
FOR ENGINEERS AND ENGINEERING MANAGERS 

Freedom of speech and action 
will help aquanauts to extract 
the riches of the ocean. New 
electronics makes it possible. 
Undistorted voice transmission, 
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telemetry for monitoring health 
and safety, and homing schemes 
for spatial orientation-all will 
aid in man's ventures into the 
wet, dark, hostile deep (p. 25). 



ARE YOU SURE YOUR MICROWAVE SIGNAL 

IS WHAT YOU THINK IT IS? 

WAVE SHAPE, DISTORTION, AMPLITUDE, FREQUENCY, NOISE 

... WITH hp 140 12.4 GHz SAMPLING SYSTEM 

Guesswork stops when you use an hp 12.4 GHz Sam ­
pling System to SEE your waveforms through X-band! 
Now you can truly SEE your microwave signals in one 
complete picture! 

140A Oscilloscope,$6245; with hp 141A Variable Per­
sistence and Storage Oscilloscope, $7045. 

When making measurements of your microwave sig ­
nals, your voltmeter may be indicating the average 
amplitude, your counter could show fundamental fre ­
quency, your power meter would indicate average power 
-and they'd all be right. But ... each instrument would 
be giving you only a part of the picture! 

With the hp sampling system, you can see excessive 
harmonic distortion . You can check the frequency of 
your waveform. You can see the noise in your circuit. 
Without extrapolation - without guesswork - you know 
what your design is doing. 

For the full story on how the hp 12.4 GHz Sampling 
System can take the guesswork out of your design, con· 
tact your nearest hp field engineer. He can show you 
why Hewlett-Packard is first in sampling oscilloscopes : 
First with 12.4 GHz sampling, first with sampling TDR 
(now 40 ps), first with 28 ps rise time sampling, first 
with high impedance (100 kn) sampling input, first with 
sampling delayed sweep generator, first with conven­
ient variable persistence and storage in a sampling 
system-Fl RST IN SAMPLING! Or, write to Hewlett­
Packard, Palo Alto, California 94304. In Europe: 54 
Route des Acacias, Geneva. 

Price of the hp 12.4 GHz Sampling System with hp 

12.4 GHz Sampling • 40 or 150 ps TOR • 20 MHz 
Wideband • High-sensitivity, no drift • Variable Per· 
sistence and Storage 

HEWLETTi;f; PACKARD 

OSCILLOSCOPE SYSTEMS 
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1309-A ... $325• 

• 10 Hz to 100 kHz, 
sine or square waves 
• Distortion < 0.05% 

• Output flat ± 2% 
over entire range; 

5-Vopen-circuit output 
• 60-dB attenuator (20 dB /s tep) 

1311-A ... $260• 

• 50 Hz to 10 kHz in 
11 fixed steps 

• Distortion < 0.5% 
• 100-V open-circuit 

output, 4 A short circuit 

1310-A . .. $325• 
• 2Hz to2 MHz 

• Distortion < 0.25% (even with 
outpul shorted) 

• 20· V open-circuit output 

1313-A ... $325* 

• 10 Hz to 50 kHz in one range 
• sine or square wave 

• Distortion < 0.5% 
• Output flat to± 2% over 

entire range; 5-V open. 
circuit output. 

• 60-dB attenuator (20 dB /step) 

*Prices apply only in U.S.A. 

These oscillators 
function as 

high-Q filters 
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While oscillating, three of them can 
function as tunable narrow-band filters 
... hence they can be used at a variety of 
frequencies to reduce fm and jitte r. 

They can also serve as frequency-se lec­
tive amplifiers with a vo ltage gain of 
greater than 100 and with effective rejec­
tion of noise and harmonics. 

They can be locked to a frequency 
standard for use as high-stability signal 
sources at test stations. Or, they can be 
used as frequency multipliers because 
they can be locked onto a harmonic as 
easily as they can be locked to a funda­
mental. They can also furnish sync signals 
to other instruments. 

0.2 0.5 U7 1.0 2.0 
RELATIVE FREQUENCY 

(
INPUT FREQUENCY) 

DIAL FREQUENCY 

5.0 7.0 10.0 

How can an oscillator do all this? No big 
secret ... these RC oscillators 3.re al l 
equipped with a handy "synchronizing 
jack" ... another GR first in oscillator 
design. Put a signal in (1 volt will do) and 
out comes the same frequency all cleaned 
up and amplified; or take out the sync 
signal and use it to trigger a counter or a 
scope or even another GR RC oscillator. 

Oneotherthing -they' regreatwhen used 
as just oscillators. 

GENERAL RADIO 
W. Concord, Massachusetts 01781 
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Good things do 
come in small 
packages! 
ALL THE FEATURES 
FOUND IN 
LARGER SIZE 

ACTUAL 
SIZE 

SWITCHES ... except the larger size 

1/2" ROTARY SWITCHES 
INDUSTRY'S MOST COMPLETE SELECTION 
Up to 12 positions per deck SHORTING OR NON­
SHORTI NG I Up to 6 poles per deck I Shorting 
and NON-SHORTING poles can be grouped in any 
combination on one deck / Individual deck parts 
self-contained and permanently molded into place I 
Extremely low and uniform contact resistance (.004 
n average) I Life expectancy 200,000 mechanical 
operations minimum / "Off-The-Shelf" Delivery 

I 

ELECTR CS. INC~ 
General Sales Office 
700 So. 21st Street 
Irvington, New Jersey 071 1 1 
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Back up data on the 
smallest, fastest military memory weighs 

more than the 
smallest, fastest military memory. 

Which is just about 
as thorough a study as 

you' ll ever come across 
for any memory system 

- let alone a high environ-
mental one. So there's really 

nothing more to be added 
here other than to say our 

SEMS 5 tips in at 7 lbs., has a 
2 µ,sec. cycle time, stores 4096 

words of 32 b its, and meets all 
applicable portions of MIL-E-5400, 

MIL-E-4158, MIL-E-16,400. 
For add itional technical informa­

tion, call or drop us a note. Ask for 
Litpak 101, our 8-page SEMS 5 brochure. 

electronic memories 
12621 Chadron Avenue, Hawthorne, California 90250 

Phone: (213) 772-5201, 
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The great 
LSI race. 

While the rest of the semiconductor 
industry tried to squeeze enough !Cs on 
a chip to get into the MSI/LSI busi­
ness, Fairchild turned systems inside 
out. We were looking for an intelligent 
alternative to component mentality. 
Our investigation led to a whole new set 
of design criteria for medium and 
large scale integration devices. 

A computer isn't a computer. 
It's a digital logic system. It has the same functional 
needs as any other digital system: control, memory, 

input/output and arithmetic. There's no logical 
reason to custom design a complex circuit for each 

system. That's why Fairchild MSls and LSls are 

designed to function ----{7/;frfi?m~'.1----
as fundamental I · • 1 .... If" I 
building blocks in ,_A ~ri 
any digital log.ic {~ : . 1 3 
system. Even 1f .~ ~ 
it's a computer. · 

A little complexity goes a long way. 
Anybody can package a potpourri of circuitry and 

call it MSI or LSI. But, that's not the problem. Why 
multiply components, when you should divide the 

system? Like we did. We found that sub-systems 
have a common tendency toward functional overlap. 
There are too many devices performing similar 
functions. More stumbling blocks than building 

blocks. Our remedy is a family of MSls and LSls with 
multiple applications. The Fairchild 9300 universal 

register, for example, can also function as a modulo 
counter, shift register, binary to BCD shift converter, 
up/down counter, serial to parallel (and parallel to 
serial) converter, and a half-dozen other devices. 

Watch out for that first step. 
There are all kinds of complex circuits. Some of them 
have a lot of headache potential. Especially if you 
want to interface them with next year's MSls and 

LSls. We decided to eliminate the problem before it 
got into your system. All Fairchild building blocks 

share the same compatible design characteristics. 

ELECTRON IC D ES IGN 4, February 15. 1968 



We're also making the interface devices that tie them 

together. For example, our 9301 one-of-ten decoder 
can be used as an input/output between our universal 

tegister, dual full adder 
and memory cell. 

(It could also get a 
job as an expandable 
digital demultiplexer, 

minterm generator 

or BCD decoder.) 

Hurry. Before the price goes down. 
Gate for gate, today's complex circuits are about the 

same price as discrete ICs. But, by the time you're 
ready to order production quantities, the price should 

be a lot lower. At least ours will. The reason is 

simple: Fairchild devices are extremely versatile. 

There are fewer of them. But, they do more jobs. 

That means we'll be producing large quantities of 

each device. That also means low unit cost to you. 

And you'll have fewer devices to inventory. 

And fewer to assemble. 

ELECTRON IC D ESIGN 4, February 15, 1968 

If you agree with our approach to medium and large 
scale integration, we'd like to tell you more about it. 
There are two ways you can get additional infor­

mation. One is by mail. Simply write us on your 
company letterhead. You can also get more data by 

watching the trade press. Fairchild is introducing a 
new integrated circuit each week for 52 weeks. 

(We started on October 9, 1967.) 
Many of them 

will be MSI and LSI. 
If you'd like to 

see the last few 

we've introduced, 
turn the page. 

FAIRCHILD SEMICONDUCTOR 
A Division of Fairchild Camera and Instrument Corporation 

313 Fairchild Drive, Mountain View, California 94040 

(415) 962-5011 , TWX : 910-379-6435 
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RECAP: 
3102 
MOS THREE­
INPUT GATE 

--···~ .. -13 -·---....-~---u-fNoio- • 

·-- ·-··-----~ N•------··-· --
CIRCLE READER SERVICE NUMBER 113 

3303 
DUAL25-BIT 
DYNAMIC 
SHIH REGISTER 

--.. ···-15 ...------.-----u-T1'illt- • 

TNDllOOo-ol-•'·--
__ _.....,.. ____ ..,._. 

~E:..ifil~ 
""---..~ ..... _ .. ___ ... _ 
-----M·C•+•-C.•--o11-
C~l --io~---.. 1111. 

-..:=-::.~ .. ~=-;.~.:::= ____ ....., _____ ... 

·--.. -··----- r.m; N•------··-.. --
CIRCLE READER SERVICE NUMBER 115 

3700 
FOUR-CHANNEL 
MUlTIPLEX 
SWITCH 

--···· .. -14 -.:::.:..":.= TMt•- • 

·-·-·-··-----~ ... ------··-· --
CIRCLE READER SERVICE NUMBER 114 

9307 
BCD TO 
SEVEN-SEGMENT 
DECODER 

--···· .. -18 -·-·--.-----u-"""·- . 

·--.. -··-----~ ~·------··-.. ---
CIRCLE READER SERVICE NUMBER 116 
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Fairchild is introducing a new in­
tegrated circuit every week. The 
last two months look like this . 

9620 
DUAL DIFHRENTIAL 
UNE RECEIVER 

FAIRCHILC 

SEMICONDUCTOR 

·-·--"-··----- ::=.::: ... _________ .. __ 
CIRCLE READER SERVICE NUMB ER 117 

3300 . 
25-BITMOS 
STATIC SHIFT 
REGlmR 

--"·"-19. - ... - ......... -..... _.._ ... u_ -·-,,..DXl .. .,......,uoe_ .. .,.. __ _ 
-····••!Tllot .......... _ ... ,101 ... -_....,_,,,or........,_.3l'Oll ___ _ 
pit>------~-.,._- ......... 

The:IJOOiloo-IC""'<liftll"'°""'~·.­__ MOIS_.....,.Mll ......... •M-lo<dlg<lol ___ "°"ll _ __,_..,.,,,,_ .,._ __ "·-~..::= 
n,.---lnoTMcan _____ N 

---··---ll'C1D•lll'C1-0to ....__, ..... .., ..... _ ....... __ _ 
----·~-,,.. ..... ...-.~ !llllllUVT!w ........... - ........... "' • ......_ ... .---n..- .. -·---~ --...... -... --f­____ "'_..__ ........... _ .... --------··-

--·-·-----~ ~·------··-· ---
CIRCLE READER SERV ICE NUMBER 119 
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9821 
DUALUNE 
DRIVER 

-~-"·"·-18. _ID_•_IM09<_ 
""°"'-"-""u-. -·-

·-·--·-··----- t:::l!!'! ~·--------· ---
CIRCLE RE ADER SERVICE N UMB ER 118 

9110 HIGH _ 
LEVEL LOGIC 
HEX INVERTER 

...... , ..... __ "' __ ...,_ 
-'1''-•--c-.DC __ .,, u--··c--·--l•...,._ pool-.olHll ____ :!ll_...,.._ 
~a-:.=:;,~o"::."'.::"C:.:= 
Tlwtl•O-Oll ... ~Dll. __ ....,. -" ...... - ............. - ....... ~ ""--•--.... ....... _ .... _ ... __ 
"""'-"""......,._, ___ 1111-

... -~ ... .....---~---•~u1o1!-.TI>ol110 ___ .,. 

-·:=~"'..ao,:::::,.-:-..:.:;.;::.::;. 

---Ir:_"'==-~-=:.===-= 

"-·- ·-··--·--- :.Aoi§Mo~~ ···----·--··-• ••-• 
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Two new additions 
to the BURR-BROWN family 
of solid-state MULTIPLIERS* 

MODEL 4029/25 

New $195t Multiplier makes hundreds of applications more economical. 

This new, low-priced, encapsulated Burr­
Brown quarter-square multiplier is a pre­
cision analog function module capable 
of performing accurate four-quadrant 
multiplication, two quadrant division as 
well as square and square root functions. 
Accuracy is ± 0.5% max. Bandwidth at 
1% abs. error is 5kHz. Rated input: 
± lOV. Rated output: ± lOV, ± 5mA. 
Module size: 2.4" x 1.8" x .60". 

t$195.00 in 100 quantity ($260.00 unit price) makes use of pre-engineered 
Burr-Brown modules even more attractive. 

Use this publication's reader service card for your copy of new application-oriented 
product bulletin. For immediate applications assistance, phone (602) 294-1431, and 
ask to talk to your Burr-Brown Applications Engineer. 

MODEL 4012/25 

New encapsulated quarter-square multiplier-divider packs high performance in small package. 

The 4012/25 is a high-speed, fully en· 
capsulated quarter-square multiplier 
containing three wide-band operational 
amplifiers and two precision diode 
squaring circuits. It performs precision 
four-quadrant multiplication and two­
quadrant division as well as square and 
square root functions. Accuracy is 
± 0.25% max. Bandwidth at 1 % abs. 
error is 40 kHz. Rated input is ± lOV. 

Rated output:± lOV at 10 mA. Module size: 2.4" x 1.8" x .60". Also avail· 
able in rack-mount package. Unit price: $495.00 ($375.00 in 100 quantity). 

Use this publication's reader service card for your copy of new application-oriented 
product bulletin. For immediate applications assistance, phone (602) 294-1431, and 
ask to talk to your Burr-Brown Applications Engineer. 

*Use 'em like building blocks to save time and money 
in systems requiring dynamic gain control, trigonometric 
computation, power measurement, correlation 
computation, RMS measurement, linear modulation 
and many other system functions. 

BURR-BROWN BB 
Operational Amplifiers 
Instrumentation Amplifiers 
Function Modules 

RESEARCH CORPORATION Active Filters 

International Airport Industrial Park• Tucson, Arizona 85706 

TELEPHONE: 602-294-1431 •TWX: 910-952-1111 •CABLE : BBRCORP 

Analog Simulators 
Geophysical Instruments 

ENGINEERING REPRESENTATIVES: AUBAMA, HUNTSVILLE (205) 534·1648 I ARIZONA, PHOENIX 
(602) 254·6085 I CALIF., LOS ANGELES (213) 665·5181, SAN FRANCISCO (408) 244-1505 I 
COLO., DENVER (303) 388-4391 I CONN., EAST HARTFORD (203) 874-9222 I D.C., WASHINGTON 
(SEE MARYLAND) I FLORIDA, ORLANDO (305) 425·2764 I ILLINOIS, CHICAGO (312) 286-6824 I 
LA., NEW ORLEANS (504) 888·2266 I MD., SILVER SPRING (301) 588-8134 I MASS., BOSTON 
(617) 245-4870 I MICH., OETROIT (313) 358·3333 I MINN., MINNEAPOLIS (612) 781-1611 I MO., 
ST. LOUIS (314) 524-4800 I N.C., GREENSBORO (919) 273-1918 I N.J., CAMDEN (215) 925-8711 
/ N.M., ALBUQUERQUE (505) 255-1638 I N.Y., ALBANY (518) 436-9649, BINGHAMTON (607) 

INFORMATION RETRIEVAL NUMBER 191 FOR MODEL 4029 
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723·9661, MT. VERNON (914) 968·2200, NEW HARTFORD (315) 732·3775, ROCHESTER ((716) 
473-2115 I OHIO, CINCINNATI (513) 761-5432, CLEVELAND (216) 237·9145, DAYTON (513) 
277-8911 I PENN •• PHILADELPHIA (SEE CAMDEN, N.J .). PITTSBURGH (412) 243-6655 I TEXAS, 
DALLAS (214) 357-6451, HOUSTON (713) 774-2568 I UTAH, SALT LAKE CITY (801) 466-8709 I 
VIRCINIA, (SEE MARYLAND) I WASH., SEATTLE (206) 767-4260 I CANADA, DOWNSVIEW, ONT., 
(416) 636-4910 - MONTREAL, QUE., (514) 739-6776 - OTTAWA, ONT., (613) 725-1288 -
VANCOUVER, B.C., (604) 298·6242 

INFORMATION RETRIEVAL NUMBER 192 FOR MODEL 4012 

ELECTRONIC DESIGN 4, February 15, 1968 



Announcing 
AE's Class H relay. It's compact, 

versatile, low in cost. 

The Class H relay is small in size-just about a 
1.3 inch cube. It's a versatile "telephone-type" 
component that offers better than average qual­
ity at a low price. 

You can use the Class H to reduce the physi­
cal dimensions and decrease the cost of your 
products. It's well suited for business machines, 
vending machines, communication equipment, 
computer peripheral equipment, aircraft and 
missile simulators. These applications take ad­
vantage of its small size, versatility of mounting, 
and large switching capacity (maximum of 6 
form C or 4 C and 2 D contacts). 

The Class H can be direct-mounted or socket­
mounted to a PC card. Or 
it can be socketed into a 
panel. It also has a socket 
that mounts on a rack. 

The Class H is made as a 
regular quick-acting relay 
(SeriesHQA). It's also avail­
able as a short or long pulse 

cun" Mun 
t.wOD1t.HIDnpKtOOo ..... ...._"" 

"latching relay." In this ver- ::=.::::".:.:·--~···--····-

sion (Series HRM) it uses remanent magnetism­
or controlled residual magnetism of the coil core 
- as its latching medium. 

This little relay's rugged construction protects 
it from ordinary shock and vibration. Mechanical 
life expectancy exceeds 100 million operations. 
Molded pileup insulators provide high dielectric 
strength and dimensional stability. Contact ac­
tuation is by a lift-off card method-which elimi­
nates the problem of contact sticking. 

A clear heavy-duty plastic cover provides pro­
tection from contamination and abuse. Once this 
cover is snapped into place, it's not readily re­
moved. This discourages tampering. 

Want helpful, detailed specification and 
application data? Send for Circular No. llOO. 
Just write to the Director, Relay Control Equip­
ment Sales, Automatic Electric, Northlake, 
Illinois 60164. 

AUTOMATIC ELECTRIC 
SUBSIDIARY OF GENERAL TELEPHONE & ELECTRONICS 

INFORMATION RETRIEVAL NUMBER 6 
ELECTRON IC D ESIGN 4, Febru ary 15. I 968 11 



NEW Hi-G REED RELAY FEATURES SIMPLIFY 
YOUR DESIGN PROBLEMS 

has printed circuit board mounting 

on 1 inch x .100 inch centers . 

. . . or, when we slide a plate into our bobbin mold, 

circuit board mounting pins on 1 inch x fl8 __ 
.150 inch centers and is called Series 3600... r- · 

Both versions use our new 

assembly without requiring 

strip and its extra welds ... 

But, when you need a relay that plugs in and out without fuss, or just want 

an independent source for Berg Pin mounted relays, we add 

adapter blocks ... and fill all your needs from stock! 

Either way you get a big bore bobbin that holds even the largest "miniature" 

reeds without sacrificing its low profile, and unique fully 

recessed coil terminals that eliminate exposed 

intermediate coil leads. magnet wire and 

Hi 
Ci 
IN C ORPORATED 

12 

Call , write or check the reader service card for your copy of Hi-G product 
bulletin # 160. If you need application engineering assistance, an experi · 
enced Hi-G representative awaits your call. Telephone: 203-623-2481. 

SPRING STREET & ROUTE 75 I WINDSOR LOCKS , CONNECTICUT 06096 

INFORMATION RETRIEVAL NUMBER 7 
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That's our Molex Mini­
Connector. It's doing big 
things. Like saving assem­

. bly steps. And time. And 
money. Getting wiring in 

place with greater production 
efficiency and operational integ­
rity than you might think possi­
ble. Our business is creating these 
mini-devices to meet your system 
requirements. We take it seriously. 

And have the facilities, design capa­
bilities, know-how and everything it takes to 

produce economical connections ••• fast! 
If you would like a free sam~le of our Mini­

Connector, please write. If you would 
like a sample of performance, you 

can make connections by 
calling (312) 969-4550 

~ 
mo lex 
'-..../ 

PRODUCTS COMPANY 
DOWNERS GROVE, ILL. 
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How to keep relay contact forces balanced at 30 G's. 

Picking a relay for an extreme 
shock/vibration environment is a 
tough problem for many a circuit 
designer. Few relays are designed 
to meet the problem head on. 
There is now one notable exception 
-a 4PDT, 10 ampere relay in a one­
inch cube. 
Using a new design principle­
balanced-force - this relay 
withstands severe shock, 
vibration or acceleration while 
maintaining high contact and 
overload capabilities. It will take 
more than 30 G's to 3000 Hz 
vibration, a shock of 100 G's and 
has a minimum life of 100,000 
cycles. This one-inch cube is all 
welded, weighs 2.5 ounces, and 
is rated at 2.9 watts coil power. 

EFFICIENT MAGNETIC CIRCUIT 

In the conventional relay motor, 
forces for open and closed 
contacts are unequal. Energized 
coil power causes the armature to 
close the normally open contacts. 
But, when the coil power is 
removed and the contacts return 
to the normally closed position, 
only the spring forces of the 
contacts and the return spring 
provide the force. These combined 
spring forces are usually low, 
allowing the contacts to bounce. 
In addition, the low spring force 
aliows the armature to rebound 
off the armature stop, again 
knocking the contacts open -
sometimes, for as long as several 
milliseconds after they have 
initially closed. 
Force-Stroke Curve of Typical Relay 

and Balanced-Force Relay. 

c -r- T 1 T T )' 

/ 

AAMATUA ET AA\I El 
.._ CLOSED AAM.-.TUAI! OPEN ARMATURE • 

Curve CA - Balanced-Force Relay 
normally closed contacts. 
Curve A C - Balanced-Force Relay 

An obvious 
method of 
getting rid 
of a bounce 
condition 
is to 
balance 
the arma­
ture forces 
exactly. 
This is 
achieved normally open contacts. 

Curve OEFGH - Typical Relay. 
in the 

Leach Balanced Force Relay by 
use of an extremely efficient 
magnetic design. It has to be to 

keep the forces balanced while 
ignoring 30 G's. 
Basically it is a controlled 
application of magnet and coil 
flux. In the de-energized position, 
a permanent magnet flux flows 
between the armature and the tip 
of the adjacent pole piece, 
resulting in a high holding force. 
The motor is, therefore, 
relatively immune to shock and 
vibration. When coil power is 
applied, the flux from the 
permanent magnet is nullified by 
the coil flux flowing in an 
opposite direction. The armature 
closes with a rapid build-up of 
magnetic force driving it against 
the contact overtravel forces and 
into a sealed position. 

When coil 
"-1---i.~i.--*--+-i" power is 

removed 
and the 
armature 
returns, 

Balanced-Force Motor De-Energized the 

restoring force of the permanent 
magnet builds up quickly. The 
armature is then driven against 
the overtravel forces of the 
normally closed contacts and into 
its de-energized sealed position. 
With this type of force­
displacement, the armature isn't 
about to rebound. 

New Leach Model k employs 
balanced-force concept 

BUFFERED CONTACTS 

The moving contacts are mounted 
to an armature, which is held 
firmly at the end of each stroke by 
high magnetic forces. Since the 
armature can 't move during shock 
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or vibration, undesirable contact 
opening is eliminated. 

Reinforcing 
the moving 

ffe"'~F~, ~C~CT CllAA I EA contact is 
EO.-c -

1 a buffer 

'- "'"" strip which 
Moving Contact System aSSU mes a 

variety of chores. It has a bow in 
the center to act as a spring load 
while serving as a rivet plate. It 
works as a heat sink. It will break 
the contact strip free from a weld 
if one occurs because of excessive 
overload. It makes contact with 
the moving blade which results in 
excellent low contact drop. It 
serves as an electrical contact 
between the moving blade system 
and the header. And, as the name 
implies, it buffers the contact 
blade against extreme shocks 
and vibrations. 

WELDED ASSEMBLY 

In assembling the relay all detail 
parts are welded. No part is solder 
assembled. There is no possibility 
of contamination from solder flux. 
The unit is then pressed into a 
can and electron-beam sealed, 
leaving only an evacuation hole. 
After a high temperature bake, 
the relay is filled with a dried inert 
gas, and the hole is welded shut. 
Here, ready for shipment, is a 
relay with a magnetic circuit 
designed so the force without 
coil power applied is equal to the 
force with coil power applied, but 
in exactly the opposite direction. 
And you can rest assured those 
forces stay balanced no matter 
how you shake them. 

Complete Motor and Contact Assembly 
Write for 
your copy 

-=-'----r _,_-..,,,~ ~~ ''T-omorrow' s 
Relay 

National Relay Conference. Leach 
Corporation, Relay Division, 5915 
Avalon Boulevard, Los Angeles, 

LEACH California 90003 
(213) 232-8221. 
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This 
new type 

AC regulator 
• 
IS 

all solid-state 

INFORMATION RETRIEVAL NUMBER 10 
ELECTRONIC D ESIGN 4, February J 5, J 968 

• Sinusoidal output 
• Precision RMS regulation 
• Compact, modular design 
• Minimum magnetic field or RFI 
• Wide input range 47-440 cps 
• Fast response characteristics 
• Negligible no-load power 
• Wide load power factor range 
• High-surge power capability 
• Remote sensing 
• Remote voltage control 
• Overload and short-circuit protected 
• Automatic reset 
• Wide operating temperature range 
• 71 °C Free air rating 
• Low temperature coefficient 
• Fully repairable 

STANDARD MODELS 
Model 

RT 250 
RT 500 
RT 1000 

Rating 

250VA 
500VA 

1000 VA 

Weight 

13 lbs. 
17 lbs. 
22 lbs. 

SPECIFICATIONS 

Input: 105-130 VAC, 47-440 cps . 
Output: 115 VAC, nom . (see table). 

Price 

$130. 
$175. 
$235. 

Line Regulation (RMS): Within ± 0.1% for full 
input change , resistive load or within ± 0.2% 
for + 0.7 to -0.7 PF load. 

Line Regulation (AV): Less than ± 0.7% full 
input change and + o.7 through -0.7 PF load. 

Load Regulation (RMS): Within 0.2% for full load 
change, resistive, or within 0.5% for + o.7 
to -0.7 load PF change. 

Load Regulation (AV): Less than 0.2% for full 
load change and + o.7 through -0.7 load PF 
change. 

Frequency Regulation: Less than 0.002% per 
cycle . 

Wave Form Distortion: Less than 5% (115 VAC 
input, unity through 0.7 load PF.) 

Efficiency: Better than 75% rated load , 115 VAC 
input. 

No Load Power: Less than 10% full load power, 
115 VAC input. 

Load Power Factors Range: + o.7 PF through 
-0.7 PF. 

Response Time: Less than 16 millisec. 
Temperature Coefficient: Less than 0.01 %/°C. 
Overload Protection: Cutout at approx. twice 

rating . 
Surge Output Rating: Four times rating for 

10 seconds. 
Remote Sensing Input: Approx . 75 mw (2 .5 V 

@ 30 ma). 
Operating Temperature: -20° C to 11°c free air, 

full ratings. 
Heat Sinking: Internal , convection cooled . 

Send tor Catalog # 153 

• ELECTRONIC RESEARCH 
ASSOCIATES, INC. 

67 Sand Park Road, 
Cedar Grove, N.J. 07009 

(201) 239-3000 
Subsidiaries: ERA Electric Co./ERA Acoustics Corp. 

ERA Dynamics Corp./ ERA Pacific, Inc. 
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KJ=I Oscillators excel in 
many important parameters 

land now may cost you less!) 

