION INTERVAL 
ON MAINTENANCE MANHOURS/FLIGHT HOUR 

,160,.------.---r---r-----------. 

.140 

. • 120 

.100 

:i: .080 'Mpl = MEAN 
::E INSPECTION 
::E TASK TIME 

::c: ... 

060 ·Pp= NUMBEROFMEN 
• REOUI RED TO 

PERFORM TASK ( s t) 
. 
04

D • N • INTERVAL OF INTEREST 
• (=50,000 HOURS 

.020 
MMH/FH (SCHEDULED) = 

N 
Mpt' P p' INSPECTION INTERVAL 

N 

10 20 30 40 50 60 70 80 90 100110120130 
INSPECTION INTERVAL (HOURS) 

EFFECT OF Mctf AND MTBF ON MMH/FH 

:t 60 .......,~_..;.H...::O...::L..::.D.;.;.I N...::G...;M.:;.;c:..:.10=---.::C..::.O:..;.NS=-T"'A""N.;_T __ _ 

(Mc11'P1 l 

;140 

.120 

.100 

MMH/FH (UNSCHEDULED) = 

[ Mc1o•Po•Fc t Mc11•P1•Fe ] 1.5 

N 

• N = 50,000 HRS 
- N 

' Fe - MTBF 

;:: .OBO 
::E 

• P0 = ~~~~J~ ,~~~~ I GHT LI NE 

• Pt' NUMBER OF SHOP 
TECHNICIANS= 1 

• Mcto' 0.25 ::E 

::c: ... 

.040 

.020 

100 200 300 400 500 600 
· MTBF (MEAN Tl ME BETWEEN FAILURES) 

EFFE CT OF Mcto AND MTBF ON MM H/ FH 
HOL DI NG Metf CO NSTANT 

.160 ,....-,..------------~ 

.140 

.120 

.100 

MMH/FH(UNSCHEOULEO) = 

[ Meto ' Po•Fe + Mett•P1•Fe] 1.5 

N 

• N = 50,000 HRS 
N 

• Fe = MTBF 

;: .080 
::E 

• P0 = mte~~ l~~{~j GH TLINE 

• Pt ' ~~~~~~pfN~~~P 
::E 

.060 
• Mett ' 4.0 

. 040 

.020 0.5 

'00 200 300 4 00 500 600 

MTBF (M EAN T IME BETW EEN FAILURES 

Sensitivity curves for use with nomograph. 
Analysis shows the effect of changes 

in maintenance procedures. 
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Additional analysis shows that P0 = P, = P r = 
1 man. 

Procedure 

The nomograph can now b e u sed to determine 
the major contributors to the maintenance burden 
of the airborne receiver. 

• Enter graph 1 at point A (MTBF = 210 hours) 
and proceed vertically to point B. Point B repre­
sents the number of expected corrective mainte­
nance actions (Fe) in a given time interval N (50,-
000 hours was the time interval used in the prep­
aration of this example) . 

• From point B move horizontally on graph 2 
to intersect the line representing 0.25 hours (Mcto 
x P0 ) at point C. 

• Enter graph 1 at point D (MTBF = 210 hours) 
and proceed horizontally to point E. 

• F rom point E move vertically on graph 3 to 
intersect the line representing 4 hours (Mctt x Pr), 
at point F . 

• From points C and F move vertically and hori­
zontally to sum the two quantities on graph 4 at 
point G. 

• From the summing point (point G) move hori­
zontally on graph 5 to intersect the line represent­
ing the usage fac tor (K) of 1.5 (operating hours per 
fl ight hour) at point H. 

• From point H move vertically to intersect the 
line on graph 6 at point J; then move horizontally 
on graph 9 to determine the unscheduled mainte­
nance man-hours per fli ght hour (0.029). 

• E nter graph 7 at point K (Np = 500) and pro­
ceed vertically to intersec t the line representing 
7.5 hours (Mvt x Pr) a t point L. 

• From point L move horizontally to point M on 
graph 8 then vertically to point N in graph 9. 

• Sum the scheduled and unscheduled mainte­
nance times on graph 9 as shown (0.104 MMH/ 
FH). 

For this example, the nomograph clearly shows 
that the man-hours g iven to preventive main te­
nance (periodic inspections) far exceed time spent 
on corrective maintenance. If th e pred ic ted main­
tenance man-hours per fl ight hour of 0. 104 mus t 
be reduced to 0.09 to meet a contractual require­
ment, a more detailed analysis is required. A study 
of the nomograph and the sensitivity curves at the 
left shows that this can be accomplished by any 
one of the fo llowing: 

• In crease mean time between failures from 210 
to 425. 

• Decrease shop repair time (Mctr) from 4 hours 
to 1.85 hours . 

• Increase interval between periodic inspections 
from 100 hours to 125 hours. 

• Decrease mean inspec tion time (M pt) from 7.5 
hours to 6. 1 hours. 

Once each approach has b een analyzed and its 
cos t factors and schedule impact determined, a 
trade-off study will show which approach or com­
b ination of approaches will eventually be the mos t 
economical. 
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Any material 
that can help Western Electric 
cut down its phone bill 
must be something. 

Something called Plaskon Epoxy . 

This phone dial relay switch used to 
be molded of soft-flow phenolic. ow 
it's made of a stronger, more versa­
tile Plaskon® epoxy molding com­
pound. Because of that,Western 
Electric was able to el iminate an ex­
pensive metal flange with no loss of 
strength. And at a substantial saving, 
considering the millions of parts 
that were made. 

They were also 
able to use the 
existing molding 
equipment for 
the job. 

104 Circle 104 on reader service card 

........ 
~ ....... , ..... 

I 
I 

' '\ 
" ~ ... .... ..... ...... ...... ....... ....... ...... 

Plaskon epoxies have excellent di­
mensional stability. They cure fast 
and shrinkage is often less than one 
percent. And because of great elec­
trical insulation value, applications 
are numerous. 

Allied Chemical has an extensive 
line of epoxy molding compounds, 
including DAP, phenolics and al­
kyds. Whatever your application re­
quires, one of them should work 
best - and most economically. Call 
your Plastics Division representative 
for more information. Or, mail the 
coupon, and start saving right away. 

...... ..... ... , 
' # , , 

I , 
I , 

I 
I Gentlemen: 

I'd like to know more about the complete 
line of Plaskon epoxy molding compounds. 
Please send me your technical brochure. 

E-9 

AddresS------------­

CitY--------

PLASTICS 
DIVISION 
POST OFFICE BOX 365 
MORRISTOWN, N. J. 

~--------------------~ 
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Computers 

Divic gives answers 
to complex navigation questions 

A special algorithm and a unique combination of digital 

and differential processing techn iques make up a microelectronic 

computer that solves problems in hyperbolic navigation systems 

By Joseph A. Parini 
Lear Siegler, Inc. , Instrument Division, Grand Rapids, Mich. 

A computer that combines the speed of a digital 
differential analyzer with the fl exibility and accu­
racy of a general-purpose machine is being flight­
tes ted for use with a wide variety of air navigation 
sys tems. The computer, developed by the Instru­
ment division of Lear Siegler, Inc., can solve prob­
lems in spherical trigonometry and computes with 
an algorithm that permits fl exible design and high 
speed, but doesn't require a large memory. 

The computer, called Divic, for digital variable 
increment computer, was built for the United 
States Coast Guard and the Federal Aviation 
Agency. The key to Divic is its ability to be adapted 
to various navigation systems. Divic is constructed 
of monolithic integrated circuits and has a stored 
program in a core-rope memory which can be re­
placed easi ly if th e application of the computer 
mu s t be changed. Flight tes ts will continue through 
autumn and 20 computers will be built for the Coast 
Guard for delivery in early 1967. Lear Siegler an­
ticipates orders for a great many more computers, 
and is considering modifying the design for com­
mercial aircraft. 

A prototype version of Divic was flight-tes ted 

The author 

Joseph A. Parini is the manager 
of the computer systems depart­
ment at Lear Siegler, lnc.'s 
Instrument division. He was 
formerly manager o~ the navigation 
systems group, which did much of 
the early development work 
on Divic. 
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in 1964. It was built of thin-film hybrid micro­
circuits assembled in standard packages. It fol­
lowed a parallel processing-serial ari thmetic or­
ganization and its program was wired into the 
machine. 

Both versions of the Divic are more accurately 
described as hyperbolic-coordinate converters. An 
aircraft's location is given in terms of the inter­
section of two hyperbolas in navigation systems 
such as loran, Omega, or Decca. However, this in­
formation mu st be translated into latitude and 
longitude to be intelligible to the pilot, and the 
translation also can provide range and b earing in­
formation [see panel, pp. 106-107]. The hyperbolas 
are derived from two time differences between 
pairs of signals broadcas t by three synchronized 
radio transmitters . The navigation systems have 
different signal formats (pu lse or continuous wave), 
power, frequency and range. For instance, loran C 
sends out pulses one millisecond apart in each of 
three phase-coded pulse trains ; the airborne re­
ceiver, which is capable of some elementary com­
putation , measures the intervals between the re­
ceived pulses and produces time-difference signals 
that are processed manually or by a navigation 
computer. 

Hardware configuration 

The improved Divic is a stored-program machine 
containing two core memories: a core-rope perma­
nent memory, part of which stores the program; 
and a scra tch-pad memory for temporary storage 
of data. The core rope has a capacity of 2,048 words 
with 70 bits per word. The scratch-pad memory 
contains 128 words of 30 bits each. The cores for 
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the permanent memory are made of molybdenum 
permalloy tape % inch wide, and the temporary 
memory is made of lithium-ferrite cores. 

mate in the early phases of the program the size 
and weight of the necessary Divic to do the job. 

The integrated microcircuits are attached by gap 
soldering to printed circuit boards that plug into 
a "mother" board; the latter interconnects the vari­
ous modules such as the arithmetic unit, input­
output registers and memories [see photograph, p. 
lll]. With this packaging arrangement, a typical 
navigation computer that can convert hyperbolic 
coordinates, compute dead reckoning and perform 
guidance functions will take up only half a standard 
rack. A program change provided by a change of 
the core-rope memory would allow a similar com­
puter to process inertial or celes tial equations . 

Navigational problem 

Therefore, the basic Divic computer organization 
can be used with radio, inertial or celestial sensors, 
either individually or in an integrated system, in 
approximately the same configuration . Other hard­
ware changes that would be necessary in changing 
the purpose of the computer are in the input-output 
interface between the sensors and the computer, 
controls and displays. These are required b ecause 
the signal content varies in rate, form and resolu­
tion in the different sys tems. Th erefore, with a 
defined application, a design engineer can es ti-

The time-difference signals that are inputs to the 
Divic computer may b e either analog or digital . 
For instance, the AN/ ARN-78 loran C receiver built 
by the Sperry Rand Corp. has an optional digital 
output that produces six binary-coded decimal sig­
nals indicating the time difference precise to micro­
seconds. The two time differences are produced 
alternately. An analog output is produced by In­
ternational Telephone and Telegraph Corp.'s A 1 I 
APN-152 Omega receiver-two lines carrying 
pulses whose duration s are proportional to the 
time differences measured by the receiver. The 
Divic computer comes with the proper interface 
equipment so that it may be used with any kind 
of autotrack (non-manual ) receiver. 

Divic must first translate these time differences 
into hyperbolic coordinates. It then computes the 
latitude and longitude from these coordinates, 
using the previously stored position of the trans­
mitters as a reference. The latitude and longitude 
are displayed on dials for the pilot's reference. 
With successive valu es of latitude and longitude, 

Finding yourself with hyperbolas 

Hyperbol ic coordinates were first 
used during World War II to de­
termine the position of ships at 
sea. That navigation system was 
loran, now known as loran A to dis­
tingu ish it from its successors. 

vVith loran A, a navigator tu ned 
his receiver to pick up pulse sig­
nals from three radio stations 200 
to 300 miles apart on shore. These 
signals were carefully synchron­
ized at the transmitters ; but in 
general they were not synchron­
ized when the receiver picked them 
up, because of propagation de­
lays . The navigator displayed the 
pulse signals from two stations on 
an oscilloscope and measured the 
time difference between them. 
This time difference told him that 
he was somewhere along a hyper­
bola whose focuses were the two 
stations he was listening to at the 
momen t. (A hyperbola is a curve 
described by the motion of a point 
whose distances from two fixed 
points-the focuses-maintain a 
constant difference.) 

Then the navigator checked the 
time difference between one of 
these two signals and the signal 
from the third transmitter. The sec-
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ond time difference gave him an­
other hyperbola, and the intersec­
tion of the hyperbolas was his po­
si tion at sea. The whole procedure 
took abou t three minutes . 

If the vessel's navigator found 
all three signals still in synchron ­
ism, just as they were broadcast, 
then he knew he was at the inter­
section of the perpendicular bi­
sectors of the straight lines joining 
the three stations. 

Airborne navigators could also 
take advantage of loran A, except 
that they had to take a second 
reading on the first pair of stations 
and average the two. The reason, 
of course, was that an aircraft­
even of World War II vintage­
can travel quite a long distance in 
three minutes. 

Later versions of loran broad­
cast different frequencies an<l sig­
nal formats , and station spacings 
were changed to improve range 
and accuracy. The newer versions 
also rely on the receiver to gener­
ate the time difference directly, so 
that the navigator or pilot doesn' t 
have to twiddle dials or look at os­
ci lloscopes . 

Other hyperbolic-coordinate nav­
igation systems include Decca, 

Dectra and Omega. Decca and 
Dectra broadcast continuous-wave 
signals and the receiver measures 
phase differences instead of time 
differences. In Dectra, two of the 
stations are relatively close to­
gether-about 80 miles-so that 
the hyperbola determined by these 
stations is nearly straight. Omega 
is a very low frequency system 
intended to provide worldwide cov­
erage with only eight stations. 

Despite the improvements in 
the navigation systems the navi­
gator, knowing that he is at the 
in tersection of two hyperbolas, 
isn ' t much smarter than he was 
before. vVhat he really wants to 
know is his position in latitude 
and longitude, or even better, the 
direction and distance to his des­
tination. In the past , he has had 
several tools to help him . 

One scheme gave him a dis­
torted map on which the hyper­
bolic coordinates were printed di­
rectly. This isn't too bad for ships 
at sea, where there are no land­
marks ; but for airplanes, especi­
ally one-man airplanes in which 
the pilot must do his own navi­
gating, it's confusing. When the 
pilot's map tells him he is flying 
over a round lake and he looks out 
the window and sees a kidney­
shaped lake, that's when he turns 
off the radio and flies by the seat 
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the computer also computes direction and velocity 
of th e aircraft. Final ly, the computer works out the · 
range and b earing of the destin ation and the cross­
track error-distance right or left of course- of 
the aircraft for course correction . 

Because the earth is round, latitude, longitude, 
range and bearing are all expressed as angles. 
Therefore, spherical tri gonometry is required in 
all these computations. Bearing is the angle meas­
ured eastward from north , varying from 0° to 360° ; 
range is measured in degrees of arc, ordinarily 
much less th an 180°, but displayed in nautical 
miles. Latitude and longitude, of course, are in 
degrees of arc, with ranges of -90° to +90° and 
- 180° to + 180° respectively. 

Algorithm for solution 

The Divic computer uses the computing algo­
rithm for circular functions that was worked out 
in 1959 by J.E. Volder. 1 This algorithm provides 
a method for the rapid evaluation of trigonometric 
fun ctions and related express ions. The Divic there­
fore has the accuracy of a general-purpose com­
puter coupled with the speed of a digi tal differen­
tial analyzer-the digi tal equivalent of an analog 
resolver. 

HYPERBOLA DEFINED BY M a S2 

The equations that relate time differences to 
latitude, longitude, and other navigational measure­
ments consist of sums and products of sines and 
cosines [see panel, p. 108). The Volder algorithm 
evalu ates sines and cosines by an iterative process 
that is easily implemented in digital circuitry. The 
same technique can convert rectangular to polar 
coordinates, and binary to binary-coded decimal 
numbers, and vice versa, and it can evaluate hyper­
bolic functions such as sinh u and cash u .2 (These 
hyperbolic functions are only indirectly rela ted to 
the hyperbolic coordina tes that are inputs to the 
Divic. ) At Lear Siegler, the Voider algorithms have 
been ex tended to carry ou t multiplication, division 
and square root.a .4 

All the algorithms require four registers for 
temporary storage of intermediate results, and re­
late successive valu es of results by shift-and-add 
or shift-and-subtract operations. The algorithms 
differ principally in the convergent series that they 
use for various fun ctions. 

Two categories 

In general, computational algorithms-Voider's 
or any other-may be implemented in a digital 
computer in either of two ways. The computer may 

\_ SLAVE 
"----STATION 

S2 

HYPERBOLA DEFINED BY M 8 Sf 

of his pan ts. 
Another way gave the pilot a 

standard map with hyperbolic lines 
of position printed on it. This 
wasn't quite as confusing, but with 
so many lines going every which 

way on the map, the pilot of a 
600-mph jet can easily go 30 or 
40 miles while trying to figure 
out where he is- or where he was. 

make the difficult computations to 
convert hyperbolic coordinates into 
latitude and longitude. Divic not 
only does that but displays the 
latitude and longitude readings on 
dials, too. 
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How convenient it would be to 
have an "instant navigator" to 



Equations of position 

Two spherical triangles must be solved and the results 
transformed into position and course data in a hyper­
bolic coordi nate system. The symbols rp and,\ represent 
lati tu de and long itude, respectively; the subscripts 
re present the master station, M, and the receiver, R. 

3 y 
4 

DES IRED SOLUTION 

1----- X-SOLUTION ---.~1~ 

l 
2 

I 
4 

I 
I 

I 

I 

' I 

--------
-----ANGLE OF ROTATION '/t 

/ 
~4 

.-2 

«1 
o~--,--r'-r---.--+.--,.-__J_~-~~~x 

1 
4 ORIGINAL-X 

3 
4 

Typica l rotation operation is shown plus the steps 
toward its solution with the Voider algorithm . 
The angle after th e rotation is approached with 
steadily decreasing steps; the magnitude steadily 
increases with each step and in general will 
require correction, the amount of which depends on 
the computer word length and the number of steps 
taken. 
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There are several ways to transform an unprocessed 
set of time d ifferences into the various outputs re­
quired in navigation. One set of equations that gives 
range and bearing directl y in te rm s of the time dif­
ferences r see diagram at th e left] is: 

p -t· _1[ (co d2-COS~y) +w (cosd1-COS~x) J 
m - a n sin t,.+w si n ~x+sin d2 sin a sin(} 

-cos _--:-.- -:------(} - -1 [ cos ~x - cos d1 - tan pm sin ~x ] 
tan Pm sm d1 

where 

(} 

w 

distance of rece iver from master sta tion 
(ran ge) 
angl e be tween master-receiver line and 
master-slave base line 
Px - Pm (expressed as time differen ce) 
Py - Pm (expressed as time difference) 

sin d2 cos a 

sin d1 

a supplement of angle between d 1 and d2 

Then the latitude <fiH and longitude AR of the re­
ceiver can be detennined with the equations: 

[

COS (>-m- ~R) [cos Pm COS c/> rn + ] 
"' -t _1 Sill Pm cos c/>m cos (I'-(})) 
'l'R- an -- =-------------~ 

COS Pm COS c/> 111 -

sin pm sin c/>m cos (I' -(}) 

, _ , t _1 [ sin Pm sin (,, - e) ] 
l\ R- 1\ m - an 

COS P 111 COS c/>m -
sin Pm sin c/>m cos (I'-(} ) 

Other sets of equations may also be used , perh aps 
to determine latitude and longitude first an d then 
range and bearing; or one could begin with a differ­
ent set of measu rements . 

The Voider a lgorithm consi sts of an iterative p roc­
ess th at can evaluate these equations with a series 
of shift-and-add operations based on the foll owing 
relations : 

Xi+! = Xi ± 2 -( i- 2> y; 
Yi+! = Yi "" 2 -( i- 2) X; 

The initial values a re x1 = 1, y1 = 0. This is equiva­
lent to a series of diminishing rotations. Each incre­
ment of rotation is an angle a such that: 

ll'J tan- I ro = 90° 
a2 = tan-1 1 = 45° 
ai = tan-1 2 -<i-2l for i ;;:;; 2 

A similar algorithm may be used to evaluate the 
new coord inates of a vector ro tated from a position 
with a given coordinate . F or example, in th e ro ta­
tion operation shown in the diagram at the left, 
the vector wi th coordin ates ( 1/z, - % ) is to be ro­
tated through an angle of 67.5 ° counterclockwise. 
The initial coordinates are placed in th e machine 
and the first rotation is 90° counterclockwise . Sub­
sequen t rotations a re smalle r and small er in accord­
ance with the inverse tangent formula, in directions 
that make them zero in on the desired angle. 
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Comparing computation times 

Operation General-purpose computer Divic computer 

Bit Times 
per Operation Frequency 

Total 
Bit Times 

Bit Times 
per Operation Frequency 

Total 
Bit Times 

Add n n n 0 0 
Subtract n 2 2n n n 
Multiply n2 7 7n 2 n2 1 n2 
Divide n2 1 n2 n2 0 0 
Sine 5n 2 + 3n 3 15n2 + 9n 
Cosine 5n2 + 3n 4 20n 2 + 12n 
Inverse tangent 8n 2 + 6n 1 8n2 + 6n 
Inverse cosine 8n 2 + 6n 1 8n2 + 6n 
Rotation n2 6 6n2 
Resolut ion n2 2 2n2 

Tota! 58n 2 + 36n 9n 2 + n 

handle numbers either incrementally or as whole 
numbers, and the algorithm is implemented ac­
cordin gly. The digital differential analyzer is an 
exam ple of an incremental computer; it repeatedly 
adds a variable y to an accumulator, which there­
fore contain s the integral of y. Conventional general­
purpose computers are examples of whole number 
machines. 

Since the differential analyzer can handle only 
in crements of numbers , it solves the equations of 
conversion , range and bearing and position by a 
proper application of its basic integration algo­
rithm . It arrives at a solution quickly, but it may 
be subject to a cumulative error. 

The general-purpose computer on the other hand 
has available all standard arithmetic operation s; 
namely, add, subtract, multiply and divide. ln ad­
dition , hardware or software algorithms based on 
infinite series for forming trigonometric function s 
using only ar ithmetic operation s may be available. 
The equation s can be evaluated with great precision 
using these algorithms, but at the cost of either 
much hardware or much time. 

The Divic is neither an incremental nor a whole­
number machine, but something between the two. 
It solves the equations by using the standard arith­
metic operation s plus rotation and resolution . The 
rotation operation rotates a vector R defin ed by its 
x and y components R, and R). through an angle fJ 
and computes the new x and y components R', and 
R' _. . The new components are related to the original 
01;es by: 

R'x = R. cosfJ -Ry sinfJ 
R'y = R , sin fJ + RY cos fJ 

Resolution computes the magnitude and direction 
of the vector from the vec tor components R, and R y: 

R = R2
x + R2

y 

Ry 
a= tan- 1 -­

Rx 
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The speed of solution of the equations can be 
estimated by determining the amount of time re­
quired for each operation and the relative frequency 
of use of each. 

The frequ ency of use depends on the programer's 
skill ; th e frequencies in the summary table shown 
below are typical. This table shows that the Divi c 
can solve the same problem that a general-pmpose 
computer can solve, with less hardware and six 
times faster. 

Computer organization 

Implementation of an algorithm like Volder's in 
a computer like Divic requires a special arithmetic 
unit. The design of the arithmetic unit, in turn , 
depends on the speed required of the machin e. The 
other basic subdivisions of the computer-the con­
trol unit, the memory unit, and the input-output 
interface-are not directly affected by the computa­
tional algorithms. 

The arithmetic unit may operate serially or in 
parallel, or in combinations of these two basic 
methods. Four such designs-serial processing­
serial arithmetic, parallel processing-serial arith­
metic, serial processing-parallel arithmetic, and 
parallel processing-parallel arithmetic-are shown 
on the next page. To implement the rotation algo­
rithm, three steps are required for each iteration : 
the sum or difference of x and shifted y to find the 
new x; the difference or sum of y and shifted x to 
find the new y; and the sum or difference of the 
angle and the angle increment to find th e new angle. 

These three steps are repeated during n - 1 itera­
tion s to sol ve the rotation algorithm, where n is the 
word length in bits. 

The four configura tions have different solution 
times and require different amounts of hardware: 

• For serial processing and serial arithmetic, only 
a sin gle adder-su btractor is required. It will be 
time-shared by the fo ur shift registers, which 
make up the other parts of the arithmetic unit, as 
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Four computer organizations 

+-I x 

~ y 
SERIAL 
ADDER - t--
SUBTRACTER 

L...f: A 
, 
__.-

[ a1 1-
SOLUTION TIME= 3N ( N-1) 

The simplest organization for a Divic computer 
is when data is processed serially, and 
arithmetic operations are performed serially . 

SERIAL 
ADDER-
SUBTRACTER 

GATING 
NETWORK 

SER IAL 
N-2 ADDER -

y SUBTRACTER 

L .f A 
SERIAL 
ADDER-

[ a, SUBTRACTERS 

SOLUTION TIME =N(N-1) 

A somewhat faster and more complex organization 
is parallel processing. It increases the speed 
and requires add it ional hardware; serial 
arithmetic is retained. The arrows in color 
r.efer to a number of parallel lines. 

LJ 

at the top left above. Each of the four registers are 
n bits long. The three steps required for each itera­
tion of the algorithm are computed in series; thus 
the total solution time becomes 3n(n-l) bit times. 
The shifted valu es of x and y are obtained by 
transferring numbers between registers with proper 
timing. 

• In the second design of an arithmetic unit, 
at the lower left above, computation is made faster 
by processing many serial arithmetic operations at 
one time. In this configuration a gating network 
on the x and y registers obtains the shifted values 
of x and y. The ari thmetic unit requires three adder­
subtracters, four shift registers, and two sequential 
gating networks. Since all three steps are now 
processed a t one time, the solution time is n(n- 1) 
bit times for this des ign. 

• An arithmetic unit with serial process ing and 
parallel arithmetic, like the fir st method, takes three 
steps to process the information. However, with 
a parallel adder-subtracter, as in the diagram at 
the upper right, gating networks route the shifted 
values of x and y from each register into the adder­
subtracter. This arithmetic unit now requires four 
n-bit storage registers, two gating networks, and 
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.. '---I SHIFTER I .. PARALLEL 
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SOLUTION TIME =3( N-1l 

Sti ll faster operat ion is possible with a parallel 
arithmet ic un :t t hat retains t he simple serial 
shift-registers of the basic organization. 

N 
N-2 PARALLEL 

ADD ::R-
SUBTP CTER 

N-2 
PARALLEL 
ADDER-

y SUBT RACTER 

c; A 
N .. PARALLEL 

N ADDER-
a1 .. SUBTRACTER 

SOLUTION TI ME = N-1 

The fastest and most complex layout uses both parallel 
arithmetic units and parallel processing from all 
reg isters. This organization also costs the most. 

LJ 

one parallel adder-subtracter. The solution time 
now becomes the speed of the parallel adder­
su btracter divided by the three sets of inputs. If 
the speed of th e parallel adder-subtracter is one 
bit time, the solution time is 3(n-l) bit times. 

• Parallel process ing with parallel arithmetic is 
the fastes t method of processing information . In 
this method , the shifted valu es of x and y are 
again obtained with gating networks , as in the 
lower right diagram. By processing the informa­
tion in parallel , th e solution time for this method 
is redu ced to n-1 bit times-the fastest way to 
solve the algorithms in an ari thmetic unit. 

Speed and cost comparisons 

The select ion of the organization to flt the re­
quirements of a particular application will depend 
on the solution time required for the problem and 
the cost. As the speed increases with the introduc­
tion of parallel processing, more hardware is re­
quired. 

The graphs on page 112 compare the different 
arithmetic unit solution times for various word 
lengths and the relative hardware complexity of 
each arithmetic unit in terms of the integrated-cir-
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cuit modules needed for the basic arithmetic func­
tions. These numbers do not include any control 
circuitry. 

Therefore, the selection of the optimum computer 
requires a diligent study of all methods and their 
trade-offs; the faster the information processing, the 
more costly the arithmetic unit. 

The table shown below illustrates these princi­
ples for a typical navigational problem-depicting 
the bit times for the various algorithms as a func­
tion of the computer organization, along with the 
total bit times and the resulting solution times for 
a 32-bit word and 1-Mhz clock frequency. A com­
parison of the cost of each computer organization 
with a 32-bit word is also shown. 

Flight test proves the system 

A prototype Divic computer with a parallel proc­
essing, serial arithmetic design was flight-tested 
two years ago in the East Coast loran-C chain. Time 
difference signals were obtained from an AN I 
SPN-30 receiver and fed into the computer. Out­
puts of the computer were present latitude and 
longitude, distance to go, bearing angle and steer­
ing signal commands. 

The tests totaled more than 120 flight hours in 
various types of aircraft. A typical flight began at 
Grand Rapids , Mich., and went to Miami, San 
Juan, Bermuda, Washington and back to Grand 
Rapids. The computer was tested on both the land 
and sea sides of the chain of loran stations, both 
in and out of the area covered by the ground wave. 
Accuracy was checked against air traffic control 
radar, Atlantic miss ile range radar, very high fre­
quency omnirange and visual landmarks. The mean 
error in all flights under a variety of conditions was 
about 1 nautical mile (approximately 1.15 statute 
miles). 

The flight tes ts of the prototype showed, among 
other things, that the parallel processing-serial 
arithmetic organization was adequate for the 
straight forward conversion of hyperbolic coordi­
na tes in aircraft. With this in mind, and with plans 

Speed-cost trade-offs 

Operation 

The Divic computer with the top cover removed and som.e 
of the circuit cards partly pulled out. The group of cards 
in the center carry the core-rope memory; portions of 
the rope are just visible. The ferrite core memory is on the 
module at the rear; only a few test points are visible. 

to alter the packaging and to replace the wired 
program with a stored program, the design was 
simulated on an International Business Machines 
Corp. 1620 computer. The simulation bore out the 

Computer speed 

Seria l-se ria l Pa rall el-se ria I Serial- paralle l Parallel ·parall e! 

Subtraction 
Ad dition 
Multiplication 

- i- Rotation 
Resolution 

Total 
Total 

2n* 
n 

6n2 

3n2 - 3n 
3n 2 - 3n 

12n2 - 3n 

,.. for n = 1 usec** 12.192 msec 
( 

Cost in number of modules 

• n= time requi red to process one bit 
••Assumes 1 m ega hertz clock, 32-b it word 
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2n 
n 

3n 2 

n2 - n 
n2 - n 

5n 2 + n 

5.152 msec 

172 

2 2 
1 1 

6n 3n 
3n - 3 n - 1 
3n - 3 n - 1 

12n - 3 5n + 1 

0.381 msec 0.161 msec 

505 660 
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Solution time increases as word length increases. The increase in time is more rapid for the 
simpler computer organizations. Hardware costs also increase as word length increases but less 
rapidly for the simple organizations. The designer must use a word length and an organization 
that will provide the required solution time at a price he can afford to pay. 

results of the flight tes t and gave the accuracy of 
the algorithm as a function of word length . There­
fore the improved design for Divic re tained the 
parallel-serial organization, \vith a word length of 
30 bits as indicated by the simulation. 

Divic has many faces 

Any equation using trigonometric fun ctions can 
be evaluated by a Divic compu ter as well as by 
a digital differential analyzer or a general-purpose 
machine. Most of the applications are in naviga­
tion systems of various kinds. 

In hyperbolic sys tems , such as loran C, veloc ity 
and direction can be derived. ' ,Yhen position, ve­
locity and direction are known , the computer can 
resolve the guidance for the aircraft in the fo rm of 
error or command signals and feed these to the 
autopilot and displays. Bearing, great-circle dis­
tance and along- track di stance al so can be com­
puted and displayed. 

In dead-reckoning sys tems, such as inertial , 
doppler-gyro or airspeed-heading sys tems, the sen­
sor inputs usually are in the form of pulses from 
an accelerometer, a frequency representin g velocity 
from the doppler radar, and synchro d-c or a-c 
voltages. From these inputs, velocity, direc tion and 
position can be computed ju st as in the hyperbolic 
sys tem. The differences bctvvccn the dead-reckon­
ing naviga tion corn pu ter and the hyperbolic com­
puter is the replacement of th e coordinate con­
version routines with integration routines that in-
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volve programing changes in the core rope. Also 
a faster computer is needed in an inertial system; 
the sys tem has a h igher data rate, so the computer 
mu st process more data in less time, even though 
it executes fewer in stru ctions. The speed can be in­
creased eith er by increasing the clock rate (if the 
modules arc capabl e of the higher rate) or by using 
a parallel computer organization . 

Many integrated sys tems, such as loran-inertial, 
Omega-inertial, loran-cloppler, and so forth , can use 
the Divic. In the simpler integrated systems the 
time- indepcnclent sys tems update the time-depend­
ent sys tems; in others, th e systems mutually aid 
each oth er. The most advantageous application of 
the Divic computer in an integrated system is to 
redu ce each navigation subsystem to a common 
frame of reference and th en to operat~ on the in­
puts, process in g th e common data to the mutual 
advantage of both sys tems. The resultant sys tem 
is usually more accura te than either system in­
dividually. 
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Four outstanding performers ... designed with the care 
and imagination that has made them the talk of the ana­
log computer world . * Ci-265S Resolver . . . presents a 
new concept in electronic resolvers , using D-to-A 
switches and logic circuitry. Outstanding performance 
has been recorded for rate inputs of from 0.01 
radian per second to 1000 radians per second . 
** Ci-308 DC Amplifier ... solid state through­
out (i nc luding chopper) with an output capabil-

ity of 50 milliamperes over a range of - 100 to + 100 
volts! ***Ci-291 Multiplying Digital / Analog Converter 
(DAC) . . . produces the product of two input variables 
where one is digital and the other analog. **** Ci-196 
Hybrid Operated Digital Attenuator Device (HODAD) . . . 

the first all solid state device to replace servo­
set potent iometers in a computer system. Let 
COMCOR set your stage with these star perform­
ers . Call (714) 772-4510 or TWX 714-776-2060. 

APPLAUSE ..• 

COM CCR APPLAUSE .•• 

A S U BS IDIARY O F AS T R OOA TA, IN C. 

1335 SOUTH CLAUDIN A STREET / A N A HEIM, CALIFOR NI A 92 8 03 

Career opport uni ties available now in engineer ing and mar ket ing. 

Circle 113 on reader service card 



IT'S EASIER, QUICKER, MORE SATISFAC­
TORY .•. AND CHANCES ARE IT WILL COST 
LESS, TOO! 
MANUFACTURERS' REPS ... You'll save money and re­
duce overhead by using Honeywell repair and calibration 
labs on a project basis. You can also eliminate the prob­
lems of in-warranty repair. Just let your principals and 
customers kno\'.'o' their equipment can be picked up or 
serviced right on the spot by our experienced service 
group. 

TESf EQUIPMENT MANUFACTURERS ... Don't take a 
chance with repair and calibration trainees during peak 
periods of turn-around. Call on the expert specialists at 
Honeywell. And if your size doesn't warrant a repair and 
calibration staff .. . or you don't want to be bothered . .. 
let us help. We'// function as your own department, at 
much less than one would cost. 

ELECTRONIC EQUIPMENT USERS ... Equipment not 
functioning properly? That doesn't mean that new equip­
ment is a must. Let our specialists analyze your require­
ments and if repairs are feasible, give you estimates. You 
can count on them for an impartial , expert opinion . 

OUR ENGINEERS ARE SPECIALISTS IN: 
digital voltmeters • wide-range DC a.mplifiers • frequency 
counters and timers • oscilloscopes • needle - moving 
instruments • data loggers consisting of x-bar type scan­
ning instruments, x-y type recording devices and print-out 
equipment • medical electron ic equipment • electron ic 
process controls 

COUNT ON OUR SERVICE CENTERS FOR: 
Repair & Calibration, modification , assembly, and inspec-

tion of precision instruments used for measurement 
Systems Installation servi ces and check-out 
Clean, Touch-Up, Lubricate to like-new condition 
Certification traceable to National Bureau of Standards 
Pickup & Delivery by protected instrument carrier 
Scheduled Preventative Maintenance programs 
Warranty on all work and parts 
Complete Repair Reports submitted on each job 

THERE'S A HONEYWELL SERVICE CENTER NEAR YOU: 

Fairborn, Ohio, 600 E. Dayton Dr., Tel. 513-878-2551 I Newport 
News, Va., 5010 Jefferson Ave., Tel . 703-244-6586 / Silver Spring, 
Md., 2425 Linden Lane, Tel. 301 -587-1154 I Glendale, Cal., 635 W. 
Colorado St., Tel. 213-245-8551 I Cleveland, Ohio, 20950 Center 
Ridge Rd. , Tel. 216-331 -7651 I Montvale, N.J., 305 W. Grand Ave., 
Tel. 201-391-2306 I Waltham, Mass., 69 Hickory Dr., Tel. 617-
894-7229 / Santa Clara, Cal., 3235 Kifer Road, Tel. 408-739-6917 I 
Orlando, Fla., Orlando Centra l Pk., 7100 Lake Elernor Dr., Tel. 
305-855-2721 

Write us or your nearest Service Center for a free copy of our 
repair and calibration brochure! r--------------------, 
I HONEYWELL, Test Instrument Division, I 
I Annapolis Operation I 

Box 391, Annapolis, Maryland 21404 
I OR Telephone: 301-263-2661 I 
I Please send m e a free copy of your repair and calibration I 
I brochure. I 
I Name Title I 
I Firm I 
I Stree I 
I City State Zip___ I 
L--------------------J 

need repair and calibration service? 