Consider the medium-priced Krohn-Hite Model 4100 Push­
Button Variable Oscillator. When compared to others in its 
price class, the $550 Model 4100 is a leader in those sig­
nificant performance parameters that mean the difference 
between a true oscillator and other instruments regardless 
of price. 

The accompanying chart demonstrates these wide differ­
ences in published manufacturer's specifications. Compare 
them for yourself. Note that there is no relationship between 
price and performance. 

~ 0.1 
~ 
::::; 
a; 
<C 
~ 

~ 0.2 E 
~ 
~ 

IMPORTANT OSCILLATOR PARAM­
ETERS are plotted for four com­
peting solid-state instruments. The 
plot for the K-H Model 4100 (color) 
is compared to other units with 
lower and higher price tags. Rela ­
tive position of each parameter 
was determined by its value to the 
instrument user, not by its num­
ber. Thus the lowest price has 

been placed near t he top of t he 
chart • • . and 0.02% distortion 
placed higher than 1.0%. Logarith­
mic scales are used throughout. 
All units have 1 MHz maximum 
frequencies. Note that although 
t he Model 4100, is relatively low 
on the price scale, it excels in 
other parameters. 

MODEL 4100 SOLID STATE PUSH·BUTTON VARIABLE 
OSCILLATOR covers 0.01 Hz to 1 MHz, with simultaneous 
sine· and square-wave outputs. Size: BVa"W x 5V4"H x 14Va"D. 
Price: $550. 

Write for Model 4100 Data. 

LILI ~HPF>'"i~:..~,!"~ 
nn 
580 Massachusetts Ave., Cambridge, Mass., U.S.A. 02139 

Telephone: (617) 491-3211 

Designer's 
Datebook 

MARCH 
$ M T W T F $ 

l 2 
3 4 567 8 9 
10 11 12 13 14 15 16 
17 18 19 20 21 22 23 
••/., 25 26 27 28 2 9 30 

APRIL 
S M T W T F S 

123 4 56 
7 8 9 10 11 12 13 
14 15 16 17 18 19 20 
21 22 23 24 25 26 27 
28 29 30 

For further information on meet­
ings, use Information Retrieva.1 card . 

Feb. 28-Mar. 1 
Scintillation and Semiconductor 
Counter Symposium (Washington , 
D. C.) Spo n sor: IEEE , N B S, 
Atomic Energy Commission ; W. A. 
Hig inbotham, Brookhaven Nation­
al Laboratories, Upton, N.Y. 
11973. 

CIRCLE NO. 391 

Mar. 18-21 
IEEE International Convention 
and Exhibition (New York) Spon­
sor : IEEE; J. M. Kinn, IEEE , 345 
E. 47 St ., New York, N.Y. 10017. 

CIRCLE NO. 392 

Apr. 3-5 
International Conference on Mag­
netics (INTERMAG) (Wash ing­
ton , D.C.) Sponsor: IEEE; Philip 
Cohen, Magnetics, Inc., Butler, 
Pa. 16001, or J. M. Lommel, Gen­
eral E lectric R&D Center, Schenec­
tady, N.Y. 12301. 

CIRCLE NO. 393 

Apr. 9-11 
National Telemetering Confer­
ence (Houston ) Sponsor : IEEE ; 
Lewis Winner, 152 W. 42 St. , New 
York, N.Y. 10036. 

CIRCLE NO. 394 

Apr. 16-18 
Nat ional Symposium on Law En­
forcement Science and Technolo­
gy (Chicago) Sponsor : U.S. Dept . 
of J ustice; S. A. Yefsky, IITRI , 
10 W. 35 St., Chicago, Ill. 60616. 

CIRCLE NO. 395 

Apr. 22-24 
Frequency Cont rol Symposium 
(Atlantic City, N.J. ) Sponsor : Ar­
my E lectronics Command; M. F . 
Tim AMSEL-KL-ST, Director E lec­
tronic Components Lab., U.S. 
Army E lectronics Command, Fort 
Monmouth, N.J. 07703 . 

Oscillators Filters I AC Power Sources I DC Power Supplies I Amplifiers CIRCLE NO. 396 
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PUBLISHED BY MOTOROLA SEMICONDUCTOR PRODUCTS INC. 

Featured In This Issue: { 

MTTL I & MTTL II Families Offer 
Broad Choice Of T2L Functions 

Now the system designer can choose 
from 24 different T 2L logic functions 
with Motorola's MITL I and MITL II 
integrated circuit series (types MC400/ 
500 and MC2000/2100), and can select 
from both full and limited temperature­
range versions, in the 14-lead ceramic 
flat pack and 14-pin dual in-line plastic 
package. (Both series are designed to be 
interchangeable with SUHL I and 
SUHL II equivalent types and are fully 
compatible with each other.) 

Among the many design advantages 
for these two series is a selection of 
speed and fan-out levels, plus excellent 
noise immunity, high capacitance drive 
and low power dissipation. 

MTIL I offers a moderate speed -
up to 20 MHz - for subsystems where 
speed is not critical. MTIL II will 
operate up to 30 MHz - in medium­
speed applications. Other general specs 
include: 

• Choice of fan-out - up to 15. 
• High noise immunity - 1.0 volt 

(typ). 
• High capacitance drive - 600 pF 

(max). 
• Low power dissipation - averages 

15 mW per gate (MTIL I) and 
22 mW per gate (MTIL II). 

Both MTTL I & II are immediately 
available in production quantities. Even 
the "hard-to-get" J-K Flip-Flops (SF50 
& SF60) are readily available (Moto­
rola type Nos. MC515 and MC516). 

For details circle Reader Service No. 211 

Single-Chip 709 Dual Op Amp ... Page 2 
First EIA Registered Quad ...... Page 3 
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l/C NEWS 

Two closely­
m at ch e d 
MCI 709C's have 
been combined, 
on a single mono-
1 it hi c chip , to 
yield the dua I 
MC1437P op amp 
- and you save 
almost V. the 
cost of 2 single 
units! 

Single-Chip Monolithic 709 Dual 
Op Amp Provides Matched Parameters! 

We've put two of our popular MC­
l 709C op amps on a single monolithic 
chip and packaged it in the Unibloc 
plastic case. We call it the MC1437P. 

The result? A matched set of op amps 
with characteristics that assure optimum 
dual amplifier performance (see table). 

MATCHING CHARACTERISTICS TOLERANCES 
(Both Amplifiers) (typ) 

Open Loop Gain (AvoL1/Avol2) ± 1.0 dB 

Input Bias Current (l •1 / l•2) ± 0.15 µA 

Input Offset Current (I ,.1 / I ;.2) ± 0.02 µA 
@ Average TC (TC,;01/TCi;.2) ± 0.2 nA/°C 

Input Offset Voltage (V;.1 / V;.2) ± 0.2 mV 
@ Average TC (TCv,01 / TCv ;.2) ± 0.5 µV/°C 

Channel Separation @ 10 kHz ( ~) - 45 dB 
eoufl 

Each amplifier has a typical open loop 
voltage gain of 45,000 with temperature 
drift of only ± 3 µ. V /°C. It also has the 
ability to swing almost the entire supply 
voltage (Y0 11 t typ. = ± 14 V, peak@ 15 
V supply), whi le output impedance is 
only 30 ohms, typ. 

The MCl437P dual op amp is ideal 
for chopper stabilized applications re­
quiring extremely high, ultra-stable volt­
age gain. These " twins" function well as 
summing amplifiers, integrators, or as 
amplifiers with operating characteristics 
as a function of external feedback. 

While you can't quite get two op amps 
for the price of one, with the MC1437P 
it's pretty close - only $8.50 ( 100-up) 
-vs- $6.00 for a single MCl 709CP. 

For details circle R eader Service No. 212 

Wideband l/C Diff-Amp Delivers 
Flat Response From DC to 40 MHz 

The MC 1510 differential amplifier 
offe rs flat response down to de and does 
not re4uire ac coupling of the input and 
output. This reduces "extra" component 
needs - simplifies design. 

In addition to its low-frequency re­
sponse, the MC 1510 also offers a typical 
bandwidth to 40 MHz (it can be used 
with gain to above 100 MHz) and, 
gain is specified typically at A,. = 93. 

Its high common-mode rejection 
ratio of -85 dB (typ) , along with a de 
power dissipation of 220 mW (max) 

VOLTAGE GAIN FLAT OV ER A WIO( RAN GE 

~ 
2 

" "' w 

"' 30 
;: 
~ 

0 
> 
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f , FREQUENCY (MHtl 

make the MC 1510 highly useful in criti­
cal differential-amplifier designs. 

Other typ ical characteristics include 
an output voltage swing of 4.5 V (peak­
to-peak) at ± 6.0 V supply; and low out­
put distortion. where THD = 1.5% . 

Available in the 8-pin, T0-99 metal 
"can" and the 8-pin ceramic flat-pack , 
the MCJ510G and MC1510F are priced 
at $8.00 and $9.30, respectively (in 
I 00-up quantities). 
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8-Bit Buffer Register Uses Only 4 MECL II Dual R-S Flip-Flopsl 

8-b1t Butler Register with lnpul Gating 

Clock or Strobe 
!6nsor greJterl 

Da 07 D5 D5 

c D I 

0 0 ' 

Da Da o, o, 05 D5 05 D5 

Here's an easier, less-complex and 
less-expensive way to construct an 8-Bit 
Buffer Register using just four dual­
f unction MC1016P MECL II integrated 
circuits! These new dual R-S flip-flops 
reduce can-count (and system cost) by 

o, 

Truth Table 

D c on+l on+l 

0 0 on a n 

0 1 0 1 

1 1 1 0 

0 = e ither state may 
be present 

l pc1- Din to 0,9_ " 4ns 
tpd - Cin to 0,0 " 6n> 

doubling the number of functions per 
package. 

The versatile MC I 0 l 6P, monolithic 
emitter-coupled flip-flop can be used as 
a temporary storage element (as shown); 
as a memory data register; or, as a 

For details circle Reader Service No. 213 

clocked R-S flip-flop with no undefined 
logic state. 

It employs two single-rail input Set­
Reset flip-flops with a positive clock 
input provided for each of the flip-flops . 
It has a typical propagation delay of 
5 .0 ns and operates over a 0 to + 7 5 • C 
temperature range. Typical power dis­
sipation for the MCI016P is 125 mW. 
Operating frequenc y is 80 MHz. A 
minimum de fan-out of 25 for each 
output is guaranteed. 

A wide-temperature-range version is 
also available in the 14-lead ceramic 
flat pack, for -55 to + 125 ° C operating 
requirements (MCl216F). 

The MC1016P is available from dis­
tributor stock and is priced at only $2.60 
( 1000-up), in the I 4-pin dual in-line 
plastic package while the MC1216F is 
$5.75 (100-up). 



- DISCRETE DEVICES 

New T0-66 Packaged Silicon 
Power Transistors Match 
Current Ratings Of Many T0-3's 

If you've been looking for a smaller 
si li con power transistor that would still 
provide the current handling capability 
of a T0-3 packaged device, the new NPN 
2N423 J-3 5-amp series. encased in the 
rugged, compact T0-66, will more than 
"fill the bill." 

These little powerhouse metal-can 
transistors can serve in a broad spectrum 
of industrial and military servo-amplifier. 
driver and switching designs to 4.0 MHz. 
where space is at a premium . .. and 
economy is a must ! 

The units have a minimum guaranteed 
gain of 25 at l e = 1.5 A - with usable 
gain up to l e = 3.0 A, which lets them 
handle much greater current loads while 
still maintaining a more realistic gain 
level than simi lar power transistors. And , 
as to their safe area capability . .. they 
can handle up to 29 watts at 1 .0 Ade -
enough for the most stringent medium­
current design requirements! 

Peak circuit efficiency is ensured by 
the exceptionally low power losses of the 
2N423 l-3 series. For example, the maxi­
mum saturation voltage of this series is 
only 0.7 V at l e = 1.5 A (only about 
one-half that of comparable types at l e 
= 500 mA). And, if you're comparing 

Although only 
about 60 % the 
volume of the 
T0-3, the T0-66 
packaged 
2N4231 -3 silicon 
power transistors 
can dissipate up 
to 35-watts and 
handle current 
loads to 5 .0 · 
amps . 

frequency capabilities, note the high 4.0 
MHz minimum fT of the 2N423 l-33 
series vs. only 800 kHz for other types 
in the same category. 

Here are just a few highlights among 
many that make the NPN 2N4231-33 
silicon power transistor series worth 
more investigation: 
• High I C(ront) - 5.0 A 

• Low Yrn(sa t) - 0.7 V (max) @ 1.5 A 
• High hrn - 25-100 @ 1.5 A/2 .0 V 

- 10 (min) @ 3.0 A/2.0 V 
• Low Prices ( 100-up) : 

2N4231 (BVeEO = 40 V min) $1.40 
2N4232 (BVc1.;o = 60 V min) l.60 
2N4233 (BVrno = 80 V min) 2.15 
• High Pn - 35 w @ Tc = 25 ·c 

... and they're all available off-the-shelf 
from your local Motorola distributor. 
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Motorola's new 
2N5229-31 sili ­
con Annular 
TO. 46 packaged 
transistors give 
you a good " run " 
of efficient low-
1 eve I chopper 
characteristics -
and there's more 
coming soon! 

NEW BIPOLAR CHOPPERS BID FOR 
TOP ROLE IN LOW-LEVEL DESIGNS 

Did you know that there are now 
bipolar devices that make it possible to 
design chopper circuits which can effec­
tively operate at current levels as low as 
I 00 µ.A? 

We're talking about Motorola's new 
2N5229-3 I silicon Annular PNP transis­
tor series having low capacitance values 
(Ceo < 5.0 pF, C 0 b < 4.0 pF@ 10 Yc11 ) 

coupled with saturation resistances of 
only 5.0 ohms (typ) and offset voltages 
down to 0.5 mV @ 111 = 100 µ.A . With 
this combination , the designer is assured 
of both fast and efficient chopper rates. 

Take advantage of this price and per­
formance value in applications such as 
servo-loop circuitry, sensing instrumen­
tation and control amplifiers for motor­
drive systems. 

Here are the factors that make these 
bipolar transistors worthy candidates for 
most any low-level chopper requirement: 

CHARACTERISTIC TYPE Min Max 

BVcoo@ le = 2N5229 15 
2N5230 30 10 µ.A- (V) 2N5231 50 

BVeco@ le = 2N5229 10 
2N5230 20 10 µ.A - (V) 2N5231 30 

VEClohl @ la = 2N5229 0.5 
2N5230 0.5 100 µ.A - (mV) 2N5231 0.8 

VEClohl @ la = 2N5229 0.8 
1 mA-(mV) 2N5230 1.0 

2N5231 1.0 
roo(ONI @ f -

2N5229 1 6 1 kHz, la = 1 mA, 
le = O, lo = 2N5230 2 8 
100 µ.A-(ohms) 2N5231 2 10 

Prices 2N5229 $2.50 
(100-up) 2N5230 3.00 

2N5231 3.75 

Prototype quantities are immediately 
available in the space-saving T0-46 
package. 
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lst EIA Registered Quad Transistor Premieres-2N51461 
A state-of-the-art " quad" device, 

designed for medium-current, high­
speed switching and driver applications 
where minimum space requirements and 
low circuit inductance are prime requi­
sites, has been introduced as a "stand­
ard" off-the-shelf type. 

The Motorola 2N5146 PNP silicon 
Annular quad transistor is the first ever 
registered with EIA and is intended for 
a wide number of applications in both 
military and industrial designs. Since 
four chips are mounted in a single, com­
pact, T0-86 ceramic flat pack, this quad 
device takes up less space than an indi­
vidually T0-5 encased transistor. 

Compactness, however, is not its only 
virtue! The 2N5 I 46 exhibits such super­
lative performance features as: 

• High de gain at high current levels 
- hrn = 40 typ.@ 1.0 A. 

• Low saturation voltage 
- YcE(•nt) = 0.7 V typ.@ 1.0 A. 

The 2N5146 "Quad," packaged in the 14-pin, 
T0-86 ceramic flat-pack, makes possible ultra­
compact circuitry and reduces wiring require­
ments, to minimize lead inductance. 

• High current-gain-bandwidth 
product - fT = 250 MHz typ. 
@ 50 mA. 

• Low capacitance 
- C 0 1i = 11 pF typ. @ I 0 V. 

• High power dissipation 
- Pn = 5.0 w@ T c = 2s 0 c . 
. . as well as ultra-fast switching 

speeds (e.g. t, = 30 ns typ.) ! 
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PLASTIC NEWS 

Although spec'd 
at 100 MHz, the 
2N5208's noise 
figure remains 
typically less than 
3.5 dB even out 
to 300 MHz-as 
indicated by the 
curve in this 
photo·diagram . 

NOW A PEAK-PERFORMANCE BIPOLAR 
RF TRANSISTOR FOR LESS THAN $1.00! 

You may have doubted that a truly 
high-performance RF silicon PNP bi­
polar device, able to fulfill almost any 
amplifier application up to 300 MHz, 
would ever be available at a price that 
made it practical for low-budget designs. 
And, it has complete "computer-solved" 
design curves which eliminates tedious 
calculations! 

Even though it is priced at just 90¢, in 
JOOO-up quantities, the 2N5208 gives 
you top RF performance parameters: 

• High Gpe > 22dB@ 100 MHz 
• Low N .F. < 3.0 dB@ 100 MHz 
• High fT- 300/1200 MHz@ 10 V 
• Low Iceo < I 0 nA @ 1 0 V 

• High hrn - 20/120@ 2 mA 
• Low Ccb < 1.0 pF @ 10 V 

... and , an rh 'Cc < I 0 ps@ I 0 V /2 mA/ 
31.8 MHz. 

The 2N5208 operates at breakdown 
voltages (BY cEO) in excess of 25 volts 
and is encapsulated in the reliable T0-92 
Unibloc plastic package. 

All-in-all: its low price, its high power 
gain, its low noise figure , its high fT, ad 
infinitum ... make it a worthy candidate 
to fill just about any RF socket to 300 
MHz in industrial instrumentation and 
communications equipment. And, you 
can get fast delivery in both prototype 
and high volume quantities. 
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The VHF/UHF "FET That Fits" Is 
Now Available in Plastic Package! 

Now a wider scope of low-budget 
applications is possible for VHF/UHF 
amplifier designs using field-effect tran­
sistors. Motorola's new MPF 106-07 
plastic packaged (T0-92) JFETs, priced 
as low as 90¢ each ( 100-up) , provide 
the economy answer for just about 8 out 
of every I 0 high-frequency requirements. 

Featuring unusually low-noise figures 
(even for FETs), these new devices, 
while ideal for RF "front-end" circuits, 
will work equally well in any low-noise, 
high-gain amplifier, from de to above 
500 MHz. Further complementing the 
state-of-the-art performance of these 
new, low-cost FETs is their high-power 
gain of 18 dB @ 100 MHz and JO dB 
@ 400 MHz (min). 

Here are some other key specifications 

that make these FETs so universally 
useful : 

Characteri stics Min Max 

Forward Transfer Admittance 
(1Lmhos) 

MPF106 2500 6000 
MPF107 4000 8000 

Input Capacitance (pF) 5.0 
Output Capacitance (pF) 2.0 
Reverse Transfer Capacitance 

(pF) 1.0 
Small-Signal Power Gain (dB) 

@ f = 100 MHz 18 
@ f =400 MHz 10 

Noise Figure (dB) 
@ f = 100 MHz 2.0 
@ f =400 MHz 4.0 

Both the MPFJ06 and MPFI07 are 
immediately available from distributor 
stock in the Unibloc T0-92 plastic pack­
age. 100-up prices are: MPFJ06 - 90¢: 
MPFI07 - $1.00. 
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Ultra-Fast Micro-T MMT2369 
Transistor Fits Into Places 
You'd Never Dream Possible ! 

If you have an application that 
requires the miniaturization afforded by 
integrated circuits, but you can't live 
with the parasitics - take a good look 
at the MMT2369 Micro-T NPN silicon 
Annular transistor. 

This new ultra-small transi stor opens 
up a whole new dimension in high-density 
switching design flexibility. Although 
only about 1/10 the size of standard TO­
I 8 and T0-92 devices, the MMT2369 
retains ali the famous high-speed features 
of its big brothers - the 2N2369 and 
MPS2369. You can now apply all the 
performance advantages of these popular 
switches to miniaturized design concepts, 
such as thick-film circuitry for computers 
and inst rumentation . 

A "thim ble-full" of Micro-T Transistors would 
fill both sides of a 11/ 2 " square PC board 
yet still leave units to spare (we put 100 in 
the thimble and didn't reach the top)! 

The Micro-T Unibloc plastic package 
also helps you lower your PC board 
costs. It is ideally suited for drop-in 
mounting techniques and, significantly 
reduces circuit board depth - a prime 
requisite for high-density designs. 

Here are some of the MMT2369's 
high switching performance specs: 

• t011 < 12 ns ; t0 rr < 18 ns 
• f-r > 500 MHz 
• C0 b < 4.0 pF 
• Iceo < 100 nA 
• hFE - 40/120 
• V CE{sut) < 0.25 V 
... all at Ic = JO mA 

Priced at only 97¢ in 1000-up quantities, 
it is available in production quantities. 
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First True Silicon Replacement For The 
2N404 Germanium Switch Now Here! 

Now, with the introduction of the 
MPS404/ A PNP switching series, you 
can have all the benefits attributable to 
si licon devices and still be able to plug 
them directly into your germanium 
2N404 sockets without redesign. 

With the MPS404/ A , you get silicon 
transistors that operate at temperatures 
to +135°C and dissipate up to 310 
mW at TA = 25°C. And their high 
Yrnos (unusual in silicon) of 12 volts 
for the MPS404 and 25 volts for the 
MPS404A eliminate the need for exter­
nal protection against voltage spikes -
saving you money on zener diodes as 
well as giving you greater design free­
dom. You also get saturation voltages 
[V CE( sa nl as low as 0.15 V max. and a 
maximum C 0b of 20 pF, making them 
ideal in computer switching and chopper 
applications where no silicon device has 
ever been able to perform like the 
2N404. 

Packaged in the rugged and reliable 
T0-92 Unibloc plastic case, the units 

MPS404/A Unibloc silicon switching transis ­
tors can do everything the germanium 2N404 
can do - only better! 

are also inexpensive enough for even 
the most cost-conscious requirement -
only 25¢ for the MPS404 and 35¢ for 
the MPS404A, in 1,000-up quantities. 

Try some! They're available from 
your local Motorola distributor on an 
off-the-shelf basis. 
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New 4-Amp NPN/PNP THERMOPAD Plastic Silicon Power 
Transistors Solve The Cost Vs. Performance Dilemma I 

Plastic device performance, cost and 
reliability have come a long way since 
first introduced a few years ago . __ and, 
nowhere is this more dramatically evi­
dent than in silicon power transistor 
advances during the last few months. 

The new NPN/PNP 2N5190-95 4-
amp Thermopad- packaged transistors, 
combining high-current, top efficiency 
and excell ent power-handling capabilities 
(to 30 watts) with economy prices and 
military-type reliability, are ideal for 
demanding industrial driver circuits or 
in switch/amplifier applications where 
cost I performance is a consideration. 

You can use the 2N5190-95 as NPN/ 
PN P pairs to gain all the circuit-simpli­
fying advantages of direct-coupled, 
complementary symmetry, plus realize a 
higher degree of frequency stability in 
both ac and de driven loads without the 
addition of expensive, impedance-match­
ing driver transformers. 

TYPE Vceo le Po 
NPN PNP (SUS) (max) @ 25°c 

2N5190 2N5193 40 v 
2N5191 2N5194 60 v 4.0 A 35 w 
2N5192 2N5195 80 v 

Exclusive Thermopad construction -
with a chip-to-heat sink thermal path of 
less than 0.030" - means low thermal 
resistance and minimum derating in all 
chassis-mounting applications ; and the 
compact, low-silhouette, malleable-lead 
package is simple to mount in virtually 
any place or position. 

To date, the Thermopad package has 
passed 42,000 hours of life-testing under 
ambient temperature, high humidity and 
reverse-bias-and I 00,000 hours storage 
life at I 50°C, without a single failure! 

oC[Y HOl( i,10!.J NT 

5!Mptlrt(5 INSlALLATION, 
WIOUN'TI NC SCRCWISOLAl(O 
rRQt.I COll[CTOll 

TH(AMOPAO HUT SINK 
CONSTRtJCTIOO ·r()ft LOW 
T"HERMAL RESJSTA'-ICE,HIGH 
HEAT DISSIPATION 

MALLUBl[ LEADS 
FOAEAS'I', 
RCUA8U 
IHSTAU,_ATION 

hFE@ VcE( ••tl 

le = 1.5 A 
@ 1-5 A 

(max) 

25/ 100 0.6 v 

fr PRICE (100-UP) 
(min) NPN PNP 

$1.05 $1.33 
4.0 MHz 1.28 1.50 

1.67 1.95 
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New BET RF Power Transistors 
Provide Higher Secondary 
Breakdown Protection 

Two new series of 28-volt NPN RF 
power transistors offer such large safe 
operating areas that they are almost 
impossible to damage in high-frequency 
circuits, even under mismatched loads. 

The two series, types MM1549-51 
and MM 1557 -59, are manufactured 
using a new "balanced emitter" design 
that permits uniform spreading of cur­
rent throughout the devices. 

They are available in Motorola's new 
plastic stripline, "opposed-emitter" pack­
age which enables simpler circuit design 
and easier tuning. Also, the low profile 
of this new package will be helpful where 
tight mounting space requirements 
exist. 

The MMI 557-59 series is designed for 
large signal, 175 MHz power amplifier 
output stages, as well as for driver and 
oscillator applications in FM, SSB and 
pulse modulation systems up to 200 
MHz. The MM1559 is especially suited 
for use as the output stage in aircraft 
radio transmitters. 

The MM 1549-51 series serves the 

The Balanced Emitter Technology (BET) pro­
tects against the development of "hot spots" 
by providing nichrome resistors in series with 
each emitter, to facilitate an even current 
distribution throughout the entire transistor 
structure. 

same types of applications in the 200-
450 MHz range. Major use of this latter 
series will be found in government com­
munications equipment. 

TYPE POWER @ FREQUENCY POWER 
NUMBER OUT(W) (MHz) GAIN (dB) 

MM1557 7 175 8.5 
MM1558 20 175 8.3 
MM1559 40 175 7.5 

MM1549 2.5 175 6.2 
MM1550 7.5 400 5.7 
MM1551 20 400 4.5 

All six types are immediately avail­
able from distributor stock. 
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NEW PRODUCT BRIEFS 

DUAL-CHIP FORWARD REFERENCE DIODE 
- Provides a Tight-Tolerance, Low-Voltage Reference at an Economy Price! 

Two diodes in the convenience of one package! That's the big advantage of 
this little performer. Nominally spec'd at 1.35 volts @ 10 mA. the MR236 I 
offers tight ±4% tolerance at 2 points on the forward characteristic to ensure 
high conductance (low dynamic impedance ) in voltage reference and bi asing 
applications; i.e., audio/ servo power amplifier complementary symmetry where 
stable temperature biasing is mandatory. 

Its voltage, current, tempera ture characterist ics and low price make it 
especially su itable for use with si licon pl astic transistors. The MR236 l is 
packaged in a "glass" case (meeting the D0-7 dimensional and hermetic-seal 
requirements). Triple-chip units are available on request. 

VF@ IF: 10 mA 
Type No. 

(Min) (Max) 
lo@ Vo= 5.0 V 

(max) 
Price 

(1000-up) 

MR2361 1.30 v 1.40 v 10 µA $ .30 
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LOW-COST, JUNCTION FIELD EFFECT TRANSISTORS 
- Offer Exceptionally Low Power-Drain Parameters 

Because Motorola 's MFE2093-95 junction FET series offers In'" specs as 
low as 0.1 mA, it's a natural for low-current amplifier or switching app lications, 
particularly in compact, battery-operated systems. And. in the T0-72 metal 
package, they are attractivel y-priced for most military or industrial users ... 
just $1.90 ( 100-up). 

For maximum ease in the use of existing P .C. boards, the series features 
interchangeable drain and source. ln addition, the devices are packaged with 
the chip isolated and the case is connected to pin 4 for easy grounding . Other 
features include : 

• High de input resistance (Ir. .. - 0.1 nA @ 15 V) 
• High ac input impedance (C, ., - 6 pF@ 15 V) 
• Low transfer capacitance (C.,, - 2 pF@ 15 V) 

Any of the three types a re avai lable in production quantities. 
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CLOSELY-MATCHED PNP DIFFERENTIAL AMPLIFIERS 
-Provide hl"Bzlhn :z To lerances Within 5 % of Each Other! 