Let our pros do it!· 

Honeyw-ell 
HON!;YWELL IS WORLDWIDE • Sales and service olfices in all principal cities of the world. Manufacturing in Brazil, Canada, France, Germany, Japan, Mexico, Netherlands, United Kingdom, United States. 
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Industrial electronics 

Pumping new life into ruby lasers 

New pumping system and low-cost mercury flashtubes bring 

longer life and high repetition rates, promising to change 

the ruby laser from a laboratory instrument to a production tool 

By Dieter Roess and Guenter Zeidler 
Central Laboratories, Siemens & Halske AG, Munich, West Germany 

A ruby laser has been developed that promises to 
move the bright red beam from laboratory work to 
the production line. The new laser achieves the 
highest pulse repetition rate of any ruby laser and 
its beam can be focus ed to an extremely fine point 
yet it is cheap to operate and has long life. Its 
secret is a new pumping system and an especially 
designed mercury vapor flashtube that replaces the 
conventional xenon lamp of ruby lasers. The new 
tube has from 100 to 100,000 times the lifetime of a 
xenon tube at one-tenth the cost per tube. 

Developed by Siemens & Halske AG in W est 
Germany, the new laser is particularly suited for 
commercial micromachining processes such as 
melting, drilling, cutting and trimming. In the lab­
oratory the laser has corrected the wiring of large­
scale arrays of integrated circuits by vaporizing the 
leads to unwanted or faulty elements and has ac-

The authors 

Guenter Zeidler, left, is a research engineer at Siemens 
& Halske engaged in solving laser problems. He 
graduated fr.om the Tech nische Hochschule in 
Munich in 1964. Phys icist Dieter Roess holds a doctorate 
from the University of Wuerzburg . With Siemens 
& Halske since 1960, he is manager of the maser and 
laser resea rch laboratory. 
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curately trimmed thick- and thin-film elements by 
partially vaporizing their materials. 

Until now three serious imperfections have held 
back the commercial development of ruby lasers: 

• First, the characteris ti cs of the output beam 
have been far from ideal, making it impossible to 
focus to a sharp enough point. The b eam has not 
been res tricted to the zero-order mode, the mode 
easies t to collimate, giving it divergences 10 to 
100 times greater than desired. Also, the b eam is 
not uniform but has maximums and minimums that 
vary from pulse to pulse. 

• Second, the xenon flashtube, which is ordinarily 
used as a pump light source, can deliver only from 
100 to 100,000 pulses-too few at $100 per tube. 

• And finally , typical pulse repetition rates vary 
from 0.1 to 1 hertz. Higher duty cycle operation 
is possible with forced cooling but this is still im­
practical because the flash tu be would be quickly 
des troyed and a very large and costly power sup­
ply would be needed. 

The Siemens laser goes a long way towards over­
coming these defects. It has an output pulse repeti­
tion rate ranging around 100 hz and its ellipsoidal 
pumping system yields greatly improved beam di­
vergence and stability because the laser generates 
a perfectly circular, uniform beam and can operate 
largely in the zero-order mode. 

The xenon lamp is replaced by a $10 mercury 
flashtube having an exceptionally long life of 10 
million pulses. The mercury unit also has high effi­
ciency at small arc dimensions. 

Absolute output efficiency of the system, which 
uses a ruby rod only I-inch long and 80 mils in 
diameter, is about 0.22% [see table on p. 117]. 

The pumping system 1 shown on page 116 has the 
special characteristic that its efficiency does not 
drop for a small crystal length, as it does in cylin­
drical units, because no end effects are present. A 
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LASER HEAD HOUSI NG 

LAMP HOLDER AND 
ELECTR ICAL CONN ECT IONS 

Ruby laser with repetition rate of 100 hz uses ellipsodial pumping mirror, 1-i nch-long ruby rod, high-pressure 
mercury-vapor flashtube. Absolute output efficiency is 0 .22 %- Flashtube, in photograph has preadjusted, 
interchangeable holder and electrical plug-in . It can be produced cheaper than xenon units. 

similar ellipsoidal system had been used previously 
for continuous operation of ruby lasers at room 
temperature.2 

The light source is placed along the axis of an 
ellipsoidal mirror between one of the focuses and 
the neighboring apex, as in the basic optical dia­
gram on page 117. In the corresponding area at 
the other half of the ellipsoid is the laser rod. Tap 
water flowing through a concentric quartz tube 
cools the rod and light source. The pumping mirror 
is cooled by tap water flowing around the outside 
of the sys tem. 

The pump pulses of the laser are derived from 
the triggering of a Siemens (STE-6011) thyratron. 
These triggers can be varied between 50 and 120 
hz. Standby current of 100 milliamperes is fur­
nished by a 1,500-volt d-c power supply. 

\i\Tith the present power supply-a commercially 
avail able Siemens unit shown in the schematic on 
page 117-maximum output power is obtained at 
70 hz. At this frequ ency, the average pump power 
can be varied from 500 to 1,000 watts. The pump 
pulse duration is 2 milliseconds with the laser out­
put pulses lasting from 1 to 1.5 msec. The threshold 
energy was measured a t 2.5 to 3.5 joules . Measure­
ments were taken indirectly since the laser was 
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above threshold even with mm1mum input power. 
At a pump power of 900 watts into the lamp, and 

using a mirrored rod of 10% coupling, the average 
laser power is 2 watts with 80-watt peaks. · This 
value drops by about 30% after 20 hours of opera­
tion at 107 pulses. 

In one experiment a ruby rod was operated with 
one end antireflection-coated and with an external 
curved mirror. Maximum average power was 1.5 
watts. This laser was also operated in 70-hz giant­
pulse mode with a saturable absorber as a Q 
switch. The amplification in the I-inch rod was as 
high as 1.5 per light pass-high enough so that 
the laser can be operated with several damping 
elements in the resonator. The amplification of gas 
lasers, for example, is much lower ; a typical value 
for a helium-neon laser is 1.06. 

Me~ury~be advanbg~ 

The prime advantage of the mercury flashtube is, 
of course, its long li fe. The tube doesn' t deteriorate 
because there is no low-pressure discharge phase, 
as in low-pressure xenon tubes, during which the 
electrodes can evaporate. Steady internal pressure 
of about 100 a tmospheres, equal to 1,470 pounds 
per square inch, is maintained and this sharply re-
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duces the evaporation and deterioration. 
Another advantage of the mercury lamp is that 

its effi ciency is high at small discharge lengths. 
\i\Tith xenon tubes, efficiency decreases when the 
discharge path is less than 2 inches. High effici ency 
means there is little heating of the electrodes. The 
lamp can be very small and can be produced much 
more cheaply than the xenon units. 

Over-all sys tem efficiency is increased still fur­
ther using the mercury tube because its emission 
lines match the laser pump band of ruby extremely 
well, as shown on page 118. 

To keep the mercury in a gas state, the laser 
must run almost continuously above a minimum 
average power. Th e present sys tem was des igned 
for a repetition rate between 50 and 120 hz. 

\Vith almost continuous operation the laser rod 
is in thermal equilibrium.2·3 This is important in 
genera ting identical pulses. 

Hot rod 

The pumping and lasing processes generate heat 
in the ruby of the laser. Temperature gradients in 
the rod cause curvature a t the end faces and, be­
cause the refractive index is temperature depend­
ent, the light rays in the material also curve. A 
pumped laser rod , therefore, acts like a lens whose 
focal length depends upon the tempera ture distrib­
ution in the rod , which, in turn , depends upon the 
distribution of the pump ligh t. 

In high pulse-rate operation curvature by ther­
mal gradients is practically constant. This con­
trasts with the opera tion of single-pulse lasers in 
wh ich the curva ture is strongly time-dependent and 
flu ctuates wi th the thermal history of the laser dur­
ing the th ermal relaxa tion times. 

The thermal curvatures of nominally plane-par· 
allel resonators cause the imperfec t b eam-diver­
gence charac teristics of solid-state lasers. In the 
new ruby sys tem, however, the thermal spherical 
curvature of th e resonator is corrected optically as 
on page 118. The end faces are curved nega tively 
in such a way that in the hot rod the curved light 
rays of the zero-order mode hit the mirror at right 
angles at any point in its cross sec tion. Hence, 
only the zero-order mode is excited. 

I t's interes ting to note that the correc ted laser 
rod cannot be run cold in single pulses because 
the negative curvature of the resonator introduces 

500-1,000V 
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FOCUSES 

ROTATIONAL 
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LASER 
MATER IAL 

Light source is placed between focus and apex of the 
rotat ionally symmetr ic el lipsoidal pumping mirror. 
Reflection properties of ellipsoid cause light rays from 
the pump light source t o be reflect ed t hrough t he focus· 
apex area at t he opposite side of t he ellipsoid 
where the laser material is locat ed. 

high losses that cannot be overcome b y laser am­
plification. 

Only when part of the curvature is compensated 
for by thermal expansion of the rods , and the res t 
by a bulk lens effect, do the resonator losses drop 
below the threshold value. Proper correction, it 
was found , was not very sensitive to the average 
pump power so that high-mode selection can b e 
achieved for all possible pump powers. 

A special advantage of the ellipsoidal pumping 
sys tem is that the pump ligh t distribution and 

Operating data of ruby laser 

Wave length 
Laser material 

Ruby volume 
Pump pulse duration 
Pulse repetition rate 

Pulse thresho ld energy 
Maximu ms 

Pump energy 

Average input power 
Average output power 
Peak out put power 

Output efficiency 
Absolute 
Differential 

La mp lifetime 

THYRATRON 

0 .6943 micron 
ruby, 25 mm long, 2 mm 

diameter 
0.08 cm• 
2 msec 
50 to 120 hz with 70 hz 
optimum 
2 .5 to 3 .5 jou les 

15 joules (4 to 6 times 
threshold) 

1,000 watts (120 hz) 
2 watts (70 hz) 
N 80 watts 

0.22 % (70 hz) 
0.87 % at max. pump power 
> 10' pulses = 20 hours at 

70 hz 

MERCURY 
FLASHTUBE 

STANDBY 
CURRENT 
SUPPLY 

Trigger pu lses on the thyratron determine the pumping frequency (50 to 120 hz) of the flashtube in 
th is simplified schematic of the commercially available Siemens power supply. 
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Thermal resonator curvature. In nominally plane-parallel resonator, left. zero-order mode exists across the whole 
cross section . Thermal curvature makes the resonator con focal, center; the zero-order mode exists only near the 
axis and high -order modes predominate. Curving the surfaces negatively compen sates for thermal effects, right. 

therefore the thermal curvature are of exact rota­
tional sym metry. 

\Vith the lamp and laser rod placed along the 
ro tational ax is of the ellipsoidal mirror the pump 
light hits the cross section of the laser in the same 
rotationally symmetric way that it leaves the lamp 
cross sec tion. Consequently, the cross section of 
the laser b eam stays perfectly circular and has no 
pronoun ced minimums. 

In contras t, the pump light in cylindrical sys­
tems s trikes the laser cross section with a concen­
tration in preferred planes because of image distor­
tion s. Th e temperature distribution in the rod 
curves and twi sts the resonator, leading to a less 
well -defin ed laser b eam. 

Applications and future developments 

With this laser the price per laser fl ash no longer 
places an economic limit on its application , but 
its economy is not its only advantage: 

• F or machining purposes, the laser' s ability to 
apply a large number of consecutive pulses, each 
with low energy, allows th e operation to be b etter 
defin ed and controlled than if single, high-energy 
laser Rashes were used. Reduction of th e peak 
power increases th e li fe of the optical components. 

• For rangin g, the laser can be u sed in fa st­
measuring and scanning sys tems havin g high an­
gular resolution because th e b eam can b e colli­
mated to divergences of seconds of arc. In 
single-distance measuring systems the input power 
can be redu ced considerably. 

E ven with the present I-inch sys tem, in which 
a volume of ruby less than 0.08 cubic centimeters 
is operat ing, several practical appli cations have 
b een demonstrated. 

At 1.5 " ·a tts of average power, the fo cused beam 
cvaporatC's ab sorbin g materials, such as ferrite or 
germaniu m in bulk, with a bright plume. Thin lay­
ers of high l~ · refl ective metals, such as gold or 
si lver, arc eas il y cut and workin g di ameters of 3 
to 5 microns can be achieved. 

Livin g tissue is coagulated at average powers 
below 0.5 wat t in th e fo cused beam. Hctinal coagu­
lation \\·as successfull y performed in a joint ex­
periment con du cted by the authors and Drs. F. 
F ankh auser an d \V. Lotmar of the University of 
Bern , Switzerland. H ere, operatin g with an almost 
continnous. stabl e beam of exactly adjustable 
power and of moderate peak power seemed to be 
of special advantage. 

Because of its good spatial coherence the ruby 
laser is also a good bright light source for coherent 
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RUBY ABSORPTION 

MERC URY EMISSION 

WAVELENGTH (M ICRONS) 

Absorption bands of ruby match very favorably the 
emission lines of the mercury-vapor flashtube. 
Peaks occur at almost the same wavelengths. 

wavefront reconstruction of holograms. And, it is 
a powerful excitation source for Raman spectros­
copy, a method widely used in th e chemical indu s­
try to determine th e structure of organi c molecules. 

Further application s of the laser arc possible 
with giant-pulse operation. At 70 hz, giant pulses 
of 30 nanoseconds duration with 10 to 100 kilowatts 
peak power were obtained in one single-axial and 
tran sverse mode. The 100-kw pulses obtai1wcl at 
70 hz arc believed to be a record with a ruby of 
such small volume. Th e average power at 100 kw 
max imu m is 100 milliwatts . \Vith single-pulse lasers 
havin g ruby crystals 30 to 100 times larger than 
the ex perimental laser, powers in the megawatt and 
gigawatt range have been achieved. 

Currently bein g inves tigated is the possibility of 
extending th e operation to large crystal volumes. 
Special Aashtubes for this purpose are now being 
developed. \Vith a 3-inch, 4-millimeter diameter 
ruby rod an average power of 30 watts at 1 % 
effi ciency seems to be a safe goal. Beam weldin g 
of bulk materials is one application that will b e pos­
sible a t this power level. 
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Besides making the 
brightest laser in the world ... 

we make new improved 
Lithium Niobate crystals. 

Our new LINDE Lithium Niobate crystals are syn- These are all directed at advanced applications 
thesized by radically improved methods, from ultra- in the fast-moving field of modern electronics. 
pure raw materials. Results: a new high in efficiency They're all backed by the technology of Union Car­
- as a frequency doubler; as well as excellent per- bide - the corporation that's dedicated to growth 
formance in modulation, delay line and other elec- through research. 
tronic applications. If you'd like specific data on laser systems or 

-.,>' But laser systems and crystals are only two of the crystal products, or if you'd like more information 
many product lines we make. Others in- • on our electronic activities, please write 
elude integrated and modular circuits. • • I Dept. E-91, Union Carbide Corporation 
solid tantalum and foil-film capacitors... ' • : ' Electronics Division, 270 Park Ave., New 
field effect transistors. · York, N.Y. 10017. 

ELECTRONICS LINDE is a registered trade mark of Union Carbide Corporation. 
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Mallory Capacitor Company chooses GAF x-ray 
film to make sure everyone gets the word 
Computers, telemetry, AC/DC converters, 
navigational gear, radar and other sensitive 
electronic components used in our space and 
missile programs rely on tantalum capacitors for 
long life and dependable communications. 

Mallory Capacitor Company, manufacturer of 
these tantalum capacitors, relies on GAF Industrial 
'H-D' x-ray film to detect inclusions, excess 
bonding material, and check casing element 
clearances on all electrical connections. 

To quote Mr. John E. Beckley, Quality Control 
Supervisor,"Only Industrial 'H-D' is used to 
radiograph our capacitors. It's the one x-ray film 

120 Circle 120 on reader service c-"·-' 

producing the definition , sensitivity and contrast 
that reveals minute detail within tiny components." 

Ultra-fine grain and very high contrast character­
istics make Industrial 'H-D' film the ultimate for 
pinpoint radiographic examination. Your 
distributor of GAF x-ray products can supply you 
wilh information on our complete line of films 
and chemistry. 

GAF maintains a nationwide staff of full-time 
Industrial X-ray Specialists-trained to render 
expert radiographic counsel, assistance and 
service. We have one in your area. Don ' t hesitate 
to call on him. 

f88 Ii GENERAL ANILINE & FILM CORPORATION 

140 WEST 61 STREET, NEW YORK. NEW YORK 10020 
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100 KHz 500 KHz 5 MHz 50 MHz 500 MHz 1000 MHz 2000 MHz 

~ f iiai!J 
LA-lM LH-2M 
20 Hz-20KHz ·~ •• 400 KHz -llO MHz 

YR-SOM 
500-1000 MHz 

VR-2M 
200 Hz -12 MHz 

l-lM 
400 KHz-1.8 MHz 

L-2M 
1-4 MHz 

• • 

• 

l-3M 
4-16 MHz 

l-4M 
10-40 MHz 

3001 
50-230 MHz 

SH-lM 
0.5-460 MHz 

E-lM 
460-1840 MHz 

( 6) 0 lo~",.oo ""' 
• 

E-3M -~ .,, I . 
5503000 MH> co 0 

• 

S-SM 
460-920 MHz 

.... 

• 

· S-6M 
600 -1200 MHz 

Freuuencv-From 19 Points 01 View 
The benefits of swept frequency measurement in terms of quicker 
testing and more precise answers easily justifies the employment 
of a Sweep Generator in both lab and production applications. 

Now, Telonic's SM-2000 
Sweep Generator (left) 
offers these benefits in a 
configuration that gives 
the instrument maxi­
mum versatility at a low 
equipment investment. 
The SM-2000 accepts 

the 19 different oscillators, shown above, ranging from the 

•!l 

INDUSTRIES, INC. 
!' 6 North irst Avenue, Bee ch 

0

Grove, Ind i ana 46107 
Tel. : (317) 787 -3231 TWX: 810-341 -3202 

SALES RCPRCSCNTATIVCS THROUGHOUT THC WORL O. fACTORY omccs IN fRANKfURT. GERMANY AND MAIDENHEAD, ENGLAND. 
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LA-IM that covers 20 Hz to 20 KHz to the E-3 that goes to 
3120 MHz. The entire spectrum from DC to 3 Ge can be viewed 
with as much detail as needed. In some cases a whole octave 
may be displayed on the scope at 
one time. 
The SM-2000 Sweep Generator 
provides the method, the ma ­
chinery, and the flexibility for a 
myriad of frequency measurement 
applications. Your local Telonic 
representative would be glad to 
show you how. 

Does your work involve application or manufacture 
of Power Supplies, Oscillators, RF Circuits, Audio 
Amplifiers, UHF Tuners, Communication Networks, 
Crystal Devices, R.F. Filters or the like? Then find 
out how you can apply swept frequency methods to 
make your work easier, and more reliable . Telon ic 
Appl icat ion Techn iques cover all these and more. 
Yours on request. 
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CAREER 
NEWS FROM 

HUGHES 
Aerospace Divisions in Southern California 

NEW AND CONTINUING 
PROGRAMS AND PROJECTS 

PHOENIX Missile & Fire Control System 
SURVEYOR Lunar Landing Spacecraft 
Synchronous Communications Satellites 
TOW Anti-Tank Missile System 
ATS (Applications Technology Satellites) 
AIM-47A/AIM-4E Missiles 
VATE Automatic Checkout Equipment 
CORDS 

These examples of Hughes Aerospace activit ies are rep­
resentative of more than 230 major product and service 
capabilities ranging from aerospace vehicles to ASW sys­
tems. D iversification such as this promises long-range 
stability both for the company and its employees. 

NEW MISSILE SYSTEMS DIVISION 

122 

More than 900 engineers , scientists and techni ci ans w ill 
soon be at work on expanding R & D programs at Hughes 
new 85-acre Canoga Park complex in the San Fernando 
Valley. Unexcelled facilit ies and the professional atmos­
phere at Hughes encourage creativ ity and achievement. 

IMPORTANT OPPORTUNITIES, steady 
growth, diversification, long-range stability, professional 
atmosphere, advanced facilities, fine living conditions -
these are the advantages which Hughes Aerospace Divi­
sions can offer you at Culver City and Canoga Park. 

Requirements include an accredited E.E. or M .E. degree 
and specialized experience which can be related to the 
development of aerospace vehicles and electronics. U.S. 
citizenship is required. 

GROWTH OF THE 
ENGINEERING 
STAFF 

Addit ions to Engineer ing Staff 

1,242 
(est) 

iliill 
1961 1962 1963 1964 1965 1966 

Of the over 11,000 employees of the Aerospace D ivisions, 
almost 4,000 are Members of the Technical Staff. Average 
experience is 11 . 7 years . A verage age is 37 .9 years . 

HUGHES-CULVER CITY/CANOGA PARK 

HUGHES 
CAN OGA PARK 

• 

Hughes Aerospace Divisions at Culver City, and Canoga 
Park offers Engineers and Scientists a unique combina­
tion of urban and suburban advantages . Located adjacent 
to major freeways . Los Angeles Civic Center is about a 
half-hour distant - beaches, just a short drive. Attractive 
residential neighborhoods are nearby. U.C .L.A., U.S.C. 
and Cal Tech offer outstanding educational facil ities . 

For immediate consideration, 
please airmail 
your resume today to: 

MR. ROBERT A. MARTIN 
Head of Employment 
Hughes Aerospace D ivisions 
11940 W. Jefferson Blvd. 
Culver City 32 California 

. An equal opportunity employer 

r------------------, 
I I 

: HUGHES : 
I I L __________________ J 

H UGHES AIRCRAF T COMPANY 

AEROSPACE DIVISIONS 
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Why? 

Well, if recording sine (or any other) wave form 
is in your bailiwick, we've got news for you. 

Du Pont offers a complete line of photorecording products, 
including chemically-processed and dry-writing 
papers covering a wide range of test requirements. 

We probably have just what you're looking for. 

But you ' ll never know unless you sign the waves 

aves. 

. -"' in the coupon below. 

r --------------------------­~-------------------------1 
I 

E. I. du Pont de Nemours & Co. (Inc.) 
Photo Products Department, Room 3899-B 
Wilmington, Delaware 19898 

OK, I'm testing ... or I'm going to be testing something that may involve photorecord ing. Send 
me technical information about Du Pont photorecording products. 

City State --------------Zip Code __..._....___.. 

I 
I 
I 

' fi 

r 

L------------------------------------------------------J 
Photo Prod ucts Department 

Bet ter Things for Better Li ving 
• •• through Chemio" · 
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From a distance of 12,000 feet 
altitude, AGIL casts a cone of light 

four times brighter than full moon· 
light over an area two miles in diam· 

eter. Illumination is continuous over one 
area as long as needed. Light intensity in· 

creases dramatically at lower altitudes while 
the illuminated area is only slightly decreased. 

0 Conceived and developed by the Greenville Divi­
sion of LTV Electrosystems, AGIL (Airborne General 

Illumination Light Set) has been refined and produced 
under sponsorship of the Department of Defense Ad· 

vanced Research Projects Agency (ARPA), under a contract 
with the Air Force Systems Command Aeronautical Systems Di· 

vision (ASD). It is available for production in quantity and use 
anywhere in the world. 0 LTV Electrosystems, Inc./ P. 0. Box 1056 / 

Greenville, Texas / A Subsidiary of Ling·Temco-Vought, Inc. 

L"'rV ELECTRC>SVSTEIVfS, INC. 

G REENV ILLE DI V I S IO N 
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An Eight-Second 
Review. 

8 COE makes timers and time delay relays . 

7 With rugged solid state circuitry. 

6 repeatability of ±2%. 

5 25 millisecond reset time, maximum. 

4 200 millisecond to 300 second range. 

3 high volumetric efficiency. 

2 design flexibility and 

1 long, dependable life built right in. 

Q standard stock ratings available. 

If you like the subject, do some research with the COE field mcoRNELL-
engineer or authorized distributor in your area. He will • 
gladly discuss your application requirements at no obligation. DUBI LI ER 
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Great editorial 
is something 
he takes to the plant 
What a climate for selling! The myth of the closeted 
design engineer, with a world no larger than his breadboard, 
has been exploded. Today, survival in electronics requires that 
engineers possess the practical knowledge to see a product 
t hrough from design to assembly line. 

This all-encompassing need to know is best filled by Electronics 
-the magazine that out-publishes every periodical in its field. 

Side-by-side with such regular features as " Designer's Case­
book", more than 70,000 subscribers look to Electronics for 
meaningful technical articles on testing, packaging, applica­

tion. Where the busy engineer seeks editorial, he finds ads that 
keep him abreast of products and services. Be there! 

Electronics A McGraw-Hill Market-Directed Publication, 

330 West 42nd Street, New York 10036 
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You get fast delivery on Fairchild TT µ,L inte­
grated circuits. We 're in full production , 
backed by the facilities and know-how that 
helped us deliver over VJ of all integrated cir­
cuits shipped this year. Get any of our six new 
high level TT µ,L circuits . Get them in dual 
in-line packages 

from Fairchild Dis - FAIRCHILO 
tributors. Or get our 
data sheet. SEMICONDUCTOR 

., 

'• 
,, 
., 
' 
,, 

Features (0°C to + 75°C): 
8nsec. typical propagation delay per gate function. 
.350V guaranteed minimum noise immunity under 

worst case operating conditions. 
l .3V typ. noise immunity for "1" levels. 
0.85V typ. noise immunity for "O" levels. 
Single 5V power supply required. 
8TT µ.L fan-out over temperature range and 

supply voltage. 
High capacitive loading capability. 
Direct physical and electrical replacement for 

Fairchild DT1,L 930 series circuits. 

'cc ., ' cc 

o, ., c, 

"• ., ,, 

'• e, c, 

o, c, ., 

"' 
,, " 

" 
,, 

9000 J-K Flip-Flop : master-slave (dual rank) 
flip-flop with 3 J and 3 K inputs, J-K input, 

internal J-K connection , positive edge trigger, 
data input inhibit line (clock pulse), and 

asynchronous direct inputs to set and clear FF. 

9002 Quadruple 2-input 9003 Triple 3-input 

9004 Dual 4-input 
positive NANO gate. 

positive NANO gate. 

9007 8-input 
positive NAN D gate. 

positive NAN D gate. 

., ' cc 

,, ,, 
., 

c, 

o, c, 

,, o, 

GNO ,, 

9009 Dual 4 -input 
positive NANO " Power" gate. 

FAIRCHILD SEMICONDUCTOR / A Division of Fairchild Camera and Instrument Corporation • 313 Fairchild Drive, Mountain View, California (415) 962 -5011 •TWX: 910·379·6435 
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Probing the News 
Instrumentation 

Gover~ment and industry 
seek to block interference 
Radio-frequency interference is becom ing more of a problem 

in communications as use of the electromagnetic spectrum expands 

By Carl Moskowitz 
Instrumentation Editor 

Soon after Christmas last year, 
many of th e 900,000 or so radio op­
erators who use the Citizens' band 
(27 megahertz) were horrified to 
find their adult business world in­
vaded by a barrage of children's 
vo ices claiming to be cops, robbers , 
Indians and cowboys. 

The new transistorized walkie­
talkies , operating on the same fre­
quency as radio-equipped tru cks 
and cabs and car telephones had 
hit the Christmas market, and were 
being operated by children across 
the country. Besides disturbing the 
Citizens' -band operators, the new 
toys interfered with television se ts 
in some cities. 

Last December, when Frank Bor­
man and James Lovell orbited the 
earth in Gemini 7, the tracking sta­
tion at Corpus Christi, Texas, lost 
contact with the astronauts. It was 
soon discovered th at the cause was 
radio-frequency interference from 
the motor of a crane in a nearby 
s teelyard. Since the noise blocked 
most of the useful data from th e 
spacecraft, the National Aeronau­
tics and Space Administration 
halted the crane's operation until 
the mission ended. 

These cases of rfi are only two of 
many that take place in the in­
creas in gly crowded electrom agneti c 
spec trum. But Citizens '-hand opera­
tors and astronauts are not the only 
ones plagued by th e probl em. Per­
haps more involved are the military 
services, the F ederal Communica­
tions Commission , industry and re­
search cen ters . "There arc seriou s 
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imp! ications to the problem," states 
Major General Richard J. Meyer, 
Commanding General of the 
Army's Strategic Communications 
Command. "Radio interference can 
be severe enough to result in the 
loss of some defense capabili ty." 

New muscle to fight rfi. While no 

,. 

nationwide drive can clear up the 
whole problem, the various groups 
involved are increasing efforts to 
prevent transmitting noise as well 
as receiving it. 

To protect home and car radio 
listeners, Congress is considering 
an amendment to the Communica-

Stratcom's mobile rfi detection system provides the capabil ity for on-site 
interference measurements. The antenna orientation is checked with a transit. 
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lions Act of 1934 to g ive tllC' FCC 
regulatory po wt' rs lo su pprcss 
radio interforenc.:c. To try to put 
some order in the thousand s of 
radiating devices operated by th e 
D efense Department, the Pentagon 
es tablish ed a facility to inves tigate 
compatibility problems-th e Elec­
tromagnetic Compatibility Analy­
ssi Center (ECAC) [Electronics, 
May 18, 1964, p. 79]. 

The Army's Strategic Communi­
ca tions Command (Stratcom) de­
veloped an rfl detection sys tem to 
measure and record the spectral 
content of rfi in the fi eld. The Arm y 
also built an electromagnetic en­
vironmental tes t facility at its Elec­
tronic Proving Ground at Fort 
Huachu ca, Ariz., to inves tiga te in­
terference problems within large 
concentrations of tactical co mmuni­
ca tions. The Air Force and the 
Navy have similar facilities. 

Industrial groups also organized 
defenses against the problem. The 
Society of Automotive Engineers ' 
technical committee AE-4 has 
s tudied the electromagnetic com­
patibility problem for more than 10 
years. The In stitute of Environ­
mental Sciences, formed to study 
the deleterious effects of such en­
vironments as vibration, shock, 
temperature, humidity and altitude, 
decided this past May to form a 
technical committee on rfi. Its pro­
gram is to create an awareness of 
the electromagnetic environment 
within the environmental sciences 
fi eld, to act as a liaison b ehV'een 
electromagnetic compatibility en­
gineers and environmental scien­
tists and to provide a means for 
exchanging information throu ghout 
th e electronics industry. 

I. Pentagon hunts static 

The Defense Department set up 
ECAC in 1961 to advise the mili­
tary services on their plans for in­
stalling radiation-emitting and re­
ceiving equipment and operating 
frequencies. According to Lt. Col. 
James Wishart, ECAC's chief for 
plans and programs, the need for 
such a central facility became ap­
parent with the proliferation of 
communications and other elec­
tronic equipment in the serv­
vices. Expenditures in military 
communications electronics sky­
rocketed from $10 million to almost 
$7.5 billion in the past 25 years. 

ECAC, at the U.S. Navy Marine 
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Electromagnetic environmental generator site, shown in photo at the right, 
used to produce a specified interference situation that could occur within 
an army corps . The van houses the equipment to monitor and record the 
electromagnetic content of the environment. The small enclosures scattered 
around the area, closeup above, contain equipment designed to simulate the 
electrical characteristics of a normal tactical radio installation . 

Engineering Laboratory, Annapolis, 
Md., now has sufficient data to de­
vote its full energies to predicting 
interference in operational situa­
tions and recommending solution s. 
To do its job, ECAC continually ac­
cumulates this data to enable en­
gineers to predict rfi for specific 
equipment in a particular environ­
ment. The data includes an envi­
ronmental fil e, a terrain data file 
and an equipment characteris tic or 
spectrum signature file. 

• The environmental fil e contains 
technical information, operating 
characteristics and site information 
relating to communications and 
electronic equipment already de­
ployed. The file has been developed 
from fi eld surveys as well as data 
from such agencies as the FCC, 
the Federal Aviation Agency, the 
\Veather Bureau and the Coast 
Guard. The data includes geo­
graphical location of the equip­
ment, the operating agency, oper­
ating frequency, duty cycle, antenna 
orientation and carrier modn la tion 
characteristics. 

• The terrain data file permits 
computation of terrain dependency 
effects , such as propagation losses 
at existing and proposed sites. This 
data consists of a computer-s tored 
mah·ix of latitude and longitude 
versus elevation above mean sea 
level from information supplied b y 
the Army's map service. 

• The equipment characteristic 
file contains general technical per­
forman ce and the nominal elec tri­
cal characteristics of specific equip­
ment in both the military and non­
military inventory. ECAC compiles 
the file from technical manuals , 
technical reports and spectrum 
signature tes ts performed in ac­
cordance with military specifica­
tions. The data includes transmit­
ter power output and modulation, 
and receiver bandwidth and tuning 
ranges. 

The information is stored in a 
computer format for use with the 
center's Univac 1107 computer. For 
a specific problem the computer 
calculates rfi levels and eliminates 
all equipment from the environ­
ment which cannot possibly cause 
interference. "The computer re­
duces the rfi problem to a size that 
can be analyzed by the engineer," 
says Stanley Safferman, one of the 
ECAC research engineers. Further 
analysis can determine degradation 
in system performance. Recom­
mended corrective measures com­
plete the inves tigation. 

11. The Army way 

The purpose of the Army's Strat­
com project is similar to ECAC's 
-studying the effect of rfi on fixed , 
s trategic communica tion s sys tems 
in their proposed environments. 
"But," says Sol Perlman, technical 
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director for Stratcom-Conus' Fort 
Monmouth , N.J., facility, "our work 
starts where ECAC leaves off. Its 
activities are essential as a pre­
liminary for the Army, but the an­
swers we get are sometimes differ­
ent since ECAC is only a predictive 
facil ity based on worst case analy­
sis whereas we make actual meas­
urements ." 

Stratcom, organized in 1964, is 
the managing agency for the 
Army's global communications net­
works, and is responsible for fixed 
plant communications equipment 
estimated at nearly $1.5 billion. 

In the field. Stratcom's weapons 
aga inst rfi are two mobile radio-fre­
quency interference detection sys­
tems; each truck tows a trailer that 
has a 15-kilowatt generator with 
a second for backup and storage 
for the three-foot dish receiving 
antenna and its yoke. 

The rfi detection systems meas­
ure unwanted signals that inter­
fere with opera tion of satellite 
ground stations, troposcatter instal­
lations and point-to-point high-fre­
quency installations. Eight enlisted 
men and one officer run each sys­
tem. Sometimes a civilian engineer 
provides technical backup. 

Stratcom does not send out 
the detection team whenever and 
wherever interference crops up. 
"The measuring teams are an im­
portant instrument for analysis,'' 
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-
says Perlman, "more important is 
what we do with the data we get. 
For example, the measurements en­
able us to interpret typical prob­
lems in terms of environment and 
yield a useful by-product-guide­
lines or rules of thumb that mili­
tary commanders can use to cope 
with their particular rfi problems." 

Stratcom-Conus' location at Fort 
Monmouth-between New York 
and Philadelphia-is a fortunate 
one. The concen tration of powerful 
tv and radio broadcas ting stations 
and military h·ansmitters in this 
area enable the engineers to simu­
late almost any communication in­
stallation. 

111. Tactical communications 

The Army's problem with rfi is 
not confined to strategic installa­
tions. Field units use more elec­
tronic gear than ever-radios and 
devices for battlefield surveillance, 
jamming enemy communications , 
fire control, telemetry, drone con­
trols and navigational aids. The 
Army says a typical field army in 
\Vorld \Var II, such as Patton's 
Third Army, had abou t 12,000 sets ; 
today a comparable unit would 
have more than 65,000 sets. 

What would happen if all these 
transmitters were operated simul­
taneously? To answer this ques­
tion, the Anny setup tactical trans­
mitters in a 40- to 60-mile area at 

its tes t facilities near Gila Bend, 
Ar iz. The complexity and density 
of traffic flow is varied and detailed 
measurements arc made of the in­
terference. Also measured is the 
interaction as new equipment re­
places older models or additional 
equipment is added to the network. 
The interference patterns then de­
termine the offending transmitters. 

The engineers went a step fur ­
ther and developed what is called 
an articulation index that shows the 
intelligibility of a specific piece of 
equipment in the presence of meas­
ured amounts of interference. The 
index derives from a device that 
measures the effects of noise and 
interference on a special tes t sign al 
representing a voice signal in a 
radio receiver. The articulation in­
dex when compared with actual 
listening tes ts produces what is, in 
effect, a calibration curve for a par­
ti cular radio receiver. 

The engineers also use a com­
puter and a mathematical model of 
an Army fi eld communications net­
work to predict rfi problems that 
can' t b e set up at the tes t facility . 

IV. NASA 

NASA's ex tremely sensitive re­
ceiving equipment makes it par­
ticularly vu lnerable to interference. 
T he chances , however, of an opera­
tor on the same, or very close fre­
quencies , affectin g NASA's opera-
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. . . tracking down pockets of electromagnetic 

pollution on campus . .. 

tions has been redu ced beca11 sc th e 
International Telecommunications 

nion set aside the 136-to-138, 
1,700-to- l ,710 and 2,290-to-2,300 
~fh z bands exclusively for space 
purposes. i\ASA, however, can and 
does use other frequencies too. 