Another dimension has been added to Motorola 's series of 2N3800 PNP 
dual differential amplifiers wit h the ava il abi lit y of tightly-m atched "A" versions. 
Not only do these new "A" duals offer all the top-notch specs wh ich have 
made the rest of their family the first choice of precision diff-amp designers , 
but their hrn, / h"''" ratio is only 0.95 I l.O (5 % ) , at 25 ·c. and no more th an 
0.85 / 1.0 from -55 to +125° C, both measured at Vci-: = 5 V. le = 100 11A . 
In addition, they exhibit a Vnto1/ V1n" differential of less than 1.5 mV at 100 µA. 

The 2N3804A / 5A are pack aged in the T0-72. the 2N38 10A / llA in the 
T0-5 (low-profile) and the 2N38 I 6A I 17 A in the T0-89 flat-pack - all 6- leaded. 
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HIGH-VOLTAGE GERMANIUM POWER TRANSISTORS 

-Give Peak Performance at Valley Prices! 

The Vc.:s ratings of 200 V and 320 V, coup led with price-tags in the "just 
over a dollar" area, combine to make the MP3730 / 3 I germanium power transis­
tors leading candidates for inverter, TV deflection, and power suppl y designs. 

And, top efficiency is assu red wit h excellent thermal dissipation - eJC = 
1.5 °C/ W - a figure of merit rwice as good as similar units! Hoth types handle 
56-Watts and operate at temperat ures up to +I I0° C. 

Other features include hno of 50 mA , VB!·: = 0.6 V and lc.:s = 5 mA. 
The units are packaged in T0-3 cases - and are ava il able in quantity. 

TYPE APPLICATIONS VcES le VcEISot) 
hFE@ le 

PRICE 
Volts Amps Volts (100-up) 

Industrial Power Supplies 
MP3730 Inverters 200 5 0.75@ 15 @ 2.25 A $1.05 

TV Vertical Deflection le = 2.25A (min) 

Industrial Power Supplies 
MP3731 Inverters 320 10 0.5@ 15@ 6 A 1.40 

TV Horizontal Deflection le = 6 A (min) 
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TIME DELAYS 

Hf" RELAXATION OSCIL. 
Low eta range : 0 .51-0.69 

SCA TRIGGERING 
V oe1 = 6 V min. 

GEN . PURPOSE 
IEa 20 = 10nA 

... on delivery of literature 
for items described in this 
publication - fill out this 
coupon , fold as indicated 
and drop in the mail. 

(N O POSTAGE IS REQU IRED) 

PNP RF POWER TRANSISTORS 
-Provide 1, 7.5 A nd 30 Watts At V HF/UHF- With Positive "Grounding" 

There should be a lot of polarity changes in the near future ... specifica ll y 
in the final output stages of both industrial and military communications 
equipment The Reason: A new series of PNP transistors offering a positive 
"ground" advantage and high power output ratings at 175 and 400 MHz! 

Motorola types 2N5161 and 2N5 I 62 are designed for amplifier, frequency 
multiplier and osci llator applications in mobile communications, a ir-to-ground 
tactical communications, and as varactor drivers. The third PNP type, desig­
nated 2N5 I 60. is suitab le for use as a Class A. B or C output; driver; pre-driver 
or power oscillator in VHF and UHF applications to 800 MHz. 

Device Power Out @ Frequency BVcso Min. Power Typ fr Pkg. Price 
Type (W) (MHz) (V) Gain (dB) (MHz) Type (100-up) 

2N5160 1.0 400 60 8.0 800 T0-39 $ 4.50 
2N5161 7.5 175 60 8.75 500 T0-60 12.50 
2N5162 30.0 175 60 6.0 500 T0-60 18.00 
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UNIBLOC PLASTIC UNIJUNCTION TRANSISTORS 
- Offer A Wide Choice of Specs at Econom y Prices 

You can now choose the spec that fits your particular application and 
design criteria (and price requirement) with the new Annular M U489 l-94 
UJT series ... from timing-to-triggering-to-general purpose. For example, the 
MU4893 , which exhibits a high Y o111 of 6.0 volts min , is ideal for use in SCR 
triggering circuits while the MU4892 can be zeroed right into high frequency 
relaxation-oscillator circuits due to its low eta ( 11) range of 0.5 1-0.69. And, a 
low 1.0 1iA max imum r,. makes the M U4894 a natural for long time delay 
applications. 

Trpe Primary Use H!l.hl!l.ht Parameters Intrinsic Standoff Ratio W Prices (1,000·'!E] 

MU4891 General Purpose Low Imo 10 nA (max) 0.55 - 0.82 $ .5 1 

MU4892 HF Relaxation Osc. Low eta spread ~ 0.51 ·0 69 0.51 - 0.69 .70 

MU4893 SCR Triggering High V."'16 ~ 6.0 V (min ) 0.55 - 0.82 .54 

MU4894 long Time Delays Low Ip 1.0 µA (max) 0.74 - 0.86 .60 
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10,000 PULSES-PER-SECOND MODULATOR SCR SERIES 

- Provides Voltages from 300 to 600 Vo lts at 300 Amps (Pulse) 
Motorola's rugged I 00-a mp and 1,000-amp pulse modulator SCR's have 

now been expanded to include the new MCR 1336-5 thru MCR 1336-10, 300 
amp, 300 to 600-volt units capable of top performance in military /space 
transponders, beacons, portable aircraft radar and high-pulsing applications. 

Typical switching time characteristics include: 75 ns delay and rise (at 
100 amps, J,., capacitive discharge circuit. IG = 500 mA @ 25°C) , and 7 µs 

torr ( PFN discharge, I 00 amp and pulse) . Its dv / dt is 250 V I µs while di / dt is 
1,000 Al µs. The unit has a wide operating temperature range of -65 to + 105 °C. 
100-up prices start at $13.75 for a 300 volt unit (MCR1336-5). 

.,, 
0 ,... 
0 
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NEW PRODUCT BRIEFS 

JAN2N499, JAN2N499A, JAN2N501A GERMANIUM TRANSISTORS 

- Now Available In Quantity To Fill Mil-Type MADT Sockets 

If you sa y "ava il ability" three times, you've got the big sto ry behind the 
Motorola JAN2N499, JAN2N499A , a nd JAN 2N501A - newest additions to 
the growing line o f MADT types immediately a va il ab le in production lots 
for "drop-in" re placement of o lder, source-limited types. These high-freque ncy 
units, fa brica ted with the Moto rol a-develo ped "Se lecti ve Meta l Etch" process. 
meet exact pa rameter-by- pa rame ter specs a nd achieve nearl y identica l key 
MADT cha racteristic distributions. They can repl ace MADT types with 11 0 

redesign required! 

TYPE APPLICATION KET PARAMETERS 

JAN2N499 VHF Amplifier hi. @ IE = l mA, G,..@ 100 MHz, c .. @ 10 v 
VcE = 9 V - 10·250 Yci! - - 10 V, IE = 2 mA BVcw @ le - l mA 

JAN2N499A VHF Amplifier h+.@I E 
Vcf. = 9 V 

1 mA, 
• 20·80 

- 7.5 dB (min) - 2.5 pF (max) 
- 18 V (min ) 

JAN2N501A HF Switch h~E@ le 10 mA, ft = 175 MHz VcE1 .. 11 @ le = 10 mA, 
VcE = .5 V 30 (min) (lyp) @ 10 mA/.5 v 11 1 mA = 0.2 v (max} 

With th ese three new types, a to ta l o f twenty M o to rol a un its a re now avail­
able for MADT high-frequency amplifier a nd switching applications. 
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SILICON PNP BILATERAL SWITCHING TRANSISTOR 
- For High-Current-Lel'el Chopper Designs. 

The bilateral perform a nce capa bilities o f the M otorola MM405 2 transistor 
frees the designer of sophisticated te lephone and communica tions switching 
networks from dependence on comparatively slow. cumbersome relays . In 
addition to all the benefits generally attributa ble to high-performance transistor 
switches, this unique device amplifies high le1•el signals bidirectionally - e .g., 
forward h,-F. = 15 @ 150 mA/ 1.0 V and inverse hrn > 3 @ 150 mA/ 1.0 V. 

Combining a host of peak-efficiency pa rameters (as indicated by the chart 
below), the MM4052 is worth looking into whenever you have a requirement 
for a high-level device that ca n switch in both directions. 

Packaged in the miniature T0-46 case, it is priced at only $3 .00 ( 100-up). 

Offset 11 0n" Series Capacitance 
BVE10 BVeco Voltage lcao Resistance @ 10 Vdc 
(min) (min) VEC(oh) (max) r,@ 10 mA (max) 

(max) (max) c,. c .. 
30 v 30 v 1.0 mV 0.5 nA 2.0 ohms 10 pF 5 pF 
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The little switch 
that works like it's 

lOfeettall 

Shown above in actual size, it's 
apparent that the MICRO SWITCH 
V3 is just a smallfry. But as more 
engineers than we'd care to count 
know, there's nothing smallfry about 
its performance. This miniature 
switch has contributed to the reli­
ability of nearly every important 
name in the electrical/electronics 
industry. 

If you're not personally ac­
quainted with what our V3 can do 
for you, we invite you to put it to 

the test. Or we'll be happy to supply 
you with test data compiled in our 
Test Lab-the industry's largest and 
best-equipped. 

For instance, check it out for 
repeatability of operating character­
istics. Superior design and precision 
manufacturing result in extremely 
high repeatability throughout its life. 

TERMINAL VARIATIONS 
Screw .............. 4-40 UNC x .125 
Solder. . . . . . . . . . . . . . . . . . .270 Long 
Short Solder. . . . . . . . . . . . . .093 Long 
Quick Connect (DB)... . .. .188 x .250 
Quick Connect (D9).. . . . . .250 x .315 

Consider too the exceptional de­
sign freedom you get with the V3: 
over 500 different design combina­
tions including variations in circui­
try, electrical capacity, actuators, 
terminals and resistance to various 
environments. Furthermore, new 
designs are constantly being added 
to the list. 

Call a Branch Office or Author-
ized Distributor (Yellow Pages, 
"Switches, Electric"). Or write for 
Catalog 50. 

There's practically no 
limit on the design 

freedom offered by the V3. 

ti: -

. ;: --~- ii-!-fii ·: ~ ~ 
MICRO SWITCH 

FREEPORT, ILLINOIS 61032 

A DIVISION OF HONEYWELL 
HONEYWELL I NTEANATIONAL •Sales and service offices in alt principal cities of the world . Manufacturing in United S toles, United Kingdo m. Canada, Netherlands, Germany, France , Japan 

INFORMATION RETRIEVAL NUMBER 12 

.... INFORMATION RETRIEVAL NUMBER 211 THRU 23.2 17 



Now from Sprague Eleclricl 

Your custom 
pulse transformer 
is a standard 
DST* transformer 

. -;2.. 

~~r-. 

•Trademark 

I 
I 

l
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Some of the case styles i11 which Sprague DST Pulse Transformers are available. Note the in-line leads. 

You can select the transformer design you 
need from the new Sprague DST Family, a 
fully-characterized series of Designer Specified 
Transformers which Sprague Electric has pio­
neered. It's easy. Start with the two basic 
parameters dictated by your circuit require­
ments: primary (magnetizing) inductance and 
volt-second capacity. 

New Sprague engineering data gives basic in­
formation from which all nominal sine wave 
parameters are derived. This data allows you to 
specify the one transformer from some 16,400 
different possibilities which will optimize per­
formance in your application. 

Design Style A minimizes magnetizing induc­
tance change as a function of temperature. 
Typically it's< ± 10% change from 0 to 60C; 
< ±20% from -55 to +105 C. 

SPRAGUE COMPONENTS 

Design Style B ancl C give you broad band­
pass characteristics, and still keep magnetizing 
inductance change < ± 15 % from 0 to 60 C. 
Design Style D is fast. Associated leakage in­
ductance and coupling capacitance are kept at 
a minimum. This style is just what you need 
for interstage and coupling devices in compu­
ter drive circuits. 

The Sprague DST Series packs a lot of trans­
former into minimum volume packages -
epoxy dipped for minimum cost, or pre-molded. 
The 100 mil in-line lead spacing is compatible 
with integrated circuit mounting dimensions on 
printed wiring boards. 

To solve your pulse transformer design, start 
now. Write for Engineering Bulletin 40,350 to 
the Technical Literature Service, Sprague Elec­
tric Company, 347 Marshall St., North Adams, 
Massachusetts 01247. 

PULSE TRANSFORMERS 

THIN-FILM MICROCIRCUITS 

TRANSISTORS 

INTEGRATED CIRCUITS 

INTERFERENCE FILTERS 

PULSE-FORMING NETWORKS 

TOROIDAL INDUCTORS 

ELECTRIC WAVE FILTERS 

CERAMIC·BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES 

BOBBIN and TAPE WOUND MAGNETIC CORES 

SILICON RECTIFIER GATE CONTROLS 

FUNCTIONAL DIGITAL CIRCUITS 

SPR~GUE® 
THE MARK OF RELIABILITY 

CAPACITORS 

RESISTORS 
'Spra1ue' and ·@· are re11isltred trademarks of the Spra1ue Electric Co. 

4 SSC · 71J 7 
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News 

Oceanological problems could be solved by electronics. 
What is wanting is money, and coordinated effort. p. 25 

Radiation testing of new MOSs is 
hrndered by nuclear ban. Page 36 

Also in this section: 

Photoresist film may speed printed-circuit processing. Page 33 

L band to help X-band navigation system to penetrate rain. Page 40 

News Scope, Page 21 ... Washington Report, Page 47 ... Editorial, Page 57 
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A perioclical 
periodical de­
sig ne cl, quiJe 

frankl y, to further the sales of Microdot 
'con11ectors arid cables. Published entirely 
in the interest of profit. 

.... .... 

SOCKET NO. TC-24S 

.OU 
tD. 

TC-22P 

SOCKET NO. 

of giving you very high cfensil 
ing of contacts on .050" centers. (That's . 
up to 420 con~cts per square inch 
We've been able to do this by remov­
ing the standard contatt spring mem­
ber and replacing it with a breathing 
helical spring. 

Twist/Cons come in 24 and 22 pins 
and sockets. The 24 is for #24 and 
smaller wire; the 22 is for #22 wire 
and smaller. The 22 is a crimp remov­
able contact on .065" centers. Both 

fantastic concept, WHY AIN'T YOU 
USING IT (THEM)? 

In 25 words or less, answer, "I'm not 
using Twist/ Con because." 

Answers may be either truthful or 
smart aleck, but be factful. 

Some smart aleck answers are: 
"I ain't allowed to work on anything that 
calls for all that sofistikation:' (AN EASTERN 

E.E.) 
"Your stuff is too good for our cheap out-
fit'.' 
"Management figures if we use your 'stuff 
and reduce failures too much, we deprive 
people of work which is Un-American:' 

"Who needs man-rated reliability on war 
toys?" 

Some truthful answers are: 
"I ain't allowed to work -on anything that 
calls for all that sophistikation:' (A WEST­

ERN M .S.E.E.) 

" Too many people without any real knowl­
edge of what's going on have the author­
ity to make changes. And you know how 
that can mess up a good thing." 
" I can't convince the project people we 
really need that extra-priced reliability:' 

THE UNA BASH E Dha ve grooves in the contact 
body for real tight retention. 

Everybody wins! All entries will be 
rewarded with a set of unique lapel 
buttons as shown below. Also with 
our new Twist/Con catalog. The 
"RESCUE MISSION" button has noth­
ing to do with the contest. It is yours 
for the asking if you will fill out the 
Unabashed Plea in Coupon B. To find 
out why you should fill out this cou­
pon, read the coupon. Better yet: fill 
out both coupons. You'll have enough 
buttons for a suit. 

We were over at our advertising agen­
cy the other day, participating in one 
of their creative dart games and trying 
to come up with another great contest 
idea. Which we did. But found we 
could get in serious trouble transport­
ing the prize across a state line. 

While we may throw a dart or two 
during coffee breaks, we're usually 
rather serious people. Especially when 
it comes to such things as the advan­
tages of our Twist/Con connectors. 

Twist/Con is our exclusive method 

COI~l lUN A 
WHY AIN'T YOU? CONTEST 

Rack and panel configurations have 
9, 15, 25, 37 and 51 contact arrange­
ments. Strip connectors can be ordered 
in almost any length. 

The same Twist/Con principle has 
been used for recording heads, PC 
boards, computers, splices, environ­
mental connectors, flat cable connec­
tors and on. 

ENOUGH COMMERCIAL 
BROTHER, HOW ABOUT 

THAT CONTEST? 
Okay. Now that you see the logic, the 
greatness (and humility) behind this 

@ 
MICRODOT INC. 

220 Pasadena Ave. 
South Pasadena 
California 91030 

I'm not using your TWIST/CON because: 

0 Truthful O Smart Aleck 

Company __________________ _ 

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

I'll be in chilly L'il Ole New York during the IEEE festivi­
ties. I'd love to come to your svelt, ostentatious, luxuri­
ously modest penthouse suite at the New York Hilton. 
I understand this Rescue Mission will be open to properly 
accredited Microdot "Connector Thing" devotees every 
day of the IEEE show from 4 p.m. on. I also understand 
that I will need a special lapel button to get in. So but­
ton me. 

City State Zip Company __________________ _ 

O I use 'em all the time, Clyde. For that I should at least Address-------------------
get a White Horse Good Guy button. 

L...:'.~t~o:'.~~~~~·:::m:_k~~:'.~":_ __________ ---C~~---------_:ta~------=! ____ _.J 
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News scone 

It's 'give and take' 
new U. S. budget • 1n 

In general, President Johnson's 
budget for fiscal 1969 met expecta­
tions: total planned expenditures 
of $186 billion reflected the Ad­
ministration's attempt to continue 
a butter-and-guns policy. The de­
fense and space programs, as pre­
sented, followed predictions-the 
military budget was increased by 
$3 billion, while the space budget 
dropped from last year's figure by 
$230 million. 

For national defense, expendi­
tures of nearly $80 billion are be­
ing sought, of which $76.7 billion 
is earmarked for the Defense Dept. 
Roughly one-third of the defense 
figure is to support the Vietnam 
War effort and nearly one-third for 
the procurement of military hard­
ware. One-tenth of the military 
budget is to be applied to research, 
development, testing and evalua­
tion. For the electronics industry, 
major interest will lie with the 
military procurement of up to $5.5 
billion in equipment for electronic 
subsystems. For communications 
and electronics hardware alone 
(items not a part of other major 
weapons systems), the four mili­
tary branches are planning ex­
penditures of over $1.5 billion. 
Other major electronic spending 
involves continued development of 

Post-Apollo manned programs to suf· 
fe r in NASA budget cuts 
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missile and aircraft subsystems, a 
new airborne warning and control 
system and a step-up in Sentinel 
antiballistic missile system outlays. 

NASA is down for $4.57 billion 
in spending, with cutbacks re­
quested, as expected, in post-Apollo 
manned activities and some paring 
in nearly all unmanned programs. 
On the other hand, increased ap­
propriations are being sought for 
the Air Force's Manned Orbiting 
Laboratory program. 

(Many political observers in 
Washington feel that such a 
change in the direction of the man­
ned space effort, if continued, could 
permanently shift the responsibili­
ty to the Air Force for all ad­
vanced manned programs by the 
mid-1970's. ) 

A few surprises were tendered 
by the President, particularly in 
his request for $223 million for the 
supersonic transport development 
program-a rise of about 60 per 
cent over last year. Also, the 
Atomic Energy Commission is 
scheduled for a marked increase 
in its budget, with emphasis on 
development of the NERVA nu­
clear rocket engine and a very 
large increase for its military ap­
plications effort. 

Finally, major financing is being 
requested to begin development by 
the AEC of the planned 200-billion­
electron-volt proton accelerator 
near Chicago. 

2 rocket leaders blast 
U.S. space budget cuts 

Two of the scientists who have 
directed the comeback of the U.S. 
space program since the dark days 
following Sputnik I warn that the 
program is losing its momentum 
because of cuts in the budget. 

Dr. Wernher von Braun, director 
of the National Aeronautics and 

Space Administration's Marshall 
Space Flight Center, complains 
that the Government is "dismantl­
ing the high competence" of our 
space team. He says that budget 
reductions have rendered rocket 
production rates "too low to sustain 
the efficiency and interest of or­
ganizations in the program." 

Dr. von Braun, who made his 
comments at a luncheon commem­
orating the anniversary of Ex­
plorer I-the nation's first orbit­
ing satellite-was joined in his 
criticism by Dr. William Picker­
ing, head of the Jet Propulsion 
Laboratory of the California Insti­
tute of Technology. Dr. Pickering 
voiced concern over waning pub~ 
lie interest in space after what he 
termed "probably the most scien­
tifically productive decade in the 
history of our culture." 

What troubles the two space 
scientists most is the lack of funds 
for further space probes after the 
planned Apollo manned lunar ex­
pedition. 

Dr. von Braun points out that 
Jet Propulsion Laboratory has only 
one project left-a pair of unman­
ned flights to Mars in 1969-de­
spite its outstanding record. 

"If the present trend continues," 
he says, "we will have one of the 
most heavily decorated scientific 
leaders in this country [Dr. Pick­
ering] on the unemployment line." 

Manufacturers assail 
procurement red tape 

A fear of rash Government pro­
curement controls in the wake of 
the Proxmire investigation has 
been expressed by the Western 
Electronic Manufacturers Associa­
tion. 

"Each time the General Account~ 
ing Office, or a Congressional com­
mittee, or the press turns up a 
'horror story' of something that 
has gone wrong," Robert M. Ward, 
president of the 450-company asso­
ciation, told a Congressional lunch­
eon, "there is a rush to tinker and 
patch the apparatus by inventing 
new controls." 

Ward was reacting to charges 
generated by an inquiry led by 
Sen. William Proxmire (D-Wis. ), 
who has alleged that defense con­
tractors have been making im­
proper use of Government equip-
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ment (see "Proxmire investigation 
may bring new controls," ED 2, 
Jan. 18, 1968, p. 21). 

The most onerous recent action, 
Ward told a Washington gathering 
of 60 Representatives and Sena­
tors, is a unilateral decision by the 
Defense Dept. "to initiate a policy 
of post-award audits of firm, fixed­
price contracts." 

As a result of this and similar 
policies, Ward said, "many of our 
companies have withdrawn from 
the defense market and confined 
their government sales to the 
'civilian' departments and agencies 
who look to the electronic industry 
for instruments and systems to 
cope with problems in pollution, 
transportation, medicine and educa­
tion ; yet they find practices and 
requirements appropriate to war­
time defense procurement following 
them." 

Ward strongly endorsed legisla­
tion introduced by Rep. Chet Holi­
field (D-Calif.) and Sen. Henry 
Jackson (D-Wash.), who seek to 
establish a "Little Hoover" com­
mission to study the entire Federal 
procurement process. 

In a related development, Hew­
lett-Packard Co. announced that it 
would shortly ask the Supreme 
Court to review an opinion up­
holding the right of the Controller 
General to examine H-P cost 
records in Government contracts. 
The company and the Government 
have been arguing the matter for 
more than five years. At issue is 
the extent to which Congress in­
tended to authorize the Controller 
General to audit and make public 
financial records of companies that 
supply standard commercial prod­
ucts under negotiated fixed-price 
contracts. 

Honeywell expanding 
in 2 computer markets 

Whether Honeywell, Inc., is sec­
ond or third in the computer derby 
is open to dispute, but of late-like 
that well-known car rental agency 
-it appears to try harder. 
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On the heels of last month's an­
nouncement that it plans to start 
manufacturing disk packs, Honey­
well's Electronic Data Processing 
division proclaimed its entry into 
the small-scaled computer and key­
tape data input markets. 

The company's new Model H-110 
central processor is the ninth and 
smallest in Honeywell's Series 200 
line of compatible third-generation 
computers. It is aimed at first-time 
computer customers and at users of 
competitive small computer sys­
tems, such as the NCR 615, IBM 
360/ 20 and 1130, and Univac 9300. 
The processor has a memory ca­
pacity of 4,069 to 16,384 charac­
ters, access time of 2 µ,sec and a 
4-µ,sec cycle time. The basic pro­
graming language is COBOL B. It 
will rent for about $2500 a month 
or sell for about $125,000, Honey­
well says. 

The new Honeywell line of key­
tape units is aimed at the huge off­
line data preparation market 
(about $500 million annually ) now 
dominated by one company with 
one machine: IBM's keypunch. 
Keytape systems are said to in­
crease data transcription produc­
tion by an average of 25 to 35 per 
cent, since data is recorded 
through a typewriter-like keyboard 
directly onto magnetic tape for 
computer use. Mohawk Data Sci­
ences Corp., Herkimer, N.Y., is the 
only other manufacturer of key­
tape units. 

Vidicon tubes sought 
to monitor space 

An Air Force telescope in the 
mountains of Cloudcroft, N.M., 
built to spot and catalogue objects 
in space but shut down in 1965 be­
cause of the Jack of sensitivity of 
photomultiplier tubes, will be re­
opened if work under two new con­
tracts proves successful. 

The t e I es cope-officially the 
AN / FSR-2 optical surveillance sys­
tem-was part of the Air Force's 
w or Id wide Spacetrack network. 
Built in 1962 by the Radio Corp. of 
America's Aerospace Systems Div., 
Burlington, Mass., it was intended 
to see objects beyond radar range, 
as far out as the moon. · -

The two new contracts, going to 
RCA's Aerospace Div., are to im­
prove the system's performance. 

One contract calls for reactivating 
the instrument, using state-of-the­
art tubes. "An image orthicon will 
probably be used," said an Air 
Force official at the Spacetrack 
facility at Hanscom Field, Mass. 

The second contract calls for a 
thorough look at other kinds of 
tubes to develop more sensitivity 
in the system. The tube used in the 
original FSR-2 was an image orthi­
con developed for televising night 
baseball games. 

"We now have to tailor a tube 
with a wide dynamic range to fit 
our particular needs," the Air 
Force official said. "The vidicon 
class appears to have the most 
promise, but we will also look at 
new image orthicons, secondary 
electron conduction tubes and tubes 
beefed up by intensifiers." 

2 hearing-aid inventors 
sue to control company 

A court battle is under way for 
control of the Intelectron Corp., a 
small New York City electronics 
company that has developed a hear­
ing aid that bypasses the cars. The 
device feeds amplitude-modulated 
rf signals directly to the head of a 
person and he "hears" through 
cranial nerves (see "Army tests 
hearing aids that bypass the ears," 
ED 26, Dec. 20, 1967, pp. 30-32) . 

Dr. Henry K. Puharich and Dr. 
Joseph L. Lawrence, co-inventors 
of the device, are suing to wrest 
control of Intelectron from their 
backer, Borders Electronics Co., 
Pennsauken, N.J. They charge that 
Borders has been too slow in its 
technical support. 

Borders, on its part, has dis­
missed the two men from their po­
sitions as president and vice presi­
dent of Intelectron. 

National engineers' week 
"Engineering . . . Design for 

World Health" is the theme of this 
year's National Engineers' Week, 
Feb. 18-24. NSPE has made avail­
able a series of one-minute films 
designed for local television use. 
These and other promotional mate­
rials are available from NSPE, 
2029 K St. N.W., Washington, D.C. 
20006. 
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t;e11eral l11str11111e11t's Hxe;l11si\'e 1\\'rttS 1\\akes 
'1,llese l,SI 1\\111ti1•lexers A\';1ilable '1,tHIH\'! 

,\\I~,\\ :um-m f:lu11111el l~amln111/Se•111e11tlal 
Access &\\11ltl1tlexer 

• 16 Channels of Current or Voltage Mode Multiplexing • Random/Sequential Modes of Addressing 

• Address Holding Flip-Flops • 16 Channels of Voltage Mode Multiplexing 

• " 4 in , 16 out" Decoding Matrix • "4 in , 16 out" Decoding Matrix 

• 16 Single-Throw, Double-Throw Switches • 16 Single-Throw Switches 

• Extremely High Off-to-On Resistance Ratio • Extremely High Off-to-On Resistance Ratio 

• Low Cross Talk • Low Cross Talk 

• Zero Offset • Zero Offset 

• High Logic Noise Immunity • High Logic Noise Immunity 

LSI MULTIPLEXERS POWER SUPPLY CLOCK CON- VOLTAGE RATE DESCRIPTION 
TYPE FUNCTION SUMPTION (VOLTS) 

16 CHANNEL Sixteen Channel 
MEM RANDOM ACCESS 80mW -27V±lV 100 kHz Multiplexer with 
5015 MULTIPLEXER address storage 

and decoding. 

16 CHANNEL Sixteen Channel 

MEM RANDOM/ Multiplexer with 

5116 SEQUENTIAL ACCESS 100 mW - 27V±lV 500 kHz parallel access 
counter and de-MULTIPLEXER coding. 

Call you r authorized General Instrument Distributor for off-thr.-shelf delivery. 
Write for complete data. 
For information relating to MIOS in Europe, write: f 
General Instrument Europe, Via Turati 28, Milano, Italy. 

GENERAL INSTRUMENT CORPORATION • 600 WEST .JOHN S TREET, HICKSVILLE, L . I., NEW YORK 

INFORMATION RETRIEVAL NUMBER 15 
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Complement Your 
Rugged Designs 
With 30-Watts of 
Thermopad* Plastic 
Silicon Power! 

The 2N4918-23 series of NPN/PNP silicon power tran­
sistors is designed to put extra performance in - and take the 
cost out of - industrial switch/amplifier and driver applica­
tions that demand premium, military-type capability and 
reliability. 

Besides offering the traditional circuit-simplifying design 
advantages of eliminating expensive, impedance-matching 
driver transformers and resistors and offering a high degree of 
frequency stability, these 3-ampere devices actually handle 30-
watts of power .. . 5-watts more than their T0-66 counterparts 
-yet they cost about 153 less! 

Extensive testing has proven Motorola Thermopad units -
with the exclusive, ultra-short (less than 0.030") and efficient 
chip-to-heat sink thermal path - exhibit optimum reliability in 
all phases of testing frorri operating life, temperature cycling, 
humidity and thermal shock. For example, they have passed 
42,000 hours of life-testing under ambient temperature, high 
humidity, reverse bias conditions and 100,000 hours of 150°C 
storage testing, with no failures. 

These unique capabilities plus their low saturation voltages 
(0.6 V @ 1 A ), high beta (20 min @ 500 mA, 1 V) and good 
frequency response make them ideal for your price-vs.­
performance applications ... particularly where metal-can units 
prove too costly. 

The complementary approach ... in audio and servo am­
plifiers plus mounting procedures and thermal aspects of Ther­
mopad devices is discussed thoroughly in 3 application notes 
we will send you when you circle the reader inquiry number. 
Or, write Box 955, Phoenix. Do it today and receive them by 
return mail. 

Type Vce1sATJ 
Po @le= NPN/ PNP 

NPN PNP lqt.<AX) VcEO hFE @ IA f, Comb. 
Amps Volts @ Tc= 25°C (max) (min) Price 

(sus) le= 500 mA Watts Volts MHz (100-up) 

2N4921 2N4918 40 $2.00 
2N4922 2N4919 3 60 20/ 100 30 0.6 3 2.26 
2N4923 2N4920 80 2.70 

• Trademark of Motorola Inc . 

Semiconduct<.'lrs 

• 

MOTORO~.A 

-ww tkp~ Uu/~ td aaw,/ • 
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NEWS 

Aquanauts' goal: 'Cordless' living under sea 
Self-contained speech, life-support and navigation 
gear would permit divers to shed bulky lifelines 
Neil Sclater 
East Coast Editor 

How can electronics best aid 
manned ventures hundreds of feet 
down on the sea floor? 

"Communications, life support, 
and navigation. These are the 
areas where electronics can con­
tribute," according to Cdr. M. 
Scott Carpenter, the astronaut 
turned aquanaut who is now pre­
paring for Sealab III, the Navy's 
most ambitious man-in-the-sea ex­
periment to date. 

"The aquanauts of Sealab III 
will use tethers" but would like to 
get rid of them, continued the slim, 
ruddy-complexioned naval officer, 
seated behind his desk at the 
Navy's Deep Submergence Project 
Office in Chevy Chase, Md.,_ just 
outside Washington, D.C. 

He went on to explain how dur­
ing the experiment aquanauts 
would be connected to life-support 
cables which double as safety lines. 
The bulky lines are essential to 
the aquanauts because of the depth, 
and the length of time they intend 

to remain submerged. 
"Deep-sea divers will remain 

tethered until we get the equip­
ment that will permit them to 
maneuver safely, free of connec­
tions, hundreds of feet down," said 
the commander, who, besides being 
the second American to orbit the 
earth has set a record for time 
spent on the sea floor (30 days at 
205 feet off California as a team 
leader of Sealab II in 1965). 

The big problem: Money 

The electronics potential exists 
to solve all of the basic engineer­
ing problems that would permit 

The Navy Sealab Ill base will be placed on the sea floor 
600 feet down. Aquanauts will be tethered with a cable 

that supplies heat, light, breathing gas and a phone 
service. Telemetry will monitor breathing apparatus. 
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NEWS 

(Aquanaut electronics, continued) 

human habitation of the sea, most 
specialists agree. What is needed 
is money and a coordinated effort. 
The gains made to date have been 
the result of piecemeal financing 
and part-time attention by both 
the Government and industry. 

"We have not moved as fast in 
undersea technology as we have in 
space because we have not applied 
anywhere near the same talent and 
money to the subject," Carpenter 
said. "We need the same kind of 
systems approach that is used on 
the space program." 

The Navy and other organiza­
tions with an interest in manned 
exploration, salvage and research 
at depths to 1000 feet are already 
looking at a systems approach. 

'Shoestring' gains, so far 

The "state-of-the-art" is, as one 
ocean engineer told ELECTRONIC DE­
SIGN, a "shoestring" affair. Several 
corporations engaged in undersea 
salvage, exploration and work proj­
ects have already performed diving 
operations at 600 feet. Both West­
inghouse Electric Corp., Annapolis, 
Md., and Ocean Systems, Inc., New 
York City, N.Y., an affiliate of 
Union Carbide Corp. and the Gen­
eral Precision Equipment Corp., 
have complete apparatus to permit 
divers to work at 600 feet for a 
week or more without time-consum­
ing decompression more than once. 

Major Sealab objectives 

The Navy's Sealab III project, 
which will begin work this sum­
mer, will conduct advanced experi­
ments at these depths with new 
equipment, similar to that used by 
the commercial divers. It will be a 
follow-on of the Sealab II project, 
conducted at a depth of 205 feet 
for 45 days off the coast of South­
ern California in 1965. 

Sealab III, to be situated off the 
coast of Southern California's San 
Clemente Island, will involve five 
teams of aquanaut divers, each con­
sisting of eight men. They will live 
in and around an ocean bottom base 
for 15-day periods. In the first 
phase the base will be in about 
450 feet of water, and the aqua­
nauts will work at that depth and 
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spend time at 600 feet. In the sec­
ond phase the base will be moved 
down to 600 feet. 

Sealab III is one of the Man-in­
the Sea tasks of the Navy's Deep 
Submergence Systems Project Of­
fice. Among its objectives are the 
development of better equipment­
for example, improved diver-to­
diver communications and under­
water propulsion devices. 

Other objectives include: 
• Physiological research and ex­

perimentation. 
• Development of mobile decom­

pression equipment. 
• Surface ship modifications to 

support diving operations. 
• The development of advanced 

sea bases. 
The primary communications be­

tween Sealab III divers will be by 
wire telephone in the umbilical 
cable. This system will include a 
helium speech-distortion converter, 
face-mask amplifiers and high fi­
delity amplification for all circuits. 

The umbilical cable will, ac­
cording to D. Martin Harrell, who 
is a project communication engi-

neer for the Deep Submergence 
Systems Project, contain wires for 
body heater and personal lights; 
wires for the telephone, and wires 
for oxygen-sensor analog telemetry. 

There will also be a hose within 
the cable for an oxygen-helium gas 
supply. 

Harrell says that the umbilical 
cable weighs seven pounds per hun­
dred feet underwater; lengths up 
to 600 feet will be attached to one 
aquanaut. The wires that will sup­
ply up to 750 watts of power to a 
body heater account for most of 
the weight. 

All telephone circuits will be 
linked to the surface, where the 
speech converters are. Harrell says 
the phone system was designed and 
built by the Navy's Mine Defense 
Laboratory, Panama City, Fla. 
Most of it is made of high-quali­
ty commercial components. Six 
separate duplex aquanaut connec­
tions will terminate at the under­
sea base, and. a trunk line will 
carry all messages to the surface. 

What are the major equipment 
problems that designers are wrest-

Bendix ANfPQC-2 acoustic phone for Sealab Ill can transmit voice, code or 
homing signals more than 1500 feet. An 8.5·to-11 -kHz modulated carrier 
is sent and received by a piezoelectric ceramic transducer on the underside 
of his belt-mounted case. Aquanauts will wear similar fiberglass helmets. 
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It 's an old saying . .. but truer today than ever before with 
the Model 3290 TRIMPOT® Potentiometer. This outstanding 
high-quality unit measures only %" x :Ys" x less than ~2" 
thick, yet offers specifications available in larger units-all 
at the competitive price of $5.48" . 

Available with leads and three printed circuit-pin mounting 
styles, the Model 3290 meets or exceeds requirements of MIL­
R-27208 ... is rated at 1 watt at 70°C, and has a temperature 
range of - 65°C to + 175°C. The all -plastic case is sealed 
against liqu ids and potting compounds and a resistance range 
of lOn to 50K gives you plenty of selection for your projects. 

When your designs and programs call for the very best in 
potentiometer quality and small size, at competitive prices .. . 
test and then specify the Model 3290! Write today for com­
plete technical data or contact your nearest Bourns office or 
representative. 

0 100-piece pri ce 

3290L 

SPECIFICATIONS 

Size 

Standard Resistance Range 

Resist ance Tolerance 

Resolution 

Power Rat ing 

Operating Temperature Range 

Temperature Coefficient 

Moisture Resistance (MIL·R-27208) 

Mec han ica l Adjustment 

3/e" x :Ye" x .150" 
lOQ to 50KQ 

± 5% Standard 

1.01 % to 0 .10 % 

l watt at 70 ° C 

- 65° C to + 115• c 

50 PPM / ° C max. 

100 megohms min . insulation 
resistance 

25 turns 

BOURNS, INC .. TRIMPOT OIVISION • 1200 C OLUMBIA AVE., RIVERSIOE, CALIF. 

TELEPHONE (714) 684 -1700 •TWX : 910 332 -1252 •CABLE: BOURNSINC. 

TRIM POT® and Precision Potentiometers • Miniature Relavs • Electronic Mnrt111.,.., - P.A;,..~~------ --· -
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(Aquanaut electronics, continued) 

Jing with right now? In communi­
cations, it's helium speech distor­
tion. 

Acoustic links for voice have 
proved valuable for communications 
between free divers in shallow 
water. But their use in the depths 
is conditioned by the need to cor­
rect distorted speech. As long as 
the diver requires an umbilical 
cord for survival, it is easier to 
use a wired telephone as his pri­
mary communicator rather than 
burden him with extra gear. 
Speech correction can be per­
formed, as needed, in the wired 
phone circuit. 

fAs divers descend below 200 
'feet, the quality of the human 
voice changes when the breathing 
gas mixture or its pressure 
changes. The atmospheric air mix­
ture of about 79% nitrogen and 
21 % oxygen must be changed in 
deep diving, so the diver will avoid 
the perils of nitrogen narcosis and 
oxygen poisoning. Mixtures of 
about 5% oxygen with the remain-

der helium, for example, are used 
at 400 feet. 

The velocity of sound in the 
helium mixture is much higher 
than in air, and this strongly af­
fects the acoustic resonances and 
characteristic quality of the voice. 
The fundamental pitch (about 100 
Hz for men) is relatively unaffect­
ed, but the amplitudes or volume 
of the various harmonics change 
markedly. The normal human 
voice becomes almost unintelligible 
and sounds like "Donald Duck." 

Speech converters developed 

Three different organizations 
are supplying helium speech un­
scramblers, or converters, for the 
Sealab III project: the Navy's Ap­
plied Science Laboratory, Brook­
lyn, N.Y.; HRB-Singer Inc., State 
College, Pa., and the Westinghouse 
Underseas Div., Annapolis, Md. 
They have come up with three dif­
ferent versions to compensate for 
the upward frequency shift of 
speech components. Each will be 
evaluated by Sealab III. 

Westinghouse, for example, ef-

;, 

Navy-built aquanaut phone system accepts calls from six divers and a seabed 
base. Speech makes round trip to surface, where it can be corrected for 
helium distortion before it is returned and redistributed .. 
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fectively slows the speed up to one 
half to reduce voice frequency with 
an analog chopping and digital in­
tegration process. The speech de­
lay depends on the depth and the 
nature of the mixture. It is intro­
duced by selecting the time values 
and rate for speech signal chopping 
and by varying the digital readout 
speed to compensate for the miss­
ing portions of the voice wave­
form. 

After the waveform is chopped, 
the remaining amplitude "strips" 
are digitally quantized and fed in­
to memory-a shift register. The 
shift register is then read out at 
a slower clock rate than the digi­
tized signal was read in. After 
digital-to-analog conversion, the re­
stored voice is lowered in frequen­
cy in a manner analogous to play­
ing back a record at a slower rate 
than it was recorded. 

"We are only trying to improve 
the intelligibility of the voice and 
not restore it completely," says 
David Houston, a Westinghouse en­
gineering manager. "Complete res­
toration of the voice would require 
more sophisticated circuitry that 
could not easily be miniaturized. 
We are working with a circuit that 
we believe can be miniaturized 
with integrated circuitry, thus 
making an individual aquanaut 
converter practical." 

This development, Houston says, 
would make low-distortion voice 
transmission practical with sonic 
links at depths down to 1000 feet: 
this is not possible because speech 
conversion must be performed on 
the surface. 

The distorted helium speech can 
also be separated into harmonic 
frequencies, and their amplitudes 
can be measured. Then the envelope 
of harmonic amplitudes can be 
shifted back towards the more nor­
mal condition. Applied Science Lab­
oratory and HRB Singer follow 
this approach. 

Sonic communications available 

Two manufacturers have already 
developed diver sonic communica­
tors that are said to have ranges 
of 1500 feet at depths to 600 feet. 
Based upon sonar techniques, they 
can transmit and receive voice 
or code-modulated ultrasonic car­
rier signals. 

Man-pack equipment for these 
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THIS POWER SUPPLY IS 3-WAYS* NEW! 
PANEL HEIGHTH 

IN INCHES. 

CO II PETITION 
PANEL HEIGHT 

MODEL 

SCR10-500 

SCR10-250 

SCR20-250 

SCR20-125 

SCR40-125 

SCR40-60 

SCR80 · 30 

SCR120-20 

SCR160-30 

SCR160-15 

SCR250-20 

SCR250-10 

SCR500-10 

SCR500-5 

SCR120-40 

NEW* 
NEW* 
NEW* 

S MALLER SIZE 

C OMPETITIVELY PRICED 

R EDUCED RIPPLE 

DC OUTPUT REGULATION RIPPLE SIZE 

VOLTS AMPS VOLTAGE CURRENT MY RMS H w D WEIGHT PRICE 
% MY* % MA** 

0-10 500 0.1 3 0.1 150 5 8314 19 20 195# $1700.00 

0-10 250 0.1 3 0.1 75 5 7 19 20 140# 1300.00 

0-20 250 0.1 6 0.1 75 5 8314 19 20 190# 1500.00 

0-20 125 0.1 6 0.1 40 5 7 19 20 140# 1150.00 

Q..40 125 0.1 12 0.1 40 5 8314 19 20 185# 1375.00 

0-40 60 0.1 12 0.1 20 5 7 19 20 140# 925.00 

Q-80 30 0.1 30 0.1 10 10 7 19 20 140# 900.00 
--

0-120 20 0.1 40 0.1 8 10 7 19 20 140# 900.00 

0-160 30 0.1 50 0.1 10 10 8314 19 20 185# 1500.00 

0-160 15 0.1 50 0.1 5 10 7 19 20 140# 900.00 

0-250 20 0.1 75 0.1 8 10 8314 19 20 185# 1500.00 

0-250 10 0.1 75 0.1 4 10 7 19 20 140# 900.00 

25-500 10 0.1 150 0.1 4 10 8314 19 20 185# 1700.00 

25-500 5 0.1 150 0.1 2 10 7 19 20 140# 1300.00 

0-120 40 0.1 40 0.1 12 10 8314 19 20 185# 1500.00 

*Voltage regulation-% or MY, whichever is greater **Current regulation-% + MA total 

ELECTRONIC MEASUREMENTS 
2 CRESCENT PLACE I OCEANPORT. N . .J. 07757 
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NEWS 

(Aquanaut electronics, continued ) 

systems includes a microphone or 
other transducer suitable for use 
under water. Receiving phones 
pass the demodulated voice signal 
to the diver. Both methods call for 
the use of bone-conduction trans­
ducers that are fitted against the 
diver's skull near his ear. These 
audio piezoelectric transducers pass 
the signal directly to the bone, thus 

avoiding the attenuation caused 
when the audio signal takes a 
water path to the ear. 

One of the sonic communicators 
uses separate piezoelectric ceramic 
transducers to send and receive the 
modulated ultrasonic carrier, and 
the other uses a dual-purpose unit. 
The acoustic underwater link is ac­
tually a miniature version of the 
conventional ship-to-ship under­
water telephone. 

Aquasonics Engineering Corp. of 
San Diego, Calif., makes one of 

Living safely at 100 fathoms 

30 

The aquanaut must be special­
ly equipped with life-support 
equipment for safe entry into 
the sea, where pressure is the 
greatest hazard. His breathing 
apparatus must permit him to 
remain in the sea for periods 
up to 6 hours. The cold of the 
water in the depths (40 to 50 °F ) 
requires that heat be supplied to 
his diving suit for comfort. 

Nitrogen has a narcotic effect 
on the diver at depths below 
about 150 feet. A helium-oxy­
gen mix has been found to work 
well. However, at the pressures 
encountered at 400 to 600 foot 
depths the oxygen content must 
be reduced to the 1 to 3 percent 
range to eliminate the possibili­
ty of oxygen poisoning. At these 
depths the oxygen partial pres­
sure will sustain life. But it 
must be maintained at these 
levels and C02 and water vapor 
must be removed. 

Three possible life support 
systems are offered to maintain 
t he required oxygen level : 

Open circuit: The compressed 
helium oxygen mix (usually sup­
plied by bottles to a demand 
regulator ) is breathed by the 
aquanaut, then exhaled and ex­
hausted into the water. It is the 
safest but most wasteful method. 

Closed circuit: Helium is re­
circulated in the breathing cir­
cuit and oxygen is added by bot­
tle . Automatic regulators con­
trol the gas flow and no addi­
tional mix is added. It was in­
vented by Alan Krasberg of the 
Westinghouse Underseas Div. 
The most economical, it is po­
tentially the most dangerous 
and requires careful regulation. 

Semi-closed : A compromise 
scheme in which premixed 
helium and oxygen is constantly 
metered into the breathing gas 
circuit from a gas line or bot-

tics at a fixed rate to replenish 
oxygen. A portion of this gas is 
constantly exhausted to the 
water. 

Sealab III aquanauts will use 
a navy-built semi-closed circuit 
breathing apparatus. It consists 
of four main parts: An inhala­
tion breathing bag, an exhala­
tion breathing bag, C02 absorp­
tion cannister, and oxygen sen­
sor. 

A Krasberg oxygen sensor is 
used to supervise the system. It 
produces an electrical current 
that is proportional to the 
amount of oxygen present. The 
sensor works without regard to 
pressure or the presence of 
other gases. The sensor controls 
the flow of helium-oxygen mix 
and its voltage level is telem­
etered to a monitor. 

The mix is recirculated from 
the inhalation bag to the aqua­
naut. The exhaled gas goes to 
the exhalation bag and the ab­
sorption cannister removes the 
C02 and water vapor. 

The aquanaut can switch from 
the umbilical or hookah line to 
back pack bottles in an emer­
gency or during brief periods of 
free swimming. He can also re­
move his face mask, replace it 
with a mouthpiece and use the 
bottles as an open-circuit scuba. 

Heat can be supplied to an 
aquanaut's wet suit by electrical 
means (an undersuit made like 
an electric blanket) or by circu­
lating hot water. Westinghouse 
built an undersuit that is sup­
plied with circulating hot water 
from a hose line. But the Navy 
wants to heat the diver with a 
self-contained system that is 
part of his equipment. It will 
supply electric power in the 
umbilical cable so it can experi­
ment with both circulating 
water and heating elements. 

the sonic communicators. 
The voice amplitude modulates 

a carrier centered on 42 kHz, and 
the carrier is transmitted to all 
receivers within range. 

Each diver set includes separate 
receiver and transmitter packs 
with connectors, microphone and a 
headphone. The transmitter pack is 
attached to the diver's belt, and the 
receiver is normally attached to his 
face-mask strap. The microphone 
is fitted to the mask to permit the 
diver to talk easi ly. 

The transmitter pack includes 
the transducer for sending. A 
water-tight aluminum case that 
contains the modulation circuitrY, 
and a dry-cell transmitter power 
supply, the pack weighs one pound 
in water. 

The receiver pack is a smaller, 
mica-filled epoxy case containing 
the solid-state demodulation cir­
cuitry. It receives the modulated 
ultrasonic signal with a separate 
transducer, amplifies the audio 

Navy diver wears semi-closed circuit 
breathing apparatus. Umbilical cable 
attaches to fitting on his right side. 
No communication or telemetry 
equipment is shown. 

ELECTRONIC DESIGN 4, February 15, 1968 



signal and sends it to a water­
proof encapsulated bone-conduction 
phone that is fitted under the 
diver's neoprene helmet. 

Weighing only 0.3 pound in 
water, the battery-powered audio 
circuitry is said to give a gain of 
over 80 dB and to furnish 120 mW 
of audio output to the bone-con­
duction phone. 

Aquasonics also makes a bat­
tery-powered station transceiver 
that is built to work with the 
diver units. It can be placed on 
the surface or in an underwater 
shelter. 

Dual-purpose transducer built 

The Bendix Electrodynamics 
Div., North Hollywood, Calif. also 
is building communicator systems. 
One model designated the AN I 
PQC-2,, will be used for secondary 
communications on the Sealab III 
project. 

The Bendix unit, in addition to 
carrying voice signals, can trans­
mit a continuous tone for homing 
and Morse Code for emergency 
situations when the aquanaut is 
unable to speak. Voice, code and 
tone all modulate a carrier in the 
8.5 to 11 kHz range selected to be 
compatible with the Navy's stand­
ard shipboard and submarine un­
derwater telephones. 

Bendix engineers say that they 
have achieved a 2100-foot range, 
although the specified range is 
1500 feet. 

Safety equipment needeCI 

Life-support equipment for the 
aquanaut requires further develop­
ment, the experts say, before a 
truly reliable, self-contained sys­
tem evolves. Use of the closed-cir­
cuit aqualung is limited to four or 
five hours' use, and it also requires 
Close supervision and automatic 
control to ensure proper function. 

To maintain a diver at depths of 
greater than 200 feet for as long 
as six hours, the semi-closed cir­
cuit breathing apparatus has been 
found to be the most satisfactory 
so far. (See box at left ) . 

For safety and economy of 
breathing gas, diving experts have 
found that it is desirable to pipe 
makeup breathing gas to the aqua­
naut through the umbilical connec­
tion. An umbilical hose attaches to 

ELECTRONIC DESIGN 4, February 15, 1968 

There's a rumor in engineering 
circles ... critical circuits need 
Nytronics Ceramic Capacitors. 

HY·CAP. "II•============= 

NYT-CAP -=-=-======m!•lllDi•=========== 

OECl·CAP ========== .. •I========== 

NYT-CHIP 

It's true ... because con­
tinuous Nytronics research and develop­
ment, linked with our unique standard 
line concept, have achieved the highest 
degree of precision performance together 
with rapid volume production. Our wide 
range of miniature capacitors has an ex­
ceptionally large capacitance-to-size ratio. 

HY-CAP: .01 to 2.5 mfd.; ±20% tol­
erance; 100 WVDC; no derating to 125 °C; 
and meets MIL-C-11015. 

NYT-CAP: Molded epoxy package 0.1" 
diameter by 0.250" long .. .. 4. 7 to 220 pf; 
and 0.350" by 0.250" by 0.1" .... . 270 to 
4700 pf; TIC does not exceed ±40 

-
ppml°C (-55°C to +125°C); and 200 
WVDC. 

DECI-CAP: Epoxy molded envelope 
.0.100" diameter by 0.250" long ... . 4.7 to 
2 7 ,000 pf; and ± 10 % tolerance. 

NYT-CHIP: 0.170" by 0.065" by 0.07.0" 
.. .4.7 to 220 pf; and 0.280" by 0.195" by 
0.070" .. .. 270 to 4700 pf; TIC does not ex­
ceed ±40 ppml°C (-55°Cto +125°C); 
and 200 WVDC. 

In addition to ceramic capacitors and 
inductors, we maintain inventories of high 
quality delay lines and resistors. Complete 
engineering data on all products will be 
sent on request. 

550 Springfield Ave., Berkeley Heights, N.J. 07922 • (201) 464·9300 • TWX: 710 -984 -7977 
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NEWS 

(Aquanaut electronics, continued) 

the diver's waist, and the gas is 
bled into the breathing apparatus. 

If the hose is cut or blocked, 
the diver can revert to his self­
contained gas supply. 

The umbilical connection also car­
ries wires to telemeter the output 
of a gaseous oxygen sensor back 
to an underwater base or the sur­
face, wherever the life-support sys­
tem is monitored. This record can 
also be transmitted over acoustic 
wireless data links. 

Improved telemetry due 

In the Sealab II project, an ex­
perimental acoustic telemetering 
system transmitted electrocardio­
graphic signals from the aquanaut 
to an underwater base. The sys­
tem was assembled at the Philadel­
phia General Hospital in Pennsyl­
van ia. 

Electrodes attached to the aqua­
naut picked up electrical signals 
from his heart and used them to 
frequency-modulate a carrier. They 
were transmitted acoustically 100 
feet to the base. An improved ver­
sion, slated for Sealab III, is ex­
pected to have a greater range. 

The new system should increase 
the number of telemetry channels, 
so that more body parameters can 
be measured. Channels are being 
considered for brain-wave trans­
mission, body temperature and for 
a dual-channel electrocardiogram. 

Sealab engineers are also investi­
gating the possibility of incorpo­
rating a voice channel, so the aqua­
naut can state what he is doing. 
His physical activity can then be 
(,!orrelated with the recordings. 

Finder points directions 

How does the underwater ex­
plorer keep from getting lost? Be­
low 200 feet a tether is necessary 
today. To get rid of the tether, de­
sign engineers must come up with 
a device that the diver can carry 
or- hold that will tell his posi­
tion unerringly at all times. 

The Navy's Undersea Warfare 
Center, Pasadena, Calif., has built 
an experimental aquanaut naviga­
tion aid, a direction finder that 
wi ll be tried out by Sealab III. 

According to the project engi­
neer, Benjamin Saltzer, it works by 
determining the bearings of previ­
ously placed underwater beacons or 
transponders. Hydrophones pick up 
the signal from the beacons and 
translate them to a relative bear­
ing by continuous phase compari­
son techniques. 

The development model is bulky 
and suitable for feasibility studies 
only. However, Saltzer .expects that 
it can be miniaturized. 

He says one can be built that 
will have a multiple needle dis­
play. The aquanaut will be able to 
move around and yet know where 
each of the beacons is at all times. 
Each needle on a meter that he 
will carry will point to a specific 
beacon. 

Westinghouse surface station has an underwater TV monitor, telephone switch· 
.board and a terminal for each diver's oxygen sensor telemeter. 

Thus far all of the equipment 
developments like these have been 
piecemeal; there has been no co­
ordinated, NASA-like approach to 
habitation in the sea. Many ex­
perts are convinced that until there 
is, no great strides will be made. 
Preliminary steps in this direction 
have been taken by the Navy. 

The Navy is using a systems ap­
proach called CA VE (for Consoli­
dated Aquanaut's Vital Equip­
ment). CAVE is considering diver 
life-support, communication and 
navigation equipment as part of an 
integrated diving system. 

The CA VE program, which looks 
beyond the impending Sealab III 
program, is still in its study phase. 
At least another year will pass be­
fore the Navy asks industry to 
submit proposals for equipment. 

Diving systems foreseen 

But Navy engineer Harrell ven­
tured some concepts on what the 
Navy is seeking: 

• An underwater communica­
tion system that combines voice 
and code communication with bio­
medical and life-support telemetry. 
Acoustic signals using sonar prin­
ciples would be transmitted through 
the water. By using different or 
time-shared frequencies, divers 
would be able to transmit and re­
ceive voice messages while contin­
uous information on their physio­
logical and mental condition was 
being sent. Coded data would es­
tablish the diver's identity and lo­
cation on displays in sea-floor shel­
ters and at the surface. 

• Miniaturized helmet sonars 
(perhaps combined with head­
lights) to help the diver maneuver 
without becoming lost. Elementary 
displays would help him determine 
distances to underwater objects or 
to sea-floor beacons that mark spe­
cific locations. 

• Automatic life-support con­
trols to supervise and regulate the 
diver's breathing gas supply to 
changes in depth and muscular ac­
tivity . The operating conditions 
would be telemetered to a control 
station, but personal alarms (per­
haps skin vibrators ) would alert 
the diver to hazardous conditions. 

• A unified man pack power 
supply (perhaps a nuclear isotope 
source) to power the diver aids 
and heat his suit in cold water. • • 
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component and 
Circuit Design 

FROM SYLVANIA 

IDEAS/ Circuit Boards 

.. Mother-grandmother" board concept cuts space, 
weight, assembly time, and eliminates wiring error 
in complex systems. 