Another source of interference 
haras sing space agency officials 
arises from ord in ary electrical 
equipment. Even an automobile ig­
nition system or an electric mixer 
genera tes electrom agnetic radia­
tion . Usually, the effects are rela­
tively harmless, such as blurring 
the picture of a tv set, but the 
crane in cident showed how serious 
this type of interference can b e. 

Dictator. The agency combats rfi 
w ith a broad program that has gen­
erally paid off. NASA almos t al­
ways builds ground stations in iso­
lated areas , often with mountain 
barriers to block any possible rfi . 
(Corpus Christi was an exception ; 
it was used because Government 
buildings were already there.) 
NASA also assigned frequency co­
ordin ators to each of its centers to 
choose th e bes t available frequen­
cies with the least potential inter­
ference . At the Cape Kennedy 
Space Center, the coordinator 
wields a virtu al dictatorship over 
the adjacent area. Two hours b e­
fore a laun ching, he orders taxis, 
ships and nearby ham radio op­
erators off the air. Because of their 
rfi potential , electric garage door 
openers are strictly taboo in the 
Cape Kenn edy area. 

Cases of interference around the 
world are reported to an rfi con­
trol center a t Andrews Air Force 
Base, Md. The center immediatelv 
contac ts the responsible military 
base, or in the case of a foreign 
country th e State Department, to 
se t corrective steps in motion. 

The problem is not always as 
simple as merely elimin ating inter­
fe rence at ground receivers. NASA 
mu st also worry about stray signals 
reaching a spacecraft. It does no t 
announ ce the frequencies used on 
mann ed missions for fear that ham 
operators in the band could contact 
the craft. Another fear is interfer­
ence from high-powered radars al­
ready suspected of prematurely 
triggering satellite equipment. 
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1 A A' problem may be simpli­
fi ed omewhat when th e agency 
moves to higher frequ encies less 
subjec t to interference than the 
present frequ encies. But this 
changeover is movin g slowly. Th e 
Defense Department says this 
is to take place by 1970. 

V. Industry and research 

Scientific communities and re­
search centers also have their 
share of rfi problems. For example, 
an aerial survey of r-f noise levels 
reportedly showed th at th e indus­
trial area around the Massachu se tts 
Institute of Technology in Cam­
bridge, Mass. is the second noisies t 
r-f location along the East Coast. 
On ly a huge shipyard alont; the 
East Coast produ ces more electro­
magn etic radiation. 

On the MIT campus itself, there 
are hundreds of r-f radiators such 
as experimental radars, communi­
cation equ ipment and lasers. The 
complaints of interference haw 
increased over the last few years . 

"The man who screamed the 
loudes t got the job of doing some­
thing about it," says one facu lty 
member. As a result, bearded Rob­
ert P. Rafuse, an ass istant profes­
sor of electrical engineering, now 
heads a facu lty committee to solve 
MIT's rfi problems. The In stitute 
made an initial inves tment of $100,-
000 in the program. 

Rafu se's goal is to track down 
the pockets of "electromagnetic 
pollution"-as he calls rfi-ancl 
prevent new ones from developing 
within campus boundaries . 

The offenders. On campus, an 
rfi officer, Ralph C. Burgess, en­
forces the rules set by the facu lty 
committee and searches for offend­
in g equipment. 

Burgess des igned and built an 
rfi wagon instrumented to measure 
radiation from 20 hz to 22 Gh z. 
The in strumentation is designed 
around calibrated receivers whose 
intermediate frequ ency outputs can 
be fed into spectrum analyzers. A 
100-Ghz osci lloscope displays 
waveform characteristics and an 
x-y plotter measures frequ ency 
amplitude. 

Because it has its own power 
source, the rfi wagon can take 

measurements free of noise on the 
cn 111111 P1T i:i l po\\'rr l ine a nd can go 
a rr yw l !l'r< ' or1 lll(' ca111pu s. The se ll ­
propclleJ wagon cruises at four 
miles per hour, can climb a 20° 
slope and £ts into any elevator at 
the Institute. 

Under the progra m started at 
.\ IIT, th c in tcrferen ce offi cer will 
have a role s imil ar to that of the 
safety offi ce r. H e will have some 
say about th e type of equipm en t 
purchased and some control over 
installation methods. Eventually, 
the interference officer will map o.ut 
the campus to pinpoint good riand 
bad locations for r-f tran sm itter s..' 

Building blocks. Ev<'n buildings 
present probl ems. One new one at 
MIT is thought to be a quarter­
wavc resonator to th e broadcast 
ignal from a Bos ton r adio station. 

But measurements have not yet 
been taken to confirm this. 

When a building in the path of 
a signal mea ures from base to top 
about one-quarter th e length of the 
radio wave, th e resu ltin g resonan ce 
can start high currents flowing at 
the base of the building. Th se can 
be the sources of interference to 
equipment in th e neighborhood. 
"The building b ecomes a parasitic 
antenna," says Burgess. "Th e di­
ameter of the building makes little 
difference. The structure acts like 
a radio tower, which is-after all 
-a building excited to radiate at 
a se t frequency." The problem is 
compounded if th e building has 
not been designed with rfi in mind, 
if it is not grounded as an el ectri~ 
cally integrated s tru cture. Then, 
metal parts that are electrically 
floating can produce harmonics and 
intermodulation s of the signal and 
radiate these to th e surroundin g 
area. 

The rfi facu lty com mittee advises 
the MIT adm inistration on the dee 
sign of new buildings. Rafu se con­
siders this one of the most impor­
tant areas in the crusade against 
elec tromagn eti c pollution. Rafuse 
has taken a stand against poured 
concrete buildings . The reinforcing 
rods- left floating within the walls 
-are not electri cally grounded and 
can pass currents along in the pres­
ence of strong fi elds. Also, says 
Rafu se, iron oxide and other chem­
icals form ed between two adjacent 
rods can form rectifying contacts 
and produ ce harmonics of a signal 
bein g reradiatecl. 
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· What cable jacket material 
has the toughness 

~ Grumman wants 

.. 

for its 
A6A Intruder? 

for its 
E2A Hawkeye? 

Answer: Kynar: .. the ftuoroplastic 
that's tough! 

Grumman Aircraft's own tests showed Kynar 
to be an ideally tough jacket material for 
single, double and triple conductor cabl ing. 

It has twice the cut-through resistance of any 
other fluoroplastic insulation. It resists a 
wide variety of solvents and corrosive fluids. 
And, it won't degrade with age or severe 

environmental conditions. 

When your design calls for cable jacket, 
wire insulation or heat-shrinkable tubing 
that's tough ... really tough ... specify 
Kynar. Write for a list of suppliers. Plastics 
Department, Pennsalt Chemicals Corpora­
tion, 3 Penn Center, Philadelphia, Pa. 19102. 

'"'"~!.~~~;,:.:!.~~ t!~,?!:_~~~~!~~~. ~~~~:~.~~~!~~ { PEN NSALT Y 
CHEMICALS a EQUIPMENT 
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ONLY 3C OFFERS 

30 DAY DELIVERY 
Tt4E HOTTEST COMPUTER 

IN Tt4E $28,500 PRICE RANGE 
DDP-116 computers are now operational in 
over 50 installations including communica­
tions, data acquisition, hybrid and other 
real-time control applications. Specifications 
include: 16-bit word, 1.7/µ. sec cycle, ex­
pandable 4096-word memory and keyboard 
with paper tape 1/ 0 unit. 

Software is a proven factor! The compact 
DDP-116 offers as many as 134 subroutines 
in its ASA FORTRAN IV library. Also, it is 
compatible with the OAP assembler and 
desectorizing loader. A/ D and D/ A sub­
systems, a full peripheral I ine and special 
purpose systems capability are available to 
extend the flexibility of the basic DDP-116. 

Write for full details, or telephone today to 
test operate the DDP-116 at a selected 3C 
regional office nearest you. 

DDP-116 

Circle 134 on reader service card 

Honey'1Vell 
@.COM PUT ER CONTROL DIVISION 

OLD CONN ECTICUT PATH. FRA MINGHA M. MASS~CHUSETTS 
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Space electronics 

The best of Tiros and Nimbus 
RCA seeks combination of reliab ility and la rge size in a weather 

satellite that will carry a variety of optional sensors 

... 

By John Rhea 
Electronics Wash ington Bureau 

The nation's meteorological work­
horse for the early 1970's promises 
to be a new sa tellite that combines 
some of the b es t fea tures of the 
ultrareliable but limited Tiros and 
the big, sophisticated Nimbus that 
turned out to be too expensive and 
not reliable. 

Tiros-M, as the satellite will b e 
called , is still conceptual, with 
nothing more tangible built than 
a mockup at the Radio Corp. of 
America's Astra-Electronics divi­
sion in Princeton, N.J. RCA has a 
$932,000-contract with the Na­
tional Aeronautics and Space Ad­
ministration to improve Tiros. 

I. Space bus 

Unlike th e operational Tiros, th e 
- new satellite will b e a space bu s, 

whi ch means it can carry different 
experiments and in strumentation 
on every laun ch. Tiros-M will b e 
bigger than its predecessors and 
carry more in strumenta tion. 

This fl exibility delights the cus­
tomer, the Environmental Science 
Services Administration (ESSA) of 
th e Commerce Department. Ac­
cording to David S. Johnson, di ­
rec tor of ESSA's National Environ ­
mental Satell ite Center, Suitland, 

... ~Id ., Tiros-M for less cos t will pro­
vide more weather information than 
b efore and with fewer satellites. 
Although the cos t of ground sup­
port, $10 million a year, stays the 
same no matter how many sa tellites 
arc laun ched, the b ill for launching 

.,. does not. Tiros stations have a 9-
fl to 12-month life, which means 

about six have to be launched each 
year to provide continuous global 
coverage. \ \Tith each Tiros costing 
$3 million and each launch, $4 mil-

\ Vith only two Ti ros-M satellites 
needed a year, according to direc­
tor John son , at $5 million a sa tellite 
and S4 million a launch, the total 
with ground support comes to $28 
million , or $14 million less th an at 
present. 

~lore important than the savings, 
John son says, is the in creased cap­
ability. Tiros-M will carry two ad­
vanced vidi con camera sys tems for 
high-quality weather pictures, two 
automatic picture transm ission 
camera systems for broadcast to 
low-cost ground stations and two 
high-resolu tion infrared radiome­
ters to collect nighttime cloud-cover 
data as well as a few environ­
mental sensor experiments. Fur­
thermore, both dayligh t and in-

48" 

frared data can b e read out in real 
time by the small ground stations 
all over the globe or can be stored 
for playback at the two ESSA sta­
tions a t W allops Island, Va., and 
Fairbanks, Alaska. 

By contrast, th e ESSA 1 and 2 
satellites lau nched in F ebruary and 
ESSA 3 scheduled to rise Sept. 21 
can carry only two automatic pic­
ture tran smission systems or two 
vidicon sys tems and no infrared 
sensors. Since ESSA demand s con­
stant global coverage on a dai ly 
basis the agency mu st b e ready to 
launch a new satelli te as soon as 
any sensor fai ls. All ESSA satellites 
are versions of the Tiros, first 
lau nched in 1960. 

William Jones, who h eads the 

SOLAR PAN EL 

60"---- .-J 

30" 

J l 
SOL AR PANEL 

" lion, it now costs about $42 million 
for sa tellites and launches plus $10 
million for ground support, a total 
of $52 million a year. Stabilization system on the front of Tiros·M points sensors toward the earth. 
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... the old Tiros satellites will be around 
for at least the rest of this decade ... 

Tiros-M project at ASA's God­
dard Space Flight Center, says the 
configuration of Tiros-M has under­
gone many changes since RCA was 
selected to make the study. Con­
ceived originally as a 500-pound 
spacecraft shaped like a cylinder, 5 
feet tall by 41/2 fee t in diameter, its 
weight has since shot up to around 
625 pounds and a unique apple­
crate shape has emerged . Tiros 
satellites of today weigh 300 
pounds. The experiment section at 
the bottom of the spacecraft will 
carry a solar proton sensor being 
developed by the Applied Physics 
Laboratory of Johns Hopkins Uni­
versity and a fl at plate heat radia­
tion experiment from the Univer­
sity of Wisconsin. Also at the bot­
tom is the S-band antenna, al­
though the exact arrangement is 
still under study. 

The bus concept is something 
new for RCA, which has tradition­
ally pushed its small, specialized 
spacecraft such as Tiros and the 
Space Electric Rocket Test as op­
posed to the big satellites such as 
the Orbiting Geophysical Observa­
tory of TRW Sys tems Group, TRW, 
Inc., and the Orbiting Solar Ob­
servatory of Ball Brothers Research 
Corp. 

More power. To make Tiros-M 
adaptable, ASA is imposing an 
86.2-watt power requirement, or 
25% more than needed. Jones be­
lieves the solar panels that RCA 
produced for the successful Lunar 
Orbiter will be used, but tha t a 
radioiso tope thermoelectric gener­
ator might be substituted much 
later. A 30-watt unit using pluto­
nium-238, Martin-Marietta Corp.'s 
Snap-19, is due to fly on the next 

imbus. 
The solar array will use n-on-p 

cells with 9% effi ciency. Total ar­
ray output requirement is 186 
watts based on a 70% power sys­
tem effi ciency and the radiation ex­
pected in a 750-nautical-mile orbit . 

Stabilization will be accom­
plished in several steps. F irst a so­
called Yo-Yo sys tem consisting of 
two weights on the end of cables 
will deploy to redu ce the space­
craft's spin rate to a few revolu­
tions per minute. Then magnetic 
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coils will orient the craft along the 
plane of the earth's magnetic field 
and further reduce spinning to 1 
rpm. Finally, a new device of 
RCA's known as Stabilite goes into 
action. It consists of an external 
flywheel that spins in a direction 
opposite to the spacecraft's so that 
all the sensors always face the 
earth. Tiros-M will be the fir st 
space agency satellite to use Stab­
ilite. The design goal of the new 
satellite is six months of useful life, 
but the agency and ESSA hope to 
increase that by using the superior 
technology that will be available in 
the 1970's. 

II. Still has a role 

For the rest of th is decade, ESSA 
will stick with its present Tiros 
program. Eight more satellites each 
with either two advanced vidicon 
or two automatic picture transmis­
sion sys tems are bein g built by 
RCA. Also, two prototypes will be 
refurbished and flown to bring the 
total to 10. The goal is to have one 
of each kind of satellite in orbit and 
operational at all times. 

The next step is to phase in the 
Tiros-M satellites , which ESSA 
calls its improved Tiros operational 
sa tellite series. The space agency 
hopes to fl y a research version in 
1969. ESSA has an option to buy 
three similar craft and Johnson is 
eager to exercise this option . God­
dard is acting as ESSA's purchas­
ing agent in dealing with RCA as 
it has th roughout the Tiros pro­
gram. Goddard has begun contra.ct 
negotiations with RCA to supply 
the Tiros-M research and develop­
ment spacecraft, the three opera­
tional versions for ESSA, ground 
equipment and launch support. The 
contract will also contain an option 
for an additional fl ight model. 

Except for NASA's buying the 
spacecraft, ESSA's role is the same 
as the Communications Satell ite 
Corp.'s: it has complete control 
of the satellites once they are 
launched by NASA. 

High price. Although Nimbus 
will continue as a research and de­
velopment platform for testin g new 
ins trumentation, it is no longer con­
sidered the ultimate operational 

""-

weather satellite. Three years ago, 
the Weather Bureau pointed out 
that costs in the three-fl ight Nim­
bus program had skyrocketed to 
$140 million and by the time of the 
fi rs t launch, Aug. 28, 1964, the pro­
gram was two years behind sched­
ule. The fi rs t Nimbus operated for 
one month, far short of the practi­
cal minimum. 

. -
... 

The General Accounting Office, 
Congress's watchdog, added its 
criticism in January, 1965, charg­
ing that poor management at 
NASA's Goddard Space Fl ight 
Center had resulted in an exces­
sively heavy and expensive satel­
lite. 

r -

Although ESSA demanded-and 
got-a refund of some $20 million 
from the space agency fo r its share 
of the Nimbus program, ESSA con­
tinued to be interested in the larger 
satellite for research purposes . In 
fac t, ESSA is developing a satell ite 
infrared spectrometer to measure 
atmospheric temperature profil es 
on the next Nimbus fli ght sched­
uled for late 1967. Nimbu s 2 is now 
in orbit carrying research versions 
of weather instruments. 

-
Booster. The laun ch vehicle for 

Tiros-M will be the fam iliar Delta 
used for all previous Tiros satel­
lites but wi th some differences . Per­
formance will be improved by us­
ing more fuel, adding three solid 
rocket motors and substituting a 
more powerful upper stage, per­
haps the retromotor which landed 
the Surveyor gently on the moon. 
All future ESSA launches will be 
from th e Air F orce's W estern Te t 
Range in California. The orbit will 
carry the sa tellite over the poles 
where it will be synchronized with 
the sun so that abou t half of each 
orb it will be in dayli ght and the 
other half in darkness. The satel­
lite measures 37 by 37 by 48 inches 
and the three solar panels are 30 
by 60 in ches. These fold flat again st 
the spacecraft at launch and the 
entire package is housed in th e pro­
tective shroud used fo r Nimbus 
sa tellites. Accord in g to Jones, the "" 
satell ite can be unfolded to install 
experiments. 

111. Three objectives 

From the ESSA point of view, 
according to Johnson, Tiros-M rep- <.. 

resents the fulfi llment of an impor­
tant agency objective: uninter­
rupted global cloud-cover photog-
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raphy. Johnson spelled out two 
more ambitious goals before the 
Senate Space Committee in March, 
1965. 

One is constant sampling of such 
environmental data as wind direc­
tion and velocity, temperatures and 
atmospheric pressure on a global 
b as is. Various schemes have b een 
proposed, such as gathering data 
from balloons and buoys and re­
laying th e information to satel lites 
for playback later to ground sta­
tions. Nimbus will be the major re­
search tool in the sampling pro­
gram. Johnson believes. 

The Applications Technology 
Satellite, scheduled by TASA for 
its first lau nch in December. will 
mee t the other goal: continuous ob­
servation of the earth from a syn­
chronous and s tationary orbi t. In 
thi ~ orbi t 22,300 miles above the 
equator, a satellite's motion is syn­
chronized with the earth's rota tion 
so that it hovers above one spot. 
F rom this vantage, where the en­
t ire earth's disk is visible, storms 
cou lcl be traced from birth and data 
cot1 lcl be gathered for hurricane 
warnings. A special meteorological 
camera developed by the Univer­
si tv of ' Visconsin and the Santa 
Barbara. Calif., Research Center of 
H ughes Aircraft Co. will be tested 
for this purpose on the first flight . 

What lies ahead? ESSA doesn't 
know what form the weather satel­
lite sys tem of the late 1970's will 
take. but Johnson doubts that any 
single sa tellite can do the job. H e 
foresees a mixture of polar-orbit­
in g. medium altitude (750 to 1.500 
nautical mi les) satellites and syn­
chronous-orbit sa tellites ranging 
aroun d the equator. Two equatorial 
satt' llites could provide satisfactory 
coverage of North America and 
nearby oceans; four satellites would 
CO\'Cr the globe. 

Also unanswered is the question 
of what su pport other countries and 
the World Meteorological Agency 
of the United Nations w ill provide. 
The Ru ssians have already an­
nounced th e launch of their first 
wea ther sa tellite and on Aug. 18 
began sending satellite-gathered 
weather data to the United States 
through the Moscow-Washington 
data link Still , in this area of space 
technology the United States is 
clearly the leader and any inter­
national system is certain to b e 
built around the American program. 
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how to convert 
resolver and synchro angles 

to digits 
(and vice versa) 

J 

North Atlantic now brings you a new family of solid-state analog-to-digital and 
digi tal-to-analog converters for resolver and synchro data. They offer a major advance 
in conversion accuracy in modern navigation, simulation, data processing and meas­
urement systems. 

Typical of these new instruments is the Model APl-5450 shown here. It provides 
both continuous and command conversion of both resolver and synchro angles, 
accommodates all line-to-line voltages from 11.8 to 90 volts at 400 cps. Output data 
is in decimal digits and is presented both as a Nixie-tube display and a five-digit 
printer output with supplementary print command. Accuracy is 0.01° and update 
time is less than 1 second. 

All instruments in this family are designed to MIL-T-21200 and feature all solid­
state circu itry and precision transformers-there are no motors, gears, or relays. 
The ir flexi ble plug-in modular circuit design permits a wide range of variations to 
suit your specific requirements. For example: 

• 18 bit or 10 second accuracy 
and resolution 

• binary, BCD, or decimal 
inputs/ outputs 

•multiplexed channels 
•multi-speed inputs/outputs 
•h igh conversion speeds 
• other signal frequencies 

Your North Atlantic representative has complete application information. He'll be 
glad to help you solve interface problems in measurement and data 
conversion. Simply call or write. 

NOR.TH ATLANTIC industries, inc. 
TERMINAL DRIVE, PLAINVIEW, LI., NEW YORK • OVerbrook 1-8600 
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Project APOLLO ... Shooting for the moon 
With the emergence of Apollo as a full-fledged 
space program, Acceptance Checkout Equipment 
is being automated. General Electric Company 
has the responsibility for building a number of 
ACE stations, each comprising over a hundred 
racks used for data computation, recording, and 
display. 

Space saving was second only to component re­
liability in these systems, particularly in the Con­
trol Room, where lead engineers and technicians 
man 59 different consoles to monitor the various 
spacecraft functions. For the all-important patch· 
boards required in this facility, GE's Apollo Support 
Department selected AM P's Patchcord Program­
ming System. 

Occupying only 8% in. of rack height, our system 
provided space savings up to 50% over vertical 
installation. And it embodied all the quality and 
performance features characteristic of A-MP* 
Programming Systems-including panel door­
actuated front board / rear bay engagement, a 
range of sizes accommodating as many as 1632 

Ci rc le 138 on reader service card 

pre-programmed circuits, and AMP's exclusive 
double-wiping contact action. 

A·MP Patchcord Programming Systems will be 
used in pre-launch checkout equipment for the 
Apollo spacecraft . The high integrity, compact­
ness, and programming flexibility of these pre­
cision -engineered systems are a vital step toward 
assuring the success of America's moon mission 
and future space conquests. 

AMP makes a complete line of patchcord program· 
ming products for both military and commercia l 
applications. Write today for more information. 

*Trademark of AMP IN CORPORATED 

AIVIP 
INCORPORATED 
Harrisburg, Pennsylvania 

A·MP • products and engineering assistance are available through subsidiary companies in: 
/lustral1a • Canada • England • France• Holland• Italy• Japan• Mexico • Spa in • West Germeny 
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Military electronics 

Turning night into day 
The Defense Department is pushing harder for development 

of low light-level televis ion for spotting the enemy from aircraft 

By Marvin Reid 
Dallas News Bureau 

T he United States forces in South 
Vietnam are fighting one of the 
Vietcong's staunchest allies-the 
night- with new weapons. Reports 
from Vietnam tell of Army heli­
copters equipped with low light­
level television cameras that seek 
out the enemy by moonlight or star­
light. 

The Pentagon is upset by these 
reports and is trying to find out 
how the highly classified project, 
called Batman, got out. 

I. Batman sees all 
According to the New York 

Times and Washington Star, there 
are five of the new tv sys tems in 
South Vietnam. One of them re­
cently picked up a good picture at 
2 a.m. of a couple of enemy trucks 
and the unloading of a Vietcong 
sampan. The systems, each of 
which cos ts $1 million, consist of a 
small tv camera mounted on the 
nose of the helicopter and two 
8-inch tv receivers. One receiver is 
in fron t of the copilot and the other 
is in the rear for use by a photo 
interp reter. The view can also b e 
video taped. Although both the Air 
Force and the Navy are interested , 
the Batman sys tems are b eing 
flown by the Army. 

The reports did not say who built 
Batman equipment, and the Night 
Vis ion Laboratory of the Army 
Electronics Command at Fort Bel­
voir. \'a., where such work is b eing 
done. or contracted for, won't even 
d iscuss it. 

Eyeglasses. One of the more in­
teresting projects, partially spon­
sored by the Laboratory, is known 
to he a low light-level tv sys tem 
b eing built in Hurst, Tex., by the 
Bell H elicop ter Co., a division of 
Bell Aerospace Corp. The tv cam­
era. " ·h ich is installed in a three-
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Pi lot views on his special lenses what his low light-level tv camera picks 
up in the da rk. He can also look t hrough t his display at the normal night scene. 
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Kelvin 
and 

Varley 
would be 
exultant! 

(

Their circuit is being used) 
in this ESI Voltage Divider 
to give you 1 ppm accuracy. 

The Kelvin-Varley Circuit was invented 
while the two men were collaborating on 
the Project Mercury of their day-the 
laying of the Atlantic Cable. 

It is now used to achieve state-of-the­
art accuracy in the decade voltage di­
vider above (our model RV-722). This 
instrument has a terminal linearity of 
1 ppm. 

At low settings you will be able to do 
even better than 1 ppm. 1£, for example, 
the first three dials are set at zero, the 
output voltage will be accurate to a fra c­
tion of one division of the seventh dial. 
Each step of that dial is one part per ten 
million. 

With each instrument, you get a cali­
bra tion certificate giving check-out read­
ings accurate to 0.2 ppm. All at a price 
worthy of Lord Kelvin's Scottish herit­
age: $900. ESI, 13900 NW Science Park 
Drive, Portland, Oregon (97229). 

Model RV 722 DEKAVIDER Decade Voltage Divider 
Circuit: Kelvin Varley Resistive Divider 
Resolution: 10,000,000 divisions- 0.1 ppm 
steps 
Input Resistance: 100 Kilohms ± 0.005% 
Temperature Coefficient: ± 0.5 ppm/"C 
Power Coefficient: ± 1 ppm/ watt maximum 
Maximum Input Power: Five watts 
Maximum Input Voltage: 700 volts rms, 1000 
volts peak 
Input terminals for individual decades are pro­
vided for calibration of each decade. Paralleled 
switch contacts of silver alloy provide im­
proved accuracy at all settings. 

lelsl i I Electro Scientific Industries 
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axis turret on the nose of a UH-lB 
helicopter, is aimed by the move­
ment of the pilot's head-up, down, 
left or right. The pilot's display 
screen is a special pair of eye­
glasses. He can also look through 
the display on the eyeglasses at the 
night scene as he would normally 
see it. 

Projecting the display on the eye­
glasses eliminates the need to tie 
up valuable instrument panel space 
for a conventional display system, 
and it gives the pilot a natural view 
of the direction in which he is 
looking. 

Tiny tubes. Miniaturized cath­
ode-ray tubes, built for Bell by 
Thomas Electronics, Inc. of Pas­
saic, N.J., are on either side of the 
pilot's helmet. Each tube is 1 inch 
in diameter and projects a 1-mil 
electron spot beam. \Vith an aspect 

LOW LIGHT LEVEL TV --

ratio of 3:4, image resolution is ap­
proximately 450 horizontal tv lines 
per inch. Glasses and tubes weigh 
15 ounces. The optics system, built 
by the Perkin-Elmer Corp. , pro­
vides a 40° by 40° fi eld of view . 

The image on the face of the 
crt is reflected by a mirror through 
a relay lens that re-forms the rays 
into an aerial image. A second 
mirror positions the aerial image on 
the refl ecting lens (the inside of the 
pilot's glasses) which also acts as a 
collimator. The result is that the 
tv image is superimposed upon the 
pilot's normal fi eld of view. 

11. Electro-optical headtracker 

The pilot's ability to aim the 
camera by moving his head is ac­
complished through an optoelec­
tronic servosystem. It begins with 
a monitor attached to the top of 

-----
,._ __ ...., 

TU RRET --- ------®--

S = SYNCHRO 

T = TACHOMETER 

M = MOTOR 

GT= GEAR TRAIN 

AMPLIFIER 

Optoelectronic servosystem allows pilot to control television camera in 
nose of helicopter by movements of his head . Transmitter in scanner emits 
light in the nea r- infrared region t hat is polarized and is scanned to 
determine its phase and amplitude. The monitored signal is used to drive 
a servosystem that controls the camera 's position . 
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the cockpit tha t measures the posi­
tion of the pilot's head. The trans­
mitter emits a cone-shaped (70°) 
beam of nonvisible light in the near­
infrared region, approximately 0.9 
microns. The energy is 50 milli­
watts . 

The emitter is a gallium-arsenide 
diode, made by Texas Instruments 
Incorporated, that is excited at car­
rier frequencies from 3 to 10 kilo­
hertz. A d ifferent carrier frequency 
is used for each of the three axes­
pitch, roll and yaw-to reduce 
cross talk. The light passes th rough 
a linear polarizer, producing a ref­
erence polarizing angle. The po­
larizer is moun ted on a torsional 
scanner that operates on a fre­
quency of 100 khz and modulates 
the carrier signal. 

A second polarizer is over the 
electro-optical receiver on the 
helmet. The receiver's output is 
also modulated by a 100-hz signal. 
The amplitude and phase of the 
modulated signal varies according 
to the angle and distance between 
the transmitter and the receiver. Its 
amplitude is inversely proportional 
to the square of the distance, and 
its phase varies according to the 
angle because of the polarization of 
the infrared light. 

Filtered signal. The received 
carrier signal is filtered to reject 
spurious signals, for example, when 
pitch is being measured the car­
rier frequency for role and yaw 
will be rejected. The output's d-c 
level is detected and is used to 
develop an automatic gain control 
signal in the servo loop illustrated 
in the diagram on page 140, so that 
the servo loop gain is independent 
of the distance between the trans­
mitter and the receiver. 

Meanwhile, a phase-sensitive de­
modulator develops an error signal 
that drives a 400-hz modulator, am­
plifier and servomotor. The servo­
motor moves the reference polar­
izer in the scanner to minimize the 
intensity of th e light, thu s nu ll ing 
the error signal. A synchro control 
transmitter measures the servo po­
sition, which is proportional to 
head position. 

The scanner sys tem was fabri ­
cated by the American Time Prod­
ucts Co. at Woodside, New York. 
The filters were provided by the 
Polaroid Corp. 

The only attachment to the 
pilot's helmet is a small flexible se t 
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hp field-proven 
412A Multi-Function Meter 

Basic tool for measuring 1 mv-1000 v de, 1 µa-1 a, 1 ohm-100 Meg 

1 % accuracy, floating input, high input impedance 

No zero set 

Use it for: 
Broadband measurements 

High-gain amplification-a 60 db amplifier with rea r-terminal output 

Lab or production line, where high performance and low cost 
are important 

Ease of use and wide dynamic range are 
t he pr inc ipal benefi t s of usin g t he 
hp 412A-only th ree controls , no zero 
set. Measurement accuracy for de vol t· 
age is ± 1 % of full scale; de curren t is 
± 2% of f ull scale; ohms accuracy is 
± 5% of reading . Th irteen voltage and 
current rang es and nine resistance 
ranges give you maximum reso luti on , 
and an ind ivi dually ca librated meter 
assures highest possi ble accuracy. hp 

HEWLETT 

1901 

412A, $400; 4 12AR (rack mount) , $405. 

Cal l your Hewlett-Packard field engi­
neer for a demonstration of the popular 
4 12A, or write for full specifications: 
Hewlett-Packard, Palo Alto, Cali f . 94304, 
Tel. (415) 326-7000; Europe: 54 Rou te 
des Acacias, Geneva. 

Data subject to change without notice. 
Prices f .o.b. factory. 
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NEW! 
Push-Button Bridge 
Measures Impedance to 0.1 % Accuracy 

Once the Bridge is trimmed, a series of front-panel range push-buttons are sup­
pressed in sequence until a reading is obtained on the meter. Setting up the first 
one or two digits of this read ing on push-button decade controls gives the 
final reading. 

No Manual Balancing with New Wayne Kerr 
B641 Universal Impedance Bridge 

Now, batch test ing of components or the observation of changing values under 
laboratory conditions are made simpler and faster by the new Wayne Kerr B641 
Universal Impedance Bridge. 

Designed for the continuous measurement of any type of impedance or admit­
tance, at audio frequencies, as low as 1 picofarad - to an accuracy of 0.1 % - the 
B641 eliminates manual balancing, makes readout virtually automatic. 

Operation is simple: once the Bridge is trimmed, it is necessary only to depress 
a series of front-panel range push-buttons in sequence until a reading is obtained 
on the electronically-balanced meters. Setting up the first one or two digits of 

142 

this reading on push-button decade controls 
makes the balancing automatic; the meters can 
read the first, second, third or fourth digits. 

The Bridge produces analog voltage propor­
tional to the meter read ings and BCD (in a 1248 
code), for the n ixie readout. 

The B641 is based on the transformer-ratio­
arm principle, giving stable performance even 
when components under test form part of a 
sub-assembly (such as a printed board or an 
encapsulated unit) or when long measurement 
leads must be used. 

SPECIFICATIONS 

Overall Ranges: 0.002pF - 50,0001<F 
20p15 - 50015 

Accuracy: 0.1 % from lpF to lOµF 
10n 15 to lOOm n 

200nH - 5MH lmH to lOkH 
2n!? - 50,000MQ lOQ to lOOMP. 

Discrimination : 0.01 % of max. on all ranges Price: $1,700 FOB Montclair, New Jersey 

For literature and detailed specifications, write: 

Wayne Kerr CORPORATION 
18C Frink Street . Montchir, N.J. 07042 • Phone 201 746-2438 

INNOVATIONS IN INSTRUMENTATION 

Circle 142 on reader service card 

:"Jf wires lead ing to the receiver. 
This connection can be quickly 
severed in an emergency. 

111. Tested and approved 

The forerunner of this electro­
optical system was a mechanical 
headtracker that Bell tested as a 
possible way to use the pilot's head 
motions to aim a tv camera. Th e 
mechanical sys tem consists of a set 
of parallelogram linkages and gim­
bals with associated synchros to 
measure head position in pitch , 
roll and azimuth. It was fabricated 
initially to permit flight testing of 
the entire system. 

Bell envisions several uses for its tv 
system: pilots can fly by it, direct 
armament and use it for surveillance. 

All the systems except the low 
light-level tv camera have been 
completed and tested in the labora­
tory. The tes ts were carried out 
with a regu lar tv camera. Flight 
tes ts have been conducted using 
the mechanical headtracker eye­
glasses and the daylight camera, 
and Bell says the system feas ibility 
has been confirmed. 

Th e eyeglass display is being 
worked on now by Perkin-Elmer 
to improve the optical resolution. 
Also, the miniaturized crt's are 
under furth er developnwnt to im­
prove brightness and resolution. 
Both the mechanical and the elec­
tro-optical heacltrackers are being 
reviewed critically. Future systems 
will be committed to one or the 
other heacltracker des ign. Bell leans 
at th is stagf' to the elec tro-opti C'al, 
saying it provides the pilot with 
morC' freedom . But, the final deci­
sion on which system wins out will 
have to be made by the customer. 

Circle 143 on reader service card-+-

.. 
,. 



- ,. 

- "i 

Because you have to know NOW! 
T eebnicai Se~es tc:.to 

~Ptiet$2.00 

RCA announces the first definitive 
engineering text solely on linear 
integrated circuits. 2 40 pages 
of solid information cover impor­
tant considerations for the engi­
neer who has to be ready to make 
the transition to linear integrated 
circuits for communications, TV, 
radio, instrumentation, telemetry, 
data processing, and control. 
RCA LINEAH INTEGRATED CIRCUIT 
FUNDAMENTALS is your "bridge" from discrete­
component concepts to the practical, here-and-now 
details of linear !C's. It's the professional design 
man's guide-not a discussion of diffusion techniques, 
not a hobbyist's manual. 

It covers: 
general design considerations . .. differential 
amplifiers ... operational amplifiers ... transfer 
characteristics ... feedback considerations ... 
equivalent circuit models .. . frequency response .. . 
phase compensation ... circuit applications ... 
design feahires. 

GET STARTED NOW in this important, new design 
area. Pick up a copy at your RCA Distributor's-
or use the coupon to place your order. 

\.. Elootm"'' Compooeot' '"' D"'"' 
• .. =,R 

" ' The Most Trusted Name in Electronics 

COMMERCIAL ENGINEERING 

RCA ELECTRONIC COMPONENTS & DEVICES 

HARRISON, N. J. 07029 

Attached is my check/ money order for $ , 
covering copy / ies of RCA LINEAH 
INTEGHATED CIHCUIT FUNDAMENTALS 
@ $2.00 each. 

COMPANY ____________ _ 

ADDRESS-------------

CITY ______ ,STATE ____ z1p __ 



Subsonic. Supersonic. Hypersonic. 
Where do you feel the greatest potential 
in developmental aviation lies today? 
Which type of craft, which speed 
regime, is personally most stimulating 
to you? Subsonic? Supersonic? Hyper­
sonic? No matter what your answer, 
you will find a breadth of opportunity 
at Lockheed that is unmatched in the 
aerospace industry today. 