Use of multiple printed circuit boards 
in successively larger sizes-in lieu 
of hand wiring-provides a means of 
fast, easy, foolproof assembly and 
very high packaging density in com­
plex electronic systems. 

Sylvania's interconnecting circuit­
board technology represents a signifi­
cant advance in packaging complex 
electronic systems. 

The basic building blocks are from 
our family of high-speed, low-noise 
integrated circuit logic cards, each 
designed to carry two multi-layer 
circuits. The performance of these 
boards is enhanced by their integral 
buried power and ground planes. 

These logic modules slip into the 

CARD 

multi-layer mother board, avoiding 
the need for conventional jumper 
wires ... and the problems associated 
with their use in complex wiring con­
figurations: wiring errors, wire costs, 
wire weight and volume consumption. 

There is no discrete wiring in this 
part of the system. Total system wir­
ing is limited to that necessary to tie 
the grandmother board into the pe­
ripheral system. By this technology, a 
complete high-speed computer logic 
system can be assembled by plugging 
module into module to reduce costly 
assembly time. 

And with great savings in weight 
and improvement in packaging den­
sity ;using the "mother-grandmother" 
principle, Sylvania recently was able 
to reduce a 234-pound system to 
about 34 pounds-a weight reduction 

MOTHER BOARD 

L J 

• 
GRANDMOTHER BOARD 

Ten or more integrated-circuit logic cards plug into a mother board . Then a number of 
" mother" boards are mounted on a single " grandmother" board . Next step : a " great­
grandmother" board, if system complexity warrants. 

of almost 7 to 1 with a comparable 
size reduction. 

Equally important, performance is 
always identical from system to sys­
tem . At very high operating speeds, 
both the dress and the length of each 
current path become critical. With 
wired circuits, dress may vary even 
when path length remains constant­
and at high speeds even this slight 
difference can affect performance. 
With "mother-grandmother" assem­
bly, both dress and length of every 
current path is always identical from 
system to system, assuring depend­
ably repeatable operation. 

Sylvania would like to work with 
you to determine whether this new and 
superior means of system assembly 
can be adapted to your requirements. 
CIRCLE NUMBER 300 

This issue in capsule 
Cathode Ray Tubes. You can print over 
30,000 characters per second with a 
new 2" monoscope. 

EL Readouts. EL alphanumeric read­
outs: modern approach to visual in­
formation display. 

Integrated Circuits. Designing parallel 
adder subsystems with anticipated or 
ripple carry. 

Diodes. Now, planar 8-diode arrays for 
high-speed memory core driving. 

Receiving Tubes. New high-voltage 
rectifier with posted filament provides 
instant TV turncon and fail-safe oper­
ation. 

Manager's Corner. Matching compo­
nents to circuits? Maybe we can help. 



IDEAS/ IC Logic 

oesianina parallel adder 
subsrstems with anticipated or ripple carrr. 
How parallel adder subsystems operate and how 
Sylvania IC fast adder units enhance their perform­
ance. Anticipated-carry subsystems are for high-speed 
operation; ripple-carry subsystems are not as fast, but 
are more economical to design and assemble. 

Anticipated carry subsystems 

Some high speed parallel adder subsystems incorporate 
the anticipated carry configuration which is designed to 
perform all summing operations in a given time interval 
without regard to the number of binary digits being added. 
In such subsystems, all previous combinations of bits 
must be monitored simultaneously at each succeeding 
stage. A "stage" of anticipated carry addition is defined 
as the summing of one Augend bit and one Addend bit of 
the same significance, taking into account all previous 
carry combinations affecting the sum at that stage. Each 
"stage" must also provide the sum for that stage and the 
necessary carry-out information to all succeeding stages. 

A single anticipated carry adder stage is the overall 
fast adder logic diagram shown in Figure 1. In the antici­
pated-carry (SM20, SM30 series) configuration there are 
three separate outputs, each dependent upon an input 
logic configuration. The three outputs are the SUM, the 
Exclusive-OR, and the Carry. The Exclusive-OR output 
is dependent upon the following combination of the literals 
A and B being added: 

Exclusive-OR=AB+AB=A EBB 
The symbol "EB" means "Exclusively ORed" 

The Carry output is dependent only on the AND func­
tion of the two literals A & B. Hence, the Carry is: 

Carry-Out=AB+ACP+BCP (SM20 Series) 
Carry Out=A•B (SM30 Series) 

The SUM output is the result of the following ex-
pression: 

suM =AN BN cp+XN B"NcP+AN BN cp+AN BN cp 
(1) 

Where AN and BN are the Nth digit of the Addend and 
Augend. 

Equation (1) may be factored as follows: 

SUM=(ANBN+ANBN)CP+(ANBN+ANBN)CP 

Where CP is a complex Boolean expression and repre­
sents the carry-in to the Nth stage from all less 
significant stages. 

CP is defined as a complex expression since to implement 
a fast or simultaneous carry adder all possible combina­
tions of previous adder stages must be simultaneously 
examined to determine if a Carry into the Nth stage will 
affect the SUMN. 

For a Carry into the Nth stage, the inputs must satisfy 
the following expression: 

Cp=AN-1 • BN-1 + (AN-1 EB BN-1) 
(AN-2 • BN-2) + (AN-1 EB BN-1) (2) 
(AN-2 EB BN-2) (AN-3 • BN-3) + ••• 
[(AN-1 EB BN-1) (AN-2 EB BN-2) 
(AN-3 EB BN-3) ••• (A2 EB B2) (A1 • B1) l 

Where 1 ;;:a N ;;:a 8 for an eight stage anticipated carry 
adder subsystem. 

This expression is logically demonstrated by the Carry­
In structure shown in Figure 1. 

In Figure 1, the crux of the anticipated carry adder 
stage is enclosed by dashed lines. Examination will show 
that it is a series of two comparators. Truth tables for 
the two comparators are shown below: 

Comparator 1 Comparator 2 
Output Output 

x y w w z v 
0 0 1 0 0 1 
0 1 0 0 1 0 
1 0 0 1 0 0 
1 1 1 1 1 1 

For Comparator 1, X and Y are the inputs and W is 
the output. For Comparator 2; Wand Z are the inputs 
and Vis the output. The following expressions are derived 
from the above truth tables: 

W=XY+XY, W= XY+XY 

V=WZ+WZ 

by substitution: 

(3) 

(4) 

V = (XY + XY)Z + (XY + XY)Z (5) 

Equation (5) is the same as the SUM equation. 

Upon examination of the inputs it can be seen that: 

X = AN, Y = BN, where N represents the digit under 
consideration, and: z = CN-1 + CN-2 (AN-I EB BN-1) + 
(AN-2 EB BN-2) (AN-I EB BN-2) (CN-3) (6) 

Since CN=AN• BN, it can be seen that Z is the comple­
ment of the complex Carry-In structure previously re­
ferred to as Cp (see equation 2). 

Therefore, Z = CP 

By substituting the above values in equation (5) one 
arrives at the following: 

v = (ANBN +AN BN) cp +CANBN + XN BN) cp (6) 

By manipulation, it can be shown that equation (6) is 
the complement of equation (1) the standard SUM equa­
tion. Therefore by a simple inversion of equation (6), the 
correct SUM at SN is available. 

Maximum addition time 

Worst case logic conditions (overflow) for anticipated­
carry adder subsystems occur when all respective Augend 
and Addend bits are different except for each least signifi­
cant bit which in both cases is a binary ONE. For example: 

1 1 0 1 1 0 1 AUGEND 

0 0 1 0 0 0 1 1 ADDEND 

O O O 0 0 0 0 0 SUM 

Expressions for the propagation delay of the SUM of 
two 8-bit numbers which are multiples of eight may be 
derived in the following manner: 

For one 8-stage section: (6) TsuM=t EB+ ts (7) 

where t EB =propagation delay of the EXCLU­
SIVE-OR output with respect to 
the inputs A & B. 

ts= propagation delay of any SUM out­
put with respect to an EXCLU­
SIVE-OR input. 

It should be noted that only the first 8-stage section is 
dependent on the propagation delay of the EXCLUSIVE-
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Figure 1. Logic diagram for a single parallel 
adder stage 

Figure 3. This parallel add/subtract configuration uses ripple carry propagation. This con­
figuration will compute an eight-bit sum in approximately 135 nanosecs, or a difference 
in approximately 150 nanosecs. The SG280 dual 4-input AND/OR gate is enabled during 
subtraction to provide end-around-carry. The "B" register is made from only four SG70 
Dual 2-lnput ANO-NOR Gates. Both the SG280 and the SG70 are standard SUHL gates. 

Flgure2 

.. .... .. 
A•ADOE:fC> 
B•AUGENO 
C•CARRY 

.. .. 
Figure 2. The above diagram shows SM-20, SM-30, and SM-40 series Adder Arrays interconnected to form an 
eight-stage anticipated-carry parallel adder subsystem. 

OR outputs. Succeeding 8-stage sections will be depend­
ent on a function of the Carry-Out signal. 

For any number of cascaded 8-stage adder sections, the 
propagation delay for the SUM with respect to the 
Augend and Adder may be expressed as follows: 

TsuM z (2N-l) t co+ts (8) 

where N =number of 8-stage sections 

t 8 =as defined previously 

t c0 =propagation delay for the Carry-Out 
of one stage of an adder, where 
Carry-Out=A • B 

A careful examination of the 8-stage adder section 
shown in Figure 2 will show the derivation of equations 
(7) and (8). 

Ripple adder subsystem 

Where package count and interconnection economies 
are prime factors in the design of an adder subsystem, the 
parallel ripple-carry adder configuration is usually chosen 
(Fig. 3). This configuration, though logically much simpler 
than the anticipated-carry approach, is also slower in terms 
of total add time. 

A stage of ripple-carry addition is similar to a stage of 

anticipated-carry addition except that carries from pre­
vious stages do not simultaneously affect the sum at 
subsequent stages. Instead the sum at each stage is af­
fected sequentially by the. carry from the next less 
significant stage. 

A single stage of ripple-carry addition is shown in 
Figure 1. In this diagram, the logic structure for this con­
figuration is described by the unshaded gates. The expres­
sions for the sum and carry are as follows: 

SUM=ABC+ABC+ABC+ABC 

CARRY =AB+AC+BC (from previous stage and 
propagated to the next stage) 

There are three inputs to each stage: the Addend, the 
Augend, and the Carry-In. The Carry-In, propagated 
from the previous stage, represents the result of addition 
at the previous stage and the ORed result of carries from 
all previous stages. The Carry-Out from a given stage is 
the Carry-In to the next subsequent stage. The output 
is the true sum of two binary digits of the same signifi­
cance at the specific stage, and including the result of all 
carries up to that stage. 

CIRCLE NUMBER 301 



IDEAS/ Receiving Tubes 

New hiDh-vo11aue rectifier with 
posted filament provides .. instant-on" 
and tail-sate operation. 

New Sylvania 3CU3, above, contrasted with our 3A3A high-voltage rectifier with cathode­
type construction. Note simpl icily and ruggedness of posted filament design in 3CU3. 

Sylvania has developed a new high-volt­
age rectifier tube, our 3CU3, with a rugged 
posted filament that is virtually fail-safe in 
that it cannot short out and damage other 
components. 

The receiving tube above represents a sig­
nificant advance in high-voltage rectifier de­
sign. The filament is wound onto - but in­
sulated from -a strong cen tralsupport post. 
This construction aligns the filament in the 
exact center of the anode to assure uniform 
field distribution. 

In addition, it makes filament-to-anode 
shorts virtually impossible even if the fila­
ment should fail. This affords fail-safe pro­
tection for other circuit components that 
could be damaged by filament-to-anode 
shorts in the high-voltage rectifier. 

The tube was designed to meet the most 
demanding and critical color-TV circuit 
requirements, and is particularly useful in 
sets which are all solid-state except for the 
CRT and the HVR. The tube takes mo­
mentary overloads in stride, where a solid­
state HVR may not. And its total warm-up 
time is less than one second, making it 
ideal for "instant-on" TV sets. 

Posted filament construction assures long 
life and provides considerable reserve emis­
sion capability and excellent emission sta­
bility at reduced line or overload voltages. 
Reliability is increased by the large fila­
ment area, by the high filament-power 
input and the center posted filament sus­
pension. The undesirable shielding effect 
caused by side mounted supports (see 
heater cathode type construction of the 
3A3A, below) which unavoidably reduces 
emission capability, is eliminated with the 
posted filament design. 

Electrical Data 

Heater Characteristics 

Heater Voltage (AC) ......•.......... 3.15±0.5 Volts 
Heater Current . . . . . . . . . . . .. . . . . . . . . . 280 mA 

Direct lnterelectrode Capacitances 

Plate to Filament and Internal Shield Without Shield 
1.5 pF .. 

Ratings (Design Maximum System) 

Pulse Rectifier Service 

Peak Inverse Plate Voltage 
Total DC & Peak ....................... 33,000 Volts 
DC Component ........................ 27,500 Volts 
Steady State Peak Plate Current . . . . . . . . 100 mA 
DC Output Current .. . .. .. . . . .. .. . .. .. . 2.0 mA 

Characteristics 

Tube Drop for lb=7 mA . . . . . . . . . . . .. .. . 50 Volts 

CIRCLE NUMBER 302 



IDEAS/ EL Readouts 

EL alphanumeric readouts: 
The modern approach to visual intormation disp1ar. 

Sylvania EL readouts are today's most advanced 
solution to numeric or alphabetical information dis­
play problems. Each letter or number appears on the 
same flat surface, for widest possible viewing angle, 
and with none of the "bloodshot-eye" look character­
istic of multiplane incandescent and gas-glow tubes. 

There is virtually no information display problem that 
cannot be solved better with Sylvania electrolumines­
cent panels. 

For long-range visibility, characters may be as much 
as 12" high. For pictorial or analog displays, any 
figure may be presented as a combination of dots as 
small as 1/ 10" square on a random-access panel. 

All characters are in the same plane; they don't jump 
back and forth as in incandescent and gas-glow tubes. 
And there's no "bloodshot-eye" appearance; you don't 
have to look through nonilluminated characters to see 
the one that's lit. 

If the information can be displayed in numbers or 
letters, EL panels can do it. Better. Faster. Faster, in 
fact, than the eye can detect ... when you need that 
kind of speed. 

Our "C" Series is designed to operate typically at 
250 volts rms, 400 or 800 Hz with a peak voltage 
rating of 420 volts over the temperature range of - 55 
to +94°C. This series yields an average initial bright­
ness of 8 footlamberts operating at 250 volts rms, 
400 Hz and 12 footlamberts at 250 volts rms, 800 Hz. 

Sylvania also has other electroluminescent units, 
such as our "P"-series, which offer high brightness and 
all-glass construction. They are available in 115-volt 
(400 Hz) and 250-volt (400 Hz) versions. 

A few possible applications 

Hospital paging systems 
Elevator floor indicators 
Auto speedometers 
Bar-graph indicators 
Random-access panels 
Frequency counters 
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TV channel indicators 
Nuclear radiation counters 
Desk calculator readouts 
Airline monitor boards 
Baggage pickup boards 
Stock quotation boards 

SIGN LEFT HALF WORD X X SIGN RIGHT HAlf WORD -----. 
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IDEAS/ Diodes 

Now, Planar a-diode arrays 
tor hiDh-sueed memory core drivinu. 
Sylvania planar diode arrays com­
bine such benefits as reduced as­
sembly costs, less external wiring 
and component handling plus high 
reliability. and packaging density­
with ultra-fast switching capability in 
configurations from 2 to 16 diodes. 

The combination of high forward 
conductance, fast recovery, low capa­
citance and tight performance toler­
ances makes Sylvania's new diode 
arrays well suited for high speed core 
driver applications. 

Typical of these units are the 
SID8A-2 and SID8B-2, eight diode 
core drivers with forward current 
ratings of 300 mA and power ratings 
of 300 mW per diode. Couple this 
power drive capability with ultra­
fast recovery and designers have 
diode arrays which meet the demand­
ing requirements for memory drivers 
in military and aerospace computers 
as well as commercial computers. 

Reverse recovery time of these 
diodes is a maximum of 50 nsec even 

at such extreme switching conditions 
of a forward current of 300 mA and 
an IR of 30 mA. Typical values for the 
recovery time of h and IR switching 
from 300 mA to 30 mA is 35 nsec. 

Sylvania's SID8A-2 and SID8B-2 
are monolithic silicon diode arrays 
assembled in hermetically sealed flat 
packs (0.250" x 0.175") or dual-in­
line plug-in packages. Available in a 
common cathode (SID8A-2) or com­
mon anode (SID8B-2) configuration, 
these planar devices feature silicon 
dioxide passivated construction. They 
are fabricated on a high resistivity 
layer which is epitaxially grown on a 
low resistivity substrate. 

The manufacturing process used to 
produce these arrays results in diodes 
which have closely matched electrical 
characteristics over a wide tempera­
ture and current range. Passivation 
insures that performance remains 
stable over a long operating life. Man­
ufactured to standard MIL quality as­
surance requirements, these packaged 
arrays meet MIL-S-19500 standards. 

Other core driver arrays available 

on-uwn 
NOT COMMON CATHODE 

CONNECTED SIDBA -2 

oil~111W 
NOT COMMON ANODE 

CONNECTED SIDBB-2 

Sylvania Type SID8A-2 and -88-2 8-diode arrays 
in common cathode and anode configurations. 
Either type is also available in 10-lead dual-in-
1 ine plug-in packages. 

on request from Sylvania include 
units with two to sixteen diodes con­
nected common cathode or common 
anode. 
CIRCLE NUMBER 304 

Maximum Ratings at 25°C (each junction): Electrical Characteristics at 25°C (each junction): 
Reverse Voltage, VR 
Forward Current, IF 
Peak Forward Current, IFP 

Average Power Dissipation, Po 

Junction Temperature, T J 

Storage Temperature. Tst 11 

Notes: 

40 volts 
300 mA 
1.0 amp (0.1 
µsec, 'JSO/o D.C.) 
300 mW (500 mW 
total package) 
-65°C to 
+150°C 
-65°C to 
+aoo·c 

1. Pulse test :: 300 µsec, :: 'l!'/o duty cycle. 
2. Forward voltage drop of highest reading diode 

junction shall be within 200 mV of lowest 
reading diode. 

3. 9,0 0.1°C/mw; lie• 0.2°C/mw. Linear­
derating of +'JS"C to +150°C. 

TYPICAL CHARACTERISTICS 
FORWARD CURRENT vs FORWARD VOLTAGE 
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FORWARD VOLTAGE,V ,VOLTS 

Forward Voltage Drop, VF (Note 1.) 
Forward Voltage Drop, VF (Note 1.) 
Forward Voltage Drop, VF (Note 1.) 
Reverse Current, IR 
Peak Inverse Voltage, PIV 
Capacitance, C SID8A-2 

SID88-2 
Reverse Recovery. Irr 

Forward Voltage Match, AVF 
(Notes 1. and 2.) 

TYPICAL CHARACTERISTICS 
CAPACITANCE vs REVERSE VOLTAGE 

lEACH DIODEl 

,. 
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Conditions 
IF= 300 ma 
IF= 500 ma 
IF= 800 ma 
VR=30V 
IR=10µa 
OV 1 MHz 

IF=300 ma 
IR=30ma 
l,=3ma 
RL= 100 ohm 
IF= 500 ma 

Min 

40 

Max 
1.'JS 
1.40 
2.00 
0.1 

3.0 
6.0 

50 

0.2 

Unit 
v 
v 
v 
µA 
v 
pf 
pf 
nsec 

v 

TYPICAL CHARACTERISTICS 
REVERSE CURRENT vs TEMPERATURE 
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IDEAS/ CRT's 

use this new 2" monoscopa 
and CRT to print over ao,ooo characters par second. 
Consider a new system for extremely 
high-speed printout of computer-gen­
erated or computer-retrieved data -
alphanumeric, special symbol or for­
eign language. 

.. -

The new 2"-monoscope (Fig. 1) can 
generate over 30,000 characters per sec­
ond from computer tape. And our 
cathode-ray printing tube (Fig. 2) can 
print them just that fast by an electro­
static printing technique. 

The secret of the monoscope's unique 
character-generating capability is in the 
metallic character screen (Fig. 3), elec­
tronically opaque except for the open 
characters. To generate a character, the 
electron beam scans. only one charac­
ter location, not the entire target. Since 
a single character occupies less than 
1/100 of the full screen, the monoscope 
generates a character in 1/100 the time 
required for a full raster scan. 

The stencil target screen shown has 64 
alphanumeric and mathematical sym­
bols. But it can be made with additional 
character symbols to meet your indi­
vidual specifications including other lan­
guages, in any given character style. 

This monoscope is recommended as a 
character generator for: computer dis­
play, airline status boards, stock quota­
tion boards, teaching machines, address­
label printing, command control center 
displays, racetrack tally boards-any­
where a high-resolution electronic infor­
mation readout system is required. 

CIRCLE NUMBER 305 

SEE OUR 
SPECIFICATIONS IN 

MICROFILM CATALOG 

FILE 

Use Sylvania's "Hot Line" in­
quiry service , especially if you 
require full particulars on any 
item in a hurry . It 's easy and it's 
free. Circle the reader service 
number(s) you ' re most interest­
ed in; then fill in your name, 
title, company and address . 
We'll do the rest and see you 
get further information by re­
turn mail. 

... 

Fig. 1. Sylvania 2" monoscope Model SC-4648 

• 

• 

Fig. 2. SC-3154 high­
resolution printing 
tube with useful screen 
size of 8.6" x 0.16". 

• 
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BUSINESS REPLY MAIL 

Fig. 3. Stencil char­
acter screen from 2" 
monoscope can be 
custom-designed to 
your requirements. 

No Postage Stamp Necessary if Mailed in the United States 

POSTAGE WILL BE PAID BY 

Sylvania Electric Products Inc. 
Sylvania Electronic Components 
1100 Main Street 
Buffalo, New York 14209 

Dept. C222; 

FIRST CLASS 

Permit No. 2833 
Buffalo, N.V. 



IDEAS/ Manager's Corner 

commercial Engineering ... 
where it's our business to mind yours. 
Some time ago an irate customer confronted a 
Sylvania sales engineer with the accusation: "This 
high-voltage rectifier you sold us doesn't work!" 

"What seems to be the problem?" we asked. 
"It has problems on life,'' the customer said. "It 

runs all right on the production line, but it burns 
out too early in the field ." 

Analysis of quality control measurements and life 
tests showed excellent conformance to ratings and 
specifications. 

Then we examined the customer's circuit and 
found that the tube was being run at higher than 
specified filament voltage. We recommended inex­
pensive circuit changes necessary to bring filament 
voltage within proper limits ... and the early life 
failure problem disappeared. 

That's often the cause of component failure: not 
the component itself, but the circuit in which it's 
used. Where such failures occur, it's our job to find 
causes and recommend remedies. 

In another case, a customer brought in for evalu­
ation a prototype of a new TV set he planned to 
market. We checked it through, predicted trouble on 
life with the horizontal output tube, and recom­
mended circuit changes to compensate. But the 
customer, with thousands of subassemblies in 
stock, did not feel the changes were essential. The 
predicted trouble did indeed occur in the field, and 
he wound up changing the circuit as we had 
suggested. 

What else do we do in the Commercial Engineer­
ing Department of our receiving tube operation in 
Emporium, Pa.? 

Well, for example, we make independent labora-

tory evaluations of customer-designed prototypes, 
systems, instruments or subassemblies in which 
our components are used. Run high-line and dy­
namic life tests simulating worst-case operating 
conditions. Provide thorough technical descrip­
tions, specifications, application notes and stand­
ards for every component we manufacture. Furnish 
technical answers to customer questions that cannot 
be answered fully by our engineering field force. 

We recommend component substitution when 
necessary, so that a given circuit will operate prop­
erly without redesign. Recommend changes in test, 
setup or production procedures to eliminate depend­
ent and interdependent failures. Help assure that 
every component we sell is operated in the most 
reliable mode. Anything to help a customer match 
components to circuits. 

Because we, in our receiving-tube manufacturing 
operation, are component people while our custom­
ers, by and large, are circuit or systems people who 
often need the component-oriented engineering 
backup we provide. Yet unfortunately, some cus­
tomers occasionally forget that we offer such services. 

And the important thing is, our Commercial En­
gineering factory service is nearby and immediate; 
similar service from foreign manufacturers-if avail­
able at all-is far, far away and takes a long, long 
time. As you probably well know. 

H. C. Pleak 
Manager, Commercial Engineering 
Receiving Tubes 

This information in Sylvania Ideas is furnished 
without assuming any obligations. 

SYLVANIA 
A SUBSIDIARY OF 

GENERAL TELEPHONE & ELECTRONICS 
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CITY ______________ STATE _____ ZIP __ _ 

Circle Numbers Corresponding to Product Item 

300 301 302 303 304 

305 

o Please have a Sales Engineer call 

~~ 
HOT LINE INQUIRY SERVICE 

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

You can also get information 
using the publication's card 
elsewhere in this issue. Use of 
the card shown here will sim­
plify handling and save time. 



NEWS 

Photores·ist film 
faster than liquid 

An automatic nonliquid photore­
sist system promises to reduce 
greatly the number of operations 
required to etch and plate high­
quality printed circuits. 

The system developed at Du 
Pont Co.'s Photo Products Dept. 
in Wilmington, Del., is undergoing 
final field evaluation. It is expected 
to be available by the end of the 
year, according to a company 
spokesman. 

The new system comprises a 
photopolymer resist film and inte­
grated equipment to apply and de­
velop the resist. Current tech­
niques involve a considerable num­
ber of hand operations. 

The Du Pont resist is described 
as being made of a sandwich of 
Mylar polyester film and polyethy­
lene film with a predyed, presensi­
tized photopolymer layer in be­
tween. Since the resist reaches the 
user ready for application to the 
board, the need to mix and filter 
liquids to ensure proper viscosity 
and sensitometry is eliminated. 

Spraying, dip- or roller-coating 
and air-drying, also necessary with 
liquid resists, have been eliminated 
as well, because the new resist is 
applied by lamination. 

The company noted that the uni­
form photopolymer layers are from 
five to 20 times thicker than exist­
ing liquid resists and so provide 
clean, sharp s ide walls, and greater 
plating resistance and tolerance to 
surface defects than liquid types. 

The resist is applied in a Du 
Pont automatic laminator which 
operates up to 10 linear feet a 
minute. 

The clean copper-clad board is 
fed into the laminating machine in 
which the polyethylene film is 
stripped automatically from the 
film sandwich and the resist is ap­
plied under controlled heat and 
pressure to one, or both, sides 
simultaneously. The resulting sensi­
tized surface is fully protected by 
a Mylar polyester film cover. 

The negative-working photopoly­
mer film is exposed through the 
Mylar cover through a suitable 
transparency in a vacuum frame . 
Exposures can be made with any 
conventional ultraviolet source. 
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THE PERFORMERS I 
Keithley microvolt-ammeters simplify the 
search for faster, easier, more reliable 

measurements of low level de with ... 

high sensitivity• low noise• 
high ac input rejection• 
high common mode rejection. 
zero suppression •recorder 
output •low thermal input leads 

KEITHLEY's MODEL 1508 extends KEITHLEY's MODEL 153 is a low 
your de measurement reach down to 
0.3 µv and doubles as a null 
detector, nanoammeter and 
amplifier, too. It's sensitive, 
versatile, portable. Fourteen 
overlapping ranges simplify 
measuring from 0.3 µv f.s. to 
1 volt f.s. Input resistance 
varies from 1 megohm on the 

cost, all-purpose microvolt-ammeter 
for measuring 0.2 µv to 1000 
volts. It lets you select and 
switch input resistances from 
200 megohms down to 2 meg­
ohms. Less than 0.06microvolt 
rms noise provides excellent 
resolution. Most ranges offer 
1% accuracy. Zero drift under 

0.3 µv range to 100 megohms • 
on ranges 30 µv and higher. 

• 2 microvolts per day and ad­
justable recorder output make 
the Model 153 a stable ampli­

fier ideal for long-term measure­
ments. And, with 40 db line frequency 
rejection, you can isolate de signals 
even in the presence of large ac volt­
ages. Also, 42 full scale current 
ranges let you measure 5 x 10-12 am~ 
pere to 0.1 ampere. With 2% accuracy 
on most ranges. All this, including 
low-thermal input leads, is yours for 
only $575. 

MODEL 153 
1 The 150B lets you resolve sig­

nals to 70 nanovolts when measuring 
from a 10 kilohm source. And meas­
ure tiny changes in steady state sig­
nals with zero suppression 100 times 
full scale. It even makes setup faster 
and easier too, with 75 db ac line 
frequency rejection. As an ammeter, 
14 current ranges measure 3 x 10-10 
to 10-3 amp. f.s. Two recorder out­
puts add extra flexibility. Only $850. 

Call your experienced Keithley Sales Engineer for K E I T :r:I: LEY 
demonstrations and full technical data. Or, Keithley 
Instruments, Inc., 28775 Aurora Road, Cleveland, Ohio 
44139. In Europe: 14 Ave. Villardin, 1009 Pully, Suisse. 
Prices slightly higher outside the U.S.A. and Canada. 

INFORMATION RETRIEVAL NUMBER 20 

33 



• 

• 

34 ELECTRONIC D ESIGN 4, February 15, 1968 



TTL MOS TRANSLATOR 
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New DM7501 dual JK 
flip flop used as a TTL shift 
register for an 8-bit word. 

Monolithic. 
Hermetically sealed. 
SN54 73 equivalent. 
Price: $8.80 (100-999), 

$4.00 for commercial DM-
8501 (SN74 73 equivalent) . 

Immediate delivery. 
Circle Number 105. 

I 
I 
I 

I 
L-----------...J 

I 
'------------...! 

INPUT GATING 

New DM7800 dual voltage 
translator to change bi-polar 
logic voltage levels to MOS 
logic voltage levels. 

Monolithic. 
Gated inputs. 
Input voltage levels DTL­

and TTL-compatible. 
Output levels variable be­

tween +25V and -25V. 
Price: $15.00 (100-999), 

$10.00 for commercial DM-
8800. 

Immediate delivery. 
Circle Number 106. 

New dual 100-bit dynamic 
shift register stores one hun­
dred 8-bit words at 15¢ per 
bit in electronic n drum" 
memories. 

1 MHz operation. 
Price (100-999): $60.00; 

MM406 full temp, $30.00; 
MM506 commercial. 

Immediate delivery. 
Circle Number 107. 

Data sheets, a list of dis­
tributors and a picture post­
card of Niagara Falls are 
yours for the circling. 

Or write: National Semi­
conductor Corporation 
2975 San Ysidro Way 
Santa Clara, Calif. 95051 

National Semiconductor 
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NEWS 

Radiation-hardened ICs still unproved 
Nuclear test ban treaty hinders research 
on effectiveness of new MOS microcircuits 
Richard N. Einhorn 
News Editor 

The problem of hardening vul­
nerable microcircuits in ballistic 
missiles against radiation has not 
yet been solved satisfactorily, say 
the civilian microelectronics ex­
perts who are advising the Dept. 
of Defense. Vigorous efforts are 
under way to develop new micro­
circuits and to redesign old ones. 
The treaty banning atmospheric 
nuclear testing has made the 
solution agonizingly elusive, they 
say, because actual tests are needed 
to dispel any uncertainty. 

The limitations of present micro­
ci rcuits are, as the experts see it: 

• The vulnerability of bipolars 
both to photocurrents generated by 
X rays and to neutrons; frequently 
reverse currents are catastrophic. 

• The buildup of space charges 
under the gate of MOS devices. 
This buildup shifts the drain cur­
rent vs gate voltage characteristics. 

• Difficulty in fabricating mono­
lithic junction FETs (more radia­
tion-resistant than the other two), 
as well as their lack of versatility. 

Recently the technique of dielec­
tric isolation-separating microcir­
cuits from the substrate with a 
thin layer of glass-has come to 
the fore because it limits photo­
currents. Such companies as Radia­
tion, Inc. , Union Carbide, Texas 
Instruments and Fairchild Semi­
conductor Div. have taken an inter­
est in dielectric isolation, although 
Autonetics has abandoned it. 

But the most surprising develop­
ment of all is the award of a con­
tract by the Air Force to TRW 
Systems, Redondo Beach, Calif., 
for a prototype radiation-resistant 
memory and switching device based 
on TRW's dielectrically isolated 
metal-oxide-semiconductor (MOS ) 
integrated circuits . 

Why MOS? Why dielectric iso­
lation? And what will dielectric 
isolation do for MOS? 

To begin with, there's the novel­
ty of dielectric isolation. 

Experts like Trygve Ivesdal of 
Radiation, Inc., Melbourne, Fla. 
contend that it reduces stray ca­
pacitance effects in integrated cir­
cuits and is particularly important 

Dielectrically isolated MOS devices are used in five-channel multiplex switches 
fabricated on a polycrystalline silicon passive substrate by TRW Systems. 
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in maintaining t he frequency re­
sponse of bipolar devices. 

More important from the stand­
point of transient radiation effects, 
they say, is the elimination of 
ionization-induced photocurrents 
from substrate to surface by vir­
tue of the 1000-volt breakdown 
strength of a glass barrier. 

In addition the polycrystalline 
silicon used as the passive sub­
strate conducts heat far better 
than single-crystal silicon, an im­
portant consideration in view of 
the thermal effects of X rays. 

But many of these same experts 
say that MOS is inherently sus­
ceptible to damage because of the 
vulnerability of the oxide layer 
under the gate. At high radiation 
levels, ions are generated, and this 
can shift the conduction threshold 
through the creation of space 
charges at the silicon-oxide inter­
face. 

Dielectric isolation of MOS 
would be futile, these experts 
argue, since radiation would de­
grade the gate oxide long before 
capacitive coupling could be felt. 
They imply it would be like armor­
plating the boots of a gladiator 
whose chest and abdomen were pro­
tected only by a cotton tunic. 

Alan G. Stanley, a staff scientist 
at the MIT Lincoln Laboratory, 
has been studying insulated-gate 
field-effect transistors that have 
been irradiated. He doesn't think 
MOS transistors could withstand 
the steady-state ionizing radiation 
encountered in space. 

"The gate turn-on voltage is 
enormously displaced-as much as 
80 volts," he told ELECTRONIC DE­
SIGN. "There are large leakage 
currents, and a positive charge 
builds up on the insulator." He did, 
however , concede t hat the dielec­
trically isolated MOS was protect­
ed against stray capacitance, which 
he has calculated to be "ruinous 
for transient radiation on the or­
der of 101 1 electrons." 

E. H. Snow, A. S. Grove and 
D. J. Fitzgerald1 of the Fairchild 
Semiconductor Div. have studied 
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hot-molded trimmer for 
close circuit board stacking 

Basic Type Y unit 
shown actual size 

With attachment for 
hor izontal mounting and 
wheel for side adjustment 

With wheel for 
side adj ustment 

With attachment for 
horizontal mounting 

New Type Y single turn trimmer is especially designed for 
use on printed circuit boards. It has pin-type terminals for use on boards 
with a 1/10" pattern. And the new low profile easily fits within the com­
monly used 3/8" space between stacked printed circuit boards. 

For greater operating convenience, the Type Y can be supplied with 
an optional thumb wheel for side adjustment, or an optional base for 
horizontal mounting, or both. The Type Y enclosure is splash-proof as well 
as dust-tight, and the metal case is isolated to prevent accidental grounding. 

While featuring a new low profile, this new Type Y trimmer retains the 
popular Allen-Bradley solid resistance element, which is produced by A-B's 
exclusive hot-molding technique. With virtually infinite resolution, adjust­
ment is smooth at all times. Being essentially noninductive, the Type Y 
can be used at frequencies where wirewound units are inadequate. The 
Type Y is rated 1/4 watt at 70°C and is available in resistance values from 
100 ohms to 5.0 megohms. Standard and special tapers are available. 

Let us send you complete specifications on this newest addition to the 
Allen-Bradley line of quality electronic components. Please write: Allen­
Bradley Co., 1344 S. Second St., Milwaukee, Wis. 53204. In Canada: 
Allen-Bradley Canada Ltd. Export Office: 630 Third Ave., New York, 
N. Y., U.S.A. 10017. 

New Type Y with handy 
snap·in panel mount, 
supplied with spacers for use 
on panels up to 1/s" in thickness 
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NEWS 

(radiation, continued ) 

the buildup of positive charge in 
Si02 layers in MOS devices. They 
have found that when the gate 
voltage is negative with respect to 
.the silicon, there is litle change in 
the charge stored in the oxide. But 
with the reverse condition, posi­
tive charge builds up rapidly. 

They surmise that the Si02 layer 
contains neutral traps that, upon 
irradiation, become positively ion­
ized. Excited electrons drift to the 
positively charged gate under the 

action of the field in the oxide and 
are discharged. Since the silicon 
cannot supply electrons to the ox­
ide, a positive space charge builds 
up at the Si02-Si interface. The 
charge falls off exponentially in the 
oxide with distance from the inter­
face. 

The proponents of MOS devices 
agree with this cataloging of the 
disadvantages, but they feel that 
bipolars are even more vulnerable 
to radiation and that steps can be 
taken that will improve MOS per­
formance. 

• Sprague Electric Co., North 
Adams, Mass ., reports that radia-

Glass isolates MOS devices 

38 

Dielectric isolation of MOS 
integrated circuits involves ac­
curate lapping. First, a single­
crystal silicon wafer is channel­
etched, stripped and permitted 
to oxidize (a ) until a thin film of 
silicon dioxide ( glass ) coats the 
surfaces of the channels. 

Next, polycrystalline silicon is 
vapor-phase-deposited on the 
etched surface of the single­
crystal silicon (b ) . Then the 
single-crystal silicon is lapped 
to just under the glass layer. 

At this point, dopants are dif-

fused into the pockets of single­
crystal silicon that are isolated 
by the glass from the poly­
crystalline silicon (c) . 

The last stage ( d ) shows the 
p region of the drain and source 
with their associated metal con­
tacts, as well as the insulated 
gate used to modulate the en­
hancement channel through the 
center, or substrate, n region. 
This substrate is distinct from 
the polycrystalline silicon sub­
strate, from which it is isolated 
by glass. 

-
SINGLE - CRYSTAL SILICON - -

7LAYER OF SiOz (GLASS) 
OXIDIZED ONTO SILICON 

SINGLE-CRYSTAL SILICON ----­
LsiOz 

----~ ~ ----
~AP~ -

POLYCRYSTALLINE SILICON 

N 

POLYCRYSTALLINE SILICON 

3 MICRONS 

POLYCRYSTALLINE SILICON 

--T 
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tion resistance varies with gate 
oxidation and the particular metals 
employed; by optimizing both, it 
is possible to create an MOS struc­
ture that survives radiation doses 
greater than 107 rads. 

• The Westinghouse Molecular 
Electronics Div. claims that metal­
nitride-oxide-semiconductors resist 
radiation better than MOS because 
silicon nitride ( Si3 N 4 ) is denser 
than silicon dioxide. 

• TRW Systems claims that 
MOS integrated circuits can with­
stand the transient radiation of 
weapons environments far better 
than bipolars. Furthermore, substi­
tuting nitrides for oxides and in­
troducing impurities that permit 
rapid healing may reduce long-term 
damage, the company says. 

The basic arguments for using 
MOSFETs in critical microcircuits 
have been summarized by Donald 
McWilliams and Lawrence Scott of 
TRW Systems: 

• In a nuclear environment that 
does not cause catastrophic failure.; 
most of the radiation passes com­
pletely through the device, but 
there is also secondary emission of 
prompt gamma rays. The photo­
current generated by the prompt 
gamma rays can easily destroy bi­
polar integrated circuits, because 
a current-gain mechanism is at 
work: beta times the primary 
current. With MOSFETs, on the 
other hand, only the primary cur­
rent is involved. Junction FETs 
enjoy the same advantage but, be­
cause of their junction geometries, 
they do not lend themselves to in­
tegration into monolithic devices. 

• Neutrons have less effect on 
MOSFETs than on bipolars be­
cause the former are majority-car­
rier devices. 

Richard Weggener of Sperry Re­
search Laboratories, Sudbury, 
Mass., amplifies upon this second 
argument as follows: 

Neutrons displace atoms from 
their sites in the lattice. With 
minority-carrier devices, the result 
is the recombination of holes and 
electrons. This degrades beta dra­
matically and produces failure. 
With majority-carrier devices, the 
effect is to increase the resistivity. 
But s ince this is high anyway, it 
does not lead to immediate failure. 

Weggener estimates that the 
lifetime of bulk-silicon minority-
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"we use Allen-Bradley hot molded resistors 
because their consistent, stable characteristics-
month to month and lot to lot-ensure repeatable 
measurements by our instruments." G ENERAL RA010 co. 

General Radio Type 1680 Bridge auto­
matically measures capacitance and loss 
simultaneously, generates coded digital 
output data, and displays measured 
values in about one-half second. The 
basic accuracy is ± 0.1% and the range 
is from 0.01 pF to 1000 µF. 

Type F varia b le r esisto r 
with pin type terminals 
for mounting directly on 
printed wiring boa r ds. 
Rated 'A watt at 70°C. Total 
resistance values from 100 
ohms t o 5 megohms. Shown 
actual size. 

A-8 hot-molded fixed resistors are available 
in all standard resistance values and toler­
ances, plus values above and below stan­
dard limits . A·B hot-molded resistors meet 
or exceed all appl icable m i li tary specifica­
tions including the new Established Relia­
bility Specificat ion . Shown actual size . 

TYPE B B 1/B W ATT 

-'4l1iii111-~~~~~ 

T YPE C B 1 / 4 WA TT 

I 
TYPE E B 1/2 W ATT 

TYPE GB 1 W ATT 

TYPE H B 2 W ATTS 

Just as surely as automatic equipment saves its users' 
money when it is in operating condition, it is virtually 
worthless when failure of a component has made the entire 
device inoperative. To insure the reliable and accurate 
performance of their new automatic capacitance bridge, 
General Radio designers selected Allen-Bradley hot 
molded fixed and variable resistors. 

The same manufacturing technique is used with the 
Type F variable resistors. Their solid hot molded resis­
tance track assures smooth control from the very begin­
ning and which improves with use-and are completely 
devoid of the abrupt changes to be expected of wire­
wound controls. In addition, A-B variable resistors are 
essentially noninductive, permitting their use at fre­
quencies far beyond range of wire-wound units. Allen-Bradley resistors are made by a hot molding 

process using completely automatic machines developed 
by Allen-Bradley. This results in such precise uniformity 
from one resistor to the next-year in and year out-that 
long term resistor performance can be accurately pre­
dicted. Furthermore, there is no known instance of catas­
trophic failure of an Allen-Bradley hot molded resistor. 

For more complete information on the full line of 
Allen-Bradley quality electronic components, please 
write for Publication 6024: Allen-Bradley Co., 1344 S. 
Second Street, Milwaukee, Wis. 53204. In Canada: 
Allen-Bradley Canada Limited. Export Office: 630 Third 
Ave., New York, N. Y., U.S.A. 10017. 
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I REQUIRED - Circuit that will sample •

1 I em with a 200 ns ape.rt.ure ... and 

1 hold sample 0.01 sec. rrummum. I 
GIVEN I I e;n ±lOV • • • 

I Available supply voltages ± 15V · · · I 
RGEN 25 ohms· · · 

11 SOLUTION - F ET switch and 
FET source follower 

I 

I 
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I 
I 
I 
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I 

I FET switch used - 2N3972 with V p less I I than 3V and r ds below 100 ohms. I 
I Gate drive to turn ON .. · + lOV I 
I to turn OFF ... -15V I 
I (2N4339 used as source follower for I 

high input impedance.) 

I Tough switching job ahead? Contact I 
I us for applications assistance and our I 
1 

free FET switch data packet. 

1 
I tcr I 
I ~ I 
I Siliccnix incarparated I 

1140 W. Evelyn Ave. • Sunnyvale, CA 94086 
I Phone (408) 245·1000 • TWX: 910-339 -9216 I ... _______ .. 
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NEWS 

(radiation, continued) 
carrier devices degrades 1000 times 
faster than the resistivity of suz:­
face majority-carrier devices. 

There is another advantage to 
MOS devices-their tiny size. Not 
only do they present a target an 
order of magnitude smaller than 
bipolars, but they are also more 
rugged mechanically and thermally. 

Controlling resistivity helps 

W eggener comments on the chief 
radiation problem confronting MOS 
devices-namely, the buildup of a 
considerable charge under the 
gate. He says that the amount of 
bias under radiation conditions de­
pends on the rate at which the ac­
cumulated charge can leak off. 
Therefore radiation hardening of 
these devices would have to include 
the creation of a leakage path by 
the conductivity of the dielectric. 

"So long as the RC constant is 
on the order of the frequency of 
the device, the charge can leak off," 
Weggener contends. 

Harold Nigh of Bell Telephone 
Laboratories, Allentown, Pa., says 
that if a gate dielectric consisted 
only of silicon nitride it would 
serve better for radiation harden­
ing than a double layer of oxide­
nitride, since the oxide portion 
would sti ll be more vulnerable. 
Stanley and Weggener concur. 

According to Snow, Grove and 
Fitzgerald of Fairchild, not only is 
Si 3N, less sensitive to ionizing 
radiation than thermally grown 
SiO.,, but so, too, is silicon mon­
oxid-e ( SiO ) . The nitride shows 
less space charge buildup than 
SiO.,, and the SiO still less. 

Wendell Noble of the technical 
staff of Sprague Electric Co., sug­
gests several ways in which MOS 
devices can be augmented. 

For one thing, he says, different 
metalizations as well as different 
oxides can be tried. For example, 
Sprague has protoype devices em­
ploying p-enhancement chromium. 

"We have found chromium to be 
superior to aluminum," Noble says. 

He adds that cleanliness is es­
sential. Even dirty tweezers can 
contaminate an oxide. 

"We test for shifts in the 
threshold voltage," he explains. "If 
there is no shift, then the oxide 

must be clean." 
He cites experiments in which,, 

at 250 °C, there was a shift o~ 
only 0.1 volt in a 25-volt bias. 

"What in the oxide really con­
tributes to the damage?" Nob le 
asks. He points out that X rays im­
piriging on OS structures (without 
the metal ) don't change the oxide 
structure. But with gamma emis­
sion of 2 x 107 rads, there is a 2-
volt increase in threshold for nega­
tively biased MOS. 

Noble says that when MOS is ir­
radiated, there is an increase in 
threshold that in most cases can 
be annealed out. The Si02 is not 
altered, and only the impurities 
that have intentionally been put in­
to the oxide are affected. 

"Most radiation passes through," 
he says. "Once in a while molecules 
of oxide ionize. Electrically it is 
equivalent to an applied signal. But 
if you introduce impurities into the 
oxides, there can be rapid healing 
of the damage-in microseconds." 

Noble says that in the past, 
MOS devices with negative and 
zero bias have survived 107 rads 
but that those with positive bias 
have failed. He hints that Sprague 
may have a solution, but that he is 
not permitted to reveal it. 

"We claim that oxides are hard 
enough to withstand the radiation 
environments associated with 
weapons," he says. "But to with­
stand neutron bombardment or 
long-range gamma rays, si)icon ni­
tride would have to be used rather 
than silicon dioxide." 

Richard Cornelissen, a staff 
scientist in the Solid-State Sci­
ences Laboratory of the Air Force 
Cambridge Research Laboratories 
says of the contract with TRW: 

"We feel that this is a definite 
step forward." 

Cornelissen doubts that back­
biased pn junctions can protect 
semiconductor devices. Dielectrical­
ly isolated MOS, he says, affords 
smaller junction area and reduced 
photojunction radiation. The TRW 
structures are only 34 µ.M deep. 

The contract award doesn't prove 
anything, but neither can the TRW 
concept be dismissed lightly. • • 

Reference: 

E. H. Snow, A. S. Grove and p._ J. 
Fitzgerald. "Ef_f~cts o~ _Iomzmg 
Radiation on Ox1d1zed Silicon Sur­
faces and Planar Devices," Proc. 
IEEE, LV, No. 7 (July 1967), 1168-
l 185 . 
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much 
higher ratings 
but the same 

simple starter design 
Allen-Bradley starters are now available up to Size 9 ! 

size 7 1 
31 o/,6' 