The Army's Advanced Aerial Fire 
Support System-AAFSS-is the first 
major compound helicopter award in 
history to enter development. It is 
at Lockheed. Revolutionary composite 
vehicles able to stop, fold, or start 
blades in forward flight are another 
current Lockheed project. From heavy­
lift helicopters for large cargo opera­
tions to STOL and V / STOL short-haul 

passenger transports , Lockheed is 
active in virtually every aspect of devel­
opmental aviation. 

Lockheed is also hard at work on a 
new generation of high performance 
aircraft in the upper supersonic speed 
range. At the same time, other remark­
able aircraft, for Mach 3 flight, are 
currently in development at Lockheed. 
Additional work is continuing on super­
sonic V / STOL fighters, extremely 
advanced versions of the famed 
F-104 Starfighter, and America's fixed­
wing SST. 

Lockheed is using the SCRAMJET 
approach in manned hypersonic test 
and cruise vehicles. Designed to fly 
many times the speed of sound, they 
will help man achieve the capability of 

landing at earth bases after maneuvers 
in space. And also, they will lead to 
high priority passenger and cargo 
transport at hypersonic speeds. 

A large number of significant posi· 
tions are now open for engineers on 
sub, super, and hypersonic programs. 
For information concerning specific 
opportunities, please write: Mr. E. W. 
Des Lauriers, Professional Placement 
Manager, Dept. 1509, 2404 North 
Hollywood Way, Burbank, California. 
Lockheed is an equal opportunity 
employer. 

LOGKHEED · GALIFORN IA CO. 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

.. ' 



Tube capability is right down our alley 
Challenge has been our game for 
nearly 30 years . . . the challenge 
o f designing, building, and testing 
special CRT's for special applica­
tions . We meet this challenge, con­
tinually, through the know-how 
and creativity of our champion 
CRT research team, comprising 
some of the most advanced minds 
in the technology . 

From our modern research and 
development facilities have come 
many " firsts" in CRT development. 
Electrostatic deflection plates, alu­
rninized screens, reticular optics, 

and flying spot scanners are some 
of our pioneering achievements . 
And our contributions to industry, 
sc.ience and the military have 
earned us a reputation for solving 
particularly difficult tube problems. 

Today, in addition to virtually un­
limited capability in special CRT 
design, we offer the largest variety 
of off- the-shelf tubes in the indus­
try. Each has undergone the qual­
ity-controlled product engineering 
and stringent testing required as a 
custom fabricated item. And each 
will provide more display per do!-

Jar in the application for which it 
was designed. 

Try pinning us down to your indi­
vidual CRT needs, whether they 
involve multi-layer phosphors, spe­
cial shapes, ultra high resolution, 
or multi-guns. You'll find us "right 
down your alley" when it comes 
to meeting your specs. Why not 
call us today . . . or write for our 
complete capability story. 

GENERAL 

~JR~1Ru~ ~1~ 1~ cA5. 
PHILADELPHIA • PENNSYLVANIA 19118 
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IRC expands rectifier line 
Wide choice of MIL and industrial devices 
Now, I RC is offering an even larger selection of silicon 
rectifiers. These devices are immediately available from 
stock to fill the vast majority of your Mil and industrial 
requirements. Most IRC rectifiers are also available in 
reverse polarity. 

146 

• Ratings from .045 to 250 amps, and 50 volts to 
100 Kv 

• Mil types meet all performance and environ· 
mental requirements of Mll-S-19500 

• Subminiature, high-voltage types to 4000 volts 

ZENER 
DIODES 

MIL and industrial regu­
lator types, silicon refer­
ence diodes, 1-watt 00-7, 
and solid construction 
Poly-Sil packaging. 

/ 
, AXIAL LEAD 

/ n,, RECTIFIERS 

AR 16thru AR24 replaces 
363 JEOEC devices for 
50 to 1000 V /. 25 to lA 
needs. Costs less than 
stud-mounted types. 

Cin:le 146 on reader service card 

• 100 and 250 amp controlled avalanche units for 
industrial use 

• Fast recovery types-200 nsec-in five package 
choices 

If you specify or buy silicon rectifiers, you should know 
about the money-saving advantages of I RC's silicon 
rectifier line. For new semiconductor catalog, prices 
and samples, write: IRC, Inc., Semiconductor Division 
(formerly North American Electronics), 71 linden St., 
West Lynn, Massachusetts 01905. 

MIL and indust rial de­
vices, includi n g f ast ­
switching types. Choice 
of power rat in gs and 
package shapes. 

SPECIAL 
/ ASSEMBLIES 

; I 
Rectifier stacks, potted 
bridges and high voltage 
assemblies. Available in 
prototype or production 
quantities. 
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New Products 

Integrated circuits shrink numerical control 
First industrial product built completely with 

microcircuits is 10 times more reliable than former units 

The first numerical control systems 
with all integrated circuit construc­
tion are coming down the assembly 
line at Cimtrol division of The Cin­
cinnati Milling Machine Company. 
Although Cimtrol chose integrated 
circuits for reliability, the new de­
sign also cut the control unit's size 
to one-third that of its discrete­
component predecessor. 

Cimtrol engineers claim that in­
tegrated circuits are responsible for 
a 10 to 1 improvement in the relia­
bility of the control unit, desig­
nated Acramatic IV, making it vir­
tually as reliable as the contouring 
machine it controls. To overcome 
doubts as to the ability of inte­
grated circuits to stand up under 
rigors of industrial application, 
Acramatic IV was tes ted under ac­
tual operating conditions for more 
than a year without failure. During 
this period it was operated con­
tinuously for 2,000 hours. 

Gains in reliability were pri­
marily due to replacement of large 
numbers of discrete components 
and solder joints by microcircuits. 
In some instances a single micro­
electronic circuit supplants an en­
tire circuit board and three circuit 
cards take the place of an entire 
drawer containing 15 larger circuit 
boards, as shown in the photo. 
Cimtrol maintains that one logic 
board now replaces as many as ten 
boards in a former system. 

Improved reliability of the con­
trol means that downtime on the 
controlled machine is reduced sub­
stantially. The more reliable con­
trol also increases the interval dur­
ing which the machine can be 
continuously operated without pre­
ven tive maintenance. 

Since the control contains fewer 
boards, time required for locating 
and repairing a defective compo­
nent is considerably reduced. 

Space on the factory floor is 
precious ; thus factory planners will 
welcome the jukebox-size Acra-
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A single integrated circuit flatback replaces an entire circuit board 
in Cincinnati Milling Machine's numerical control unit. 

matic IV which can be placed on 
the operator's platform of the big 
contouring machine it controls. 

In addition to improved reliabil­
ity, integrated circuits have also 
enhanced the performan ce of Acra­
matic IV. Previously, numerical 
control units were limited by cycle 
time or time to read and act on an 

Acramatic IV numerical control is 
housed in this jukebox sized enclosure. 

instruction from punched tape. Oc­
casionally the entire machine and 
control would have to pause and 
wai t for the instruction to be read 
from the tape. Minimum cycle time 
on the new control is 100 times 
shorter than that offered in former 
sys tems. 

Because the integrated circuits 
have a lower cost per function than 
their discrete-component counter­
parts, Cimtrol can offer contouring 
capability (as opposed to point-to­
point machining) at a price that 
more users can afford. Although 
the price for various Acramtic IV 
models has not been set, the com­
pany has indicated that the cost 
will be comparable to those on dis­
crete-component units with some 
possibility of a modes t reduction. 

Integrated circuits in the new 
control were produced by Texas In­
struments Incorporated . Cimtrol 
engineers designed all command, 
switching and readout logic with 
seven of the nine etaointaa in Tl's 
series 73 line of sa turated diode 
transistor logic (DTL). 
The Cincinnati Milling Machine 
Co., Cimtrol division, Cincinnati, 
Ohio 45209 

Circle 350 on reader service card. 
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Bulova forks 
solve low 
frequency 
problems 
let the 
experience 
behind 
300,000 forks 
per year help you! 
American Time Products forks are now 
available up to 25 kc, thanks to years 
of experience plus new design techniques 
developed by Bulova. (Including the tiny 
forks for Accutron® electronic timepieces, 
Bu lova made 300,000 last year alone !l 

Result: ATP units provide lower cost, 
smaller size, lighter weight and greater 
l9ng term stability in such applicat ions.as 
Computers, Navigation Systems, Doppler 
Radar, Motor Drives, Encoders and Timers. 
Accuracies of up to 0.001 % are available. 

Bulova fork oscillators offer the added 
advantage of simplicity of design and 
circu itry. Fewer components mean greater 
rel iability. Final ly, Bulova fork products 
are uniquely capable of withstanding 
severe shock and vibration environments. 
No wonder Bulova sold 300,000 last ye~ r! 

FS-11 FORK FREQUENCY STANDARD 
Standard Frequencies: Up 
to 10,000 cps 
Accuracy: Up to ± .001 % 
Input: 28V DC (others on 
request) 
Output : 5 volts p-to-p min. into lOK ohms 
Temperature Range: As low as -55°C to 
as high as +85°C 
Size: 1 1h in. sq. x %" 

SUB-MINIATURE TF-500 
TUNING FORK 
Standard Frequencies: Up to 
2400 cps 
Accuracy : Up to ± .001 % 
at 25°C 
Input: 28V DC (others on 
request) 
Output : Up to 5V rms rnto 
20K ohms 
Temperature Range: As low as 
-55°C to as high as +85°C 
Size: 'la" x '!." x ll/2" max. 

Write or call for specifications on Bulova's 
complete line of tunini fork products. 
Address: Dept. E-16. 

(]3QD[1@Wfil 
AMERICAN 
TIME PRODUCTS 

ELECTRONICS DIVISION 
OF BULOVA WATCH COMPANY, INC. 

61·20 WOODSIDE AVENUE 
WOODSIDE, N.Y. lf377, (212) DE 5-6000 
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New Components and Hardware 

Quick switch possible with modular relays 

For its debut in switching, the 
;\Iatrix Co. is introducing a line of 
modular reed-relay coaxial switches 
that may be assembled in a variety 
of configurations. Isolation is good 
-up to 170 decibels. Depending 
on the specific frequency, the 
switches give two to three times 
better isolation than any other 
s\\·itch, according to :\1atrix pres i­
dent John D. Williamson. 

;\latrix claims that its MMS 
series is the first modular switch 
that can be repaired in the field. 
All that is needed is a screwdriver 
and a soldering iron. 

Matrix also has a new concept 
of modularity. Instead of one basic 
module, there are 20-ranging from 
a single-pole, single-throw switch 
to a single-pole, 20-throw switch. 
The modules can be assembled to 
form multipole, multithrow, matrix 
or hybrid switches. The handy 
thing, \i\fi!liamson says, is that the 
user can change the size and the 
form of a switch as needed. The 
control units (the relays that oper­
ate the switches) are also modular. 

The photograph shows .five sin­
gle-pole, 5-throw switches cross­
strapped into a 5-input, 5-output 
matrix. The BNC connectors shown 
are standard equipment, but sub-

miniature connectors can also be 
used. This particular 5- by 5- by 
4-inch switch could link an instru­
mentation recorder and a readout 
unit or be used for low-level switch­
ing as in transducer scanning for 
aerospace applications. 

\ Villiamson reports that the 
switch is excellent for televis ion , 
especially if the user doesn't want 
to miss a single fram e (as in satel­
lite transmission ). " ' here unskilled 
personnel might damage a switch. 
the fi eld-repairable feature is valu­
able. Other applications include an­
tenna phasing, military-security 
transmission , wide-band and low­
level instrumentation recording and 
computer interconnections. 

Specifications 

Fr equency ra nge 
Load ca pac i ty 
Isolation 
Switching control voltage 

Switchi ng speed 
Li fe 

Switch -poin t spa c ing 
Impeda nce 
Closed-contact r esi sta nee 

Insulation resistance 

Average switch-point price 
Delivery 

D·c t o 300 Mhz 
Up to 50 w 
Up to 170 db 
20·40 " range , 28 

v , d ·c, nominal 
Under 1 msec 
20 million opera -

tions 
5/8 in. minimum 
50 to 75 ohms 
Less than 150 

m illiohms 
M o re than 10 

megohms 
$20 
30 days 

Mat rix Co., 18075 Vent ura Blvd ., En ­
cino, Calif. [351] 
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~ SENSITIVITY CALCULATIONS 

~ FRC CURVES 

~ TEMPERATURE STABILITY PROBLEMS 

~ CABLE NOISE PROBLEMS 

A new state -o f-the-art has 
been achieved with CEC Low 
Impedance Piezoelectric Acceler­
ometers. 

4·280 LOW Z 
ACCELE ROM ETER 

4-281 L.OW Z 
ACCELEROM ETER 

CEC's unique solid-state design 
and construction (U.S. patent 
pending) , make t hese low imped­
ance instruments unequalled in 
performance by any other 
accelerometers. 

The use of piezoelectric accelerometers 
has been traditionally complicated by 
special problems which have plagued 
even the most sophisticated user. How­
ever, by combining a source follower 
with a piezoelectric accelerometer in a 
single small package, permanently cali­
brated, with no external pot or other 
electronics-CEC has perfected instru­
ments which offer all the advantages of 
the piezoelectric principle without the 
accompanying headaches of high 
impedance. 

The reasons why low impedance 
units are superior: 

' '" 1!J Fixed Sensitivity. All calculations 
are done by CEC at the factory­
precisely and permanently. Since the 
source follower is an integral part of 
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the instrument, there i's no cable from 
accelerometer to follower. Therefore, 
total circuit capacitance remains 
constant for all applications . Even the 
FRC effects can be ignored as the initial 
calculation never varies. 

l!J Low Frequency Response Guaran­
teed. The field-effect transistors give a 
low frequency response which is un­
affected by, and independent of, the 
load impedance on the accelerometer 
output. As a result, room temperature 
frequency response is within ± 5 % 
from 2 Hz to 10,000 Hz, regardless of 
load impedance. 

l!J Fixed Temperature Stability. The 
temperature response curves for con­
ventional accelerometers s how a 
varying slope as the value of load 
capacitance changes. This does not 
occur in a CEC Low Impedance 
Accelerometer. A fixed tolerance of 
± 5% can be assigned to temperature 
response over the entire range, regard­
less of output cable capacitance. 

[!] Low noise-and no cable noi se. 
Broad-band noise level is less than 1 mv 
p-p over the temperature range. Due to 
high sensitivities, as high as 3 6 mv I g, 
very low G-levels can be measured with 
excellent signal-to-noise ratios. And 
since there is no cable noise with a CEC 
Low Impedance Accelerometer, there 
can be no signal deterioration, and the 
need for expensive cables is eliminated. 

Don't scrap it-convert it. 
If you have a high impedance piezo­
electric system, it is still possible to 

1·304 :SOURCE: FOLLOWE:R 

obtain state-of-the-art performance. By 
the simple addition of a CEC 1-304 
Source Follower-which is adaptable to 
all high impedance piezoelectric accel­
erometers-you may convert an obsolete 
unit into a low impedance instrument. 
That way, you can always expand or 
replace with the new low impedance 
accelerometers as the need arises. 

Who needs CEC Low Impedance 
Accelerometers? 
Everyone who needs a truly precise 
and reliable piezoelectric acceler­
ometer. Aerospace users would include 
such obvious groups as NASA, missile 
s ites, environmental test labs and 
testers of airframes and aircraft en­
gines. Industrial users-all applications 
where vibration monitoring and noise 
reduction are critical factors. 

·when can you expect to receive 
these instruments? 
Whenever you need them. As the leader 
in data instrumentation, CEC now has 
78 Field Engineers throughout the 
country to serve you-more than all 
other accelerometer manufacturers 
combined. Furthermore, CEC will be 
pleased to prepare a comprehensive 
analysis of your needs and conversion 
costs without obligation. 

For complete information on the CEC 
low impedance piezoelectric line, call 
or write CEC for Bulletin Kit 9069-X3. 

PIEZOELECTRIC 
USERS 

HANDBOOK 

We will also include 
a copy of the current 
"Piezoelectric Users 
Handbook." 

CEC 
Data Instruments Division 

CONSOLIDATED ELECTRODYNAMICS 
A SUBSIDIARY OF BELL & HOWELL/PASADENA, CALIF. 91 109 
INTERNATIONAL SUBSIDIARIES : WOKING. SURREY. ENGLAND 

AND FRIEDBERG (HESSEN). W. GERMANY 
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New Components 

Low-pass filters 

ideal for IC's 

When everything has to work right LOW PASS FILTER 

150 

specify CTS Knights 

When a 20-selectable high -fre­
q uency output oscillator with 

qu ick warm -up 
was needed for 

m i l itary av iation, 
CTS supplied it. This 

same advanced tech­
nology and assistance 

is available to you. For 
total Frequency Manage­

ment tailored to your 
needs, specify CTS Knights. 

Additional features of Model JKT0-82 (illustrated) are: 
1) Fast warm-up provisions; 2) High ambient operation ; 
3) Shock and vibration resistant ; and 4) A compact 2.5" 
x 2 .5" x 2.75" anodized, aluminum housing. 

Circle 150 on reader service card 

Ultraminiature low-pass fil ters have 
the same physical configuration as 
the DO-T fami ly of audio and 
power transformers, having a diam­
eter of only ,\} in., height of % in. , 
and weight less than 0.2 oz. Its 
size makes it ideal for printed-cir­
cuit applica tions. The metal-en­
cased, hermetically sealed filter is 
designed, manufactured and tes ted 
to complete MIL-T-18327B speci­
fication. 

Source and load are 10,000 ohms. 
Response from d-c to 22 khz is 
within 3 db; at 36 khz it is 20 db 
minimum; at 44 kin it is 30 db and 
above 48 khz the response is 35 db 
or more. 
United Transformer Corp., 150 Var ick 
St. , New York, N.Y., 10013 . [352] 

Translational pots 

handle high power 

i'· : 

A series of translational preci­
sion poten tiometers has been an­
nounced. The line is designated TS 
or TD styles. 

These compact pots can handle 
power levels to a maximum of 1 
watt per inch of stroke. Standard 
resistances range from 100 ohms 
to 40,000 ohms per inch. This re-
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®ur -arriage fSroktr 

Applications of photography are diverse and technical 
enough so that no one man in the world could possibly 
answer everyone's every question on the subject. The 
next best thing is a man who knows where to get the an­
swers. A "marriage broker" between problems and solu­
tion. A man who can connect you with the right specialist. 

We have one such man. His phone number is (716) 
325-2000, Ext. 5129. 

He has at his fingertips the names and phone numbers 
of a staff of photographic engineers unique in its wide 
knowledge of all facets of phototechnology. He can con-
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nect you with the one who is most fluent in your language 
and who can either answer your question or evaluate 
your idea. 

Our people may suggest the use or adaptation of a 
Kodak system. Or help you invent a new one. Or (and it 
does happen) they may put you in touch with another 
company-one which specializes in your area. In any 
case, your problem gets solved, and the way to get started 

is to call or write Special Appli-1 K d k I 
cations, Eastman Kodak Com- 0 a 
pany, Rochester, N.Y. 14650 . ...._ ____ ___ ____ 
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An out-of-the-blue word to drive home the capa· 
bility of Phelps Dodge Electronics coaxial cable 

delay lines to consistently and uniformly meet ± .02 
nanosecond delay tolerances. 
~t, that's not all.Here is broader band operation, 
lower attenuation per nanosecond of delay, greater 
stability at microwave frequencies. And, all conven· 
tional packaging techniques are available : containers, 
shock mounting, standard rack-panel mounting, 
strapping, potted or encapsulated coils, with mount· 
ing brackets and connectors. Delay lines can also be 
chemically-treated, painted, or enclosed in standard 
or customized racks or carrying cases. Design para· 
meters' frequencies from 60 CPS to 12 Ge, power 
from milliwatts to kilowatts, impedances from 50 to 
125 ohms, delay line from .3 to 1.0 microseconds. 

Want more detail? Write for Bulletin DL, Issue 2. 

PHELPS DODGE 
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ELECTRON IC PRODU CTS 

NORTH HAVEN, CONNECTICUT 

New Components 

sistance is varied as the pot's sh aft 
is slid into or out of the uni t's h ous­
ing. Both linear and nonlinear out­
puts are available. 

Translational pots are designed 
for b oth military and commercial 
applications where highly accurate 
measurement of linear motion is re­
quired, such as in a lab oratory set 
up or for machine tool control or 
surveillance. 

Both single (TS) or dual res ist­
ance (TD ) elements with separate 
contact brushes and terminals are 
produced in a compact housing. 
Housings are anodized aluminum 
rigidly constru cted to withs tand 
vibration and shock. 

The stainless steel shaft can he 
rotated 360° 'vvithout affecting the 
mechanical or electrical operation. 
Shaft actuation for full stroke re­
quires minimal force. 

Special configurations can b e 
provided for specific requirements. 
Taps are supplied as des ired. 
Stroke lengths from 1/2 in. to 16 in. 
are standard bu t nonstandard 
lengths can be supplied. Contact­
ing elements are precious metal 
throughout. 
Ga mewell divi s ion , E.W. Bliss Co., 
1238 Chestnut St., Newton , Mass. 
[353] 

Synchronous motor 
for high-volume use 

The Type IC motor is available 
either for low-voltage square-wave 
transistor drive or as a single phase 
115 v a-c, 60 hz unit. Torque out­
put is 1.0 oz in. at 2 or 4 pole 
speeds. The unit is furnished with­
out case to permit easy insertion 
in constant-speed requirement 
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SCZBNCB/ SCOPB 

A "window shade" array of solar cells ls being developed by Hughes for the 
U. S . Air Force as a power source for space. It will be designed to with­
stand launch requirements for a Titan III type booster in a stowed condi­
tion ... will unfurl in a manner loosely comparable to unrolling a window 
shade. Demonstration model will have a SO-square-foot array; modular de­
sign allows larger arrays for extra solar power . 

"Large array" microcircuits and high density packaging techniques are fea­
tures of the HCM-205, new microminiature airborne computer designed by 
Hughes. It has a 4,096 18-bit word memory, expandable to 32,768 words; 
can perform about 125,000 operations per second; weighs 13.3 lbs . includ­
ing power supply; occupies 1/5 of a cubic foot. It will be integrated into 
a multimode radar data processing system for flight test early next year. 

A prototype r adar system, most powerful ever built by Hughes, is called 
ADAR (Advanced Design Array Radar). The r educed -size prototype city de­
fense system will be used t o demonstrate new long-range phased-array tech­
niques for the U. S . Air Force prior to defining the best type of full­
scale system. 

The first four Mark lB satellite ground-link terminals, now on duty for 
the U.S. Army to communicate with the random-orbit military satellites 
launched in June, form the world's first global military satellite com­
munications network. Three of the air-transportable terminals are loca­
ted in Hawaii, the Philippines, and West Germany . The fourth, now being 
erected in Ethiopia, will soon be ready for test operations. 

We have immediate openings for system-oriented engineers in a wide variety 
of disciplines: advanced aerospace radar, missile guidance and control, 
space craft electronics, command/control, communication satellites, laser 
systems, automatic checkout equipment . Please write: Mr. D.A. Bowdoin, 
Hughes Aircraft Company, Culver City, California. Hughes is an equal op­
portunity employer. 

Surveyor 2 made the first leg of its trip to the moon aboard an out-sized 
"Super Guppy" aircraft, which carried it from Los Angeles to Cape Kennedy 
in mid-July. Scheduled to be launched this fall, its mission will be to 
repe a t the tasks of Surveyor 1 and to perform additional experiments at a 
new l ocation on the lunar surface . It is the second of seven planned lu­
nar l a ndings . 

A new joint-venture firm called Satellite Telecommunications Company (Sa­
telco) h a s been formed by Nippon Electric Comp a ny Ltd. and the Hughes Air­
craft Company for worldwide marketing of satellite communications ground 
terminal stations a nd equipment . The ac tivities will also include sys­
tems a nd applications eng ineering, site surveys, test install a tion, main­
tena nce, sp a res provisioning of terminal stations under contract, and oth­
er field service a nd support functions. 

Creating a new world with electronics 
r- ---------- ------- , 
I I 

: HUGHES: 
I I L __________________ J 

H UGHES AIRCRAFT COMPANY 
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THE 
'SCOPE 
WITH THE 

HIGH JO* 

RCA W0-918 ••• * INEXPENSIVE QUALITY 

Why-pay for Oscilloscope capabilities 
you don't realty need? 

There are many situations-production line work, product quality checks, basic lab· 
oratory measurements-that require a large number of scopes or employ standard 
measurements ... and where simplicity of operation is essential. 
That's where you need the RCA W0·91Bf 
Of course the so-called "industrial/laboratory" type scopes will make certain meas­
urements that ours won't They may feature triggered sweep, horizontal deflection 
in microseconds, and other costly refinements. Whenever you need these extras ..• 
capability for those extremely precise measurements .•. spend the money and buy 
an expensive scope. 
Actually, for many very precise research, experimental and lab measurements, we 
don't even recommend ours (we use theirs). 
But if your requirements call for scopes with characteristics such as the 
following, the RCA W0-918 is probably your best buy: 
• Built-in voltage calibration-large 5-inch screen with VTVM-type voltage scales 
for fast, simultaneous peak-to-peak measurements and waveshape display • Flat 
response(+ 1 dB) from 10 cps to 4.5 Mc • 0.018 rms volt per inch maximum sensi· 
tivity for use at low signal levels • Continuously adjustable (to 100 kc) sweep oscil· 
lator with excellent linearity • Z-axis input for direct modulation of CRT permitting 
use of timing and calibration markers on trace • Provision for connecting signals 
directly to the vertical deflection plates of the CRT. 
The Optional User Price of the RCA W0-91B is $249.50. It is available locally from 
your Authorized RCA Test Equipment Distributor. Ask to see it or write for complete 
specifications to RCA Commercial Engineering, Section 119W-1, Harrison, N.J. 
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New Components 

equipment, such as tape and rec­
ord players. Size is 1.990 in. diam­
eter x 2.150 in. maximum length 
with a weight of 10 oz. ~ 

The shaft is 0.1875/0.1870 in. 
diameter stainless steel and sup- ,..... 
ported between two self-aligning ,, 
sleeve bearings. The motor is de­
signed to meet specific perform­
ance over a temperature range of .. 
-20°C to +140°F. Custom de-
signed units can be made for other 
voltages, speeds, torques, etc., 
where production volume will be -
high. 
Globe Industries, Inc., 2275 Stanley 
Ave., Dayton, Ohio, 45404. [354] 

Hot-molded pot 

features reduced size 

Miniature hot-molded re~istive con- • 
trols feature a size reduction to 
% in. from the earlier 1 in. as well 
as lower static noise levels. 

Designated series 369, the con­
trols have been designed to meet 
or exceed MIL-R-94B and have an -
RVl envelope size. Built to the 
same quality specifications as the 
company's series 53, the units are ._ 
smaller in size and operate through 
50,000 rotational cycles, compared 
to earlier film types with an upper 
limit of 10,000 cycles. 

The units possess low tempera- .. 
ture coefficients and are available 
with a resistance range of 100 -
ohms to 5 megohms, with toler­
ances of ± 10% to 100,000 ohms ~ 
and ±20% above 100,000 ohms. \.... 
Power rating for military units is 
1 w at 70°C and 350 v d-c max­
imum derated to zero watts at 
120°C; for commercial units, % w 
at 40°C and 500 v d-c maximum. 
Clarostat Manufacturing Co., Inc.,, 
Dover, N.H. [355) 
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New Semiconductors 

Small amplifier packs big voltage 

... The Hughes Aircraft Co.'s Micro­
elec tronics division has developed 
a d-c amplifier with an output volt-

~ age range of ± .36 volts. The com­
pany claims the hybrid integrated 
circuit amplifier. designated HMC 
1148, outperforms any unit its size. 
Hughes says amplifiers with mono-

~ lithic circuits usually can deliver 
only about ± 15 volts. 

Packed in a low-profile T0-5 can, 
the amplifier gets its performance 
from a hybrid circui t that has dis­
cre te silicon transis tors and diode 
chips attached face up on an 
alumina su bstratc with deposited 

-.1 thin-fllm resis tors on it. 'Vires are 
~ bonded to the chips by thermocom­

pression. 
The price is attrac tive- $28 each 

in quantities of 25 to 100. Other 
' opera tional amplifiers with less out­

put, Hu ghes reports , cos t about $20 
to $40 each. An d th e future price 

- picture looks even better. In about 
60 days, quantities over 10.000 
shou ld drop below $10 each. The 

' key to the low price is that Hughes 
is planning to replace the three ac­

- tivc-device chips " ·ith ultrasonically 
" bonded, face-down Rip chips. thu s 

cutting assembly time by one-third. 
Hughes expects the HMC 1148 

to be used where space is limi ted , 
such as in missiles. The amplifier 
is only 0.360 inch in diameter and 
0.165 inch high. It is adaptable for 
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any type of control system, such 
as computers, servos, filters, oscil­
lators; voltage regulators and modu­
lator-demodulators . 

Specifications 

Input offset voltage 
Input bias current 
Input impedance 

Input common-mode 
voltage 

Common-mode rejection 
ratio 

D-c open loop voltage gain 
Unity gain 
Power dissipation 
Delivery 

Less than 0.2 v 
Less than 2 µ.a 
100 x 103 ohms 

minimum 

± 20 v 

80 db minimum 
600 v minimum 
10 Mhz min imum 
400 mw typi ca l 
2 wee~.s 

Microelectronics Div ., Hughes Aircraft 
Co .. 500 Superior Ave., Newport Beach , 
Calif. [360] 

Stud-mount rectifier 
is small and light 

A signifi cant reduction in size and 
weight of rectifi ers with a 12-amp 
rating is possible with thi s minia­
ture stud-mount series. Only 0.187 
in. in diameter and 0.46 in. long, 
the unit weighs less than 1.5 gram s. 
A 4-40 stu d 0.19 in . long permits 
mounting to a heat sink. All units 
fea ture controlled avalanche char­
acteristics and piv ratings up to 
600 v are available. 

Units are made by using the 
manufacturer's voidless, whi sker­
less construction , with hard glass 
fu sed directly to the sili con and 
terminal pin s. The 4-40 stud is 
brazed to one end and a turret ter­
minal to the other. 

Surge ratings are as high as 200 
amps for one cycle with thi s series. 
Units arc available from stock. 
Prices range from SS to $11. 
Unitrode Corp .. 580 Pleasant St., Water­
town , Mass [361] 

Thermal American's recently intro­
duced I ine of cylindrical, pure fused 
quartz flat bottom trays will find 
many uses in industrial and labora­
tory service. For roasting, sintering 
and igniting operations, high resist­
ance to heat and thermal shock as­
sures users of long, trouble-free serv­
ice. Cylindrical trays may be intro­
duced cold into a muffle or furnace 
preheated to operating temperatures. 

SIZES 

Nominal O.D. Inches Nominal O.D. Inches 
Diameter Height Diameter Height 

5-1 / 4 2-3 / 4 9-7/ 16 4-1 / 4 
6-1 / 8 1-1/ 2 9-11/ 16 2-3 / 4 
6-5/ 8 4 10 2-3/ 4 
7-1/ 16 3-1 / 4 10-9 / 16 3 
7-7 / 16 3-3/ 4 11-7/ 16 6-1 / 4 
7-1 / 2 3-1 / 2 12-7/ 8 3 
7-7 / 8 2-3/ 4 13-7/ 8 4-1 / 2 
8-7/ 16 4-1/ 4 15-1/ 2 5-1 / 2 
8-11/ 16 2-3/ 4 17 6 
&-7/ 8 2-3 / 4 19-1/ 4 3-3 / 4 

50 
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2 32 POWER 
- . Mc HYBRID 

156 

~· 

HHP-50 

THE SUM AND THE DIFFERENCE of any two 
signals between 2 and 32 Mc are now available at 
power levels useful for transmission as well as 
receiver applications. 

The same desirable performance characteristics 
provided by a proven family of Adams-Russell 
hybrid devices are incorporated into the HHP-50 
Power Hybrid. It handles up to 500 watts CW and 
1,500 watts PEP to allow new HF antenna-trans­
mitter appl ications. 

The HHP-50 can divide a signal input into two 
phase-stable, equal-amplitude outputs or can re­
solve two independent inputs into their algebraic 
sum and differences. Shortly, the HMP-50 will offer 
this same performance from 30 to 76 Mc for mobile 
communication applications. 

HHP-50 power hybrids weigh less than 2 lbs, are 
compact (3" x 2" x 2%" ), and transfer heat 
through the mounting surface. Standard units are 
supplied, as shown, with 50 ohm Type N connec· 
tors. Try some. They're powerful good! 

HHP-50 SPECIFICATIONS 

Power Rating 
(with heat sink) 

Insertion Loss 

Isolation 

VSWR 

Phase Balance 

Amplitude Balance 

500 watts CW 
1,500 watts (PEP) 

0.5 db maximum 

25 db minimum 

1.3 maximum 

±5° maximum 

0.2 db maximum 

ADAMS - RUSSELL co., INC. 
280 Bear Hill Road • Waltham, Massachusetts 

(617) 899-3145 TWX: (710) 324-0618 
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New Semiconductors 

Diode quad 

for high frequency 

A balanced-modulator, hot-carrier 
quad has been introduced for high­
frcqu ency applications. Each of the 
four diodes is closely matched at 
four points on the forward curve 
and molded into a plastic package 
0.20 x 0.200 x 0.310 in. with four 
leads. 

Similar devices are also avail­
able in matched sets that are un­
moldcd and also made to special 
matchin g requirements. 

The MS396 is priced at $60 each 
in quantities of 1 to 99 with deliv­
ery from one to three weeks. 
Solitron Devices, Inc., 256 Oak Tree 
Road, Tappan, N.Y. [362] 

Integrated circuit 

operational amplifier 

The vVC-161 commercial integrated 
circuit operational amplifier has 
b oth sin gle-ended and differential 
011tputs. The unit has a Darlington 
input stage which permits the use 
of megohm-range scaling resistors. 
Application s include general-pur­
pose in strumentation, integration 
and s11111111a tion . \Vith feedback, the 
amplifier can serve as a trans­
du cer amplifier, preamplifier . volt­
age comparator and as a bandpass 
or b11ffer amplifier. 

Operating parameters include: 
differential gain , 2,200 v/v; input 
impedance, 300,000 ohms; output 
impedance, 40 ohms; drift, 10 1,v/ 
°C and 1 na/ °C. 

Testing is stringent. Every unit 
undergoes a 24-hour bake at 150°C; 
three cycles of thermal shock 
(- 55° to + 150°C) ; 30,000-g ac­
celeration on the centrifuge; as well 
as gross and helium hermeticity 
tests. 

Price of the WC-161 is $39.50 
each in quantities of 1 to 49; $29 
each in quantities of 50 to 499. 
Availability is from distributor 
stock 
Westinghouse Molecular Electronics di­
vision, Westinghouse Electric Corp .. Box 
7377, Elkridge, Md .. 21227. [363[ 
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Only Varian 
delivers low-noise 
TWT amplifiers 
that have ... 

lowest noise figure, 

smallest size, 

lightest weight, 

highest saturation power, 

single-reversal 
permanent-magnet focusing, 

integral power supply, 

broad band frequency range, 

narrow band frequency range, 

S-band performance, 

VAS-413 

GAIN 

C-band performance, 

X-band performance. 

TYPICAL CHARACTERISTICS 
VAC-414 

GAIN 

,..._ 

VAX-415 

GAIN 

r-- ~ -~ 
POWER OUTPUT ~ i--- POWER OUTPUT - POWER OUTPUT 

-i 

NOISE FIGURE NOISE FIGURE NOISE FIGURE 

4 4 8 7 
FREQUENCY (G Hz) 

For more information on these 3-inch TWT amplifiers , 
covering the complete spectrum of applications, write Palo 
Alto Tube Division, 601 California Avenue , Palo Alto , Calif. 
In Europe : Varian A.G ., Zug, Switzerland. 
In Canada: Varian Associates of Canada, Ltd ., Georgetown, Ontario. 

@ varian 

___.. 

11 

Circle 157 on reader service card 

20 ~ 
e. 
t­
::i 
0.. 

10 ~ 
0 
a: 
w 

0 ~ 
0.. 

1~7 



NEW EG&G 
SILICON DIFFUSED 

PHOTOOIOOE 
• HIGH QUANTUM EFFICIENCY 

• WIDE SPECTRAL RANGE • FAST 
RESPONSE TIME • LOW NOISE 

SGD-100 PHOTODIODE 

The SGD-100 Photodiode - successor to 
the popular SD-100 - offers greater sen­
sitivity and lower noise characteristics. 
Embodying EG&G's improved diffused 
guard ring design , the SGD-100 has a wide 
spectral range with an unusually high re­
sponse in the " blue" region , fast response 
time and high quantum efficiency. The 
photodiodes are hermetically sealed in a 
T0-5 package. 
Sensitivity . .... 0.5 µA/µW at 0.9 microns 

(700/o quantum efficiency) 
Spectral Range . .. .. 0.35 to 1.13 microns 
Capacitance . . ...... 7 picofarads at 90v 
Rise Time .. . ... .. ... . . 4 nanoseconds 
Leakage . ..... .. . . . ..•... 0.2 µA at 90v 
NEP (0 .9µ , 10', 1) . ....... 7.9x1o-" watts 
Linearity of Response . .. . over 7 decades 
Applications include CW, pulsed light and 
laser detection and measurement, sta r 
tracking, optical navigation, communica­
tion and guidance, and range-finding sys­
tems. The new SGD-100, also available in 
calibrated versions, is in quantity produc­
tion for fast delivery at low price. 
For information, write: EG&G Inc., 160 
Brookl ine Avenue, Boston, Massachusetts 
02215. Telephone: 617-267-9700. TWX: 
61 7-262-9317. 

A EGc..G 1NC. 
158 Circle 158 on reader service card 

New Instruments 

Voltage divider operates at 500 khz 

The first commercially available ra­
tio transformer capable of oper­
atin g to 500 kilohertz is claimed 
b y the Dytronics Co. The model 
H.T-501 indu ctive voltage divider 
can resolve an a-c input voltage 
in to more than one million parts. 
The accuracy of th e divider's trans­
formation ratio is within 0.0005 % 
near th e lower operating frequ ency 
limit of 4 khz and 0.09% at the 
upper frequency limit of 500 khz. 

\Vith th e divider, many measure­
ments not normally feasible within 
th e ultrasonic and lower radio-Fre­
qu<'n cy regions are now possible. 
Included are the measurement of 
distortion created by inverting am­
plifi ers, calibration of attenuators 
and calibration and linearity tests 
of voltmeters; the divider provides 
precise control of voltage attenu­
ation and impedan ce transforma­
tion with almost no power loss . 

Dytroni cs says the device was 
made possible by the availability 
of new magnetic materials and the 
th e cleveloprnenl of special coil­
winding techniqu es that permitted 
th e company to construct almost 
ideal toroidal inductors. " Filling 
th e core area of the toroid with a 
high-permeability material ," a com­
pany spokesman says, "reduces the 
leakage Ru x to a point where the 
behavior of the inductor is ex­
tremely close to that of an ideal 
toroidal indu ctor. \ Vith no leakage 
flu x, the emf generated in each turn 
is identical. ·with the new coil 
winders , the coils can be wound 
with no fr actional turns . As a re­
sult, the voltage ratio between coil 
elements is a direct function of the 
turns ratio." 

In addition, the model RT-501 

h as an output impedan ce which is 
essentially less than 1 ohm. The 
low output impedance eliminates 
almos t all the circuit loadin g effects 
of conventional dividers. 

Specifi cations 

Frequency range 
Ratio range 

Linearity deviation 
(in ppm) 
(= output volts/input 
volts-setting) 
Max input voltage 
Output impedance 

Resolution 

Price 

4 khz to 500 khz 
0 .00000 to 1.11111 in 

0 .000001 steps 
2 + f /2 + (f / 20)" (f = 

frequency in khz) 

1.51 or l 50v rm s max 
equivalent to 0 .2 1 

ohms in series with 
l.5µ h 

1 ppm below 100 khz, 
10 ppm a bove 100 
khz 

$350 

Dytronics Company, Inc. , 5566 North 
High St., Columbus, Ohio 43214 [370] 

Portable electrometer 

covers 73 ranges 

?\lode] 601 is a battery-operated 
electrometer with off-ground oper­
ating capability. It offers 73 ranges 
for d-c measurements: 9 voltage 
ranges from 1 nw full scale to 10 
v; 28 current ranges from lO·H 
amp full scale to 0.3 amp; 23 re­
sistance ranges from 100 ohms full 
scale to 1013 ohms ; 13 coulomb 
ranges from 10-12 coulomb full scale 
to 10-n coulomb. 

Besides these ranges, the model 
601 can operate up to ± 1,500 v off 
ground. Th e case and all controls 
are at ground potential. 

Price is $595; delivery, within 60 
days after receipt of order. 
Keithley Instruments, 12415 Euclid 
Ave ., Cleveland 6, Ohio . [371] 
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New Instruments 

Standard oscillators 
are compact and light 

Series 4000 RC oscillators feature 
transient-free tuning, exact reset­
ting by means of rotary switches, 
harmonic distortion less than 
0.01 %, frequency response within 
±0.01 db, amplitude stability of 
±0.01 % per hour, and voltage 
calibration accuracy of ±0.25% 
without a meter. The solid state 
units cover frequencies from 0.001 
hz to 100 khz. 

Modular plug-in construction has 
been used to achieve compactness 
and light weight, while still keep­
ing all circuits readily accessible 
for easy servicing. All models pro­
vide an additional quadrature 
(90°) sine wave output, and all can 
be synchronized with an external 
signal. Options include a simul­
taneous square wave, and a pulse 
which is controllable in both 
polarity and width. 

Prices range from $850 to $1,300 
depending on the choice of options. 
Krohn -Hite Corp., 580 Massachusetts 
Ave., Cambridge, Mass., 02139. [ 372] 

Phase-sensitive vtvm 
offers versatility 

Model 240SP will operate either as 
a standard vacuum-tu be voltmeter 
or as a phase-sensitive vtvm. As a 
standard vtvm, the instrument will 
measure either the total signal or 
the fundamental component of the 
signal. V\Then operated as a phase­
sensitive voltmeter, the in-phase 
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Ballantine Announces a New Solid 
State DC Digital Voltmeter 

Gives you fast, accurate readings to 0. 02% 
± 0.01% f.s. and at a low cost of just $490 

Ballantine's new Model 353 enables you to speed up de measurements 
materially over those made on multi-knob differential voltmeters. And with 
laboratory accuracy from 0 to 1000 volts de. 

It requires just two steps: ( 1) Set knob 
to NORMAL mode and read voltage; (2) 
dial in the first digit in EXPAND mode 
and read voltage to four places with over­
range to five; and, in addition, interpolate 
to another digit. 

Step 1. 
NORMAL 

Mode 
8.342 v 

i 8 l3 '4~ ~ L_i C:J l.c.___::i + 

The NORMAL mode error becomes sub­
merged by more than ten to one, and the 
operation is fast and accurate to 0.02 % of 
reading ± 0.01 % f.s. If the input signal is 
varying, the last digit may be followed 
visually, thus providing the advantage of 
analog display. 

Step 2. 
EXPAND 

Mode 
8.3420 v 

Example of 
''Overrange" 
presentation 

108.340 v 

;Jo • o 

1d 8 l3 A-;-1 - l__; l ~__.=J + 
,,c • 0 

Note these other interesting features of the new 353: a left-to-right digital 
readout; an automatic display of "mV" or "V"; proper placement of the 
decimal point; 10 megohms input resistance; an automatic disabling of the 
motor during the "expand" dialing; a red light to indicate overrange or 
wrong polarity; and provision for a foot-operated switch ·for a "read" or 
"hold" function. 

Write for brochure giving many more details 

- Since 1932 -

BALLANTINE LABORATORIES INC. 
Boonton, New Jersey 

CHECK WITH BALLANTINE FIRST FOR DC AND AC ELECTRONIC VOLTMETERS/ AMMETERS / OHMMETERS, REGARDLESS OF YOUR RE· 
QUIREMENTS. WE HAVE A LARGE LINE, WITH ADDITIONS EACH YEAR . ALSO AC / DC LINEAR CONVERTERS, AC / DC CALIBRATORS, WICE 
BAND AMPLIFIERS, OIRECT·READING CAPACITANCE METERS, AND A LINE OF LABORATORY VOLTAGE STANDARDS FOR 0 TO 1,000 MHz. 
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A specialty of the house ... 

~ 
cooking up new ideas in electric motors. 
Like the GT1612 that runs up to 60,- mass-produced motors. For motors 
000 rpm on hydrostatic air bearings . for spacecraft, avionics, control, com-
Extreme accuracy in locating the be- puter peripherals and other systems, 
ryllium shaft helps make this possible. contact IMC Magnetics Corp., Eastern 
Other specialties to help you serve Division , 570 Main St. , Westbury, 
up exactly what's needed include in- N.Y. Phone (516) 334-7070 or TWX 
duction, hysteresis , torque, synchro- 516 333 3319. If you need informa-
nous, AC drive, DC drive and servo tion for future projects write IMC's 
motors, in the milli- to integral-horse- Marketing Div., at the same address, 
power range, and without the \QI I: IJ or circle the bingo number at 
compromise of run-of-mill ~. ~ L=:! the bottom of this ad. 

Circle 228 on reader service card 

4 ways to beat 
a hot s·ystem 

t. CentrHugal Blowers 
2. Propeller Fans 
3. Vaneaxial Fans 
4. Tubeaxial Fans 

Learn about them from a 12 page you meet with ourtechnical sales reps. 
booklet ca lled the " Airmover Selec- For very quick service contact: IMC 
tor." It has a technical information Magnetics Corp., Eastern Division, 
section to aid you in your choice of 570 Main Street , Westbury, N.Y . 
airmovers. On the remaining pages 11591. Phone 516 334 7070 or TWX 
we have plugs for our products which 516 333 3319. For the "Airmover 
help pay the cost of free booklets. Selector" write: Marketing Division 
Or a better bar?ain is our 136 JQl ii 1 {9j at th~ same address, or circle 
page catalog given free when .~ ••• -- the Bingo number below. 
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New Instruments 

and quadrature components as well 
as the phase angle may b e meas­
ured at a single frequency. Isola­
tion transformers in both signal 
and reference channels may be 
switched in or out of the circuits by 
means of front panel controls. In­
ternal filters reject the influence of 
noise and harmonics. 

Full-scale sensitivity of the 
model 240SP may b e adjusted to 
any value from 300 µ,v to 300 v. 
The signal voltage is displayed di­
rectly in volts on a large taut-band 
with a mirrored scale .panel meter. 
The internal calibrated phase 
shifter covers the full range from 
0° to 360° without ambiguity. 

Typical applications include the 
measurement of phase angle; meas­
urement of transformation ratio at 
the single operating frequency; null 
indicator for ratiometer and syn­
chro bridge, measurement of power 
factor and complex impedance and 
the zeroing of synchros, resolvers, 
and transducers . 
Dytronics Co., Inc., 5566 North High 
St., Columbus, Ohio, 43214. [373] 

Versatile, broadband 
sweep generator 

A broadband sweep generator, 
model 900-C, is designed for sweep 
frequency analysis of the response 
of various electronic circuits. The 
instrument permits observation of 
the entire frequency response of 
the unit under test (up to a 400-
Mhz bandwidth), or will examine 
a narrow 10-kbz segment. It can 
be used to make qualitative an­
alysis of the response of a wide 
range of electronic devices such 
as receivers, amplifiers, filters, 
transformers or transmission lines. 

Built-in features include a plug-
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WHAT IS 
MOTOROLA OSCILLATOR 
STABILITY? 
Accurate within a second 
in 300 years. Stabilities to 
1 part in 10-10 

~)WHAT IS 
MOTOROLA OSCILLATOR 
WARM-UP TIME? 
Down to ten minutes. 
The industry's fastest. 

-~~- HOW WELL DO 
' ' 

MOTOROLA OSCILLATORS 
PERFORM? 
Specifications are guaranteed. 

Get the full story from your 
Motorola Representative. Or write for 
details to : Motorola Communications 
& Electronics Inc., 4900 West Flournoy, 
Chicago, Illinois 60644. A Subsidiary 
of Motorola Inc. 

@ 
NIOTOROLA 
Precision Instrument Products 

Circle 211 on reader service card 

FEATURING 
• Noise figures to 2.5 db • Solid State 
Reliability.• Low input and output VSWR 
• RFI and Weatherproof housing • Oc· 
tave coverage to 1000 MHz • With or 
without power supply 

FOR EXAMPLE 

Model 8505 

Frequ_ency: 
Gain: 
Noise Figure: 
Input and Output Impedance: 

200-400 MHz 
20 db (min .) 
< 4 db over band 
50 ohms 

Input and Output VSWR: 
Price: 

2:1 typical over band 
$495 

Utilizing RHG's broad background in low 
noise pre-amplification , an additional 43 
CUSTOM DESIGNS have been produced. 
The solution to your problem may be on 
file in our library now. 

For specials, test our ONE-DAY-QUOTE Ser­
vice. For standards , see complete listing in 
EEM Section 3400. 

-I -~- 3 C==O CGB 
RHG ELECTRONICS LABORATORY, INC. 
94 Milbar Blvd., Farmingdale, l.I ., N.Y. 11735 • (516) 694·3100 

MICROWAVE FM and AM RECEIVERS • MICROWAVE MIXER PREAMPS 
LINEAR and LOG IF AMPLIFIERS • RF and OCTAVE AMPLI FIERS 

Circle 161 on reader serv ice ca rd 161 
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• -• and conquer 

Vanquish your problems as they come, with Mathatron, the 
$5,000 digital computer. No need to go to number-systems school 
or build a FORTRAN empire. Just express yourself in algebra on 
the Mathatron keyboard - use power-of-IO exponents, paren­
theses, square roots and decimal points . 

Mathatron is a programmable, general purpose, electronic com­
panion that saves hours of a professional man's day. Up to 11 
pre-wired programs, expandable memory, optional paper tape 
reader/punch and page printer. 

More than 80 % of Mathatron owners have access to a big 
computer, but they would rather get quick answers than fight that 
battle. Write for the whole story. 

mathat ron: Program memory (core), 24 to 480 steps • Addressable storage, 
4 to 88 registers • 9 significant digits, exponent, and sign • Number range 
::'::10- • 2 to 10+58 • Speed 100 accumulations per second • Optional prewired 
programs for special applications. 

MATHATRON,CS 
a divi sion of Barry Wright Corporation <:§:> 

241 Crescent Street, Waltham, Massachusetts 02154, Telephone: 617-893-1630 

Circle 162 on reader service card 

New Instruments 

in detector, harmonic marker sys­
tem, scope preamplifier, precision 
turret attenuator and r-f output 
meter. With accessory equipment, 
the unit can measure by compari­
son methods: gain, attenuation and 
return loss ; or measure the un­
loaded bandwidth and Q of cav­
ities and resonant circuits. 

Range for vhf is 50 khz to 400 
Mhz; uhf, 275 Mhz to 1,200 Mhz; 
response is flat within ± 0.5 db up 
to 800 Mhz. Output capability for 
vhf is 0.25 v rrns; uhf, 0.5 v rms. 
Price is $2,180. 
Jerrold Electronics Corp., 401 Walnut 
St ., Phi ladelphia, Pa ., 19105. [374] 

Impedance bridge 
has high accuracy 

The 250DE impedance bridge, 
a self-contained instrument can 
measure res istance, capacitance 
and inductance on-site with high 
accuracy, the manufacturer says. 
Dissipation factor and storage fac­
tor can be read out directly on 
capacitance and inductance meas­
urements. 

Accuracy of the 250DE is con­
servatively rated to within 0.1 % 
for resistance, 0.2% for capaci­
tance and 0.3% for inductance. 
Comparative measurements can b e 
made with greater precision be­
cause the dial resolution is 12,005 
divisions. 

The a-c/ d-c null detector allows 
full accuracy on all ranges with a 
sensitivity of b etter than 20 p.v on 
d-c and 10 µ.v on a-c. The single 
front-panel meter displays both 
a-c and d-c null balances. Match­
ing a-c generator features trans­
former output and diode rectifiers 
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shown without cover 

New Transicoil size 23 servo repeater 
Developed specifically as a plug-in replacement for a size 23 synchro torque receiver, 
this unit uses a closed-loop position servo to provide superior response. Synchro data 
at 90V, 60 CPS is scaled down by series resistances, then fed into a conventional 
size SCT. Amplified synchro error applied to a size 8 motor closes the loop and drives the 
synchro and output shaft to a null position with improved sensitivity, stiffness and static error. 
Internal circuitry includes a power supply for the solid-state servo amplifier, making the entire assembly 
only slightly longer than the synchro it replaces. 

PERFORMANCE Input: 90V, 60 CPS, 3-wire synchro • Output: Shaft position-5 oz. in. at stall • Accuracy: Static, Y, 0
; Dynamic, 1° 

at 20 RPM • Slew Speed: 20 RPM • Power Required: 115V, 60 CPS • Weight: 38 oz.• Size: 2Y." dia. x 6¥16" length 

Weston Instruments, Inc., Transicoil Division, Worcester, Pa. 19490. 

WESTON® prime source for precision ... since 1888 

"]\' U> CD 

ffi ~ 
0 () 
::> ,,. 
"' .... .... 0 
)( ,, 
UJ (J) •. ,.,. 

Extrusions, balls and parts 
ACE is one of America 's leading mass producers of 
an almost unlimited variety of plast ic products. Extru­
sions, seamless balls , fabricated parts, etc.-in almost 
any size, quantity, color, tolerance, shape, form or 
plastic including nylon, tetlon·, acrylic or you name it. 
Small runs or large runs. In stock or specials . Write, 
wire or call for samples, price lists and technical 
bulletins. ·1et1on is DuPont's reg istered trademark tor fluorocarbon resin. 

ACE PLASTIC CO.,, INC. (91-20) ~AN WYCK EXPWY., JAMAICA, N.Y., • (212) JA J.5$00 

Circle 223 on reader service card 
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FREE 
NEW1967 

ALL/Ell 
INDUSTRIAL 

ELECTRONICS 
CATALOG 

552 Value-Packed Pages 
Here 's the standard of the industry from Allied, the world's largest 
d istr ibutor of electronic components and equipment. 552 pages. 
64,000 items, scores of new products. Factory OEM prices. Some­
day shipment. Get your personal copy now. 

ALL/£0-woRLD'S LARGEST DISTRIBUTORS 
OF FAMOUS QUALITY BRANDS, FEATURES 

IE 
WIDEST SELECTION • SAME-DAY SHIPMENT 
See your All ied Catalog for Potter & Brumfield 
Relays : General Purpose, Special Purpose, Power, 
High Performance, Mercury Wetted Contact, 
Telephone types- all i n stock at A llied. 

for FREE catalog, check reader service card or write direct to: 

ALL/Ell ELECTRO/II/CS 
Our 46th Year 

Subsid iary of ALLIED RADIO CORPORATION 
100 N. Western Ave ., Dept. 82-J , Chicago , 111. 60680 

Circle 163 on reader sP.rvir.i> r::.rri 



VOLTMETER 
WITH A MEMORY 

.. . DC TO 20 MEGACYCLES 

• RAN G( 

MOD~ JO !00 Ci J ,'0.~:00 
R£$ET . ...,. -WMOlJ~t 

1f(ftUf 

o• • 1£ •, ~ 

The Model 5201 memory voltmeter is a de to 20 me instrument 
which measures and stores indefinitely the maximum peak voltage 
applied, including continuous or one shot pulses as short as 50 nano­
seconds. A memory reset-switch on the front panel allows the 5201 
to monitor peak values of a varying waveform, either positive or 
negative going. 

The solid-state 5201 is also available with a 3-digit in-line 
Nixie ® tube readout. The voltage range may be extended to 30 kv 
with optional high voltage probes. For complete technical informa­
tion, contact the Micro Instrument representative near you or write 
directly to us. 

-.-------------------------

164 

VOLTAGE RANGE 

INPUT IMPEDANCE 

PULSE WIDTH 

OPERATING MODES 

READOUT 

PRICE 

Specifications 
0-3, 10, 30, 100, 300, 1000 volts. 
Can be operated up t o 1000 volts above ground. 

100 k- 10 megohms (dependi ng on range) . 

DC to 50 (typically 30) nanoseconds. 

+, -, ± (DC or AC coupled). 

5 " mirror-backed 1 % meter. 

$695.00. 

.MICRO - , 

12901 CRENSHAW BLVD., HAWTHORNE, CALIFORNIA 90250 
PHONES: (213) 679-8237 & 772-1275/TWX (213) 647-5133 
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New Instruments 

for applications requiring d-c. 
Both detec tor and generator are 

solid state throughout. Added bind­
ing posts provide for application of 
bias voltage to capacitors or use of 
ex ternal generators and detectors. 
The company says its precision 
wirewound resistors ensure accu­
racy and stability, and that the 
Dekadial coaxial main dial permits 
easy adjustment and reading. The 
cover is attached by self-lockin g 
clamps but can be detached for 
unencumbered use. Operation in ­
structions are permanently affi xed 
to the inside of the cover. 

Price is $470; availability, stock 
to 30 days. 
Electro Scientific Industries, Inc., 
13900 N.W. Science Park Drive, Port­
land, Ore. [375] 

Video X-Y plotter 

is useful in 4 modes 

A video plotter has been developed 
to display graphic information di­
rectly on the screens of standard 
television monitors , with resultant 
increased flexibility as compared 
with conventional paper recorders. 
The traces produced by the model 
401 arc bright and nonfading, but 
can be completely erased in a frac­
tion of a second. Signals from the 
401 can be intermixed with those 
from tv cameras, flying spot scan­
ners or other video sources to 
produce highly complex displays. 

Model 401 may be used in four 
different modes: as an X-Y plotter 
writing at a rate of 60 points per 
second; as a low frequency storage 
oscilloscope by using the internal 
time base; as a raster display de­
vice writing at a rate of 60 lines 
per second; as a direct-writing de­
vice driven from an external video 
signal. 

Of considerable importance .in 
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Designed 
for 

Advanced 
Data Systems • • • 

Thee Series 400 

TELCOM Receiver 

Look at these features . .• 

• All solid state design 

• Superior performance 

• Completely modular, plug-in construction 

• RF heads for VHF and S-Band 
telemetry , sweep tuned and 1vide band 
heads for sur veillance applications 

• Plug-in pre-detection recording converter, 
spectrum display, electrically switchable 

· IF Filters 

Interested? Get the detailed specifications. Write 

for your free copy of the DCS Series 400 TELCOM 

Receiver brochure. 

Would you like an appointment to see a TELCOM 

Receiver for yourself? Just call the DCS office below 

nearest you ... 

Dept . EB-6, East Liberty Street, Danbury, Conn. 06813 

Telephone : 203-743-9241 • TWX 744-1990 

e DATA-CONTROL SYSTEMS INC. 
'l~u ... e.(4(('- /- if?~ 

Sales Offices 
Sil ver Spring, Md ., Huntsville, Winter Park , Long Beach , Santa Clara, 

Albuquerque 

Copenhagen London Rome Paris Munich Amsterdam 

Circle 224 on reader service card 

Clevite Ceramic Ladder Filters 
80 db rejection in 0.1 cu. in. 
• 503 lower insertion loss 

• Increased skirt selectivity 

• Less insertion loss change with temperature 

Clevite ceramic ladder f ilters provide more selectivity for their 
size than any conventional i-f filter . They are fi xed tuned and 
need no alignment- are non-magnetic and non-microphonic . 
Leading manufacturers now specify Clevite ladder filters for their 
modern communications equipment. Improve your newest 
design with these unique filters. Write now for complete specifi­
cations-Bulletin 94017 or request selectivity curves for each 
stock model. • Dimensions : 5-1/6" diameter x 1-1/2" long• 
Selectivity : 60 db/6db shape factor from 1.4:1 to 2.5: h Center 
Frequency Stability : within 0.2% for 5 years, and within 0 .23 
from - 40°C to + 85°C • Impedance: 1200-2500 ohms • De­
signed for military and space environment. • Clevite Corp., 
Piezoelectric Division, 232 Forbes Road, Bedford, Ohio 44014. 

CLEVITE 
Circle 165 on reader service card 165 
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*.., .. DoD will 
completely vacate 
225 · 260 mes by 
Jan. 1, 1970 with 
no excep t ions. 
Document makes 
clear plan fo r 
1435 · 1535 mes, 
2200-2300 mes . . . 
for the exclusive 
use of air/sp ace­
ground telemete r­
ing .. . " 

BAM! 
~ 0 

(1435-1535 MHz-2200-2300 MHz) 

ARE YOU EQUIPPED FOR THE 
NEW TELEMETRY BANDS? 

I 
l1~ Iii 

l~ 
Ill 

\ ... 

\ • I 

s 
--
- - .•. 

: .• ~ .. ~·: - ··- ....... . "' ~ ·-. ,,,. .. -~ 

L-BAND SG-305 
5-BAND SG-307 

ACL has precision -engineered 
L-BAND OR S-BAND FM 
SIGNAL GENERATORS 

Designed and produ ced by t elemet ry engineers 
to meet the te lemetry indust ry requi rement s. 

ACL A STRO COMMU N ICA T IO N L ABORAT ORY 
8 0 1 GA IT H E R ROAD . GAITHERSBURG , MD . 2 0760 
T ELE PHONE ( 3 0 1) 948 -5 210 TW X 7 10 - 8 28-9 706 

*EXCERPT FROM THE TELEMETRY JOURNAL, JUNE/J ULY, 1966 
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New Instruments 

so me applications is the fact that 
th e 401 can be Z-axis modulated, 
and can render b etter than six 
shades of gray. 

The plotter's versatility is cl1 w to 
its high capacity, wide band, mag­
netic disk memory that provides in ­
definit e data storage. 

Price of the video plotter is 
$..f,000, and delivery is 90 days af ter 
receipt of order. 
Colorado Video, Inc., Box 928, Boulder, 
Colo., 80302. [376] 

Limit bridge 
tests capacitors 

.... , ' , 

Limit bridge model 5350 provides 
simultaneous limit decisions for 
both series capacitance and dissi­
pation factor at 120-hz or 1,000-hz 
test frequencies , and completely 
eliminates stray capacitance effects 
due to bias supplies, capacitance to 
ground, shielded leads, and other 
causes. A zero to 300-v bias supply 
can be used with no effect on 
either capaci tance or dissipation 
factor measurements. The company 
claims this is the nrst bridge to 
allow this type of measurement. 

The bridge operates on a go, 
no-go principle. It makes a limit 
decision in 250 msec. Accuracy is 
to within 0.25% on capitance and 
better than 1 % on dissipation fac­
tor. It provides one accept and 
three reject categories; additional 
accept categories are optionally 
available. Output relay closures 
permit operation of solenoids , au­
tomatic feeders , etc. A two- , three-, 
four- , or fivc-tenninal measurement 
allows guarding and sensing for 
the capacitor under test. 

Capacitance ranges are from 0 
to 1199.9 p.f at 120 hz, and from 
0 to 11.999 p.f at 1,000 hz. Capaci­
tance limits are: lower, 0 to 9,999; 
upper 0 to 11,999. Limits arc set in 
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HERE'S HOW ••• 
THE ELECTRONIC INDUSTRY IS USING THESE TWO FAMOUS ULANO FILMS IN 

ULTRAMINIATURE MASK TECHNOLOGY AND COMPLEX PRINTED CIRCUITRY 

Cut a piece of the desired film 
large enough to cover a rea to be 
masked . Tape it down firmly a t 
the top with dull-side up. 

With sha rp blade, out· 
lin e th e a reas to be 
mas ked . Do no t cul 
through the backing 
sheet. Th e Ul a n o 
Swivel Knife does the 
job quickly, easily. 

RUBYLITHT.M .• AMBERLITHTM. 
HAND CUT MASKING FILMS FOR THE GRAPHIC ARTS 

ULANO RUBYLITl:I . .. a revolutionary knife cut red as crayon tones, pa.sre ups, benday sheets , and 
film is laminated to a stable transparent plasti c opaquing are easily combi ned wi th versatile ULANO 
backing sheet. Th e red f i lm is " light safe" so that RUBYLITH. 
when contacted to a sensitize d emulsion and ex-
posed to a suitable light source , li ght pa sses through ULANO AMBERLITH ... a companion to Rubylith 
the cut-out portions only ... not through the red serves as a color separation medium used as the 
film . • The polyester backing is absolutely stable master on camera co py board to secure negatives or 
.•• insures perfect register. • Special effects such posi tives. 

I 
A '!!',ide variety of Ulano films-in rolls and sheets-is readily available 

u an<!> 610 DEAN ST., BROOKLYN, N . Y. 11238 

Now carefull y peel o ff the film as 
outl ined leaving a completed mask, 
positive o r negative, that corresponds 
exactly to the desired pattern. 

WRITE TODAY 
In Europe: ULANO A.G., Untere, Heslibachstrasse No. 22 on your letterhead for free 

special sample kit 1848 
NEW YORK. CHICAGO . ZURICH Kusnacht, Zuri ch, Switzer land 

"Ulano"-" Rub ylith"- " Amberlith " ore registered trade marks of the Ulono Companies. 
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telephone 
quality 
Eomponents 
There is no higher standard 
for switching components. 
Specify famous Stromberg-Carlson .•• 
known to telephony since 1894. 

RELAYS: Types A, B, BB, C and E. All 
standard spring combinat ions are 
available. Send for Bulletin T-5000R3. 

KEYS: Broad selection of push-button , 
cam and twist types. Send for Bulletin 
T-5002R2. 

HANDSETS: High-efficiency 
instruments; standard or with switch 
assemblies. Send for Bulletin T-5017R. 

Full -line data on request. 

STROMBERG-CARLSON 
A Subsidiary of General Dynamics 

114 Carlson Road • Rochester, N. Y. 14603 
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cbii!!t tiMe hai!t iA . 
2S t0wtili ii!i.tcki!!t ~OAt C3Wl (pt~ 
Depending on the material , we roll to 0.0001 inch or thinner. We 
do it with your alloys, with Hamilton-developed proprietary alloys, 
or with off-the-shelf metals. We roll them to exact specifications 
within the closest tolerances with the precise finish you direct. 
We retain the required metallurgical properties and characteristics. 
Further, we guarantee the finished product. 
We have the capacity and ability to provide the closest-to-perfect 
precision metals. We have the craftsmen, the knowledge, the expe­
rience, and the equipment. 
Would you like to know more in greater depth 9, Write. Teletype. 
Phone. Ask for our brochure PM-iJ1. 

f-l}-\~iULIOi'l PRE Cl S lOi'l ~ii EI }-\LS 
division of Hamilton Watch Company • Lancaster, Pennsylvania 17604 

Phone; 717·394-7161 TWX 717-560-4417 
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with 4- and 5-digit in-line thumb­
wheel switches. Dissipation factor 
is from 0 to 0.9999, the upper limit 
of which is set in with a 4-digit 
in-line thumbwheel switch. 

Model 5350 sells for $2,000 (less 
oscillator). Either a 120-hz or a 
1,000 hz internal oscillator is avail­
able at $300. Delivery is 8 weeks 
from receipt of order. 
Micro Instrument Co., 12901 Crenshaw 
Blvd ., Hawthorne, Calif., 90250. [377] 

Motor aspirated 

portable psychrometer 

A motor aspirated portable psy­
chrometer, model ABX-667, accu­
rately measures the relativ«' hu­
midity in the air. The thermis­
tor thermometers are carefully 
matched with an error of less than 
1/ 2 °C. A turbine fan in the interior 
of the instrument delivers the air 
stream over the sensing elements 
a t the proper speed to insure cor­
rect and rapid reading. It covers 
the range of readin gs from 2% to 
100% rela tive humidity and is com­
pletely portable and easy to use. 
All the components are built in the 
rugged carrying case which is 
equipped with a handle. Elimina­
tion of glass thermometers and 
slings increases the durability of 
the instrument while lessening po­
tential human errors. 

The portable psychrometer is 
powered by two flashlight batteries 
and one mercury cell. The unit 
comes ready for use except for the 
addition of water at the filling port 
at the top of the instrument. A 
four-position switch registers "off" 
when not in use. The operator then 
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Come to MELPAR 
Where PERFORMA CE 

and REC06NITION 
Come FIRST! 

At Melpar, our emphasis on individual r ecognition of ac· 
complishments is not just a printed policy sta tement nor 
just a talking matter. It represents the very foundation of 
our personnel management system. 

For more than 20 years, :Melpar has enjoyed an enviable 
r eputation as a leader in Space and Defense. 

Are you qualified to j oin us? 

Immediate openings exist in the following areas: 
Adaptive System s • Antenna Systems • Communica· 
lions Countermeasures Electro-Optical Data 
Processing Gene1·al Purpose Computer Applica· 
tions • Information Systems • Intelligence Collec· 
tion • Simulation and Training • Tactical Avionics 

Write, in confidence, to: 
Clarence Endsley, Professional Placement 

w MELPAR .'f1

I NC 
A SUBSIDIARY OF WESTINGHOUSE AIR BRAKE COM PANY 

7731 ARLINGTON BOULEVARD, FALLS CHURCH, VIRGINIA 
(10 miles S.W. of Washington, D. C.) 

•----- An equal opportunity employer M / F -----• 
Circle 225 on reader service card 

Neet~beSure 

MATSUO ELECTRIC CO., LTD. 
HEAD OFFICE: 3-chome, Sennori -cho, Toyonoko-<h1, Osako. Japan. 

Coble Address "NCC MATSUO" OSAKA 

Circle 226 on reader service card 

~Cherry 
....::_ 

1= 
,~ 

E19·00A 
DOUBLE POLE 
15 amp. 125·250 VAC 
Y. H.P. 125 VAC 
1Y. H .P. 250 VAC 

LONG· LIFE 
E34·00A 
MINIATURE 

./ • . -. 15 amp. Y. H.P. 
~ 125-250 VAC 

. ..;---
E13-00E _ / 
GENERAL PURPOSE \--
15 amp. 125-250 VAC ... , 
Y. H.P. 125 VAC 
1Y. H.P . 250 VAC 

... 

switch-) 
I J_ 
-'--i-

E62·10A 
SUBMINIATURE 
10.1 amp . 125-250 VAC 

T X H.P . 125VAC 

·"' 

The more than 80,000,000 Cherry precision switches 
now in use prove every day that their exclusive coil 
spring construction lasts millions of cycles longer. 
Prove it to yourself. Tell us what you need in long-life 
switches and ask for a sample. 

CHERRY 
ELECTRICAL 
PRODUCTS CORP. 

1656 Old Deerfield Rd ., Highland Park, Ill. 60035 

ri rr lo 1k0 "" """' .............. ___ .: _ _ -



push-button 
drafting? 

Why not! When you try to improve drafting room production , it soon 
becomes apparent that yesterday's methods just aren 't up to the job. 
They're t ime-consuming and costly. Mergenthaler has an answer. 
We call it The Diagrammer, and it's the first practical step to auto­
mated drafting. We can't begin to tell you all about it here. But if 
you 're interested in a fast, simple, sleeves-up approach for produc­
ing schematics and diagrams photographically, The Diagrammer is 
for you . Just a note to us on your letterhead will bring you the full 
story. You have nothing to lose but the backlog in your drafting room. 
Mergenthaler Linotype Company, 29 Ryerson Street, Brooklyn, N. Y. 

THE DIAGRAIVllVIER 
Circle 170 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 : . ' l For listing of reprints available see the Reader Service Card. ! . . 
I Communications Satel lites Part I ! 
' Send me . reprints of Key no. R-89 at 50¢ each. l 

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 

170 

New Instruments 

turns the switch to "cal" which 
checks the calibration of the instru­
ment. If necessary, a small adjust­
ment can b e made with the adjust­
ing knob. The operator then turns 
on the fan, flips his switch to "dry" 
and reads his dry bulb reading. H e 
th en takes his wet bulb reading. A 
slide rule is built into the in stru­
ment, and he puts his wet bulb 
reading over his dry bulb reading 
and reads his relative humiditv 
direc tly as a percentage. . 

Price of the ABX-667 complete is 
$150. 
Abrax Instrument Corp., 179-15 Ja· 
maica Ave., Jamaica, N.Y., 11432. 
[378] 

Audio flutter meter 

guarantees accuracy 

An audio standard flutter meter is 
des igned for production lines and 
laboratories of tape recorder man­
ufacturers . This solid state instru­
ment requires no operator calibra­
tion for full accuracy. The 8100/ 
8100-W guarantees accurate and 
consis tent measurement of tape re­
corder performance. The meter can 
measure both U.S. (NAB) and In­
ternational (DIN) Standards. 

The unit provides consistent ac­
curacy in the simultaneous meas­
urement of both speed and flutter. 
It operates from reproduce elec­
tronics output or directly from the 
play-back head. Options include a 
tunable wave analyzer (8100-W) to 
determine frequencies of observed 
flutter, thus facilitating determina­
tion of the cause of flutter. 

The instrument fea tures : full 
scale flutter ranges of .0.01 %, 
0.03%, 0.1 %, 0.3% , 1 %, 3% and 
10%; full scale drift ranges of 
± 0.03 %, 0.01 %, 0.3%, 1 %, 3% 
and 10%; demodulator output ac­
curacy of ±2% on all ranges; fre­
quency range of d-c to 200 hz; rms 
and peak measurements are NAB 
weighted or unweighted ; automatic 
input level indication and simul­
taneous indication of drift and 
flutter. 
Micom, 2570 Leghorn St., Mountain 
View, Calif., 94'J40 [379] 
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ULANO EUROPEAN TECHNICAL 
CENTER FOR GRAPHIC ARTS 

TWO NEW PRESENSITIZED FILMS TO 
SPEED PRODUCTION - LOWER COSTS 

Ulano's technical center in Switzerland is 
headed by the very capable Mr. Henri 
Kunz. He is qualified by his many years 
of experience in the Screen Process and 
Graphic Arts fields. Demonstrations and 
technical seminars are held in many lan­
guages throughout the year. Complete 
laboratory facilities have been installed to 
provide demonstrations of the complete 
Viano line. Large stocks of all famous 
Ulano films are available for immediate 
delivery to all parts of the world. 
You are invited to contact Mr. Henri Kunz 
at ULANO A.G., Untere, Heslibachstrasse 
No. 22, Kusnacht 8700, Switzerland, Tele­
phone 905959. It is our pleasure to serve 
you. 

on your letterhead 
for free special 
sample kit 
number 5448 

Hl•FI RED 
HEAVY-DUTY INDUSTRY PROVED 
Presens itized photo film used by many leading 
electronic firms for clean, sharp, tough , durable, 
almost indestructible screens of unmatched qual ­
ity. Adheres tightly to wire, silk, nylon and dacron . 