l I~ 
11 3~2· --~ ~19~·~ 

~~~~~~~~~~~~~~~~--11 

200 hp, 240 Vj 400 hp, 480-600 V 300 hp, 240 v; 600 hp, 480-600 v 

450 hp, 240 Vj 900 hp, 480-600 V 

• The addition of these four husky controls-completes 
the Allen-Bradley low voltage starter line-with a maxi­
mum rating of 800 hp, 240 v; and 1600 hp, 480-600 v. 
These larger starters are based on the famous A-B sole­
noid structure which guarantees unheard of life in starters 
of this size. 

• There is still only one moving part (one per pole in the 
Size 9)-the movable contact support that carries the 
heavy double break contacts and holds the contacts in 
precise alignment. The contacts are of weld-resistant 
cadmium oxide silver-no matter what the duty cycle 
may be, they never need service attention. 

• As with the smaller sizes, the magnets of these larger 
starters are cushioned to reduce impact and wear. A 
built-in air-gap remains permanent for the life of the 

800 hp, 240Vj1600 hp, 480-600 V 

starter-magnetic sticking can never occur. The pressure 
molded coils carry the same lifetime guarantee as applies 
for the lower Bulletin 709 starter ratings-and these 
large coils are not inexpensive. 

• In these larger starters a self-contained control circuit 
supplies rectified d.c. current for operation of the coil. 
An "economizer" reduces the sealed power input to the 
coil to less than 3 watts-it runs virtually cold in con­
tinuous operation. 

• As . is so true with the smaller starters, you can de­
pend on trouble free operation and long life from these 
higher ratings also. For complete details, please write: 
Allen-Bradley Co., 1344 S. Second St., Milwaukee, Wis. 
53204. In Canada: Allen-Bradley Canada Ltd. Export 
Office: 630 Third Ave., N.Y., N.Y., U.S.A. 10017. 
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PHILBRICK/NEXUS: 
BEST SOURCE 
FOR YOUR ANALOG NEEDS 
Philbrick and Nexu s, world leaders in 
electronic analog computing equipment, 
combine to o ffer you th e best in modern 
technology and the highest product 
integrity in the industry. Philbri ck/ Nexu s 
Resea rch, a recently-fo rm ed Teledyne 
Company, brings to the analog 
instrumentation fi eld unequalled 
capabiliti es in design, development and 
producti on of analog components, 
modules, instruments and systems. 
Philbrick/ Nexus also exhibits unusual 
all-around abiliti es in th e area of 
eJectroni c circuitry and hardware. 

Philbri ck/ Nexus ca n fill your needs fo r 
anything analog from the industry's 
broadest range of analog products -
ranging from simple operational 
ampl ifi ers to the most sophi sti ca ted analog 
sys tems. Ph i lbri ck/Nex us' 26 yea rs of 
combined experi ence offe r you the 
advanced- techno logy of th e pi oneer and 
the vitality of a customer-o ri ented 
o rga'n iza ti on dedi cated to producing the 
answers to any o f your unsolved problems. 
Fo r prompt, competent appli ca ti ons, 
engi neering ass istance o r advice, ca ll your 
loca l Philbri ck/Nexus f ield-engi neering 
rep resentati ve o r write, Philbrick/ Nexus 
Resea rch, Allied Drive at Route 123, 
Dedham, Massachusetts 02026. 

DISCRETE-COMPONENT OPERATIONAL 
AMPLIFIERS 
High-ga in, low-ga in, low-drift amplifiers 
fo r stable feedback loops. Provide precise, 
p redi ctab le operations on one o r mo re 
input signals. Ava ilab le in a w ide variety 
of economy o r premium grades (FET's, 
uni versal , w ideband, hi gh-vo ltage, 
general purpose) in plug-i n o r w ire- in 
modules in every packag ing style. 

IC OPERATIONAL AMPLIFIERS 
M icro-Hybri ds combine linear mono lithic 
chip and di screte mi cromini ature 
component techno logies to o ffe r 
immuni ty to ove rloads, sho rts and supply 
voltage stresses. Other types ava ilable 
include monolithi c thin-film in T0-5 and 
dual in-line packages and hybrid 
th ick- film operational amplifi ers. 

LOW-ERROR OPERATIONAL AMPLIFIERS 
Idea l w here dri f t and offset must be held 
ove r long operating peri ods through 
wide ambient temperature flu ctuati ons. 
A w ide va ri ety of chopper-stab i lized and 
pa rametrics types are available. 

DC POWER SUPPLIES, REGULATORS AND 
BOOSTER AMPLIFIERS 
Compound-regulated, stable, no ise- free 
power supp lies designed to meet the 
needs of high-perfo rmance, low- level 
analog sys tems. Rack, ca binet, modular, 
plug- in o r built- in models ava ilable. 
Vol tage regulato rs and high powered 
booster ampl ifiers are also ava ilabl e. 

NON-LINEAR FUNCTION MODULES 
Analog sys tems components fo r Ii nearizi ng 
or performing non- linea r fun ctions. 
Ava ilable in natural conti nuous function 
o r straight-line approximation types. 
Non-linea r functi on modules include 
networks that accurate ly exhibit 
logarithm ic, tri gonometri c and quadrati c 
behavior. 
Q3 MODULAR SYSTEMS 
Modular components fo r implementing 
both analog and hybrid computers, 
si mulato rs and analyzers include: 
arbi trary funct ion f itters, uni ve rsa l linea r 
operato rs, multipl ie r-d ividers and 
manifo lds. Modular fro nt panels, chass is, 
adapto rs and accessori es combine all 
modules in to compact units. 

OPERATIONAL MANIFOLDS 
All-in-one self-powered analog 
instruments that vi rtuall y elimi nate w iring 
prob lems. They simpli fy experimentation, 
simulati on and instru ct ion in the practi ca l 
appli cation of feedback techn iques . 

PHILBRICK/NEXUS RESEARCH 

A TELEDYNE COMPANY 
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TECHNICAL SUPPORT SERVICES 
Philbri ck/Nexus Research we lcomes 
oppo rtunities to help you apply analog 
techniques and products in such areas as 
industri al and scienti f ic inst rum entati on, 
process and quali ty contro l sys tems and 
in-li ne analog data process ing. Customer 
se rvices of Philbri ck/Nexus include: 
appli ca ti ons engineering, technica l 
bull etins, appl ica ti ons manuals, the 
" Lightning Empi ri cist", and fac to ry or 
on-si te appli cat io r.i s seminars. 

PHILBRICK/NEXUS REPRESENTATIVES: 
Instrument Dynamics, Inc., Wakefi eld, 
M ass. (617) 245-5100 ·West Hartford, 
Conn. (203) 233-5503 
Crane & Egert Corp ., Elmont, L.1. , N.Y. 
(51 6) 448-2100 ·Conshohocken, Pa. 
(215) 277-0559 

K.L.M. Associates, Whitesbo ro, N.Y. (315) 
736-2450 ·Palmyra, N.Y. (315) 597-9776 
·North Syracuse, N.Y. (315) 458-6214 

S. Ste rling Company, Southfield, Mich. 
(313) 357-3700 ·Cleveland, Ohio (216) 
442-8080 ·Dayton, Ohio (513) 298-7573 
·Pittsburgh, Pa. (41 2) 884-5515 

To rkelson Associates, No rthfi eld, Ill. 
(312) 446-8450 ·Minneapoli s, Minn. 
(612) 920-1046 ·Indianapolis, Ind. (31 7) 
241 -0725 
Appli ed Science Associates, Dallas, Texas . 
(214) 526-8316 ·Houston, Texas (713) 
781-1441: Tul sa, Okla. (918) 627-61 99 

W.A. Brown & Associates, Inc., Alexandria, 
Va. (703) 836-1800 • Fort Lauderdale, Fla . 
(305) 564-8000 • Orlando, Fla . (305) 
425-5505 • Fo rt Walton Beach, Fla . (904) 
243-6424 ·Huntsvill e, Ala. (205) 536-8393 
(205) 539-6884 • Tucker, Ga. (404) 
939-1674 · W inston-Salem, N.C. (919) 
725-5384 • Newport News, Va. (703) 
245-8272 · Ba ltimo re, M d. (301 ) 727-1999 

Palat ine Engineering Sa les In c., St. Loui s, 
Mo. (314) 426-7055 · Mission, Kansas 
(913) 261-5643 
Hy l ron ic Measurements, Inc. , Denver, 
Co lo. (303) 388-4081 · Sa lt Lake Ci ty, 
U ta h (801) 466-4924 · A lbuquerque, N. 
Mex. (505) 268-3941 • Phoeni x, A ri z. (603) 
253-6104 
A RVA, Inc. , Sea ttle, Wash. (206) 622-0177 
• Po rtl and, Ore. (503) 292-8762 • 
A nchorage, A laska (907) 272-5231 

Wa rd/ Davis Associates, Pasadena, Ca l if. 
(213) 684-2840 · San D iego, Calif. 
(714) 297-4619 · Pa lo Alto, Cali f. 
(415) 968-7116 
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Delta Launches the 
® 

CCMPUT!CH* 
The 
Great 

*An exclusive computer­
tachometer for precise RPM 
measurement in easy-to­
build Kit form! 

$2995 
ppd. 

Delta, pioneers in CD ignition who pro· 
duced the fabulous MARK TEN®, now offer 
a precise computer-tachometer which obso­
letes any type tachometer on the market 
today! You achieve unbelievable accuracy 
in RPM readings due to the advanced, 
solid-state electronic matched components 
used in the computer, coupled with the 
finest precision meter in the world. In kit 
only for all 12V, 8 cyl. cars. 

Check these Deltafeatures: 
A 0-8000 RPM range 
A Perfect linearity - zero paralax 
A Adjustable set pointer 
A Wide angle needle sweep 
A Translucent illuminated dial 
A Chrome plated die-cast housing 
A All-angle ball & socket mounting 
A Use it with any ignition system 
A Meter: 3Ye" dia. X 33/e " deep 
A Kit complete, no extras to buy 

Orders shipped promptly. 
Satisfaction guaranteed. 
Send check today! 

P.O. Box 1147 ED / Grand Junction, Colo. 81501 
Enclosed is $-- D Ship ppd . 0 Sh ip C.O.D. 
Please send : 

D COMPUTACH® Kits @ $29.95 ppd 
(1 2 VOLT 8 CYLINDER VEHICLES ONLY) 

I Name'------------
1 Address. ___________ _ 

I City/ State · Zip __ L--------------------INFORMATION RETRIEVAL NUMBER 26 
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L band to help X band through rain 
For years, rain has frustrated 

operators of ground-controlled-ap­
proach (GCA ) radars, trying to get 
radar returns from an approaching: 
aircraft with enough accuracy to 
talk the pilot down to a safe land­
ing. To get the fine resolution 
needed to determine a plane's posi­
tion within feet, the frequencies 
allocated to this radar lie between 
9100 and 9200 MHz in the X band. 

Unfortunately, transmission in 
X band is attenuated by heavy pre­
cipitation-often the very ingredi­
ent that has caused the pilot to 
need radar (see "Radar specs come 
with built-in headache," ED 1, 
Jan. 4, 1968, p. 22 ) . 

To obtain good resolution as well 
as penetration through rain, a tech­
nique has been developed by the 
U.S. Air Force Systems Engineer­
ing Group at Wright-Patterson Air 
Force Base, Ohio, and turned into 
hardware by the Airborne Instru­
ments Laboratory Div. of Cutler­
Hammer, Inc., at Deer Park, N.Y. 

A receiver in the aircraft acts 
as a cross-link between the ground­
based X-band radar and an L-band 
air-traffic-control transponder in 
t he plane. Although weakened by 
having to pass through rain, 
enough of the ground-based X­
band radar transmission gets 
through to trigger the transpon­
der in the aircraft. The response is 
at 1090 MHz-an L-band frequen­
cy t hat doesn't provide the range 

Airborne transponder responds to X­
band signals from ground-controlled · 
approach radar with L-band signals, 
in order to penetrate precipitation . 

accuracy that X band does but is 
not impeded by rain. The GCA op­
erator on t he ground receives the 
signal strong and clear. 

Later, when the aircraft gets 
closer, the X-band signals become 
strong enough to receive echoes 
from the aircraft itself and moni­
tor it with the precision needed 
to put in on the runway. 

Designated AN I ARA-62, and 
known as a beacon reinforcement 
adapter, the transponder consists 
of an antenna, which weighs less 
than one pound, and an amplifier­
trigger pulse generator, whicH 
weighs less than five pounds. 

The adapter is a big improve­
ment over its predecessor, the AN I 
ARA-44, accord ing to Airborne In­
struments Laboratory. The new 
version is all solid-state, with ex­
tensive use of linear and digital 
microcircuitry, it has a packaging 
density 10 times that of the ARA-
44, and it houses more than twice 
the circuitry of the older equip­
ment in one-quarter the volume. 

The system's video amplifier has 
a 75-dB dynamic range with a 
maximum input of 1.5 volts and a 
constant amplitude output of 2 
volts. Since no existing microcir­
cu it video age amplifier was avai l­
able that had both the required 
dynamic range and voltage swing, 
fixed-gain amplifiers were used 
with a MOSFET connector as a 
voltage-variable attenuator at the 
input of each video stage. The 
MOSFET gate-to-source voltage is 
controlled by a sample-and-hold age 
circuit, which eliminates received 
beam-shape distortion by changing 
t he age voltage only after beam 
passage. 

To aid maintenance, modular 
construction was used. A pass-band 
skirt frequency stability of better 
than ± 0.01 per cent over full MIL 
temperature range is ensured by 
a highly stable Invar preselector 
with positive-lock tuning slu gs. 

Mean time between fai lures is 
expected to be 1000 hours. The first 
two of the seven units ordered will 
be delivered to the Air Force for 
testing early this year. • • 
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There are sound reasons why. Unimax Series 9 
lighted pushbutton controls meet the require­
ments of MIL-S-22885. They feature unique 
front-panel mounting with a single screw - no 
need for sleeves or hardware. Internally bussed 
lamp circuits get rid of line jumpers and solder 
connections - and that means more reliability 
and much lower installation costs. With Unimax 
LPB's, relamping is just a push-pull proposition. 
And our exclusive spring loaded sockets end your 
usual terminal-to-lamp continuity problems. 

More good news: you can specify custom 
messages from a wide range of display styles 
and color coding. Choose your switching - two, 
three or four pole, momentary or alternate-ac­
tion. Design your own complete assembly from 
our modularly-designed snap-on components. 

Before you turn to any more illuminated con­
trols, why not turn on Unimax LPB's? The coupon 
at right offers you, free, your personal Unimax 
"Think Twice" button, and our detailed 12 page 
color catalog #50-1. 

• 
Tighten Single Leadscrew Remove Lens from Unit 

Unimax Switch. Dept. ED82 
Division Maxson Electronics Corporation 
Wallingford, Connecticut 06492 

0 Yes, I would like to turn to Unimax LPB's 
before I turn on any more illuminated con-
trols. In addition to my free, personal 11Think 
Twice" button, I would like to receive your 
detailed 12 page color LPB catalog 50-1. 

0 I can't wait for the mail. Please have your 
representative contact me immediately to dis-
cuss a particular need. 

TITLE---- -------· 

COMPANY----- -------

ADDRESS----- --------

CITY---------------

STATE _______ ZIP ____ _ 

New Unimox llPIS tum Design Engineers on! 



of I /C computer ... 
... and they're being 

delivered today! 

µ.-COMP DDP-516 is the most advanced l/ C 16-bit 
compact now available . Hardware includes 4096-word 
memory (expandable to 32K) , 960 nsec cycle time, 72 
instructions, and optional high-speed multiply and 
divide - just a few of the basic hardware specs. 

Software? 250 field -proven programs are available , 
including ASA FORTRAN IV compiler, assembler with 
DESECTORIZING loader that lets you ignore memory 
restrictions , and OLERT (on-line executive for real time) . 

If you don 't require this full capability, you can get the 
DDP-416 (at considerable savings, too). For more details 
on a " tomorrow machine" today, write Honeywell , 
Computer Control D ivision , Old Connecticut Path, 
Framingham, Massachusetts 01701. 

Honey"7"ell 
Q COMPUTER CONTROL 
~ DIVISION 



F-111 cancellation hurts both sides 
The British have canceled their order for 
fifty F-111 jet fighters and with as much 
pain as honesty have assumed the posture 
of less than a second-class military power. 
As a result of its decision, Britain will 
ultimately pay contract cancellation fees 
of between $200 and $300 million, but 
will save nearly $1 billion. Since about 
40 % of the nearly $7 million that each 
aircraft costs is for electronics, a broad 
segment of the U.S. electronics industry 
is directly affected. 

The long-term· effect on General Dynamics 
will be attenuated by the fact that the order 
for F-lllA fighters and FB-lllA fighter­
bombers anticipated from the Pentagon is 
expected to amount to about 1300 aircraft. 
At present the Air Force has been authorized 
to spend $972.3 million on the F-lllA 
during fiscal year 1968. That includes 
$10.9 million left over from last year's 
authorization. Another $501.9 million has 
been authorized for procurement of FB-lllA 
bombers including $1.2 million carried over 
from fiscal 1967 funds. The Navy has been 
authorized in fiscal 1968 to buy only eight 
F-lllB aircraft for evaluation purposes. 

Loss of the 3000-mile-range aircraft from 
Britain's planned inventory leaves that 
country with a strategic strike capability 
of four Polaris-type nuclear submarines 
and some old Canberra and Vulcan bombers. 
One question unresolved is whether Britain 
will buy its planned 200 F-4 Phantom jets 
from McDonnell-Douglas. It is reported to 
be so far committed on this procurement 
however, that cancellation penalties would 
negate any significant dollar savings. 

Contractor guidelines due from Pentagon 

Within the next three months, the Dept. of 
Defense will issue guidelines on the accounting 
information required from military contractors. 
Under a proposal 'released last June 

' contractors could have been required to 
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redesign their military-contract accounting 
completely in order to meet highly detailed 
government requirements. In the meantime, 
however, the Council of Defense and Space 
Industries Association (CODSIA) has 
intervened and prevailed on the Pentagon 
to tone that proposal down. The result, 
according to Pentagon officials, is that the 
Pentagon will accept any adequate existing 
system as long as it provides all the 
information required. 

The new system, developed largely by CODSIA 
over the last two years, will be contained 
in DOD instruction 7000.2. It governs all 
contracts of $100 million or more for 
production and $25 million or more for 
research, development, tests and evaluation. 
Fixed-price contracts are specifically 
excluded. Subcontracts will be subject to 
the new provisions when there is agreement 
to this effect ahead of time between the 
prime contractor and the responsible military 
service, or when the Pentagon classifies 
the program as critical. 

New landing system to be developed 
A new concept for a precision approach-and­
landing guidance system, together with its 
associated electronic signal structure, is 
to be developed for the aircraft industry 
according to Alexander W. Wuerker, Chairman 
of the Radio Technical Commission of 
Aeronautics (RTCA). A special committee of 
RTCA, a nonprofit organization of government 
and industry aircraft-electronics users and 
manufacturers, has been set up to investigate 
a possible successor to the aircraft 
instrument landing system now used by the 
military, the airlines, and other instrumented 
aircraft. A cross section of U.S. commercial 
and general aviation experts will be polled for 
suggestions for such a system. Contributions 
will also be sought from the U.S. military 
and from foreign organizations, Wuerker said. 

The committee will first seek to develop on 
paper the "operational needs against which 
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any new, precision approach-and-landing 
guidance systems must be judged,'' said 
Wuerker. Following this, it will study all 
proposed techniques and try to develop 
common agreement on a universal signal 
structure. The system sought, according to 
Wuerker, is one that can be scaled down for 
a low-cost facility at small airports or 
temporary fields but with an over-all 
configuration that would still satisfy the 
exacting civil and military requirement of 
the Seventies. Some industry experts say that 
if agreement can be reached on a satisfactory 
system within the next two years, the 
first hardware would probably be built for 
the military in the mid-Seventies. Large U.S. 
airports would presumably follow shortly 
thereafter. 

U.S. electronics for the Concorde 

Seven U.S. firms are subcontractors 
contributing to the Anglo-French Concorde 
supersonic-transport development. At the 
present time, they include: Bendix Corp.­
automatic direction finder marker receivers 
and vertical speed indicators; Collins Radio 
Co.-high-frequency communication 
subsystems; Hamilton Standard Div. , United 
Aircraft Corp.-air-conditioning heat 
exchangers ; International Wilcox Electric 
Inc.-air-traffic control transponders and vhf 
communication subsystems; Sperry-Rand 
Corp.-loran-C navigation subsystems; TRW 
Inc.-design, development and continued 
engineering services for the magnetic 
flight-test recorder system. Other U.S. firms, 
such as Litton, may be associated with the 
program through foreign licensing 
arrangements. 

NASA studies northern lights 
NASA scientists last month began an extended 
study of the aurora borealis, the arctic 
air glow, using instrumented aircraft from 
the Churchill Research Range, Churchill, 
Man. About 12 missions will be flown in 
coordination with a series of high-altitude 
sounding-rocket launchings from Churchill 
and with the orbiting geophysical observatory 
satellite, OGO-IV. From a Convair-990 jet, 
measurements will be made above the 
Churchill area and cross-country to Fairbanks, 
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Alas. and Thule, Greenland. The aircraft will 
carry a variety of experimental equipment, 
including spectrometers, photometers, wide­
angle cameras and radio receivers. An 
on-board magnetometer will measure 
magnetic-field activity in the polar region. 

The object of the study is to better 
understand the causes of the auroras. It 
will be the most comprehensive scrutiny 
ever made of the phenomenon, NASA 
scientists declared. The influences of solar­
produced cosmic rays entering the Earth's 
atmosphere at the poles and the natural 
dumping of electrons and protons from 
space into that region will be examined. 
A better understanding of the causes of 
northern lights may elucidate the radio 
communications blackouts that occur not 
only in the arctic region but also sometimes 
thousands of miles below the poles in 
association with the auroras. 

RCA to build moon laser locator 
A gallium-arsenide injection-laser transmitter 
is to be developed for NASA by the RCA's 
Astro-Electronics Div., Princeton, N.J., for 
possible use by Apollo astronauts on the 
Moon. Under the recently awarded $125,000 
contract, RCA will build an experimental 30-lb 
laser transmitter measuring 18 X 14 X 10 
inches plus a smaller associated electronic 
subsystem. The range of the device, which 
will be tested in the U.S. western desert 
region, will be about 700 meters. 

The laser transmitter is intended for use in 
tracking exploring astronauts and in surveying 
the lunar surface, NASA said. Essentially a 
ranging device in which a beam is reflected 
back to the source from the astronaut or 
lunar exploration vehicle, the transmitter 
is to have an accuracy of less than 1 meter 
for ranges up to 5 miles. 

Integrated-circuit sales soar 

Semiconductor integrated-circuit sales 
continue to spiral upward with a 59 % dollar 
increase and a whopping 134 % unit increase 
during the first ten months of 1967 compared 
with the same period in 1966. In its 
latest tabulation of U.S. sales, the Electronic 
Industries Association reports January­
October, 1967 IC sales of $183 million ($116 
million in 1966)-a total of nearly 52-1/2 
million units (nearly 22-1/ 2 million in 1966). 
The dollar increase occurred despite a 32 % 
decline in average unit values, EIA said. 
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hp 17" Video Monitor Achieves Increased Reliability 
and Improved Picture Quality through Advanced Circuit Techniques 

CONSISTENT IMAGE QUALITY 
El Keyed back porch clamp assures less than 1 % black level 
shift for 100% video amplitude change. 

D Displays sine2 T / 2 pulse without distortion (62.5nsecl. 

D Option 46 pulse cross position. 

Iii Less than 1.5% geometric distortion over-all • Feedback 
insures excellent gain stability over full video bandwidth • Unity 
interlace results from 'lOVel sync circuitry. 

MAINTENANCE FREE OPERATION 

All Solid State Circuitry • No periodic alignment or adjustment 
required • Highest quality components and workmanship. 

EASE OF OPERATION 
Display linearity independent of size adjustment • Unique 
deflection circuits have feedback active over entire raster • No 
sync controls - synchronization is automatic on both North 
American and CCIR Standards. 

OTHER IMPORTANT FEATURES 
Fully regulated high voltage and low voltage power supplies 
• Balanced input with loop-through facility • 46 db input com­
mon mode rejection • Size: 17¥16 " W x 151/2" H x 201/s" D. 
Price: Model 6946A-$950. Option 46- $45. 

For more information, call your local HP field engineer or write 
Hewlett-Packard, 100 Locust Ave ., Berkeley Heights, New Jersey 
07922. Europe: 54 Route des Acacias, Geneva. 

HEWLETT" PACKARD 

COMMUNICATION INSTRUMENTS 



#&Nconcept 
in Digital-Analog 

Converters 
The use of Model DIC 2760 Digital­
to-Current Converter with any opera­
tional amplifier provides the designer 
with a variety of high performance 
digital-to-analog converters with 
premium specifications. 

MODEL DIC 2760 converts TTL ·logic 
levels to weighted currents in less 
than 50 nanoseconds. This module 
contains reference supply, resistor 
network, and up to 12 high-speed 
precision switches. 

11/a" x 11/a" x t/2" 

MODEL HSA X Digital Operational 
Amplifier with FET input provides 
current-to-voltage conversion for volt­
age outputs of up to ± 10 volts at 
±10 mas. 
The combination of HSA X and DIC 
2760 results in a very high performance 
digital-to-analog converter with: 
• Input levels of up to 12 bits resolu­

tion at TTL logic levels. 
• Total conversions in 1 microsec. 
• Complete DAC, in two modules, re­

quiring less than 2 sq. in. of P.C. card. 

1 µ.sec/cm 
Response of DJ A converter output to a 
full-scale change of 10 volts. 

Write for detailed specifications 
and application data. 

PASTORIZA 
ELECTRONICS, INC. 

385 Elliot St., Newton Upper Falls, Mass. 02164 

(617) 332-2131 
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Leners 

Designers tend to 
reinvent the wheel 
Sir: 

I'm afraid neither the idea for 
design of R. S. Hughes ["Idea for 
Design is not original,'' ED 1, Jan. 
4, 1968, p. 48] nor that of T. M. 
Jarvis ["Get sharp edges from an 
astable multivibrator waveform,'' 
ED 19, Sept. 13, 1967, p. 128] is 
original. Most of the pulse-circuit 
ideas shown in your Ideas for De­
sign section are not original. They 
are generally an adaptation of the 
vacuum-tube version that was in­
vented many years before. 

It would be well if the budding 
young circuit designers would read 
Waveforms by Chance, Hughes, 
MacNichol, Sayre and Williams in 
the "MIT Radiation Laboratory 
Series" (Lexington, Mass. : Boston 
Technical Publishers, Inc.). The 
speed-up by using an active 
device in the feedback circuit or 
a disconnect device, they will see 
in that monumental volume, is now 
20 years old. It has been published 
many times since as original, and 
no doubt such "new ideas" will 
continue to be reinvented. 

K. E. Wood 
Severna Park, Md. 

Government should tell 
more about its projects 
Sir: 

Mr. Germann's letter in your 
January 4, 1968, issue remarks 
about overstaffing and deadwood in 
Government agencies [see "Gov­
ernment agencies should fire dead­
wood," ED 1, p. 50]. 

After spending 14 years at the 
Naval Ordnance Laboratory and 
the National Bureau of Standards, 
plus 11 years in private industry­
all as an electronic engineer or 
supervisor- I have had to conclude 
that there is no real difference be­
tween the quality of the engineers 
in government and in industry. 
There are geniuses in government 

and bums in industry, and vice 
versa. 

When we talk about government 
deadwood, we have to ask, "What 
are the government engineers as­
s igned to do?" If they really don't 
have to get anything done, then 
they should all be fired. But if they 
have a lot to do, then there should 
be enough engineers to get it done. 

The point of this is : none of us 
knows enough about what the real 
tasks of the government agencies 
are, what they have to get done. 

I vote for better disclosure by 
the Government of what its proj­
ects are, and how they are staffed. 
Some projects, in my experience, 
were of real importance, others 
were obsolete and others were plain 
boondoggles. But without knowing 
the job, we can't talk about the 
manpower. 

Lawrence Fleming 
President 
Innes Instruments 
Pasadena, Calif. 

Government control 
cannot solve problems 
Sir: 

I would like to comment on your 
editorial "The great American 
brain drain: It's time to stop," ED 
22, Oct. 25, 1967, [p. 61]. 

The basic premise of the edito­
rial is that a ll problems should and 
could be olved by means of gov­
ernment-administered public proj­
ects and the only questions left for 
discussion are which publ ic proj ­
ects should be given priority, and 
how can these projects be run with­
out waste, inefficiency and graft. 

However, it is not axiomatic that 
it is the proper function of govern­
ment to take over control of the 
efforts, earnings and lives of the 
citizens and distribute them as it 
thinks fit. It has been demonstrated 
both in theory and aeons of hi s­
torical and present practice that 
this can lead in the long run only 
to economic chaos, poverty and so­
cial demoralization. 

Problems can only be solved by 
the application of free minds to 
their solution-and to be free 
means to possess the right io act 
according to the independent judge­
ment of one's mind. The proper 
function of the government in a 
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With Trio/Lab's new 
Universal Counter Pre-Scaler 

Forget the cost of a new high frequency counter - for 
a modest $640 it is now possible to extend the useful range of 
your old low frequency counter - any counter - to 150 MHz! The 
unique, extremely easy-to-use Trio/Lab Model 556 Pre-Scaler performs 
simultaneous scaling functions of divide-by-100 and divide-by-10 over the range 
of 1 MHz to 150 MHz. 

Truly a remarkable instrument that demands demonstration - at your convenience. 
• Truly universal- Scales any counter • No controls - Power switch only • High sensitivity 
- 50 MV at 150 MHz • Large output swing-1 V drives any counter • Self-powered -All 
solid-state. i 

Trio Laboratories, Inc.• 80 DuPont St., Plainview, L. I., N.Y. 11803 •:.ri.o1<Ih 
Tel.: 516-681-0400 • TWX: 510-221-1861 / 

Original Concepts in Instrumentation 
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NEED A 
3000VOLT 
ZENER DIODE? 

Corotron actual size: Photo­
multiplier power supply, showing 
Corotron location, % size. 

You could string together several hundred zeners. Or you 
could specify one Victoreen Corotron. It is the gaseous equiv· 
alent of the zener with all the advantages of an ideal HV zener 
d iode. 

For space resea rch and other rugged applications requiring 
absolute power supply stability, GV3S Series, shown, provide 
the ideal reference voltage anywhere in the range of 400 to 3000 
volts. They enable circuitry to maintain constant high voltage 
regardless of battery source voltage or load current variations. 
Cubage and weight (GV3S Corotron weighs only 4 gm.) are 
Important considerations. So is temperatu re va riation (~oro· 

trons operate from 200°C down to -65°C). Ruggedized versions 
withstand shock to 2000 G, vibration 10 to 2000 cps. 

If you're trying to simplify circuits ••• to cut cost, size ancl 
weight • . . to upgrade performance-you need Corotron high 
voltage regulators. Models are available now from 400 to 30,000 
volts. A consultation with our Applications Engineering Dept. 
will speed up the countdown. 8501.A 

VICTDREEN 

VICTOREEN INSTRUMENT DIVISION 
10101 WOODLAND AVENUE • CLEVELAND, OHIO 44104 
IN EUROPE: GROVE HOUSE, LONDON RO ., ISLEWORTH , MIDD LESEX, EN GLAND 
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free society is to make this pos­
sible by protection of the individ­
ual's inalienable rights to life, lib­
erty and the pursuit of happiness. 
It does this by means of the law 
courts, the police force and the 
armed forces . The rest is up to 
individual initiative and voluntary 
cooperation. There is no way to 
have the benefits of freedom, which 
in the political context means free­
dom from coercion and violence, 
without having freedom itself. 

Bernard S. Super 
Elmhurst, N.Y. 

Corrected reprint on 
gateless counting 
Author Peter Duryee, who in­
formed us that he had made er­
rors in his article "Counter de­
signs swing without gates," ED 
25, Dec. 6, 1967, pp. 82-88, after 
it had been published, has now 
revised it. His revisions are 
based on new research that 
aimed to set right the inaccura­
cies noted in this column in ED 
2, Jan. 18, 1968, pp. 65-66. A re­
print of the complete article, in­
corporating all his corrections 
and Table 2 omitted from the 
original published version, is 
available to readers who circle 
Information Retrieval Number 
250. 

Accuracy is our policy 
In "Gated amplifier uses FET in 

feedback loop," in the Ideas for 
Design section of ED 1, Jan. 4, 
1968, p. 140, make the last three 
lines of the second paragraph 
read: " ... highest R 0 n is 500 n. 
The new voltage gain is then 500 
11/ 10 kn or 1/ 20. Thus a voltage 
gain reduction of 300 to 1 has been 
effected." This corrects the value 
of R 0 n from 5 kn to 500 n, and the 
corresponding mathematics. In Fig. 
a the value of R 0 ,, should be 500, 
not 5k as printed. 

In " 'Fence' in sky keeps an eye 
on space objects," ED 1, Jan. 4, 
1968, pp. 33-35, the name of the 
prime contractor for the AN / FPS-
85 was omitted. It was the Bendix 
Communications Div. of the Ben­
dix Corp., Baltimore. 
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Why take pot luck for reliability? 

DAYSTROM HI-RELIABILITY SQUARETRIM® POTS 

ARE MANUFACTURED AND TESTED TO MIL-R-39015 

The Daystrom Squaretrim 318-160HS is designed, manu­
factured and tested in complete accordance with 
Ml L-R-39015. This means you no longer have to resort 
to costly unmonitored programs when you need high 
reliability potentiometers . 
The 318-160 Series Squaretrim potentiometers not only 
give you the best design and materials, but are manufac-

Daystrom potentiometers are another product of: 

tu red with piece part traceability, in-process controls, and 
the stringent QC program defined in this Specification. 

So . .. don't trust to luck. Order Daystrom Hi-Reliability 
Squaretrim pots. They' re available in values from 10 
ohms through 20K. Prompt delivery on orders. Write or 
phone today. 

Weston Components Division• Weston-Archbald • Archbald, Pa. 18403, a Schlumberger company 

WESTON® prime source for precision ... since 1888 



The more 
you need from 
crystal filters, 
the more you 
need Bulova! 
Today's sophisticated systems call for filters 
with "difficult" characteristics. Difficult, that 
is, for everyone but Bulova! Bulova has had so 
much experience with crystal filters, there's 