PREP® 
PRESENSITIZED FOTO FILM 
.002 Polyester support gua rantee s good register. 
Does not require a dark room. Ve ry good resolu­
tion-suitable for halftones. Excellent adhesion 
to silk, nylon, dacron and metal mesh. Tough, 
strong emulsion-good for machine printing and 
long runs. 

J. ULANO & COMPANY, INC. 
610 Dean Street, Brooklyn , N. Y. 11238, U.S.A. 

Cable address: "UlanoFi lm " 
In Europe: UL.ANO A.G. , Untere, Heslibachstrasse No. 22 

Kusnacht, Zurich, Switzerland 

New reliability in radio and teleprinter communications 
from Mitsubishi 
Mitsubishi Electric presents a recently devel­
oped parametronic ARQ terminal system 
designed to increase the reliability of radio 
telegraph circuits. Designated the TZ-4 
ARQ, this equipment reduces error rates in 
teleprinter traffic, while bringing a level of 
accuracy in radio traffic that approaches that 
of the cable circuit. 
Model TZ-4 ARQ provides a duplex sys­
tem (2 x 2 ch.) or a quadruplex system (1x4 
ch.) in a single cabinet. Eight-extensors and 
four-subdividers are also included. Model 
TZ-4 ARQ is designed in accordance with 
new CCIR recommendation No. 342. For fur­
ther information, a card bearing your name 
and address and sent to Mitsubishi Electric, 
Tokyo, Japan, will bring full particulars. 

MITSUBISHI ELECTRIC CORPORATION 
Head Office : Mitsubi shi De nki Bldg., Marunouchi , Tokyo. Coble Address : MELCO TOKYO 
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WHAT DO 
YOU NEED 
IN TOGGLE 
SWITCHES? 
Control Switch 

has it! 

World's smallest cylindricals. 
Overall lengths as small as 21;,2", 

diameters as small as 11;,2". 

Life of 25,000 to 100,000 
operations, depending on 
switch type and load . 1,150 
types, 2- and 3-position, main­
tained and momentary, 1- or 
2-poles, rated from Y. to 1 O 
amp at 28 voe or 115 VAC. 

1 to 6 circuits. Ratings to 40 
amps, single- or simultaneous 
double-break actions, main­
tained or momentary contact, 
4-way action, holding coils, 
special toggle shapes. Name it, 
Control Switch probably has it 
right now. 

Moistureproof. A complete line 
of internally sealed, moisture­
proof types as small as "hz" dia· 
meter by 21132" long overall. 
Momentary or maintained, 2-
position, 2-circui t contact 
arrangements handle loads up 
to 3 amps at 28 voe or 115 
VAC. There's a moistureproof 
toggle switch to suit your exact 
needs-from us or from leading 
electronic parts distributors 
throughout the country. 

® 

CONTROLS 
COMPANY 
OF AMERICA 

CONTROL SWITCH DIVISION 
1420 Delmar Drive. Folcroft. Pennsylvania 19032 

A Subs idiary of 

~ Gene ral Prec isio n Equipment Corp, 

172 

New Subassemblies and Systems 

Fast multiplier sums logarithms 

Engineers at Optical Electronics, 
Inc., have developed a solid-state 
analog multiplier which they say is 
five times faster than any other sin­
gle-quadrant multiplier. It's priced 
in the range of conventional multi­
pliers. 

The high speed of the Model 
519/ 520 is the result of a new con­
ceptual approach to analog multi­
plication. In the past signals were 
multiplied directly in oper::itional 
amplifier feedback circuits. This 
multiplier takes the logarithm of 
both signals, sums them and takes 
the antilogarithm of their sum to 
arrive at the product. 

Although multiplication is done 
indirectly, logarithmic amplifiers in 
the 519/520 can process signals at 
10 Mhz. The fastes t previously 
available multiplier is an opera­
tional amplifier, with a Hall-effect 
device, that is limited to a 2-Mhz 
frequency response, according to 
the company. 

Feedback circuits tend to be un­
stable, making it difficult to control 
and process lower-level signals 
which require subsequent amplifi­
cation. The 519/520 can handle two 
input signals of 100-volt amplitude 
and yields a 20-volt output signal 

at full scale. These large signal 
levels bring the possibility of high­
frequency wattmeters within reach . 

Faster multiplication will enable 
real-time processing of video data 
from radars and video tape record­
ers; the company says the 10-Mhz 
upper frequency limit was chosen 
with this in mind. 

The new device also opens the 
way to higher speeds in analog 
computers since multipliers are 
among the slowest of the com­
puter's components. One multiplier 
has already been sold to an oil 
company for processing of instru­
mentation data sampled at high 
rates. 

Specifications 

Maximum input 
voltage 

Full-scale output 
voltage 

Input impedance 
Output impedance 
Polarities (Model 519) 

(Model 520) 
Nominal transfer 

equation 

Price 
Delivery 

100 v 

20 v 
10,000 ohms 
100 ohms 
x and y inputs positive 
x and y inputs negative 

Eo=kxy (where k is an 
adjustable sca le fac­
tor) 

$140 
30 days 

Optical Electronics, Inc., Tucson, Ari· 
zona, 85706. [381] 
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You need 

1 
very special switch. 

Control Switch has 

167,921 
very special switches. 

How can you beat odds like that? 

We'll get even more specific. 

These 167,921 very special switches include 
pushbutton , basic precision, toggle , leaf and lever, 
interlock and limit, lighted panel, hermetically­
sealed and environment-free switches. 

Another specific. They're good ones ... for 
equipment, systems, products that must reflect the 
integrity of the maker. 

Doesn't it seem like a waste of time to pore through 
catalogs from umpteen suppliers when you're so 
sure of getting what you want through one of our 
distributors, one of our salesmen, or through us? 

Send for any or all of the catalogs listed at 
the right. If you get them all, you'll have a real 
switch reference file! 

CONTROLS 
~COMPANY 
~O F AMERICA 

® 

CONTROL SWITCH DIVISION 
1420 D elmar Drive, Folcroft. Pennsylvania 19032 

A Subsidiary of 

'~ General P recision Equipment Corp. 

Here's the list. Check numbers on 
the Reader Service Card correspond­
ing to those on the left below for the 
catalogs you want. 

#481 Condensed Switch Catalog 
100 

# 482 Basic Snap-Action Switch 
Catalog 110 

#483 Toggle Catalog 180 
# 484 Indicator Light Catalog 120 
# 485 Hermetic Switch Catalog 130 
#486 Switchlite Catalog 220 
# 487 Pushbutton Catalog 190 

P.S. For an idea of what we have in toggle switches 
alone, see our ad on the facing page. 
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help! 
A.: >/cF~(I 

wiring system with 

• 254 ROUND CONDUCTORS 

on .O 15" CENTERS 

e Excellent Dielectric and 
High Heat-resistant DuPont H 

Film Insulation. 
Cumulative error 

w ith in .002" 

Yes, we need your help to tell us where 
else this system (or someth.ing like it, even 
up to 600 conductors) is needed! 

We solved one customer's problem with 
this unique ac i Signaflo system. If you 
have a high dens ity wi ri ng problem w ith 
other unusual requirements, circle 
reader service No. __ . 

Or call, write or w ire : 

" Ackno w ledged leader in fl a t cable sysfems.' 1 

. a c 1 DIVI S I ON OF' KE N T CORPORAT I ON 

206 Industr ial Center, Princeton, N. J . 08540 
Telephone 609-924-3800 TWX. 609-921 -20n 

174 Circle 174 on reader servi ce card 

and here are a few other 
problem-solving ac i 

wiring interconnection 
systems. 

Moving 
Wires! 

Multi-layered (for high density 
wiring) retractile systems for 
rack and panel cabling. Wires 
won't sag or droop! 

Reader service No. _ _ 

Controlled 
Characteristic 
Transmission 

Wiring! 

Control impedance va lue, 
cross-talk, capacitance, 

propagat ion veloci ty with 
shielded or unshielded aci 
Signaflo transmission l ine 

systems. (Illustration shows 
106 ohm system). 

Reader service No. __ 

Jumpers 

Strong, flexibile, lightweight 
interconnection of circuitry. 

Also ideal as card extenders for 
p.c. board test checking. 

Exclusive acl computer 
controlled manufacturing 

technique for " Spread-Pitch" 
and " Micro-Pitch" make aci 

Si1nafto systems adaptable to 
any hardware requirements. 

Reader service No. __ 

New Subassemblies 

Solid state receiving 

system is versatile 

A phase-lock receiving system, the 
SRA-530, features solid state con­
struction without sacriRcing the 
phase stabili ty and automatic gain­
con trol character istics normally as­
sociated with vacuum tubes. Tet­
rode field effect transistors are 
used to provide logarithmic age 
over a dynamic range of more than 
100 db. 

Modular design provides versa­
tility and ease of maintenance. 
Change of received frequency, i-f 
bandwidth , or demodulator charac­
teristics is accomplished by replac­
ing plug-in modules or module 
subassemhlies. Special multiple­
channel receivers may also b e as­
sembled with standard modules. 

R-f heads and phase-locked first 
local oscillators are available for 
any received frequ ency from 30 
Mhz to 16 Ghz. Standard i-f band­
widths from 500 hz to 30 khz and 
loop noise bandwidths from 5 hz to 
1 khz are available; wider i-f and 
loop bandwidths by special order. 
Automatic acquisition is standard, 
with switch selection of normal 
acquisition for use with ex tremely 
weak signals. 
Smyth Resea rch Associat es, 3555 Aero 
Court, San Diego, Calif . 92123. [382] 

Power supply 

adjusts output 

·~· .:~."':'' ·• 
Model RS-30-a regulated, solid 
state power supply-provides con­
tinuously adjustable outputs cover-
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ing the range from 1.2 to 30 v at 
currents from 0 to 500 ma. It has a 
ripple level below l mv rms. Out­
put voltage is monitored by a front 
panel me ter and is isola ted so that 
either terminal may be grounded. 
Short-circuit protection is provided. 

The unit is laid out for easy serv­
" icing. All components are accessi­

ble for checking and replacement. 
The RS-30 measures 31/z in. 

high , 71/z in. wide and 8 in. deep . 
-~ It is priced at $45. Delivery is 30 
.. days from receipt of order. 

.. 

. ... 

Aul Instruments, Inc., 24-13 Bridge 
Plaza North, Long Island City, N.Y., 
11101. [383] 

Wideband amplifier 
for laboratory use 

<':JO.L<,.f:l.f'.~ 

>,.!fl'(:> CO ING 

• 
I 

Model 1202-3 wideband amplifier , 
which is composed of silicon planar 
devices, uses feedback to achieve 

,... fast response and gain stability. 
Gain is adjustable from 10 to 100. 

. • Frequency response is 5 hz to 10 
Mhz at 20-db gain and 10 hz to l 

- Mhz at 40-db gain . 
Other specifications include: out­

put voltage, 6 v peak to peak across 
1,000 ohms ; pulse rise time, 60 
nsec a t 20-db gain ; input imped­
ance, greater than 100,000 ohms 

• shunted by 25 pf; noise, less than 
15 µv rms referred to the input with 
the input shorted; size, 5.5 in . high 
x 8.5 in. wide x 7.5 in. deep ; 
weight, 4 lbs; input and output 

!I" conn ectors, BNC type 
Designed as a general purpose 

• labora tory in strument, the 1202-3 
is suited as an oscilloscope pream­
lifier , tape recorder preamp, pulse 

~ amplifier, and a-c transducer ampli­
fi er. ... 

Price is $135; delivery, 3 weeks 
after receipt of order. 
California Electronic Manufacturing Co., 
Inc., P.O. Box 355, Alamo, Calif., 94507. 
[384] 
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The Kodak lnsta ­
matic MG Movie 
Camera's battery­
powered electric 
eye , with Vactec 
Cadmium Sulfide 
photocells , oper ­
ates through the 
lens for high ex­
posure accuracy. 

Vactec Selenium 
photocells are 
among the imper· 
tant components 
that help the 
Kodak lnstamatic 
804 Camera 
automatically 
integrate film 
speed,shutter 
speed , lens 
aperture and 
existing light 
to compute and 
set exposures 
faster than you 
could yourself • 

Part of Kodak's 
automatic ease 
"You aim through here, and press 
here." That's the simplicity of lnsta· 
matic Kodaks. A nd Vactec furnishes 
part of the ease - photocells that 
automatically control exposure set· 
tings. Come to think of it, that ' s con· 
trolling quite a lot. 

You can always expect the finest in 
light sensitive devices from Vactec. 
A complete line of photocells is avail­
able for your products. Or, we will 
custom design units to meet special 
needs. 

Write for Bulletin PCD-3 for Cadmium 
Sulfide and Selenide types ; Bulletin 
SPV -4 for Selenium photoelectric 
types. 

2423 Northline Industrial B lvd. 
M aryland H ts., Mo. 63045 

A rea Code 314, H E. 2-4200 

Circle 227 on reader service card 

The most versatile machine tool for pantographic production drilling and routing. Repro­
duces your printed circuit prototype in foll scale or in any ratio to 100:1. Ideal for 
unskilled labor. No changing of tools. One tool for all diameter holes and profiles. 
Close tolerances. Send for catalog # 139. 

new h ermes engraving mach ine corp. 
154 WEST 14th STREET,NEW YORK 11. N. Y. Chicago. Atlanta, Dallas. Los Angeles. Dayton, Detroit. Mexico City, Montreat 
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New Step-Ahead Design 
Gives Big Scope Features 

In a Rugged, 
Lightweight Instrument 

You get more total performance, more usability in the new 
hp 180A Oscilloscope- more than any other scope on the market! 
You get this greater measurement capability in a 30-pound 
package that goes anywhere- field , laboratory or production 
line. Designed from the user's viewpoint in, this new high ­
frequency scope is packed with new ideas and innovations to 
give you big picture CRT, plug-in versatility, step-ahead elec­
trical performance, minimum weight and rugged design. 

With hp'? all -new CRT, you get a big picture 8 x 10 cm dis ­
play in a compact 17-inch tube length to allow portability. 
Display area is 303 larger than on existing high-frequency 
scopes- and 1003 larger than some portable scopes. This 
means that you make accurate measurements, easier! 

The vertica l amplifier drives the CRT vertica l deflection 
plates directly, requiring only 3 v/cm . This al lows extended 
bandwidth capabi lities, and means the vertical amplifier is 
lightweight, requires low power. Solid -state amplifiers with FET 
input stages provide stable gain and low drift for accurate meas­
urements. Vertical attenuation, which sets vertica l deflection 
factor, is ahead of the amplifier. This prevents trace jumps as 
you change ranges; bandwidth is maintained on all ranges even 
when verniers are used. 

For easy viewing of the lead ing edge of a fast pulse, a new 
lightweight 160 nsec, 140 MHz etched circuit delay line was 
developed. Wide bandwidth together with good impedance 
characteristics insure clean display of input signal. 

A new type' of horizontal amplifier has wide bandwidth with 
XlO magnification to provide linear 5 nsec/cm sweeps, giving 
you greater resolution of high frequency signals.and fast pulses. 

Circuitry in the new 180A is 1003 solid state. Only premium 
quality components were used throughout. This means you have 
lower power requirements, l ighter weight and increased relia · 
bility. This results in the utilization of convection cooling­
no fans. 

Circuit boards in the scope are arranged to provide easy 
access to all circuitry. Snap-off covers give quick access. The 
control panel has been " human-engineered" -control knobs 
and switches are "convenience -grouped" and plainly marked 
to make them easier to see, easier to operate. Control panel and 
nomenclature are selective dye anodized for permanence. 

Ask your nearest hp field representative for a demonstra· 
tion of the 180A Oscil loscope, and he will show how you can 
see more, do more with this new big picture, 30-pound scope! 
Or, write to Hewlett-Packard, Palo Alto, California 94304, Tel 
(415) 326-7000 ; Europe : 54 Route des Acacias, Geneva. Price : 
hp Model 180A Osci l loscope, $825.00; hp Model 180AR (rack) 
Oscilloscope, $900.00; hp Model 1820A Time Base, $475.00 ; 
hp Model 1821A Time Base and Delay Generator, $800.00 ; hp 
Model 1801A Dual Channel Vertica l Amplifier, $650.00, f .o.b. 
factory. 

SEE MORE! 

DO MORE! 

Tear out actual size photo of hp 7 BOA Oscilloscope. Set it on your bench. See what the big picture display could mean to your work I ~ 
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7 New Microwave 

Waveguide-coaxial 
ferrite isolator 

Added packaging flexib ility is pro­
vided with the incorporation of 
integral waveguide adaptors on the 
company's standard coaxial ferrite 
circulators and isolators. A typical 

... example is the ICC-199 isolator 
which covers 5.9 to 6.3 Gh z and 
has a wave uide input and a type 
l\ female coaxial output. 

Size is approximately 2 x 2 x 21/2 
in. including connector, termina­
tion and waveguide flan ge. The 
unit can handle 5 watts of average 
power and will not be damaged 
if the output is inadvertently op­
ened or shorted . 

The waveguide/ coaxial tech­
nique can be employed between 
1and18 Ghz. 
Western Microwave Laboratories, 1045 

.-J Di Giulio Ave., Santa Clara, Calif. [389] 

.. 

.. 

Tunable magnetron 

operates in Ku-band 

· 1 ,1, .,, 
I I ,, 

~ A positive-pulsed, 2.2 kw, Ku-hand 
tunable beacon magnetron is of­
fered. The MA-258 is a compact, 
rugged unit designed to tune over 

+-Circle 178 on reader service card 

the 15.4 to 15.7 Ghz range with a 
0.2 µ.sec pulse width and a duty 
ratio of 0.001. Peak anode voltage 
is 3,600 v and peak anode current 
is 3.1 amps. 

Input connections are made 
through flexible leads or solder lugs 
and the output connector is de­
signed to mate with a UG-541/ U 
choke flange. 

The MA-258 beacon magnetron 
is designed for use in beacon and 
naviga tional systems , lightweight 
radar systems, missile ground sup­
port equipment, transponders , and 
airborne radar. 
Microwave Associates, Inc., Burlington, 
Mass. [390] 

Frequency multiplier 
works over 6 octaves 
A frequency multiplier, model 
N808, features high efficiency ai1d 
ultra wide band operation over six 
octaves for extending the usable 
frequency range of signal genera­
tors and frequ ency synthesizers 
with minimum conversion loss. In­
put power up to 400 mw from 50 
Mhz to 4 Gin produces high har­
monic energy in the 100 Mhz to 12 
Ghz range at efficiencies approach­
ing the theoretical 200% divided 
by n, where n stands for the har­
monic number. 

The N808 is said to be ideal from 
an economical viewpoint for gen­
erating a comb of harmonics 
from a crystal-controlled 100-Mhz 
source. A hmable Blter, such as a 
cavity-type frequency meter or an 
electronically-tuned YIG filter, can 
be used to select the high-power 
signal that is suitable for transmit­
ter or local-oscillator service. 

The harmonic-generating device 
is a 100-picosecond step-recovery 
diode. Its bias circuit is entirely 
self-contained, and d-c blocking is 
provided at both ports allowing the 
maximum fl exibility in ex ternal cir­
cuitry. 

Model i\'808 measures 1.13 x 1.38 
x 3.81 in. Weight is 4 oz. Price is 
$115; availability, 20 days from re­
ceipt of order. 
Somerset Radiation Laboratory, Inc., 
2060 North 14th St., Arlington, Va., 
22216. [391] 

CUSTOM 
DES/liNED 
POWER 

SUPPLIES 
TO 

Mi/-E-16400 

Mil-E-5400 

Mil-E-4158 

Mil-T-21200 

Mil-P-11268 

NASA-200-2 

Mil-1-983 

Mil-F-18870 
D etailed data on facilities, 

capabilities and contract 

accomplishm ents on requfsf. 

SBD 
SYSTEMS, INC. 

90 ROME STREET 
FARMINGDALE, NEW YORK 11735 

Phone 516-694·5484 

TWX 516·694-1505 
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T'Ml MUk OP QUA.LIT'i' Ultra­
sensitive 
relays 

HELPFUL DATA FOR YOUR 
CIRCUITRY IDEA FILE 

The circuit drawing below indicates just one 
of the hundreds of ways many manufac­
turers utilize Micropositioner® polarized 
relays to solve complex control problems. 

SERVOMECHANISMS APPLICATIONS 
Many remote positioning applications can 
be solved by utilizing the Barber-Colman 
Micropositioner ultra-sensitive relay either 
as a null detector or a differential relay. 
In the circuit shown above, movement of 
the transmitting potentiometer introduces 
an error signal in Micropositioner coil P, 
which in turn energizes the positioning 
motor until balance is restored. Secondary 
r elays R1 and R, operated by the Micro­
positioner handle larger loads. This circuit 
can also be applied to synchronization ..• 
or the Micropositioner can be utilized in the 
output of an electronic servo control. 
Among the many applications for this sim­
plified servo control relay are positioning of 
antenna rotators and tuning condensers ... 
aerial camera mounts ... valves ... test 
cell apparatus. 
If your projects involve servomechanisms, 
why not make a test with a Micropositioner 
designed for circuits similar to that shown 
above? Write for Engineering Bulletin No. 9. 

BARBER·COLMAN 
MICROPOSITIONER® 
POLARIZED D·C RELAYS 
Operate on input 
power as low as 40 
microwatts. Avail­
able in null-seeking 
and magnetic­
latching "memory" 
types of adjustment. 
Also transistorized 
types with built-in 
preamplifier. Write for our latest catalog 
with full information on polarized relays. 

BARBER-COLMAN COMPANY 
Electro·Mechanical Products Division 
Dept. I, 1259 Rock Street, Rockford, Illinois 
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New Microwave 

X-band source 
offers low noise 

Low noise and high stability char­
acterize this X-band solid state 
source. The output can be remotely 
switched b etween three discrete 
frequencies all above 10 Ghz in a 
150-Mhz bandwidth. 

This source is capable of: inci­
dental f-m noise less than 50 hz 
peak in the bandwidth ± 150 khz 
from the carrier (all three chan­
nels) ; a-m noise 120 db below the 
carrier level ( +20 dbm); short term 
power stability better than 0.1 db ; 
power flatness between channels 
within 1.0 db. 
Microwave Development Laboratories, 
Inc., 87 Crescent Road , Needham 
Heights, Mass. [392] 

Matching tuner goes 

from 0.25 to 2.5 Ghz 

A coaxial matching tuner is avail­
able with a frequency range from 
0.25 to 2.5 Ghz. Type 900-TUB 
tuner is a short section of coaxial 
line with three lockable tuning 
screws, which are used to tune out 
small reflections in low-voltage 
standing-wave ratio measuring in­
struments and devices . 

The vswr matching range of the 
tuner is greater than 1.02 at 0.4 
Ghz and greater than 1.05 from 1 
to 2.5 Gl1Z. An important feature is 
a frequency-independent neutral 
position , which effectively removes 
the tuner from the circuit. 

V swr resettability of the tuner is 
better than 1.001 ± 0.0003 times 
the fr equency in Ghz and connec­
tion is repeatable to within a vswr 
of 1.0005. Price is $195. 
General Radio Co., West Concord, 
Mass., 01781. [393] 
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ULTIMATE IN PERFORMANCE 
TOHOKU 
METAL'S 

NEFERRITE-developed 
by Nippon Electric Co ., 
Ltd .. and exclusively 
produced and sold by 
Tohoku Metal - a new 
type magnetic ferrite 
material which offers 
higher magnetic permeability 
and a low core loss coefficient 
even at high frequency . Highly 

NEFERRITE 
POT 
CORES 

sui table for tele-com· 
munications and elec· 
tronic equipment. 
NEFERRITE CORE -
utilized for coils and 
transformers over a 
wide frequency range, it 

tremendously improves tune· 
t ional characteristics and helps 
reduce their size and weight. 

1966 Japan Electronics Show 
S September 20 - 29 

Tokyo Internatio nal Trade Center 

Pleose v isit our boot h and srr NEFERR ITE POT 
CO RES ut Bldg. No. 1-.4 71 (Electronic Parts Div. ) 

Tohoku Metal Industries, Ltd. 
7·4, GINZA·HIGASHI , CHUO-KU, TOKYO, JAPAN 

Tel. Tokyo (542) 6171 Cable Address: "TOHOKUMATAL TOKYO" 
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To 
ELECTRON IC 
ENGINEERS 
with a sense 
of timing ..• 

This is th e opportune moment to investigate your 
career potent ia l at Bendix. K a nsas City Division. As 
prime contracto r fo r the AEC. we have enjoyed an 
enviable, orderly 16-yea r growt h. ow we are entering 
a unique developme nta l phase. open ing new fi eld of 
activity in microminiaturization. mi crowave a nd logic 
ci rcuitry. This s ituat ion adds up to a ground-floor 
opportunity in a well -establ ishcd corpo rat ion noted 
for advanced enginee ring. Cooperative. professional 
atmosph ere, plus excellent li vi ng conditions. Let us 
h ear from you promptly so we may detail more clearly 
the many advantages we can offer you. 

Please tnat'l resume at once to: 

Mr. E. C. McGurren. Tech. Personnel Repr. 
THE BENDIX CORPORATION. Box 303-H H 
Kansas City. Missouri 64141 

AN EOUAL OPPORTUNITY EMPLOYER 

Electronics I September 5, 1966 

:~.y 
CORPORATION 

Lamps in this E'lectronic Associates, Inc ., computer 
circuit board are the Tung-Sol Tu-Pin molded base types. 

Computer-Inspired, Molded 
Base Subminiature Lamps 
are Self -Mounting 
Requirements of the computer industry for a compact sub· 
miniature lamp assembly, led to the development of the 
Tung-Sol integrally molded base lamp. 

A molded nylon encapsulation replaces the conventional 
cemented-on metal base. This permits direct mounting of 
the lamp without need for the usual mated socket. Greater 
reliability is achieved , with obvious simplification of installa· 
tion procedures. 

The molded-base lamp lends itself to automated assembly 
and molding permits extreme flexibility of base configura · 
tion . Bases may be color-coded for accurate identification. 

Tung-Sol integrally molded base subminiature lamps are 
available in Tu-Pin form or with special harnessing to your 
specifications. 

Describe your requirements for more specific information. 

Molding permits extreme flexibility of base configuration. 

TUNG So l ® MOLDEDBASE 
• L SUBMINIATURE LAMPS 

Tung-Sol Electric Inc., Newark, N. J. 07104 
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Got a Problem of 

DIMENSIONS? 
TEMPERATURE? 

UNUSUAL CYCLING? 
SHOCK RESISTANCE? 

t} 
( 

<f , 

turn the job over to 
SYNCHRON® MOTORS! 
What's the motor problem you 
face in the design you're working 
on? One of tricky performance 
requirements? Difficult environ­
ment? Total accuracy? Before 
you do anything else, see how 
SYNCHRON Motors can be ap­
plied. (Do the same thing even 
when you have a simple, straight­
forward application in mind!) 
Just write us at Hansen Manufac­
turing Company and tell us what 
you want a motor to accomplish. 
You'll get an immediate answer 
and any help you need for specific 
problems. 

HANSEN 
MANUFACTURING COMPANY , INC. 

' •\ ,®-\ PRINCETON, ; hr\'1 IN DIANA 

HANSEN REPRESENTATIVES: CAREY & ASSOCI­
ATES, Houston , Tex. , R. S. HOPKINS CO., Sher· 
man Oaks, Calif ., MELCHIOR & MACPHERSON , 
INC., Sa n Carlos, Calif., THE FROMM CO., 
Elmwood Park, Ill. , H. C. JOHNSON AGENCY, 
INC., Rochester , N. Y. , WINSLOW ELECTRIC 
CO. , Essex, Conn., Norberth, Pa ., and New 
York. N . Y. EXPORT DEPARTMENT, 64-14 Wood­
side Ave., Woodside, N. Y. 
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New Production Equipment 

Proximity sensors gauge hot glass 

One of the product ion problems 
facing manufacturers of precision 
glass components , like television 
tubes, is that glass emerges hot 
from the production line and will 
crack or explode if touched by 
something cool. So the component 
has to sit in a cooling oven for 
about four hours before inspection. 
If the glass turn s out to be defec­
tive, time and money have been 
wasted. The Phlyah·on Corp. says 
that nondes tructive tes ting of glass 
and other materials can be done 
with its multichannel proximity de­
tection and sensing system. It can 
gauge any material , conductive or 
nonconductive, hot or cold, moving 
or stationary. 

In the photograph the thickness 
of a glass television tube face is 
being gauged at nine locations. If 
the glass in one spot is thinner or 
thicker than the high and low tol­
erances, the appropriate light on 
the middle row goes on. Each sen­
sor is connected to a potentiometer. 

Phylatron claims its all solid­
state instrument can give direct 
linear readings to 0.0001 inch. 

Each sensor form s a capacitor con­
nected in parallel with a high-q 
indu ctance circuit. A change in ca­
pacitance caused by the presence 
of the material sensed by the probe 
tip shifts the resonant frequency 
of the circuit. A link coupling to the 
b ox converts the change in the res­
onant frequency to a linear voltage 
output. The system's output can 
be fed into a computer for control. 

Th e sys tem, dubbed PM-800, is 
available with from 1 to 20 sensors. 
It can b e built to provide either 
parallel or serial output from the 
sensors. The scan rate can be set 
between 4 hertz and 10 khz. 

Specifications 

Frequency response 

Linearity 

Power input 
Output 
Drift 
Price 

Basic instrument 
Channels 2-10 
Channels 11-20 

Delivery time 

D-c to 1 khz , depend­
ing on switching time 
and No. of chann els 

Within 2% ± 0.05 in. 

100 w 
500 ohms ±24 v, d -c 
Less than 1 % 

$3,166 
$600 each additional 
$540 each add itiona I 
About 6 weeks 

Phylatron Corp. , 1183 Chesapeake 
Ave., Columbus, Ohio 43212 [401] 
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Production Equipment 

IR oven coats 

p-c boards automatically 

.:::. 

An infrared oven for p-c board 
coatings and metal flats automatic­
ally dips and cures photoresists in 
one-fifth the time taken by conven­
tional ovens , according to the 
manufacturer. Besides effecting 
this reduction in process time and 
achieving a more precise tempera­
ture control with its infrared 
heaters, the oven offers automatic, 
controlled withdrawal of the p-c 
board out of the dip. This feature 
assures uniform coating and pre­
vents edge buildup. It also elimin­
ates the variations in coating from 
board to board that can happen 
when dipping is done manually. 

Typical curing time cycles are: 
photoresist, 60 to 180 seconds; 
screened etch resist, 30 to 40 sec­
onds ; solder resist, 60 to 80 sec­
onds; protective coatings, 30 to 40 
seconds. The dip tank is used with 
photoresists only. Typical output 
is 200 10 in. x 12 in. boards per 
hour. 'i\Tork size can go up to 18 in. 
x 45 in. 

To load, the operator hooks the 
circuit boards on the chain con­
veyor cross rods, which takes them 
down through the dip at the pre­
set speed. As they emerge from the 
dip at the b ack of the oven, they 
pass up between infrared heating 
modules where the coating is cured 
at a preset temperature. The con­
veyor moves them forward and 
then down to the open front of the 
oven for unloading. A pressurized, 
filtered cooling air supply keeps 

Electronics I September 5, 1966 

TRYLON HLP T2·20 LOG PER 
Double-layer, horizontally-polarized 
for 3 to 30 me. 20° take-off angle. 
13 db/iso gain; VSWR: less than 2: 1; 
power to 100 kw, A3. 

ELVERSON, PA. 19520 (21 5) 942-2981 
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NEW 
Cold-Weld Crystals 
withstand 20g vibration 
at 10-2,000 Hz 

Actual Size 

TYPICAL SPECIFICATIONS 

1 frequency Range . .. 300 to 700 KHz Shock . . . .. . . ..... . ........ lOOg 

Holder . . .. .... . .. ... HC-6 type Vibration .. . . 20g at 10-2,000 Hz 

After 5,000-hour life test at 65 °C, 

t:,.: less than 2 x 10-s per day. 

Reeves-Hoffman's high reliability cold-welded crystals meet all require­
ments for space programs such as Apollo and Ranger. Cold welding 
solves problems of damping and corrosion, ,permits minaturization, pro­
vides typical specifications as 
shown above. We invit e your 
inquiry for complete infor­
mation. 

1 ..... 

~REEVES-~~ 
VUJ1IOalll HOFFMAN 9:--if~ 
Y DIVISION OF DCA ~ . 
400 WEST NORTH STREET, CARLISLE, PENNSYLVANIA 17013 
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WHAT CAN THE 
THERMISTOR 
DO FOR YOU? 
This versatile little precision sensor 
can help the circuit designer, the sys­
tems engineer, instrumentation spe­
cialist and the control engineer in 
dozens of different ways. 

Capsule thermistor course book 
Ten quick, painless lessons on precision ther­
mistors, their characteristics, and how they 
are used. Illustrates basic thermistor circuits, 
compares thermistors with other sensors, 
gives typical circuit design calculations, etc. 
Ask for F.E.I. Capsule Thermistor Course Book. 

Thermistor fact folder 
An illustrated booklet which describes various 
thermistor types, including F.E.l. ISO-CURVE* 
interchangeable thermistors, arid how to 
apply them in measurement and i;ontrol 
circuits. 
Ask for F.E.I. Thermistor Fact Folder. 

•MADE UNDER PAT . 3109227 ANO OTHERS . 

ISO ·C URVE IS A TRADEMARK OF F . E . I . 

63 FOUNTAIN STREET, FRAMINGHAM, MASS. 
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Production Equipment 

out lint and dust. 
The infrared heaters radiate heat 

uniformly over their entire work­
ing faces, hence they can be 
mounted close to the work for high­
est efficiency and short time cycles. 
They supply instant heat, hence 
the oven needs no lengthy conveyor 
travel to warm up the work. Tem­
perature control is ±5°F. Con­
veyor speed and infrared heater 
temperature control are infinitely 
variable, which allows best setting 
to be made for each job. 

The oven occupies minimum 
floor space by using height instead 
of length. Typical oven size is 5 
ft wide x 8 ft high x 3 ft deep. It 
operates on 230 v, 60 hz. 
Infra-Red Systems, Inc., Route 23, 
Riverdale, N.J. [402] 

Machine solders 

circuit assemblies 

Series 4000 dual wave soldering 
machine has been developed for the 
high production and efficient sold­
ering of circuit assemblies. 

This machine features a dual 
cavity, dual wave solder wave 
generator; pyrometric control of 
the temperature of each solder 
wave and preheater; illuminated 
control switches; eight-foot, lift-off 
type conveyor; potentiometer speed 
control and tachometer speed in­
dicator; dual feed foam fluxer with 
air regulators ; Radiant-Aire pre­
heater; eye level controls; and 
hinged exhaust canopy. 

The machine performs three im­
portant operations in a predeter­
mined time cycle. It fluxes the parts 
to b e soldered, preheats and dries 
the flux and solders the parts 

Revolutionary 
electronic 
calculator 
• Unmatched speed , versatility 
• Simple to operate 
• Single keystrokes provide all 

these functions 

I + I - I ~ I x I x2 I ~x I e• I log.x I 
• Two independent accumulators for random 
data entry and retrieval 
• LOW PRICE - FROM $1690 to $2095 
Additional keyboard units from $450 
• Time sharing units also available 
Write for complete details 

~~~~sg 
Dept. HH-9, 836 North St. , Tewksbury , Mass. 01876 

.... 

Tel. (617) 851-7311 r 

Circle 215 on reader service card 

1··- ::::::=~::.:::~.~~,;~,::: 
330 West 42nd Street 
New York, N. Y. 10036 

For listing of reprints available 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 I 

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 
card. 

Name 

Number & Street ... .......... ... . 

City, State 

Zip code 
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Basic 
and special 
REED RELAYS 
and/or COILS for 
high reliability and 
sophisticated switching 

Reed 
Relays 

Operat ing Inputs : low as lmA. and 15mW. 
Standard Coil Voltages: 6, 12, 24, 32, 48V in stock 

for imm ediate delivery. 
Special Voltage or Resistance , mult iple windings for 

f:ip flop, memory and crosspoint selection appli· 
cations - to. customer specificat ions. 

Relay Contacts in Form A, B, C and latching. Also 
high vacuum type 5000V Form A. 

Write for Bulletin and Prices 

Goto-Coil 
COMPANY INC. 

Ql Pavilion Ave . 
Providence, R. I. 02905 
Phone: (401) 941-3355 

~J<.1"P" 
iorn~;)' 

*"'li.""·*F 
">~il.t'hHH) 
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LOW LOSS 
CASTING RESINS 

~· 2!.r.~~.t:~·-~ 
CJMr Clo.t 

C" l "' ' ' 
«.t)Ctl ~· oOI 

.;;(;, " ·PO _, 
' 

•. ..,..-.a.'''"' -•Ui. l 

Cro•.-. .... uU<t· Cr '"•-i..•nk.-<'1 

"'t\t"'/&~"L_ ~ 
<~l,..~"" Opa.«u.t 

ti 01 
l • 9 

..:...( (!fl <,,(l.001 

t .,, }Ct: '~s to .;.Y:<: 
C >4 , G::1o::xi 

(R,.,.-.•:vti. hur c """" 
°" I ,_ ,, f.t,.- if"O\t }'.~<.<tlh:M 

J\,Hf· 14 -
FREE CHART 

Ten Low Loss systems are offered 
for both room and elevated temper­
ature cure. Dissipation factors are 
below 0.001 for minimum effect on 
circuit operation. Dielectric Con­
stants as low as l. 7. Temperature 
capability to 400 °F. 

This valuable Chart is yours. 
Write or Use Reader Service Card 

EMERSON & CUMMINGS, INC. 
CANTON, MASS. 

604 W. 182nd St. 
Gardena, Calif. 

3450 Commercial Ave . 
Northbrook, Ill . 
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Production Equipment 

that have already been fluxed. 
Dual air input provides a foam 

stability with controls for air pres­
sure and foam height on the Foam 
Fluxer, with a drain valve for ease 
of maintenance. The Radiant-Aire 
preheater has a cast iron hot plate 
that assures long life and is prac­
tically maintenance free. 

Surface temperature is accurately 
controlled and forced air is util­
ized to remove gas which forms 
during the preheating operation. 
This increases the efficiency of the 
preheater and accelerates the dry­
ing of the flux. The preheater has a 
direct readout pyrometric control. 

The dual/ cavity I dual wave gen­
erator has individual pumps that 
generate solder waves up to 2 in. 
in height. The temperature of each 
wave is independently controlled 
by pyrometric controllers with a 
sensitivity of ± 2°F. Temperature 
range of the wave generator is 
100°F to 650°F. 
Dee Electric Co., 2501 North Wayne 
Ave., Chicago, Ill., 60614. [403] 

Vibratory feeder 

aids film coating 

An accessory for thin-film evapora­
tors permits continuous, controlled 
feed ing cif coating material to a hot 
source or an electron beam gun. 
Knovvn as a vibratory feeder, the 
accessory makes it possible to ob­
tain uniform, homogeneous film 
formation even with varying vapor 
pressures of coating material com­
positions and alloys. 

The vibratory feeder consists of 
a container for the coating mate­
rial, the interior wall of which is a 
conveying helical spiral. By means 
of vibration, initiated by a mag-

World's Fastest, 
Low-Cost 

Digital Print r 
" Apply several drops of oil to the 

drive-motor shaft-ends each year (or 
every fifty-million lines). Brush out 
any accumulated dust or lint. Clean 
the air filter periodically. 

That's the extent of maintenance 
for a Franklin Model 1000 ... the 
only digital printer that offers a 
printing rate of 40 lines per second 
(or less) at low, low, OEM prices. 

REQUEST BULLETIN 2301 

1:: 1~1~1~1~1~ 1:rEI 
East Fourth St. • Bridgeport, Pa. 19405 

A Division of the Anelex Corporation 
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Sensitive Research* 

solve your 

problems with 

1;4 ra 
Accuracies 

IN AC/DC VOLTAGE, CURRENT, 
POWER, AND POWER FACTOR 
PANEL METERS 
D Accuracies to 0.25% 

D Multi-range switching 

D 5" or 7" scale lengths 

D Edgewise or rectangular designs 

D NBS traceability 

D Reliable, friction-free diamond­
tipped pivots 

For complete data on the broad selec­
tion of Sensitive Research precision 
panel instruments, contact your local 
Singer Instrumentation representative , 
or write to : The Singer Company , 
Metrics Division , 915 Pembroke St., 
Bridg eport , Conn . 06608. 

SINGER 
INSTRUMENTATION 

EMPIRE •GERTSCH• PANORAMIC• SENSITIVE RESEARCH 

S-66-12 
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Production Equipment 

netic coil, coating material moves 
upward through the helical spiral 
to an exit channel. From the exit 
channel it falls into a tube posi­
tioned to permit the material to 
drop into the evaporation source. 
An electronic power control per­
mits stepless variation of the feed­
ing speed. 
Bendix- Balzers Vacuum, Inc., 1645 St. 
Paul St., Rochester, N.Y. [404] 

Machine splices 

solderless connectors 

A solderless connector attaching 
machine has been developed for 
splicing leads. It utilizes a continu­
ous spool of wire and completely 
eliminates the need for preformed 
connector strip. Connectors made 
from flat wire cost 80 cents per 
thousand as opposed to $2.50 per 
thou sand when made from pre­
form ed connector strip. This ma­
chine can operate with copper, 
brass, tinned brass, silver and alu­
minum wire. 

An operator inserts two leads , 
either stranded or single, into a 
nes t on the machine, and then de­
presses the electric foot switch. 
The machine feeds a length of wire, 
cuts and forms the connector, then 
securely attaches it around the two 
leads. The machine will operate at 
speeds up to 300 cycles per minute. 
A non-repeat clutch is incorporated 
into the machine to insure opera­
tion safety. 
General Staple Co., 26-28 E. 22nd St., 
New York, N.Y., 10010. [405] 

semi-elements ... 

" YOUR 4'-

PRIME ~ 

SOURCE 
,,,_ 

t-

FOR ... 

-r 

SEMI-CONDUCTOR SINGLE 
,. 

CRYSTALS and MATERIALS 

• II-VI Compounds 
Cadmium Sulfide, Selenide, 

Telluride 
Zinc Sulfide, Selenide, Telluride 
Custom Compounds II-Vis 

• 111-V Compounds 
/> 

Gallium Arsenide, Antimonide 
Indium Phosphide, Arsenide, 

Antimonide 
Custom Compounds of Ill-Vs • 

SINGLE CRYSTAL FERRITES 
• YI G 

YTTRIUM IRON GARNETS 

• YG I G 
YTTRIUM GALLIUM IRON GARNETS 

• EI G 
. ERBIUM IRON GARNETS 

• NI F • 
NICKEL IRON FERRITES 

"-

•Ml F 
MANGANESE IRON FERRITE 

• Li N 
LITHIUM NIOBATE ·~ 

• Ba T 
~ 

BARIUM TITANATE 

Literature sent promptly on request ....,. 

" 
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~ New Materials 

i\ 

Conformal coating 

for p-c boards 

BEFORE AFTER 

... A conformal coating has b een 
added to the company's line of 

,,., quality resin products. TC-3050 
coating was developed to give p-c 
boards the best environmental pro­
tec tion possible, while giving the 
applicator a broad selection of ap-

" plication methods and curing 
schedules. 

The material can be applied by 
clip, brush, flow coating or even 
sprayed with standard heavy-duty 

·, paint spray equipment. The curing 
schedules range from overnight at 
room temperature to 1/z hour at 

• 300°F. 

• 
•" 

,, 

Electronic Produ ction & Development, 
Inc., 11965 South Prairie Ave., Haw· 
thorne, Cali f., 90250. [406] 

Thin copper-clad 
epoxy-glass laminate 

Materials developed for multilayer 
p-c boards permit maximum design 
flexibility and consistent, high­
quality production. The product 

I" package consists of a thin copper­
" clad epoxy-glass lamina te, desig­

nated Textolite Grade 11685, de­
.., signed for use ·with three new 

epoxy-resin impregnated glass 
cloth bonding sheets - Grades 

11384, 11385 and 11386. 
Grade 11685 copper-clad mate­

rial permits the fabricating of clean 
circuits, according to the manufac­
turer. Base laminate staining, 
caused by oxide transfer from the 
copper, has been totally eliminated 
in the new grade because there is 
no copper oxide on the foil. 

The material is available with 
1-oz or 2-oz copper as standard, 
clad one or two sides, in base 
(etched) laminate thicknesses from 
0.002 in. through 0.015 in. in 0.001-
in. increments. 

Another fea ture of Grade 11685 
is a textured surface on the unclad 
side which makes for improved 
bonding between layers in the mul­
tilayer circuitry without additional 
processing. The textured surface 
almost doubles bonding area. 

Textolite Grade 11685 and bond­
ing sheets are available in pack­
ages of five 24-in. x 36-in. sheets. 
General Electric Co., Laminated Prod· 
ucts Dept., Coshocton , Ohio. [407] 

Polyester film 

of corrugated Mylar 

Corrugated Mylar polyes ter films 
for wire and cable applications are 
designated 200 WC 67 and 300 
WC 67. 

The corrugation of the film traps 
air much as crepe paper does , pro­
viding excellent thermal protection 
for polyethylene-insulated conduc­
tors in the cable core during the 
hot-melt extrusion of the cable's 
outer jacket. 

When applied to a cable core, the 
corrugated film interlocks as it 
overlaps itself, minimizing core­
wrap movement and gapping, 
called "shingling," at the overlap 
when the cable is bent. In spirally 
wrapped constructions, the inter­
locking of the corrugated grooves 
also increases the inherently high 
core-to-shield breakdown strength 
of Mylar polyester film. The excel­
lent cut-through resistance of Mylar 
is improved by the corrugations, 
which act as shock absorbers to 
cushion the conductors in the cable 
core against mechanical impact. 

The 200-gage film will sell at 
$1.85 a pound, and the 300-gage 
film will be $1.80. 
E.1. duPont de Nemours & Co .. Wil · 
mington, Del. , 19898. [408] 
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Another Quality Product of 

SIGMUND COHN CORP. 

1% Silicon 
Aluminum 
WI. re [. specially] 

spooled 

a complete 

range of sizes •.. 

Made as small as 

.0007" diameter . .. 

Precision spooled on 

our No. 3 (above) or 

No. 22 Spool; single 

or multiple layer ... 

Cased in dust· 
free, plastic 
container to 
s.afeguard 
wire during 
shipment . 

SIGMUND COHN coRP."i'" 
121 S. Columbus Ave. Mt. Vernon. N .Y. 
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COILS 

DSV 401 
IERMINAl LA!OUI 

. ACTUAL SIZE 

DSH401 
ACTUAL SIZE 

I- :: -j SCffEMATIC 

H:J 
I- .400 -1 

• Electro-static shield available 
for DSV 401. 

• Electromagnetically shielded. 

• Tunable from either end . 

• Winding sealed in molded 
epoxy. 

• Stable Q - Max 20 °lo drop 
from nominal thru entire 
tuning range. 

• Inductance range .10 to 
10,000 uh. 

Meets MIL-C-15305 - Grade 
and Class 6 . Manufactured 
under Delevan's Quality 
Proven Processes. 

Delevan Electron/CS e AMERICAN 
PRECISION co,poratlon I Division l ... OUST~IE S 1"4C 

270 QUAK E R RD I EAST AURORA N Y I 14052 
H~EPHONE 118/652 :JOOD TElElt 091 ~93 
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New Books 

Control systems 
Introduction to Variational Methods 
in Control Engineering 
A.R.M. Noton 
Pergamon Press, 122 pp., $5 

A new approach to control sys tem 
design has been emerging during 
the last ten years. The variational 
method, as modified by Bellman, 
Pontryagin and others, makes pos­
sible the consideration of economic 
criteria for optimization of the con­
trol system structure. Realistic 
constraints such as saturation are 
included, and the final design may 
contain nonlinear elements. \Vhile 
the method itself is not new-the 
calculus of variations has been 
used for years to find functions 
which optimize-its application to 
control engineering is new and po­
tentially useful. 

The evolution of the method has 
b een watched with considerable in­
teres t by control engineers who are 
still using the class ical methods of 
Nyquist or Evans or derivations of 
these methods , and to whom the 
subjects of synthesis, optimization, 
and non-linearities are to b e han­
dled (i f a t all) separately and aca­
dem ically. At the same time, high­
speed computing has come into 
general use by control engineers, 
and much of the potential for the 
variational method awaits the es­
tablishment of theoretical guide­
posts for the non-trial-and-error 
use of computers. 

Noton's book comes at a good 
tirne. It is an hones t attempt to ex­
plain the theory and sort 011 t th e 
claims, and it largely succeeds. No­
ton accepts the central role of hi gh­
speed digital computers in apply­
ing the theory, and examines criti­
cally the problems inherent in ap­
lica tion of variational mcthods­
problems often buried beneath a 
layer of enthusiasm. At the end of 
the book the author answers the 
question of the method's utility 
with a very qualified yes, perhaps 
too qualified. 

The book covers all the major 
methods sys tematically, starting 
with the classical calculus of 
variations, and introducing its 
shortcomings. The explanation of 
dynamic programing is excellent, 
as is the computer problems to be 

met when the method is applied. 
In chapter 5, the derivation of 

the Pontryagin maximum principle 
by the method of characteristics is 
difficult to follow; an introduction 
via dynamic programing might 
have been better. Also, the method 
itself is left a little unclear. For ex­
ample, more could have been said 
abou t the p variables which seem 
to arise more mysteriously than 
need b e. However, the author's use 
of examples makes up for most of 
the obscurity, a lot of which is in­
herent in the method i.tself. At the 
end of the chapter the method is 
applied , simply and gracefully, to 
the des ign of a bang-bang sys tem 
leaving the reader with a generally 
good feeling, marred only by the 
suggestion of the real problem to 
come. 

It comes in the next chapter­
the two-point boundary value prob­
lem. Because boundary values 
must be satisfied simultaneously at 
"both ends" of the solution, serious 
computational problems arise. The 
author's treatment of this is good. 
Th e choice of methods is adequate, 
although including some material 
on invariant imbedding would have 
been appropriate. 

If prospects are grim by th e end 
of Chapter 5, they improve con­
siderably in Chapter 6 where the 
intriguing possibilities raised by 
the problem of inaccessible state 
variables are discussed. Treatment 
of the problem of process identi­
fi ca tion could h ave been included 
to advantage; the variational ap­
proach may lead to difficult (or 
impractical) computational prob­
lems, but it does much to unify 
control theory. 

Throughout the book, real though 
simple problems are used as ex­
amples, and solutions are sought 
on a large, high-speed digital com­
puter. No special knowledge of 
computers is assumed or needed. 
On the other hand, the book 
shouldn' t b e undertaken without 
some mathematical sophistication. 
Prior exposure to the calculus of 
variations would b e a minimum, al­
though the book might provide 
motivation for mathematical study 
to make up deficiencies. 

The author sums up by mention-
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GRAPHIC VISUAL CONTROL 

You SEE How To Get Thi ngs Done 
With The BOARDMASTER System 
You see a Graphic Picture of your 

operations, spotlighted in color. You 
have facts at Eye Level. Saves time , 
cuts costs and prevents errors. 

Ideal for Production, Maintenance, 
Scheduling , Inventory, Sales, Traffic, 
Personnel and many other uses. 

Simple and flexible tool. You write 
or typ e on cards and p ost on board . 
All cards are interchangeable. 

Com p act and Attractive . Made of 
Aluminum . Over 1,000,000 in use . 

Complete Price $49 50 Including Cards 

~ 24-Page .BOOKLET No. C-10 
~ Mailed Without Obl igation 

Write Today for Y ou r Copy 

GRAPHIC SYSTEMS 
925 Danville Road • Ya nceyville, N.C. 
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RODAN NEON LAMPS \._./ 
The B est in Durability & Stability! 

eNEON BRACKET LAMP 
e Ultra-Miniature Indicate Light 

e NEON GLOW LAMP 
e High Brightness (NE· 2H) 
e standard (NE ·2) 

e For catalog, wrj fe to 

3-8, 1 chome, Shibuya, Tokyo , Japan 
Phone: 400 -8511 
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mg very brieB.y some possible fu­
ture applications. The picture he 
presents is not encouraging, especi­
ally since the reader is referred else­
where for aerospace applications. 
This is unfortunate, first , b ecause 
many of the best current examples 
of the application of variational 
theory lie in that area; and second, 
because the reference (G. Leit­
man's 1962 book, " Optimization 
Techniques") doesn't cover the 
subject with anything approaching 
Noton's brevity and candor. 

The book is what it claims to be 
-a short monograph intended to 
help the control engineer close the 
gap in his knowledge of new de­
velopments in his field. Control en­
gineers should find it valuable as 
an introduction to an important de­
sign approach and as a reference 
for further study; students may 
find it a guide for things to come. 

TRW Systems 
Houston, Texas 

John A. Aseltine 

Recently published 

Atomic Transistion Probabilities:........Hydrogen 
through Neon, W.L. Wiese, M.W. Smith and 
B.M . Glennon, National Bureau of Standards, 
U.S. Government Printing Office, 153 pp., 
$2.50 

Basic Matri x Analys is and Synthesis, 
G. Zelinger, Pergamon Press, 228 pp., 
$7.50 

Electronic Digital Systems, R.K. Richards, 
John Wiley & Sons, Inc. , 637 pp. , $15.00 

Modulation , Resolution and Signal Processing 
in Rad ar, Sonar and Related Systems, R. 
Benjam in, Perg amon Press, 184 pp., $8.50 

Topics in Advanced Mathematics for 
Electronics Technology, Stephen Paull , John 
Wiley & Sons, Inc ., 420 pp., $4.95 

Semiconductor Circuits: Theory, Design 
and Experiment, J.R. Abrahams and G.J. 
Pridham, Pergamon Press, 310 pp. , $4.95 

Electronic Properties, Robert M. Rose, 
Lawrence A. Shepard and John Wulff, John 
Wiley & Sons, Inc., 306 pp., $3.50 

Audio Systems, Julian L. Bernstein, 
John Wiley & Sons, Inc., 409 pp., $4.50 

Network Analysis and Synthesis, second 
edition, Franklin F. Kuo, John Wiley & Sons, 
Inc., 515 pp. , $11.95 

Transform and State Variable Methods in 
Linear Systems, Someshwar C. Gupta , John 
Wiley & Sons, Inc., 426 pp., $12.75 

Marketing Guide to U .S. Government 
Research and Development, Robert Rickles, 
Noyes Development Corp., 229 pp., $20 

Electronic Troubleshooting: A self­
instructional Programed Manual, staff 
members of the Philco Technical 
Institute, Prentice-Hal l, Inc. 274 pp., $12.50 

Electrical Fundamentals and Circuit Analysis, 
H. Al ex Romanowitz, John Wiley & 
Sons, Inc., 715 pp., $8.95 
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tame 
a temperature 
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POLYTUBE 463 
CLASS F 

Fiberglass Sleeving 
retains its flexibility and electrical prop­
erties in continuous operation at tem­
peratures up to 155°C. Even after 1000 
hours, it will not crack when bent 180° 
around a mandrel. Constructed of closely 
woven fiberglass, it is thoroughly impreg­
nated and uniformly coated with modified 
acrylics, making it compatible with most 
wire enamels and encapsulants and re­
sistant to oils, acids, alkalies, jet fluid, lox 
and water. Good resistance to abrasion 
and cut-through-non-wicking. Write for 
samples, data and prices. 

Norristown, Pennsylvania 19404 
INSULATING TUBINGS AND SLEEYINQS 



are 
of 

,)1 superior 
v quality 

Superior cameras deserve superior 
lenses. COSMICAR's proven precision 
performance is the combined result of 
advanced optical engineering and exqui­
site workmanship. 

Now widely used , COSMICAR LENSES 
come in 23 models for focal lengths 
ranging from 12.5 mm to 500 mm, and 
in 3 zoom models including a remote ­
control zoom. 

Your CCTV camera and COSMICAR 
LENSES will make an unbeatable team. 
For technical data and other particulars 
write to : 

lfIT'· ICHIZUKA 
\lD.I OPTICAL CO., LTD. 
568, Shimoochiai, 2-chome, Shinjuku-ku, Tokyo 

CABLE ADDRESS: "MOVIEKINO TOKYO" 
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Technical Abstracts 

Planetary processor 

On batch processing of evaporated 
thin-film microelectronics 
Noel W. Scott, Naval Avionic~ Facility, 
Indianapolis, Ind. 

Evaporated thin Rims arc widely 
used in integrated circuit manufac­
ture to produce passive compo­
nents and conductive interconnec­
tions on circuit substrates. The 
method usually entails placing sub­
strates in a vacuum chamber and 
depositing the film selec tively in 
controlled amounts with a series of 
sequential material depositions 
and mask changes. 

According to the author, many 
thin-film applications do not re­
quire sequential depositions, but 
lend themselves better to batch 
process ing, in which a large num­
ber of substrates are exposed to a 
"one-shot" deposition. This ap­
proach is particularly successful 
when there is a wide disparity in 
the required evaporation time for 
various film materials. In many 
cases, mask alignment for high­
density circuits cannot be accom­
plished within the required toler­
ances by automatic techniques 
used in sequential systems. Fur­
thermore, an in-atmosphere process 
is sometimes required between 
depositions, 

The aut11or bases his case for 
batch processing on 10 years of ex­
perience at the Naval Avionics Fa­
cility laboratory with a planetary 
coa ter that permits uniform deposi­
tion of thin films over relatively 
large substrate areas. 

In the planetary coater, the sub­
strate wafers and their masks are 
mounted on one of four disks at­
tach ed to a wheel that rotates hor­
izontally at 60 times a minute. The 
four disks rotate one to four times 
a second depending on the selected 
gear ratio. The substrate movement 
describes epicyclical paths during 
the coating cycle, which assures a 
high degree of film uniformity. 

The system has been used with 
both 18-in. and 32-in. diameter bell 
jars. Complex 11- and 13-layer cir­
cuits have been successfully fabri­
cated and reproduced in a single 
planetary coater by batch opera­
tions. 

One of the chief advantages of 
the coater' s planetary motion is 
that the vapor stream's deposition 
angle constantly changes. Conse­
quently, th e walls and edges of the 
many plateaus on the substrate are 
covered from many angles. Sharp 
corners with their attendant 
stresses are reduced. 
Presented at the Fifth Annual Microelectronics 
Symposium, St . Louis, July 18-20. 

Bodily harm 

The effects of microwaves on biological 
systems 
Joseph H. Vogelman 
Chromalloy American Corporation 
West Nyack, N.Y. 

Since the introduction of high­
power radar and communication 
equipment, there has been a grow­
ing fear of potential damage to 
human biological systems. The ma­
jor impetus to an investigation of 
th e effec ts of microwave energy has 
been provided by the Air Force in 
an attempt to establish a safe level 
of exposure for military personnel 
required to work on radar. 

All experimental and statistical 
results can b e grouped in three 
categories-thermal, peak thermal 
and nonthermal. ~vf.icrowave energy 
that duplicates the radiant effects 
of infrared energy and the conduc­
tive effects of continuous hea t ex­
posure are thermal effects and are 
related to average microwave 
power. Peak thermal effects are pro­
duced by peak microwave power. 

Nonthermal effects include all 
that cannot be explained in terms 
of thermal or peak thermal effec ts , 
such as resonance phenomena that 
affect the mol ecular structure of a 
biological material. 

Experiments demonstrated the 
damaging effects of exposure to 
continuous microwave radiation. 
Cataracts were produced in the 
eyes of rabbits as a result of ex­
posure to 2.45 Ghz of microwave 
energy. Humans who worked with 
radar for a long time developed eye 
opacities. Dogs exposed to radia­
tion suffered nerve irritation iden­
tical to that resulting from exces­
sive heat exposure. The animal 
generall y felt uncomfortable and 
began to pant or chase its tail. Th e 
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See us at NAT' L EL ECT. CON FE RENC E, Chicago 

~CRfWS\ 

~ 
HEX _NUT S 

~ 
WASHERS 

BOOTH 849 

Widest Selection of MOLDED 

NYLON SCREWS 
• High quality-close tolerances-c lean 

accurate threads. 
• Sizes from miniature No. 0 to V4 " 

Lengths from l/e" to 1·1 / 16" 
• Standard co mm erc ial heads, Slotted 

or Phillips 
• Set screws with plain and standard 

points . 
~ • Hex nuts from No. 4 to 5/ 16" 

• Screws also available in Delrin 
When you need ny1on screws you want 

"I'~'_,"" -"" ... H=· e " NGS DHEDS or siz~s ... samples and svec-
lflra.tion sheet. 

_ ; G RC stocJ;: plastic parts are amilable in 
many sizes and types . . . are prooise. 
uni fonn ly high in qual ity and economical 
becau se they are mass produced by ex-

co1L clusirn automatic si ngle cavity tech­
niques. These advantages apply to "spe­
ci als" and parts to your specs . .. in 
Nylon, Delrin and other engineering 
thermoplastics. Send prints for quotation 
and details on GRC' s gpecial method ::; 
for molding (a.nd die ca st ing, too). NO 
SlZE TOO SMALL I 

WIRE TIES 

\Vrite, wirn. 
phone TOD.\Y for 
samples. odces, I 
li terature. __ 

® 

GRIES REPRODUCER CO. 
Division of Coats & Clark In c. , World's Foremost 
151 Beechwood Ave., Producers of Small 
New Rochelle, N .Y. Die Castings and 
(914) NEw Rochelle 3-8600 Plastic Moldin~s 
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PACKAGED 
BLOWERS 

MIL-SPEC• COMMERCIAL 
RFl-SHIELDED 

LONG LIFE • LOW COST 
Quick, easy, low·cost way to cool 
cabinets, computers, consoles, sys­
tems! Ready to install. "Computer.age" 
styling. Airflows from 150 to 1000 
CFM. Wide variety of sizes. Heavy duty 
extruded aluminum grille. Quiet , 
reliable. 

Mclean Engin eer ing labo rat ori es, 
P. 0. Box 228, Princeton, N. J. 08540 

Phone 609-799-0100, 
TWX 609-799-0245, TELEX 083-4345. 

Send for 44-Page Catalog 
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symptoms are dependent on fre­
qu ency. They are less evident, for 
example at 1.285 Ghz. The animal's 
peripheral nerve endings were not 
excited as mu ch by the longer 
wavelength s because they pene­
trate deeper into the body. 

In addition to the neurological 
effects, many inves tigators found 
considerable changes in blood 
chemistry and a significant loss of 
body water. In animal organ studies 
exposure produced considerable 
ovary and testicular damage as well 
as injury to other internal organs 
including the heart and liver. 

Exposure of living tissue to peak 
thermal radiation resulted in an­
other series of effects . Pulse energy 
excites peripheral nerves more 
markedly than continuous energy 
at the same wavelength. 

Exposing living tissue and or­
gans to microwave radiation of low 
intensity produced no thermal 
burden but resulted in important 
biological effects that cannot be 
categorized in terms of thermal and 
peak thermal phenomena. 

In France, microwaves reduced 
the size of cancerous tumors. In 
Russia, chronic exposure to low­
intensity microwaves produced 
changes in the brain fun ction of 
dogs, exciting the animal and modi­
fying his inhibition. In the United 
States, levels of exposure led to 
chemical changes in dogs ' blood. 
Other exposure experiments caused 
a drop in the dogs ' blood pressure 
and a significant loss of body wa­
ter. In other experiments , rats , 
mice and dogs pretreated with mi­
crowaves , exhibited increased re­
sistance to radiation after a long 
latency period following exposure. 
During this time the microwaves' 
thermal burden dissipates. 

There is need for more controlled 
experimentation to define peak 
thermal more accurately as well as 
certain non thermal effects of micro­
wave radiation. The ability to pro­
duce stable, single frequencies of 
polarized microwave energy is im­
portant in these investigations. 

The power of microwaves to act 
as a source of thermal energy a t 
certain internal body depths , pro­
du ces localized internal heating in 
cold environments. It opens the 
way for use of the energy as a diag­
nostic tool in medical therapy. 
Presented at th e Bio-Medical Enginee ring 
Conference, Marquette University, 
Milwaukee, Wisconsin , June 24·25. 

THIS IS A SPECTRA 
NOISE MEASUREMENT 

Spectra's exclusive Microwave Noise 
Measurement Service provides ac­
curate measurements of customers' 
X-band sources from 8.5 Ge / s to 
10.5 Gc / s. 

THIS IS A SPECTRA 
NOISE MEASURER 

Spectra 's SE-200 Series instru­
ments are the only equipments that 
can give you the FM and AM noise 
content of conventional and solid 
st ate microwave sources - to ac­
curacies of ± 1 DB. 

THIS IS A SPECTRA 
LEASING CONTRACT! 

Spectra's Microwave Noise Measur­
ing Instruments can now be leased 
for a monthly amount that's actually 
less than th e salary of a good tech ­
nician! Ask your Spectra represen­
tati ve to tel I you the whole story -
or write us today. It's exciting. 

SPECT RA ® ELECT RONICS 

P.O. Box 85 
Los Altos, Calif. 94023 • (415) 948·4998 
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New Literature 

Mutlilayer printed wiring. Wabash Metal 
Products Co ., Inc., 1588 Morris St. , 
Wabash, Ind ., 46992, has available 
sixteen pages of current information 
on multilayer printed wiring , titled 
" Symposium In Print " . 
Circle 420 on reader service card. 

Microelectronic interconnections. ITI 
Cannon Electric, a division of Inter­
national Telephone and Telegraph 
Corp. , 3208 Humboldt St., Los Angeles, 
Calif., 90031. Handbook MMH·lA dis­
cusses microelectronic interconnec· 
tions. [421] 

Education-type meter. The Triplett 
Electrical Instrument Co ., Bluffton, 
Ohio, 45817, offers a data sheet on 
the educational a·c/d-c measuring in ­
strument, model 820-U, which is used 
with an overhead projector for dynamic 
classroom display. [422] 

IRIG bandswitching discriminators. Air­
pax Electronics Inc., P.O. Box 8488, 
Fort Lauderdale, Fla ., 33310. Bulletin 
TM -6 describes a line of high accuracy 
demodulators of frequency-modulated 
telemetry subcarrier signals having 
IRIG or similar characteristics. [423] 

Circuit-card mounting. Scanbe Manu· 
facturing Corp. , 1161 Monterey Pass 
Road, Monterey Park, Calif., 91754. The 
mounting and packaging of electronic 
circuit cards is described in compre­
hensive text·and-photo detail in bro­
chure 205. [424] 

Fluorocarbon solvents. Olefins division, 
Union Carbide Corp., 270 Park Ave. , 
New York, N.Y., 10017. A 16-page bro­
chure contains specifications and test 
methods for Ucon fluorocarbon solvents 
113-LRl and 113-LR2, used in critical 
cleaning applications, particularly in the 
aerospace and electronics equipment 
fields . [425] 

High-vacuum components. Ultek Corp., 
Box 10920, Palo Alto, Calif., 94303. 
Bulletin A-1355 offers condensed spec­
ifications and new pricing information 
on all of the company's high-vacuum 
components. [426] 

Microwave absorbing materials. Emer­
son & Cuming, Inc. , Canton, Mass. A 
quick-reference brochure describes the 
complete line of Eccosorb microwave 
absorbers for free space, waveguide and 
high temperature applications. [427] 

Vibration and shock mountings. Lord 
Manufacturing Co., division of Lord 
Corp., Erie, Pa ., 16512. The J-4624 
series Flex-Bolt mountings for control 
of vibration and shock are described in 
bulletin D-944. [428] 

Dual-slope digital meters. Fairchild 
Instrumentation, a division of Fairchild 
Camera and Instrument Corp., 475 Ellis 

St. , Mountain View, Calif., offers an 
eight-page brochure detailing specifica ­
tions, accessories, dimensions and 
prices for the series 7100 dual-slope, 
integrating digital meters for the 
measurement of voltage, resistance and 
ratio. [429] 

Microwave energy sources. Trak Micro­
wave Corp. , 4726 Kennedy Road, 
Tampa, Fla ., 33614, has available a 56-
page catalog and technical manual on 
microwave energy sources. [430] 

Frequency counters. Northeastern En ­
gineering, Inc., 130 Silver St., Man­
chester, N.H., 03103. An eight-page 
fold -out catalog describes in detail a 
complete line of solid state frequency I 
time interval meters. [431] 

Laminated wire and cable. lnso Elec­
tronic Products Inc. , Nutley, N.J., 
07110, announces a 20-page booklet 
describing its line of fused, high tem ­
perature, Teflon laminated wire and 
cable. [432] 

Printed-circuit soldering. Electrovert 
Inc. , 86 Hartford Ave ., Mt. Vernon , 
N.Y., 10553, offers a four-page bro­
chure on its most recent wave-soldering 
developments-the 346 and 364-both 
of which are said to represent a signif­
icant advance in the automation of 
printed-circuit soldering . [433] 

Wire and cable. Super Temp Wire divi · 
sion , Haveg Industries, Inc., Winooski , 
Vt., 05404, has available an eight-page 
brochure explaining the weight and 
space saving advantages of Spacewrap 
wire and cable for aircraft, aerospace, 
and electronic equipment designed to 
withstand environmental extremes. 
[434] 

Subcarrier discriminators. Airpax Elec­
tronics Inc. , P.O. Box 8488, Fort 
Lauderdale, Fla ., 33310. Bulletin TM -7 
describes a low cost , high performance 
and miniaturized discriminator that 
yields superior dynamic response and 
low harmonic distortion . [435] 

Digital-to-synchro converter. North At­
lantic Industries, Inc., Terminal Drive, 
Plainview, N.Y., has published a two­
page data sheet on the series 537 
modular digital-to-resolver /synchro con ­
verters. [436] 

Electrometer operational amplifier. 
Keithley Instruments, Inc., 12415 Euclid 
Ave., Cleveland 6, Ohio, offers a four­
page engineering note covering the 
model 300 true electrometer opera· 
tional amplifier. [ 437] 

Rectifier modules. Unitrode Corp., 580 
Pleasant St. , Watertown, Mass., an­
nounces bulletin T-118 covering its ex­
panded line of " doorbell' rectifier mod­
ules. [438] 
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EMPLOYMENT Electronics OPPORTUNITIES 

QUALIFICATION FORM FOR POSITIONS AVAILA~LE 

ATTENTION: 
ENGINEERS, SCIENTISTS, PHYSICISTS 

This Qualification Form is designed to help you advance in the elec­

tronics industry . It is unique and compact. Designed with the assist­

ance of professional personnel management, it isolates specific 

experience in electronics and deals only in essential background 

information . 

The advertisers listed here are seeking professional experience. 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 al your home by the interested 

(Ompanies. 

WHAT TO DO 

l . Review the positions in the advertisements. 

2 . Select those for which you qualify. 

3 . Notice the key numbers. 

4 . Circle the corresponding key numbe r below the Qualification Form. 

5. Fill out the form completely. Please print clearly . 

COMPANY 

ATOMIC PERSONNE L IN C. 
Phi lo., Pa . 

BENDI X CORPORATION 
Ka nsa s City Di v . 
Ka nsa s City, Missouri 641 41 

COMSTOC K & WESCOTT INC. 
Cambridge, Mass. 

GENERAL DYNAMI CS 
Fort Worth Div. 
Fort Worth, Texas 

GENERAL TELE PHONE & ELECTRO NI CS 
Sylvania Electronics Systems 
Waltham, Moss. 02154 

LAWREN CE RADIATION LABORATORY 
Livermore , Calif. 

LEAR SIEGLER INC. 
Ins trument Div. 
Gra nd Ra pids, Mi chiga n 49508 

LOCKHEED CALIFORNIA COMPANY 
Bu rba nk, Ca lif. 

MARIN COMPANY 
Orla ndo, Fl orida 

PAN AMERICAN WORLD AIRWAYS INC. 
Gui ded Missi les Range Div. 
Cocoa Beach, Flo rido 

RO HR CORPO RAT IO N 
Chula Vista, Calif . 

UN ION CARBID E CORPO RATION 
Oak Ridge, Tennessee 
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----------------------------------· (cut here) Electronics QUALIFICATION FORM FOR POSITIONS AVAILABLE (cut here) 

(Please type or print clearly. Necessary for reproduction.) 

Personal Background Education 

NAME PROFESSIONAL DEGREE(S) . .... . ... . ..... . ... • • • •.•.•..•. • 

HOME ADDRESS . .. .. ... .... . ... . . .. . ......... . . .. . ... . . MAJOR(S) ...... .... ... . . .. . ..... . ......... · · .. . · · · • · · · 

CITY . .. ...... . . . . . . .. .. . ZONE ...... STATE .. . .. .. ... . . . UNIVERSITY ..... . ..... .... .... . . .. ... ... . .. . . . .. •• • •• . 

HOME TELEPHONE . . . . . . . ... ......... . . . ..•.• .. •.. . .••.. DATE(S) . . . . .. ••..... . • . ... .... .... . · · · · • · • · • • • • • • • • • • 

FIELllS OF EXPERIENCE (Please Check) 9 / 5/ 66 

D Aerospace 

0 Antennas 

0Asw 

Ocircuits 

D Communlcatlens 

D Components 

Ocomputers 

0ECM 

D Electron Tubes 

D Engineering Writing 

D Fire Control D Radar 

D Human Facton D Radio-TV 

D Infrared D Simulators 

D Instrumentation D Solid State 

D Medicine D Telemetry 

D Microwave D Transformen 

D Navigation D Other . .. . .. . . . ... . 

0 Operations Research D .. .... .... ... .... . . 
Ooptics D ..... ... .... ... ... . 
D Packaging D ................. .. 

CATEGORY OF SPECIALIZATION 
Please indicate number of months 

experience on proper lines. 

RESEARCH (pure, 
fundamental, basic) 

RESEARCH 
(Applied) 
SYSTEMS 
(New Concepts) 
DEVELOPMENT 
(Model) 
DESIGN 
(Product) 
MANUFACTURING 
(Product) 
FIELD 
(Service) 
SALES 
(Proposals & Products) 

Technical Supervisory 
Exporl1nc1 Exptrltnct 
(Months) (Months) 

CIRCLE KEY NUMBERS OF ABOVE COMPANIES' POSITIONS THAT INTEREST YOU 

1 2 3 4 5 6 7 8 9 10 11 12 
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The continuing emphasis on the 
development of basic and ap­
plied nuclear research programs 
has provided professional oppor­
tunities in responsible assign­
ments at Lawrence. 

Challenging R & D 
Opportunities for 
ELECTRONICS 
ENGINEERS 
• Systems Engineering 
• Microwave. Components 
• Digital Computers 
• Instrumentation 
• Solid State Circuit Design 
• Measurement Standards 

APPLIED 
RESEARCH 
PROGRAMS 
• PLOWSHARE - peaceful ap ­

plications of nuclear 
explosives 

• BIO-MEDICAL-radiation ef­
fects on the biosphere 

• SHERWOOD-controlled ther­
monuclear fusion 

• WHITNEY - nuclear weapons 
for national defense 

• SPACE REACTOR - reactors 
for power in space 

You are invited to write in con­
fidence to B. R. Graf, Personnel 
Department, 

La.-.,v-r e ::ri. c e 
H.a.dia.t i<> I1. 

La.bo:ra.to:ry 
UNIVERSITY of CALIFORNIA 
P. 0. Box 808 18-96 
Livermore, California 94550 
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An Equa l Opportunity Employer 
U.S. Citizenship Required 

CAN YOU 
IMAGINE? 
If so, imagine working where manage­
ment is informal to the point of the first­
name basis, yet large enough to win sub­
stantial contracts and to maintain well 
equipped, modern facilities. Comstock & 
Westcott has been using imagination for 
fifty-four years-solving problems for 
many of the leading industrial firms in 
this country. No routine here-always 
something new to cope with. Physics, 
chemistry, electronics and mechanics are 
involved. We manufacture no goods, just 
help our clients develop more and better 
things. To work with us, one needs imag­
ination and sound technical ability. A 
physics major or an electrical or mechan­
ical degree and a leaning toward the 
physical aspects of things would be a 
likely start ing point. If your imagination 
makes you feel you would like to join 
our efforts, call or write us. We would 
like to tell you more. A. H. Barron, Com­
stock & Westcott Inc. , 765 Concord Ave., 
Cambridge, Mass. 02138. 

@ 
COMSTOCK & WESCOTT, INC. 

INSTRUMENT TECHNICIANS 
THE OAK RIDGE NATIONAL LABORATORY 
Highly skilled instrument technicians to assist 
in the installation and maintenance of process 
control instrumentation systems and devices for 
chemical pilot plants, nuclear reactors and other 
large experimental installations. 
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
men tation and contro l 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 Equa'I Opportun ity Employer 

Send detailed resume lo: 

Central Employment Office 
UNION CARBIDE • 

CORPORATION I 
Nuclear Division • • : 1 

P. 0 . Box M 
Oak Ridge, Tennessee 37830 

•,,.- -----------..----
-®. E.E's 
'tJifS For FEE.PAID positions 

' 

throughout U.S. 
Send Coupon Today 

ATOMIC PERSONNEL, INC. 
Suite L, 1518 Walnut St., Phi/a ., Pa . 

Experienced Engineers ... Working 
"Full Time" .• . For You ! 

Send resume today. (If none, send 
C'Jupon for confidential application.) 

Name ___________ _ 

Address ____________ , 

ma--------------

PROFESSION AL 

SERVICES 

GIBBS & HILL, Inc. 
Consulting Engineers 

8y1tem1 Enaineering 
Operations Research • Development 
Field Studies • Dedaa • Procurement 

PO\ver • Transportation • Communicatlona 
Water Supply • Waste Treatment 

393 Seventh Avenue New York 1. N. Y. 

The Consulting Engineer 
By reason of special training, 

wide experience and tested ability . 
ro11pled with professional integrity, 
brmgs to his client detached en­
gineering and economic ad /lire thtil 

rise.r above local Jimitatiom and en­
compasses the availability of all 
modern developments in the fields 
where he practices as an expert. 

Do you need electronics engi­
neers or technical manage· 
ment men? Electronics n1aga­
zine is the way to recruit them. 
Electronics is designed spe­
cifically for the working engi­
neer. 68,000 subscribers and 
an additional 133,000 pass­
along readers turn to it to keep 
up with their industry. You 
can find the man that meets 
your qualifications with an ad­
vertisement in the Employ­
ment Opportunities Section. 

For rates & information write: 
Electronics, a McGraw-Hill 
Publication. Classified Adver­
tising Division, Post Office Box 
12, New York 10036. 
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SYNCH ROS • GENERATORS 
INVERTORS • SERVOS 

23TR6 Torque Receiver . ... . . ... . . . $32.50 
23TX6 Torque Transmitter . . . 32.50 
23CX6 Control Transmitter . 32.50 
1 F Motor 115 / 90 V. 60 Cy 24.95 
1 G Generator 115 V. 60 Cy . . . 24.95 
1 HG Generator 115 V. 60 Cy . 39.95 
1 H DG Differential Generator . . . . . . 39.95 
5 G Navy Ord . Size 115 V. 60 Cy .. . . 24.95 
5 HG Navy Ord. Size 115 V. 60 Cy . 39.95 
5 F Navy Ord . Size 115 V. 60 Cy .... 24.95 
Bendix Type M Size 5 115 V. 60 Cy . 24.95 
Bend ix Type A Size 5 115 V. 60 Cy .. 24.95 
23RS6 Resolver Size 23 60 Cy . . . . . 49.95 
Globe PM Motors 35 VDC 10 RPM . . . 9.95 
Globe PM Motor 24 VDC 278 RPM . 12.50 
Globe PM Motor 24 VDC 28 RPM . . . . 12.50 
Ampex, Ashland 105/125 V. 58 / 62 Cy. Hyst. 

syn. 1800 RPM Tape Recorder Motor 
24.95 

Ampex, G.E. 115 V. 60 Cy. Rewind Motor 
dua l shaft . . . . . . . . . . . . . . . . . . . . 14.95 

Ampex, Dale 117 V. 60 Cy. Hyst. Syn, 1800 
RPM, Recorder motor . . . . . . . . . . . 24.95 

Ampex, Redmond 115 V. 60 Cy. 1800 RPM 
rev. Tape Recorder Motor . . . . . . . . 12.50 

Ampex, IMC 115 V. 60 Cy. 1800 RPM Tape 
recorder torque motor . . . . . . . . . . . 19.95 

Ampex, Bodine 117 V. 60 Cy. Hyst. Syn. 
1800 RPM Tape Recorder Motor .. . 24.95 

Ampex, Ashland 117 V. 50 / 60 Cy Hyst. Syn. 
1800·3600 RPM Tape Recorder Motor 

24.95 
Bend ix, Inverter E· l617·1, 24 V. Input, 115 

V. 400 Cy. 3 Ph. V.A. output . . 25.00 
Jack-Hei ntz Inverte r. 24 V. Input Output 

115/230 V. 1 / 3 Ph . 400 Cy. 2250 V.A. 
75.00 

General Electric E·l823 120 /208 V. 400 Cy. 
Generator 60 KVA . . . . 250.00 

West inghouse, Generator 120/208 V. 3 Ph . 
400 Cy. . . . . . . . . . . . . 75.00 

LARGE STOCK OF ROTATING DEVICES 
All Items F.O.B. Oakland 

Send for Free Catalog 
(On Company Letterhead, Please) 

ELECTRO GADGET SUPPLY 
DOOLITTLE & LANGLEY STREETS 

Oakland Airport Oakland, Calif. 
Phone 562-6641 

CIRCLE 972 ON READER SERVICE CARD 

l~f)ll 
S1ll..I~ 

g 
When you have used electronics 

equipment to sell, advertise 

in Electronics Searchlight 

Section for fastest results. 

For information: 

Searchlight Section 

Classified Advertising Division 

Post Office Box 12 

New York 10036 
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SEND FOR OUR NEW 8 PAGE CATALOG LIST­
ING THE LARGEST INVENTORY OF RADAR AND 
MICROWAVE EQUIPMENT IN THE WORLD. 

AUTOTRACK ANTENNA MOUNT 

360 deg ree azimuth, 210 
degree elevation sweep 
with better than l mil. 
accuracy. l\Usslle velocity 
acceleration and slewing 
rates. Amplidyne and 
servo cont rol. Will handle 
up to 20 ft . di sh. Sup· 
plied complete with con­
tro l chassis. In stock­
Immediate delivery. Used 
world over by NASA . 
USAF. MP-61 -B. Type 
SCR·584. Nike Ajax 
mounts also in stock. 

PULSE MODULATORS 
MIT MODEL 9 PULSER 1 MW-HARD TUBE 
Output 25kv 40 amp. Duty cycle. 002. pulse lengths 
.25 to 2 microsec. Also .5 to 5 microsec. and .1 to .5 
mlcrosec. Uses 6C21. Input 115v 60 cycle AC. Mfg. 
GE. Complete with drtver and high voltage power 
supply. Rel : MIT R ad. Lab. Series. Vol. 5. p . 152 . 

2 MEGAWATT PULSER 
Output 30 kv at 70 amp. Duty cycle . 001. Rep rates. 
I microsec 600 pps, l or 2 msco 300 pps. Uses 5948 
hydrogen thyratron. I nput 120/208 VAC 60 cycle. 
Mfr. GE. Complete with high voltage power supply. 

MIT MODEL 3 PULSER 
Output: 144 kw (12 kv at 12 amp.) Duty ratio: .001 
max. Pulse duration: 5, l and 2 mlcrosec. Input: 
115 v 400 to 2000 cps and 24 vdc. $325 ea.. Full 
desc. Vol. 5, MIT Rad . Lab. ser ies. Pi. 140 . 

250 KW HARD TUBE PULSER 
Output 16 kv 16 amp. Duty cycle .002 . Pulses can 
be coded. Uses 5D2i. 715C or 4PRGOA . I nput 115 v 
60 cy. AC $120 0 ea. 

PLAN POSITION INDICATOR CONSOLE 
Complete PPI console operating from 115 volt 60 
cycle AC. 10" CUT r ange 4 to 250 miles . Digita l 
height readout . Complete AN/ UPA-25. 

SCR 5B4 AUTOTRACK RADARS 
Our 584s in like new condltton, ready to go, and i n 
stock for immediate delivery. I dea l ror telemetry re­
search and development. misstle tracking, satellil.e 
tracking. Fully Desc. MIT Rad. L ab. Series . Vol. l, 
pps . 207·210. 228. 284-286. Comp. Inst . Bk avail­
able $25 .00 each. 

r----T"Esr EauwMENr ____ 1 

I

I ~For over 20 yea rs specializing In top bra nd s 
1

1 

only , Writ e fo r our la t est li st ing. 
I \ \ 1 We buy compl et e Invent ori es. I 
I ELECTRONIC SALES I 
I 1413 Howard Street . Ch icago, Il li no is 60626 I 
L----~~~~~~~~~~~-J 

CIRCLE 968 ON READER SERVICE CARD I ELECTRON TUBES Ii 
KLYSTRONS • ATR & TR e MAGNETRON S 
SUBMINIATURES • C. R.T. • T.W.T . e 5000-

6000 SERIES 
•SEND FOR NEW CATALOG A2 • 

A & A ELECTRONICS CORP. 
1063 PER RY ANN EX 
WHITTIER . CALIF. 

696·7544 

CIRCLE 669 ON READER SERVICE CARD 
SPOT WELDING TWEEZERS 

~11==~~;=-~ 
T W I - 36" L ead $ 11 .65 
A C an d Stored Energy P ower Supplies 
and Welding Heads 

EWALD INSTRUMENTS CORP. 
KENT, CONN. 0 67 57 

CIRCLE 970 ON READER SERVICE CARD ...................................................... 
ELECTRONIC COMPONENTS 

For Production and Research 

Write for new catalog 

. . . . . . . 
A. B. INDUSTRIES 743-5006 : 
31 c3 West Jorlath Ave., Chicago 60645 i 

············e:·1RCLE0 97'10N°READE0R'Sf.Rv01CE°CAR~ 

e CLASSIFIED ADVERTISING 
e BUSINESS OPPORTUNITIES 

• USED OR SURPLUS EQUIPMENT 

MICROWAVE SYSTEMS 
l BAND RF PKG. 
20 KW peak 990 to 1040 MC. P ulse width .7 to 1.2 
micro sec. Rep. rate 180 to 42 0 pps. Input 115 vac. 
Incl. Receive r $1200. 

200-225 me RADAR SYSTEM 
1 Megawatt output, 200 nautical rnlle range for lone 
range detection or medium and h igh altitude jet air­
craft as well as general search. Complete system t n 
stock. Inpu t J 20 / 208 V. 60 cy. T ype T PS-28. M!g. 
Hazeltine. 

C-BAND RADAR 
250 KW output. C-band. P PI Indicator. 5C22 thyra­
tron modulator . Antenna hi gain parabolic section. 
I nput 115 volts 60 cycle AC. complete $2 750 . 00 . 

500 KW L BAND RADAR 
500 kw 1220- 1359 msc. 160 nautical mlle search 
range P.P.I . and A scopes. llITI. thyratron mod 5J26 
magnetron. Complete system . 

100 KW X BAND RADAR 
Complete 100 kw ou tput airborne system with AMTI. 
5C22 thyr. mod . 4J52 magnetron. PP! , 360 des az 
sweep, 60 deg. elev. sweep. gyro 11tabtllzer. hl-&alo 
revr . Complete with all plugs and cables. 

M-33 AUTO-TRACK RADAR SYSTEM 
X band with plotting board. Complete 

AN/ GPG-1 SKY­
SWEEP TRACKER 
3 cm. automatic track­
ing radar system. Com­
plete package with in­
dicator system . Full 
target acquisition and 
automatic tracking. I n­
put 115 volts 60 cycle. 
New. Jn stock ror im­
mediate delivery. Entire 
System 6' long. 3 ' 
wide. 10' high. Ideal 
ror Infrared Tracker. 
Drone Tracker , Missile 
Tracker. R. & D . 
500KW S BAND RADAR 
G.E. 

CIRCLE 966 ON READER SERVICE CARD 

FOR SALE: 

ELECTRIC, GAS, and 
VACUUM FURNACES 

~""arming Gas Generators . Nitrogen Generators. Endo­
thermic Generators. Ammonia. Dissocia.tors. Induction 
Heaters. Vacuum Metallizers. Strip Chart Recorders. 
Temperature Cont ro llers. P rogrammers. Mass SI>C<' ­
trometers. Spectrophotomet ers. Hefractometers. Gas 
Purifiers. Electron Tube Ma.nuracturing, Aging, and 
Test ing E quipment. 

INSTRUMENTS & MACHINES INC. 
1200 Grove Street 

201-371-7900 

Irvington, N .J. 

CIRCLE 967 ON READER SERVICE CARD 

World's "BEST BUYS" 
in GOV'T. SURPLUS 

Electronic Equipment 
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TEN YEARS TOO LA TE 
Part TEN in a series on THE STATE OF THE CHOPPER ART 

G4 TRS203 5K 5K 5K 5 K 

The FET amplifier has remarkable low noise performance. Tubes - and transistor junctions - have at 
least one thing in common - the noise power increases as the frequency goes down. This means a lot 
of jitter near DC, making readings at less than 100 nanovolts about impossible, unless the amplifier 
bandwidth is severely restricted. You can read 10 nanovolts with this circuit with wide band response. 

THE VERY REMARKABLE G4 MECHANICAL CHOPPER - BORN 10 YEARS TOO LATE 

I : TRANSFORMERS DON'T SEEM 
TO GET ANY SMALLER 

Boy oh boy. If only we had this thing 10 years ago 
when mechanical choppers were real fashionable . It 
would have made all those nasty competitors look 
sick. (Sigh!) 

We don 't really expect you to care much about a 
mechanical chopper nowadays. Even if the offset is 
below 50 nanovolts, even if it buzzes away docilely at 
most any frequency up to some 1500 cycles . Even 
when it's almost transistor size. (You can get by 
without the input transformer - we're just trying to 
sell you that too. Profit is our motive.) 

Could be, of course, you haven't time to horse around 
- you need something working the first t ime. Or 
you'll sacrifice rel iability - 25,000 hours life is 
good enough. You might like the bifurcated contacts 
isolated completely from contamination . Try one. 
This G4 chopper is practically perfect. 

We maybe ought to ignore the low cost, it not being 
Solid State. The G4 is a lot smaller and lighter than 
a solid state chopper. Honest. Just add up the 
contrivances you need for solid state drive. 

It sure would have been nice 10 years ago. 

A IR PAX ELECT R 0 NI CS incorporated Cambridge Division, Cambridge, Maryland 
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Pulse-train lullaby 

A white-jacketed therapist straps 
a padded electrode band around a 
patient' s head, sets a couple of 
dials and flicks a switch on a small 
control panel. Soon the patient be­
comes drowsy, most often he falls 
asleep. 

The scene has b ecome routine 
in Russian hospitals , where "elec­
trosleep" therapy has been used 
for several years to treat a variety 
of illnesses including high blood 
pressure, insomnia, ulcers, even 
epilepsy [Electronics, May 24, 
1963, p. 20]. ow the technique 
seems on the verge of catching on 
around the world. In the United 
States, Great Britain and in Austria 
sleep-inducing instruments are ei­
ther on the market or close to it. 
And next week, some 300 medical 
researchers from around the world 
will turn up at Graz, Austria, to 
attend the First International Sym­
posium on Electrosleep and Elec­
troanesthesia, wh ich will run from 
September 12 to 17. 

Questions. One question sure to 
keep the doctors awake at Graz is 
what exactly happens to a patient 
when he's subjected to the square­
wave pulses of an electrosleep in­
strument. Despite Russian suc­
cesses with the technique, medical 
researchers still aren't sure what 
causes the feeling of well-being, 
followed by drowsiness and often 
sleep when the pulses are applied. 

One explanation is that the low­
level electric currents paralyze a 
sleep-inhibiting center in the brain. 
Another explanation is that the 
effect comes from an electrical po­
tential set up in the casing of the 
brain. Dr. Sigmund Forster, who 
heads the physical medicine and 
rehabilitation service at a Brook­
lyn, N.Y., hospital, maintains that 
no one has shown that the pulses 
actually pass through the brain. 

Forster is one of the pioneer 

U.S. experimenters in the tech­
nique. It was he whom the U.S . 
government tapped to send to the 
Soviet Union two years ago to look 
into the Ru ssian work in electro­
sleep. Forster was sen t because 
both the Air F orce and the Na­
tional Aeronautics and Space Ad­
ministration wanted to find out if 
a few hours of induced sleep could 
replace eight hours of natural sleep 
fo r bomber pilots and astronauts. 
After Forster's report, governmen t 
officials decided not to fo llow 
through wi th a special program al­
though the possibility still has not 
been ruled out. 

Forster returned from Russia 
convinced that the pulse-therapy 
technique had produced impres­
sive results in trea ting some ills 
but that it did not necessarilv in­
duce sleep. He cu rrently is direct­
ing a clinical experiment aimed at 
getting an idea of how often au to­
suggestion plays a role in the cures 
or improvements in health cred­
ited to pulse-wave therapy. Forster 
also suspects that what appears to 
be induced sleep might actually be 
a hypnotic state brought on by pe­
riodic pulsing. Because the action 
of low-level pulse trains on the 
brain is not yet fully unders tood, 
Forster will plead at next week's 
meeting at Graz that researchers 
in the field shy away from the term 

"electrosleep" and instead use 
something like "cranial application 
of low-level currents." 

Hardware. The worldwide ex­
change of information on experi­
ments and clinical trials at Graz 
should speed the widespread use 
of pulse-tra in therapy in coun tries 
besides Russia. For medical elec­
tronics equipment makers, it could 
turn into an important new market. 
The Russian s now produ ce 5,000 
electrosleep units a year. 

In the United States, the Na­
tional Patent Development Corp. 
has readied, under a license ar­
rangement, a transistorized version 
of the original vacuum-tube Ru s­
sian equipment. The U.S . unit puts 
out pulses 1.8 to 2.0 milliseconds 
long at rates from 27 1/2 to 40 pulses 
a second. Amplitude is 18 to 2-1 
volts and the curren t passed is 1.4 
milliamperes. National Patent has 
under way extensive clinical trials 
of its instrument and expects to 
have it on the market-for profes­
sional use only-early next year. 
The price will be around $300. Na­
tional Patent is keeping the Food 
and Drug Administration informed 
of its plans . FDA a few years ago 
banned a cheap Japanese-made 
unit that was sold "across the 
counter" to all comers . 

In Great Britain, D.R. Garner 
& Co. recently put a sleep-inducing 

Transistorized sleep-inducing unit recently put on the market in Great Britain 
is used in a London hospital to treat insomnia and anxiety states. 
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unit on the market after successful 
clinical trials in a London hospital. 
Physicians use it to treat insomnia, 
anxiety states and other conditions 
in which sleeplessness occurs. 

The patient wears two bands , 
which apply electrodes to the fore­
head and the back of the head just 
above the neck. The square-wave 
pulses fed to the electrodes are 
generated by a transistorized asta­
ble multivibrator. Frequency can 
be adjusted from 7 to 140 pulses 
per second and pulse width from 
1 to 4 milliseconds. Maximum am­
plitude is 27 volts. The Garner unit 
sells in Britain for $340. 

Space team 
Although United States electronics 
companies have cornered substan­
tial markets in Western Europe, 
essentially they've been shut out 
of the space hardware business 
there. 

Determined not to let America 
and the Soviet Union wind up with 
a monopoly in communications 
satellites, European countries have 
made it a policy not to use Ameri­
can hardware in their national 
space programs and in joint efforts . 
They aim to build a purely Euro­
pean space capability and with it 
pick up a piece of the lucrative 
business in communications satel­
lites that's in sight. What's more, 
the European countries fear their 
cultural images would be tarnished 
if the Americans and Russians con­
trolled tv broadcasting by satellite. 

Cashing in. Up against a hope­
less situation in hardware, U.S. 
companies are tapping the market 
as best they can by selling know­
how to Europe. Many companies 
have set up advisory arms-a new 
phenomena-and through them 
worked out consulting agreements 
with European companies bidding 
for hardware contracts. 

Thus, the Hughes Aircraft Co. 
has become an almost constant 
partner of the British Aircraft Corp. 
The TRW Systems Group of TRW, 
Inc. , works with Britain's Hawker 
Siddeley Dynamics Ltd. and with 
France's Engins Matra. The Ball 
Brothers Research Corp. has col­
laborated with Sud-Aviation of 
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France. The Philco Corp., a sub­
sidiary of the Ford Motor Co., 
often advises Nord-Aviation, like 
Sud a French government-control­
led aerospace firm . Because of tie­
ups like these, Yankee advisors 
have a key technical say-so for 
most of the satellite projects of the 
European Space Research Organi­
zation (ESRO). 

Binding. So far, though, there's 
been a costly drawback for Ameri­
can companies looking for profits 
in the space know-how business. 
A group forms around a U.S. con­
sultant to bid on a satellite and 
then usually falls apart if a com­
peting group wins the award. When 
the next project goes up for grabs, 
the expensive effort to put together 
a bidding consortium has to start 
practically from scratch. 

To get around this drawback, 
the General Electric Co. has lined 
up what it hopes will be a durable 
consortium, the European Satellite 
Team. Along with GE's Technical 
Services Co., a subsidiary set up 
to handle overseas sales of know­
how, the team includes Elliott­
Automation Ltd. of Britain, Com­
pagnie Fran9aise Thomson Hous­
ton-Hotchkiss Brandt, Fabbrica 
Italiana Apparecchi Radio (FIAR), 
the Royal etherlands Aircraft 
Factories (Fokker) , and Allrnanna 
Svenska Elektriska AB (ASEA) of 
Sweden. 

The team already has launched 
an effort to capture a big chunk 
of space business . Last month, it 
bid along with four other compet­
ing groups for an $18-million con­
tract to build a pair of 800-pound 
scientific satellites for ESRO. If 
the team gets the job, GE stands 
to collect a $1-million fee for con­
sulting and a part of the hardware 
money as well since it owns 75% 
of FIAR. 

Togetherness. The team also has 
submitted a proposal to the Inter­
national Telecommunications Sat­
ellite Consortium (Intelsat) for a 
development study on a multipur­
pose communications satellite. R.C. 
McBride, who heads Technical 
Services' operation in Paris, says 
the team plans to stay together for 
bids on future ESRO satellites, 
hardware for European Launcher 
Development Organization projects 

and for the first Intelsat satellite. 
Other U.S. companies to date 

haven't followed GE's lead in knit­
ting together durable space-busi­
ness consortiums with European 
hardware producers . Many feel the 
bes t way to pick up know-how fees 
is to form one-shot groups tailored 
for specific projects. But if the 
European Satellite Team wins the 
ESRO contracts for the two 800-
pound scientific satell ites this fall, 
the scramble will be on to put to­
gether long-lasting consortiums. 

Japan 

Characters galore 
In addition to the same sort of 
problems their Occidental count­
erparts run up against, Japanese 
computer makers face a harrowing 
situation when it comes to print­
out-it takes nearly 2,500 different 
characters to get ordinary Japanese 
down on paper. 

So far, Japanese computer mak­
ers have sidestepped the printout 
problem rather than tackle it head 
on. They've limited printout to the 
so-called katakana syllabary, a set 
of 48 phonetic symbols used in 
normal Japanese for emphasis and 
for words taken over from foreign 
languages. Anyone who can read 
Japanese can puzzle out the words 
from the phonetic symbols, so 
katakana works well enough for 
computer-prepared inventories, in­
voices, brief explanations on busi­
ness forms and the like. But in long 
prose passages, katakana becomes 
unintelligible. 

Pointing toward the day when 
widespread use of computers in 
Japan will make easily readable 
printouts necessary, Hitachi Ltd. 
has developed an electrostatic 
printer that can cope with 1,200 
different characters and grind out 
40-character lines at 225 lines per 
minute. The variety of characters 
is sufficient to turn out texts in 
normal Japanese prose, a combina­
tion of kanji-Chinese characters­
and a phonetic syllabary for in­
flection. 

At 150 characters per second, 
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• Hitachi's kanji printer doesn't 
come close to the speed of the fast­
es t katakana printer, which whirls 

"" out nearly 20,000 characters per 
second [Electronics, Dec. 13, 1965, 
p. 239). Still, the Hitachi unit oper­
ates 75 times faster than previous 
kanji printers , the bes t of which 
pokes along at two characters per 
second. What's more, unlike its 
predecessors the Hitachi printer 
can be run directly off a computer. 

- ,, 

.. 

First production models will be on 
the market late this year. 

Kanji store. The 1,200 characters 
that the printer can reproduce are 
stored on a photographic film belt, 
the equivalent of the row of type 
wheels in a mechanical line printer. 
The film belt runs over a bank of 
40 optical fiber tubes, each illumi­
nated by a xenon lamp. Control 
circuits in the printer flash the 
lamps to match the input from a 
computer or a paper tape reader. 

As the lamps flash , the optical 
fiber tubes project the 40 charac­
ters for each line onto coated paper 
that can hold an electrostatic 
charge. The paper first passes a 
plate that charges it. Then it is dis­
charged line-by-line- except where 
characters are flashed onto it-as 
it passes by an exposure plate. Con­
tinuing its pass through the printer, 
the paper picks up a charged toner 
where light has hit it. The toner 
is developed to form legible char­
acters by xerographic techniques. 

Typhoon chaser 
Getting warnings out to the public 

.., well before hurricanes hit is no 
,, longer much of a problem for the 

United States W eather Bureau. It 
~ has a battery of weather satellites 

and far-ranging military pa trol 
planes at its disposal to track hur­

_,., ricanes from Amy to Zelda. 
For its typhoon warning system, 

., though, the Japan Meteorological 
( ... Agency can't afford a panoply of 

satellites and aircraft. Fuel bills for 
.J the planes alone would be more 

than the agency's en tire operating 
budget. So the agency has put 
a typhoon-chasing weather-radar 
ship to sea. 

• 

The ship will back up the exist­
ing-but sometimes inadequate-
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network of weather-radar stations 
strung out along the Japanese 
coas t, including one atop Mt. Fuji. 
In recent years, the agency has 
been caught short several times by 
typhoons that have veered out to 
sea beyond the range of the net­
work and then changed course to 
batter the coast with little warning. 

Defiant. The Japanese christened 
their 2,000-ton weather ship the 
Ryofu Maru , which translates into 
"wind-defying ship." The ship her­
self and the 16-foot-diameter ra­
dome amidships were designed to 
withstand winds up to 133 miles an 
hour. All the same, the agency 
doesn't plan to send the vessel 
right into the eye of a typhoon. 
She can stand off and track storms 
up to 250 miles away with her 
radar, which puts out 300 kilo­
watts of peak power at a frequency 
of 5,300 megahertz. The resolution 
in range is better than 600 feet, in 
azimuth better than 3 °. 

Circuit design of the Ryofu 
Maru's radar is similar to that of 
other high-power radars but the 
8.2-foot-diameter dish antenna is 
far and away the larges t yet built 
in Japan with a stabilized platform. 
The stabilization system can cope 
with roll up to 30° on either side 
and pitch of 10° up or down. Along 
with the mechanical antenna plat­
form stabilization, there are elec­
tronic circuits that keep the radar 
display oriented "North up." 

In addition to the $180,000 
weather-radar system, which was 
built by Tokyo Shibaura El ectric 
Co. (Toshiba), the Ryofu Marn has 
been outfitted with an extensive kit 
of oceanographic gear so she won't 
be idle between typhoon seasons. 

Great Britain 

Heads up 
Prime Minister Harold Wilson's de­
cision las t spring to buy 50 F-111 
intercontinental fighter bombers 
from the United States provoked 
dismay in the British airframe in­
dustry, but electronics manufac­
turers reckoned the overseas plane 
buy might turn out to be a good 
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Ryofu Maru's radar can track 
typhoons up to 250 miles away. 

thing for them in the long run. 
To clinch the deal, the Pentagon 

agreed to buy enough British de­
fense gear to offset the cost of the 
planes-some $300 million. For this 
business, the usual 50% "buy 
American" price differential doesn't 
apply and British suppliers bid on 
the same footing as U.S. suppliers. 
The British electronics industry has 
long maintained it could compete 
in the U.S. military market if it 
weren't for "buy American" pro­
tection. 

Now it looks as if the British 
electronics industry had the situa­
tion sized up right. Last month, 
Elliott-Automation Ltd. picked up 
a $600,000 initial contract to de­
velop the "head-up" system and 
a digital computer for the U.S. 
Navy's Integrated Light Attack Avi­
onics System (Ilaas ). 

The award came officially from 
the Sperry Gyroscope division of 
the Sperry Rand Corp., prime con­
tractor for Ilaas. The Navy has ear­
marked $23.9 million to develop 
and tes t four Ilaas prototypes for 
the A-7 Corsair-2 carrier aircraft. 
Sperry Gyroscope itself was the 
other main contender for the 
head-up part of the sys tem, but 
Elliott got the nod from the Navy . 
Said Commander H. Pasley-Tyler, 
who directed Elliott's negotiations 
with the Navy, "This shows we can 
compete on equal terms, and we're 
jolly proud of it. " 

In view. The Ilaas head-up dis­
play allows pilots to see both in­
strument information and the out­
side world at the same time. The 
instrument information is projected 
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from a cathode-ray tube onto a 
viewer in the pilot's line of sight. 
All the pilot has to do to stay on 
course, for example, is keep a dot 
projected onto the viewer in the 
center of a circle. One feature of 
Elliott's display is a ceramic cath­
ode-ray tube, with the electrode 
struchue deposited directly on the 
ceramic, much as in printed cir­
cuits . Elliott head-up displays using 
the special tube already are stand­
ard equipment in some British mili­
tary attack and transport planes. 

Another kingpin element in the 
Ilaas hardware Elliott will develop 
is a digital computer that weighs 
only 90 pounds, including the inter­
face and power supply. The stand­
ard model of this computer, which 
translates flight information so that 
it can be displayed as a dot on a 
viewer, has a memory with a ca­
pacity of 12,000 words. Elliott will 
expand the memory for Ilaas. 

More to come? For Elliott-Auto­
mation , the $600,000 development 
contract may be just the beginning. 
If the Navy decides to put Ilaas 
into production, Elliott almost cer­
tainly stands to get a production 
contract worth several million dol­
lars . And Pasley-Tyler says that 
Elliott is negotiating with U.S. of­
ficials for a contract of "quasi-mili­
tary" nature, but won't let on ex­
actly what Elliott is trying to sell. 

Red China 

No threat yet 
F or electronics companies eyeing 
markets in Southeast Asia, one big 
ques tion is when will the People's 
Republic of China start looking 
seriously for customers on the other 
side of the Great Wall. 

The answer, apparently, is not 
soon. Judging by the Chinese Ma­
chinery and Electronics Exhibition 
mounted a fortnight ago by 14 
Hong Kong companies that handle 
Red Chinese goods, the People's 
Republic still has little to offer to 
neighboring countries. 

To be sure, the emphasis at the 
exhibition was on heavy machinery 
-textile and printing equipment 

200 

along with a variety of high-pre­
cision machine tools , all rated as 
well-made by vVestern observers. 
But the Reds also showed what 
electronics gear they have to sell 
now in export markets. 

Little. It isn't much-a few meas­
uring instruments and some vac­
mun-tube radios. The instruments 
included a signal generator, an 
oscilloscope, a low-frequency an­
alyzer, a voltmeter, and a pH meter. 
F ew were transistorized and none 
could handle high frequencies. The 
electronic computers over which 
the Red Chinese have made much 
ado were conspicuously absent. 

As for radios , only vacuum-tube 
sets were shown. Some had as 
many as five medium- and short­
wave bands, but none had fre­
quency modulation. Although it's 
known the Red Chinese produce 
transistor sets, apparently they 
can't spare any now for export 
markets. With nothing but line-op­
erated sets to sell, they won't stack 
up as serious competitors in con­
sumer markets for a long time. 

Along with instruments and ra­
dios , the Hong Kong fair also 
brought forth a display of com­
ponents that include variable con­
densers , fixed capacitors, resistors, 
ferrite antennas , transformers , 
loudspeakers and microphones. But 
there was no miniaturization, a 
drawback in Asian markets where 
the transistor radio is king. 

Profile. It's a reasonably safe bet 
that the Hong Kong exhibition mir­
rors the makeup of the Red Chi­
nese electronics industry. The main 
effort, then, seems directed toward 
manufacture of instruments for in­
dus trial and scientific uses . In con­
sumer electronics, the emphasis is 
on radios , presumably to keep the 
population well primed with propa­
ganda. 'Ves tern observers es timate 
that in 1965 there were some 6.3-
rnillion radio receivers and com­
munal radio relay loudspeakers in 
use in the People's Republic, but 
only 100,000 tv receivers . 

The Hong Kong show made it 
clear that Red China still is a sleep­
ing giant as far as electronics ex­
ports go. But a long-range threat 
lurks. Although the range of items 
was limited, prices quoted at the 
show were highly competitive. 

• 
Around the world 

India. Practically all the instru­
mentation for India's massive long- ,_ 
range nuclear power program will f ... 
be produced domestically. By 1970, 
the Indians plan to be building -r 
one nuclear reactor a year and each 
will require some $1.3 million worth 
of electronic monitoring and con- • 
trol gear. To handle the job, the 
government plans to transform the 
electronics production division of .. 
the Indian Atomic Energy Dept. 
into a commercial corporation. 

South Korea. With the labor mar­
ket in Hong Kong beginning to !­

tighten up, United States semicon­
ductor manufacturers are turning 
to South Korea. The fir st U.S. com­
pany to go into semiconductor pro- ._ 
duction there will be the Fairchild 
Camera & Instrument Corp., which 
recently received government ap­
proval to build a plant. Signetics 
Corp., a subsidiary of the Corning 
Glass Works , also plans a South 
Korean semiconductor plant. 

Western Europe. Two NATO 
countries are buying low light-level 
television cameras from the Ad­
miral Corp. in Chicago to install 
aboard avy ships to augment ra­
dar. The tv will take over the job 
of tracking low-flying aircraft when 
clutter from the sea's surface ob- -
scures the target on radar. 

Thailand. The Thai police de- -
partment is evaluating bids for a ,,,. _ 
$5-million "hot line" telephone sys­
tem to link Bangkok with 107 towns 
in the northeastern provinces where 
Communist activity is rife. The 
trunk line will be paralleled by ~ 
microwave links to keep the sys­
tem operating should the Com- " 
munist insurgents cut the cable. 
Six countries are competing for the 
contract. 

Japan. The Nippon Electric Co. 
has started taking orders for the 
first small Japanese computer with .. 
integrated circuits . EC calls the 
computer the NEAC Series 2200 ~ 
Model 50, says it bridges the gap 
between the low end of the line of ~ 
computers it builds under license ' 
from Honeywell Inc. and its small 
parametron computer [Electronics, 
Sept. 6, 1965, p. 155]. 
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Over 1300 Exhibitors are expected (400 

French and 900 Foreign from more than 

10 countries) 

Show space will be 430,000 sq ft . 

MESUCORA will be the only European 

Measurement and Automation Exhibition 

in 1967-featuring: 

• probes and measuring instruments 

• test and analysis appliances 

• measurement data processing 

• control, automation and regulation 
equipment 

• applications of automatic control. 
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