hardly anything we don't know about them. 

Take single side-band filters, for example: 
Attenuation figures alone are not enough to 
adequately describe today's military commu­
nication filters . More and more filters require 
limitations on envelope time delay, while 
others must follow a precise time-delay 
envelope curve. 

Bulova has been testing for these parameters 
- providing measurements both in terms of 
phase linearity and, in many cases, directly in 
envelope time-delay readings. As a result, 
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Bu I ova can engineer 
and produce to the 
exact measure­
ments you specify. 
And at a realistic 
price! 

Proof: 
Here are the 
actual curves and 
specs for just one 
Bulova filter, 
Model 562. 
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Bandwidth (ldb) 100.255 to 103.035 Kc 
Bandwidth (60 db) 99.990 to 103.260 K~ 
Carrier frequency- is 100 Kc 

Loss at carrier - 55 db min. 
Ultimate attenuation - 70 db 
Max. insertion loss - 6 db 
Max. ripple - 1 db max. 
Operating temperature- -40• to + 65°C 
Impedance - SOOP. (in and out) 
Differential envelope time delay - 500 µsec 

max. over 80% of pass band 

With specs like these you can see why we say 
- the more you need from i: filter, the more 
you need Bulova! Call or write Dept. ED-21. 

Try Bulova first! 
FREQUENCY CONTROL PRODUCTS 
ELECTRONICS DIVISION 
OF BULOVA WATCH COMPANY, INC. 

61-20 WOODSIDE AVENUE 
WOODSIDE, N.Y. 11377, (212) DE 5-6000 
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SIDELIGHTS OF THE ISSUE 

Plumbing the ocean depths 
Man is pushing deeper into the sea and staying there 

for longer periods. But, so far as the national effort is 
concerned, oceanography is still a stepchild when the 
spending money for research is doled out. To find out 
why this is so and what the needs of oceanography really 
are today, ELECTRONIC DESIGN assigned two editors at 
opposite ends of the country to dig for facts. 

Ron Gechman hoisted editorial antennas and swept 
the West Coast; Neil Sclater did the same in the East. 
After zeroing in on targets in person, they have come 
up, between them, with a most interesting report, start­
ing on page 25. It includes a face-to-face talk with Cmdr. 
M. Scott Carpenter, the astronaut turned aquanaut. 

He counted three areas where electronics designers 
can do a vital job: in undersea communications, life sup­
port and navigation. Sealab III is collecting data to help 
the designers but the biggest obstacle remains money. 

Comdr. M. Scott Carpenter talks about undersea research. 

Don't miss issues of the magazine 
Have you just changed jobs, or are you about to move? 

If so, here's a tip on how to get your subscription to 
ELECTRONIC DESIGN changed with the least delay. In­
clude your old address label with your address-change 
form. The address-change form, on which there is space 
for you to paste your old mailing label, is attached to the 
Information Retrieval Service cards inside the back 
cover of most issues. Without your old address label, 
your previous subscription data cannot be located, and 
your address-change form has to be treated as a new 
application. Then, since our subscription-renewal re­
quest s are presently running at about 98.2 per cent, you 
might have to wait some weeks to get back on the sub­
scription list . 
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IF WE KEEP ON 
INTRODUCING NEW 
UNIJUNCTION TRANSISTORS 
LIKE THESE, 
BEFORE YOU KNOW IT 

Min tes-to­
Microseconds 
Timing Capabilily 

2N4870-71 

43·Cent• Plastic 
Versatility 

MU 891-94 2N4948-49, 
2N3980 

Wide Choice of lndustrial/,Mililal')'. 
Sp<jCS al Low Cost Timing, Triggering 

and Sensing 

YOU WON'T RECOGNIZE 
YOUR OLD CIRCUITS 

In a little more than a year, Motorola has become the leading 
source for preferred, state-of-the-art unijunction transistors featur­
ing all the fast response, long-time-delay advantages of Annulart 
technology. But just becoming the UJT price, performance and avail­
ability leader isn't our only goal ... we want to show you how to 
best use them, too. 

And here's how you can: send to Box 955, Phoenix, for our 
comprehensive, new application notes - "Theory and Character­
istics of the UJT," "UJT Timers and Oscillators," and "UJT Triggers 
for Thyristor Circuits." You'll find many of the answers to questions 
about today's modern unijunction circuitry in them - we'll include 
UJT data sheets and a complete Selection Guide to Motorola's ex­
tensive Thyristor capability with them. Do it now. 

We' ll return-mail them before you can say 1-2-3. 
tPalenled Process 
•1000-up. 

MOTOROLA 
Semiconductors 

INFORMATION RETRIEVAL NUMBER 35 
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Half as many 
do a better job 

Sixteen new TI sense amplifiers do the job of 32 .. . with 
higher speed, faster overload recovery, better noise margin 

Dual preamps make it happen! 
These 16 new SN7524N circuits 
from Texas Instruments will inter­
face this 4096-word, 32-bit memory 
with TTL or DTL logic sections. 
This means a reduction of more 
than one third in component and 
assembly costs. 

But that's not all. This advanced 
family of six new Series 7520N 
sense amplifiers offers you superior 
performance through a unique 

"matched amplifier" design. Pro­
pagation delay is only 25 nsec, over­
load recovery time is only 20 nsec, 
and noise margin is one volt. 

The d-c coupled circuitry is 
based on matched resistor ratios 
rather than absolute values to give 
virtually drift-free performance. 
And unlike reactive-coupled cir­
cuits, problems of overload-recov­
ery time and threshold shift are 
all but eliminated. 

Want to know 
more? Just circle 
165 on Reader Ser­
vice card for data 
sheets and this new 
82-page bulletin 
which details opera­
tion and use of Series 7520 
sense amplifiers. If you ~0 

prefer, just phone your TI UI 
sales engineer or autho-
rized TI distributor. 

TEXAS INSTRUMENTS 
INCORPORATED 
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EDITORIAL 

Who knows how important 
the electronics engineer is? 

Few human events have captured the public's interest as keenly 
as the recent heart transplants. Yet how many people know of 
the vital role that the electronics engineer has played in making 
possible the transplant of hearts and other human organs? 

The newspapers have published much about the operations, the 
doctors, the patients, the donors. Little has been written about 
the role of the engineer. 

Much of the equipment used in the transplants involves elec­
tronics. One such piece of equipment is the intraarterial cardiac­
assistance device, an electronically controlled balloon pump that 
provides temporary assistance for a patient's old, failing heart and 
assists the new organ. "Without this and other electronic equip­
ment, the heart transplant in all probability would not have been 
possible. 

Does the public know this? 
You may ask: "What's the difference whether or not the public 

knows?" 
If you ask the question contemptuously, you are not entitled to 

complain that the engineer Jacks professional standing in Ameri­
can society (many engineers feel that he does and unjustly so). 

To its credit, the National Society of Professional Engineers is 
attempting to alter the situation. Among its activities is National 
Engineers Week, an annual, major public-relations program to 
promote the engineering profession. The society readily acknowl­
edges the cooperation of industries and other engineering societies 
in promoting observance. From Feb. 18 to 24, this year's theme 
will be "Engineering ... Design for World Health." The partici­
pants will focus on the contributions of engineers in finding solu­
tions to world problems of health, pollution and hunger. 

While NSPE deserves praise for sponsoring this public-relations 
program, the question remains: Why should the engineering pro­
fession wait for only one week a year to put its best public-rela­
tions foot forward? 

If the engineer is truly concerned with enhancing his profes­
sion, such efforts should be conducted year-round. Let's use the 
society's theme as a case in point. The world of engineering has 
done much to benefit world health. Yet where was the medical 
electronics field when it came to publicizing its role and the role 
of the engineer in the recent heart operations? 

Is your company doing something to solve the problems of air 
and water pollution? Or is it working on any other engineering 
projects of great value to society? If so, ask why it hasn't been 
more vocal in publicizing its accomplishments. If your engineering 
society has not spread the word effectively, ask its leaders why 
they have not been more aggressive. 

How ARD s. RA VIS 
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Tektronix 
sampling oscilloscope feat 
split-screen storage"~ ......... -

Before-after 
With sampling and split-screen 
storage, you can compare your 
fast rlsetime input and output 
signals, before and after circuit 
modifications. Store the original 
waveforms on the upper half of 
the display and compare the 
new waveforms with the original. 

TOR 

Low repetition rate 
Analyze low repetition rate, fast 
risetime pulses with split-screen 
storage and dual-trace, 350-ps 
risetime sampling plug-ins. The 
display is two, 2-ns wide pulses 
from a 60-Hz generator. Signals 
can be stored for up to one hour. 

Using the Type 281 Time-Domain Reflectometer Pulser, the total 
length of the transmission line is stored on the upper half of the 
display. The lower display is a magnification of the transmission 
line discontinuity. (Waveform shown on oscilloscope.) 
Type 281 Pulser (order 015-0060-0(!) . . . . . . . . . . . . . . . $ 95 

(Trlse ::!: 750 ps, =460 mV Into 500) 

The Tektronix Type 564 split-screen storage os­
cilloscope with the Type 3T77A sampling time-base and the 
new Type 351 dual-trace sampling vertical is a DC-to-1 GHz 
measurement system with the unique capabilities of split­
screen storage. 

The Type 564 storage oscilloscope is virtually two instru­
ments in one, offering all the advantages of a split-screen 
storage oscilloscope, plus those of a conventional plug-in 
oscilloscope. The contrast ratio and brightness of stored 
displays are constant and independent of viewing time, 
writing and sweep speeds, or signal repetition rates. The en­
tire screen or either half can be used for storage and/or con­
ventional displays. In the stored mode, either half of the 
screen can be erased independently of the other half. 

The new Type 351 is a dual-trace sampling plug-in that has 
two identical amplifiers with 350-ps risetime and DC-to-1 
GHz bandwidth. The 50-rl verticals feature a 2-mV/div to 
200-mV/div calibrated deflection range and built-in delay 

lines that provide internal triggering. A complete selection 
of probes is available, providing minimum high-frequency 
loading. 

The Type 3T77A sampling time-base has a calibrated sweep 
range from 10 µs/div to 200 ps/div, extending to 20 ps/div 
with the X10 magnifier. It features internal or external trig­
gering from 30 Hz to 1 GHz on pulses and from 100 kHz 
through 1 GHz with sinewaves. Time positioning provides 
a sweep delay range corresponding to at least one screen 
diameter. Manual scan and single display modes permit full 
use of the Type 564 split-screen storage capability. 

For a demonstration, contact your nearby Tektronix Field 
Engineer or write: Tektronix, Inc., P. 0. Box 500, Beaverton, 
Oregon 97005. 
Type 564 Storage Oscilloscope . . . . . . . . 
Type RM564 Rack-Mount Oscilloscope (7" high) 
Type 3T77A Sampling Time-Base Plug-in .. . 
Type 3S1 Dual-Trace Sampling Plug-in ... . 

U.S . Sales Prices FOB Beaverton, Oregon 

$ 925 
$1025 
$ 690 
$1150 

Conventional or storage 
oscilloscopes • ~ ... with multi-trace, differential, 

sampling and spectrum analyzer plug-ins 

INFORMATION RETRIEVAL NUMBER 36 
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Techno1ou1 

Electromagnetic deflection systems are bet­
ter for alphanumeric displays than electro-

Choosing digital voltmeters is made easier 
if the method of analog-to-digital conversion 

. Also in this section: 

static methods. For parameter interrelation­
ships and simple equations, turn to p. 66 

is used as the guideline, so that selection is 
made among five broad categories. Page 76 

Successive approximations solve design problems rapidly and accurately. Page 60 

Exactly predicted filter losses lead to better specs and fewer sections. Page 84 

One floating-point matrix supplies all equations for active-circuit configurations. Page 92 
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Try estimating to check out circuit designs 
A 'shot in the dark' plus successive approximations can 
solve circuit problems rapidly and accurately. 

Circuit designers now have more tools than 
ever before. And as new ones become available, 
it is all too easy to set aside old and tried 
methods. So, like a sledgehammer. to crack nuts, 
sophisticated computer analysis programs are be­
ing used for simple circuits with perhaps no more 
than a dozen elements. 

Do not apply complicated methods to the solu­
tion of simple problems. The simple approach 
may not only turn out to be faster but may also 
give insights that the computer cannot. The rush 
to computer-aided design, for instance, has tended 
to obscure the value of the straightforward meth­
od of successive approximation. 

This method is not the panacea for all the de­
signer's ills, but it is one of the many tools that 
he should keep well honed and handy. One of its 
principal uses is in deciding whether certain 
simplifying assumptions are justified. Everyone 
likes to solve problems quickly and easily, but 
there is always the chance of oversimplifying 
analysis in the quest for a speedy, uncomplicated 
answer to a problem. In such cases as this, guess­
ing gives a more exact solution, which can then 
be used to check the simple method. Properly 
used, successive approximation can be one of the 
fastest and most versatile procedures at the de­
signer's disposal. 

Use approximations for nonlinear circuits 

This procedure is especially valuable in analyz­
ing circuits that contain nonlinear elements. Most 
engineers are happiest dealing with constant­
voltage or constant-current sources, for with 
these there is little problem in establishing the 
circuit equations and solving for the currents in 
all the branches. A constant-voltage source in 
series with a fixed resistor involves only draw­
ing a straight load line on the characteristic of 
the nonlinear element. 

What is harder is when the source is not purely 

Gerald D. Smoliar, Staff Engineer, Radio Corp. of Amer· 
ica, Camden, N.J . 
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constant voltage or constant current. If the volt­
age from a source varies arbitrarily with current, 
there is no straightforward way to pJot its rela­
tionship with a known nonlinear elerrient. Guess­
ing, however, is quite easy. 

Only the first shot is a guess 

As an illustration, consider a battery, a resistor 
and a diode connected in series (Problem 1). The 
battery voltage is ordinarily assumed to be fixed 
and even the forward drop across the diode may 
at times be ignored. But if both components are 
in fact nonlinear and their characteristics are 
available as EI curves, guessing is probably the 
quickest way to an exact solution. Even a wrong 
guess yields some information, and since the 
second guess is based on the results of the first, 
only one shot is taken in the dark. 

Another simple example is two or more diodes 
in series or in parallel. Were the diodes identical, 
this would be trivial. It becomes meaningful un­
der the realistic circumstances where the diodes' 
characteristics are known only to fall within the 
area of two limiting curves (Problem 2). 

Try estimating for digital circuits 

Diode gate circuits are a little harder, but 
their worst-case conditions are generally easy to 
determine by inspection. Take, for instance, the 
six-input, positive AND circuit in Problem 3, 
where the reverse current is found to be relative­
ly small and constant. This simplification allows 
the problem to be solved by drawing a load line, 
but after taking two guesses to find it out, it is 
probably just as easy to continue guessing. 

Multiple-level diode gating is slightly more 
complex (see Box). Yet it is necessary only 
to guess the output voltage and then determine 
whether it differs from the right answer. The 
truth table shows that it is enough to check just 
two of the 16 possible input combinations-guess­
ing here is a two-stage process. With an assumed 
value of output voltage, the voltages at junctions 
J and K are also determined by trial and error. 
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PROBLEM 1: 

Find the operating point when the EI characteristics of the 
battery and the diode are as shown. Resistor R is fixed, but the 
problem is little more complicated if it varies with current. 

R 
100 

4 

3 
CIJ 
1- <t 

SOLUTION 1: 

...J 
0 
> 2 

10 20 30 40 50 
mA 

A possible approach is to guess at the current and see whether 
the batter y voltage is equal to the sum of the drops in the re­
sistor and the diode. The table shows the calculations. 

Current estimates (mA) 20.0 30.0 

Battery output (V 8 ) 3.7 3 .2 

Resistor drop (V n) 2.0 3 .0 

Difference (V8 - Vn) 1.7 0.2 

Diode drop (V 0 ) 0.5 0.56 

Conclusions too small too big 

E 

40 DIODE 

30 

20 

10 

0 
0 0.1 0.2 0.3 0 .4 0 .5 0 .6 

VOLT-DROP 

25.0 28 .0 

3.5 3.3 

3 .5 2.8 

0.0 0.5 

0.54 0.55 

too small within 0.05 volt 

Four attempts give an answer with sufficient accuracy. On the first try, the difference between the 
battery voltage and the resistor volt drop comes out as 1.7 V, whereas the indicated diode drop is only 
0.5 V for a current of 20 mA. On the second try, V 8 - V n is only 0.2 V for an actual V 0 of 0.56 V. 
The third try gives a zero voltage difference. The fourth try gives agreement within 0.05 V. 
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PROBLEM 2: SOLUTION 2: 
Two diodes from a group that falls within the 

shaded area between the curves are connected in 
series, as shown, across a 1.5-V supply. Deter­
mine the conditions for maximum voltage drop 
across one of the diodes. 

The conditions occur when one of the diodes is 
at curve 1 and the other at curve 2. Since the 
same current flows through both of them, it is 
necessary to find only that current for which the 
sum of the voltage drops is 1.5 V. 

<t 
E 

Current (mA) 60 40 50 46 
60 

Curve 1 drop (V) 0.71 0.64 0.68 0.67 

Curve 2 drop (V) 0.90 0.80 0.87 0.84 

Sum (V) 1.61 1.44 1.55 1.51 '0 CURVE I 
40 

Conclusions over under over good 

20 Where characteristics are not known precise­
ly, guessing simplifies the calculations. On the 
fourth attempt, for an estimated current of 46 
mA, the sum of the voltage drops is within 0.01 
V of the supply voltage. A similar method could 
be used for two diodes in parallel. 

PROBLEM 3: 
Find the output voltage of this positive AND gate for the 

worst case of the condition shown? Use the diode forward char­
acteristics of Problem 2 and the reverse current curve below. 

+6V REVERSE VOLTAGE -VOL TS 
B 6 4 2 0 

100 r--~~~r-~~~-r-~~-::t;;----~~ 0 

+5V 

+5V 

+5V 

+5V 

+5V 

0 

OUTPUT 

SOLUTION 3: 

1004 
:::t.. 

200 

Diode D6 must keep the output low while the inputs to the 
other five diodes are high. Use curve 2, Problem 2 (high resist­
ance ) for D6. The output voltage can be evaluated by noting 
whether the current through the resistor, IR, plus the reverse 
currents through Dl and D5 add up to the current through D6. 

Output estimate (V) 0.9 0.5 0.8 
Resistor current (mA) 51.0 55.0 52.0 
Five reverse currents (mA) 0.3 0.4 0.3 
Sum of ln+5lo (mA) 51.3 55.4 52.3 
Diode 06 current (mA) 60.0 12.0 40.0 
Conclusions too high too low still too low 

0.87 0.88 0.872 

51.3 51.2 51.3 
0.3 0.3 0.3 

51.6 51.5 51.6 
51.0 53.0 51.6 

quite close too high final guess 

The worst-case condition of this AND gate occurs when all_ but one of the inputs are high. A guess 
at the output voltage for that state enables the resistor current and the five diode reverse currents to 
be caluclated. These are then compared with the forward diode current of D6 until reasonable agree­
ment is achieved. 
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Estimating multiple-level diode gate circuits 
Several worst-case conditions exist for this 

circuit, which implements the function (A OR 
B ) and (CORD ) . The worst-case off states are 
cases 3 and .12 (see Truth table ) . To find the 
output voltage for case 3, use the diode forward 
drops and reverse currents of Problem 2, curve 
2, and Problem 3. For case 3, A and B will be 0 
and C and D will be + 5. The output will be low. 

If identical diodes are assumed for simplicity, 
K will be raised by C and D, so D4 and D5 will 
be co~ducting while D6 will be back-biased. Most 
of the current through RS will flow through DS. 
Dl and D2 will probably not conduct since as a 
first approximation the voltage at J is deter­
mined by the two supply voltages and RS and Rl. 

Under these conditions the current through 
RS, DS and Rl is approximately 12/ 0.3 = 40 
mA. At 40 mA the drop across DS is 0.8 volt. 
When this drop is taken into account, the com­
puted current becomes (12 - 0.8)/0.3 = 37.3 
mA. The diode drop is then 0.78 volt, making the 
next current estimate 11.22/ 0.3 = 37.4 mA. This 
is close enough, especially since reverse currents 
are ignored. The output voltage is then estimated 
to be +6 - 3.7 = +2.3 volts. 

The same procedure is now applied to diodes 
D4 and D5, which, it should be remembered, are 
identical. Only D4, D5 and R2 are taken into 
consideration. K is estimated to be + 4.3 volts, 
so that the reverse current through D6 is ap­
proximately 100 mA, that is, negligible. 

To check junction J the 0.78-volt forward drop 
through DS is subtracted from the assumed 
+ 2.3-volt output to give + 1.5 volts. With a re­
verse voltage of less than 2 volts, reverse cur­
rents will be even smaller than through D6. 
However, reverse currents in these circuits re­
main fairly constant. For greater accuracy repeat 
the calculations with the reverse currents de­
termined in the first round of approximations. 

Errors will not invalidate solution 

It is often unnecessary to complete calculations 
to realize that a guess is far of the mark. Fur­
thermore, an error in computation at an early 
stage (where it is more likely to occur) , though 
it may incur more successive approximation 
steps than necessary, will not affect the accuracy 
of the final result. 

This type of analysis depends on understand­
ing how the circuit ought to work. This is what 
leads to the sequence of calculations of voltages 
and currents. If there is an error in design, 
moreover, it will not remain hidden. A wrong 
resistor value, for instance, may come to light 
when the assumption that a particular diode is 
back-biased proves to be false. In other words, 
simple checks on the solution will show up cer­
tain flaws in the design. •• 
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Truth table investigation 

Case Inputs Output Remarks 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

A B C D 

0 

0 

0 

0 

0 

1 

1 

1 

0 

1 

Trivial 

Not worst case 

Not worst case 

Worst case (out. low) 

Not worst case 

Worst case (out. high) 

Worst case (out. high) 

Not worst case 

Not worst case 

Worst case (out. high) 

10 

11 

12 

13 

14 

15 

0 0 0 0 

0 0 0 1 

0 0 1 0 

0 0 1 1 

0 1 0 0 

0 1 0 1 

0 1 1 0 

0 1 1 1 

1 0 0 0 

1 0 0 1 

1 0 1 0 

1 0 1 1 

1 1 0 0 

1 1 0 1 

1 1 1 0 

1 1 1 1 

1 

1 

0 

1 

1 

1 

Worst case (out. high) 

Not worst case 

Worst case (out. low) 

Not worst case 

Not worst case 

Trivial 

J 
Ao ,....,-

90----... ....i.---.. 
~2 RI 

200 

-~v 

+6V 
I 

R3 
03 100 ...._ ....-

C 
_ ~.i._4 K. _i9~ _ 
'"-o---~~-----+---~,~----------<>-<> OUTPUT 

D o---_...-..L __ _ 
~ R2 

200 
1> 

-6V 

Test your retention 

Here are questions based on the main 
points of this article. They are to help you 
see if you have overlooked any important 
ideas. You'll find the answers in the article. 

1. For what types of circuits would you 
not use successive approximation methods? 

2. Suppose that the diode of Problem 1 
were replaced with two series diodes with 
the characteristic shown in Problem 2. 
Calculate the conditions for maximum volt­
age drop across one of the diodes. 

3. Calculate the output voltage for the 
two-level logic example for the worst~case 
condition with the output voltage high, i.e., 
case 5 in the truth table. 
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Dual ou tput SCDE power supply package 

Duel oulput SCDC power supply package 

Now you can get two separate outputs from a single 
regulated de power supply. Con Avionics new dual out­
put power supplies save you both money and space in 
your system. 

There are two dual output power supply packages. 
Each has hundreds of output combinations from which 
you can choose. For added flexibility, you can mount 
these power supplies on either of two mounting sur­
faces. Even a panel surface as small as 2%" is enough 
for mounting one of these remarkable dual output units. 

The power supplies are unconditionally guaranteed 
for five years. They have a Mean Time Between Failure 
of 50,000 hours. 

Con Avionics has a data sheet which includes all the 
technical data and prices. For a copy write, use the 
Readers Service Card, or call Mr. Gerry Albers. 

VOLT 
ADJ 

CHAS GRO 

- OUl 

-SfNSf 

RMll PGRM 

+SENS[ 

+OUI 

AC 

AC 

VOLT 
ADJ 

CHAS 
GRO 
OUT 

SENSE 

AMTE - .-·-­PGRM 

"" ..... ~ SENSE·-~~ 
+OUT 

AC 

AC 
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CONSOLIDATED AVIONICS 
800 Shames Drive Westbury, L.I ., New Yark 11 590 
(516) 334-8400 TWX : 510-222-6151 

A DIVISION OF ~12> CORPORATION 

[an Auiani1:s new 
systems power supplies 
prauide twa different 
outputs in a single 
law 1:ast pa1:kage 
SPECI Fl CATIONS 
INPUT : 105- 125V AC. 47-440cps 
RE G ULATION (LINE AND LOAD C OMBINED): 

+0.05% or 2mv, whichever is greater. 
RIPPLE : lmv rms 
RESPONSE TIME: 20 1-t secs. 
TEMPERATURE COEFFI C IENT: 

0.015%/° C or l.8mv/° C, whichever is greater. 
COOLING : Convection coo ling, no externa l heat 

sinking required . 
TEMPERATURE : 75 ° C max 

G UARANTEE : Five years, unconditional 
M EAN TIME BETW EEN FAILURE : 50,000 hours 

Remote voltage adjustment and remote sensing are standard. 
O vervol tage protection and metered panels available as options. 

INFORMATION RETRIEVAL NUMBER 37 
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Use electromagnetic deflection systems 
for designing alphanumeric displays. Beam settling time, 
display accuracy and bandwidth trade-offs are detailed. 

For large-screen displays electromagnetic de­
flection of a cathode-ray-tube (CRT) electron beam 
costs less and offers better bandwidth than an elec­
trostatic scheme. The many circuit and component 
parameters involved, however, make the practical 
design of such a display complicated and time­
consuming. 

The purpose here is to give the designer guide­
lines for optimal design, to indicate the trade-offs 
to him, and to show the interrelationship of differ­
ent parameters. Simple formulas of sufficient accu­
racy will enable him to find the deflection power, 
amplifier bandwidth, amplifier gain, settling time 
and ramp delay. A practical example will demon­
strate how a typical alphanumerical display system 
is designed in conjunction with a plan position indi­
cator (PPI) radar. 

The three main parts of a deflection system are 
the CRT, the deflection yoke and the deflection 
amplifier. Each is characterized by a number of 
parameters that have to be matched to a specific 
application. The key parameter is the deflection 
power because it determines the weight, size and 
cost of the system. 

How to determine the deflection energy 

The best way to describe the ability to deflect a 
CRT electron beam is by the magnetic deflection 
energy that must be transferred from the power 
supply to the deflection yoke. It is entirely a func­
tion of tube geometry, tube anode voltage and yoke 
efficiency. The choice of CRT is generally based on 
such system considerations as display brightness, 
resolution, screen diameter or tube length. The de­
flection energy for center-to-edge deflection is 
given by: 

W = krE0 sin 20 tan (¢/ 2) joules, (1) 

where: 

k = yoke deflection constant in J / V ·in., 

Alfred E. Popodi , Design Engineer, Westinghouse De· 
f.ense and Space Center, Baltimore, and Robert M. Wil· 
Iiams, Des ign Engineer, Sanders Associates, Inc., 
Nashua, N.H. 
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CENTER OF 
DEFLECTION 

)( 

1. Only a few CRT parameters are required to calculate 
the ove r-all display system components. 

r = inside yoke radius in inches, 
Ea= tube anode voltage in volts, 
0 = on-axis deflection angle in degrees, mea­

sured from center to edge of t he useful 
area, 

<f> = maximum diagonal deflection angle (for a 
round tube, <f> = O). 

When 0 -:;t. <f>, the deflection energies for horizontal 
and vertical energies are different (Fig. 1) . 

The deflection yoke constant, k, is a measure of 
the yoke efficiency. Its theoretical value is 0.36 
X 10-s J / V · in. Because of the fringe field effect s 
in the yoke, however, the actual value of k is best 
determined by experimental measurements, since 
it varies with yoke type. A practical value of k is 
0.7 X 10 6 J / V · in. 

Figure 2 is a plot of the center-to-edge deflection 
energy versus deflection angle for different anode 
voltages, calculated for a tube with a 1-7 / 16-inch 
neck diameter and a yoke constant of k = 0.66 
X 10 6 J / V ·in. An increase in deflection angle from 
40 ° to 51 °, for example, doubles t he deflection 
energy. Equation 1 also shows that the deflection 
energy increases linearly with anode voltage and 
neck radius. 

Calculating deflection power for a given CRT 

Since power is the time derivative of energy by 
definition, the required deflection power depends 
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on the time in which the magnetic energy of the 
deflection yoke must be changed. The highest power 
demand exists in a random-access display when a 
new beam position must be reached to, say, within 
0.1 % in a given settling time. The fastest possible 
coil current increase is achieved by applying the 
full power supply voltage, E 81 of the amplifier to the 
coil. The current build-up is then given by: 

E . = L dl/ dt +RI, (2) 

where: 

E , = deflection amplifier supply voltage in volts, 
I = instantaneous yoke current in amperes, 
L = yoke inductance in henries, 
R =circuit resistance, which is small enough to 

be neglected. 
Solving for the yoke current gives: 

I = E .t / L. (3) 

Since the magnetic energy of the coil is : 

W = L/2/ 2, (4) 

the deflection power becomes : 

p = dW / dt = E.2/LtA ( 11lQ'1)) = 2W / tA ( '11 Q'1)) > (5) 

where: 

P = peak power for center-to-edge deflec-
tion in watts (not necessarily the aver­
age or continuous power), 

W = stored energy in the coil for maximum 
deflection in joules, 

tA cma"'i = positioning time required to deflect the 
beam from center to edge, assuming 
linear current variation, in seconds. 

Choosing the deflection yoke 

Although only the value of the yoke inductance 
enters into calculations, other parameters must 
,be carefully considered and the final choice of de­
flection yoke is dependent on the particular appli­
cation. The other parameters include self-resonant 
frequency, flux recovery time, residual magnetism, 
linearity, perpendicularity and deflection yoke 
efficiency. 

In the following calculations it is assumed that 
the resonant frequency of the single-ended (one 
side grounded) yoke is beyond the system operat­
ing frequency. The shunting effect of the coil 
capacitance is a lso neglected because the output 
stage is an emitter follower with a low source 
impedance that makes the time constant very small. 

To determine the deflection yoke inductance for 
a particular CRT, the deflection energy for center­
to-edge deflection is calculated from Eq. 1. A tenta­
tive supply voltage for the deflection amplifier is 
chosen from available system power supplies or 
on the basis of the transistor-driver voltage capa-
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2. Deflection energy required for the display CRT can 
be determined from this plot , once deflection angle and 
the CRT anode voltage are known. 

bilities. The required center-to-edge settling time, 
tA cma"' i' must also be known. When power Eq. 5 is 
used, the yoke inductance becomes: 

(6) 

L = yoke inductance in henries, 
E. = amplifier supply voltage in volts, 
W = center-to-edge deflection energy in 

watts, 
tA cmaxi = center-to-edge positioning in seconds. 

Consider deflection amplifier requirements 

Since the deflection yoke constitutes an inductive 
load for the amplifier, both must be analyzed to­
gether. In general, amplifier and yoke are part of 
a feedback loop where the negative feedback is 
obtained by sampling the coil current. Figure 3a 
shows the basic block diagram for the amplifier 
and Fig. 3b its equivalent servo model. The output 
voltage, C ( s), across the load resistor, R 1, , is pro­
portional to the coil current, and R ( s) is the sys­
tem input. G(s) denotes the forward transfer func­
tion, which depends on the number of amplifier 
stages, amplifier gain, the load time constant, T L, 
and the feedback ratio, n. This model can serve only 
for a qualitative discussion for two main reasons: 

• Actual amplifiers consist of several stages, 
each with a different bandwidth. This makes an 
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exact analytical approach painstaking and imprac­
tical because of the higher-order equations that 
must .be solved. 

• The amplifier is assumed to be a linear, class-A 
amplifier. Inspection of Fig. 3 shows that for a step 
input the amplifier is initially heavily overdriven, 
because the negative feedback voltage due to the 
coil inductance can develop only gradually and its 
maximum value is limited by the finite supply volt­
age. The assumed linearity therefore exists only 
for small-signal inputs or ramp, rather than step, 
inputs. 

One of the most important performance criteria 
of a deflection system is the spot settling time, t,. 
This time, required to position the electron beam 
completely, consists of two parts-positioning 
time, tA, and precision settling time, t/J. 

Positioning time, tA, is obtained from the ampli­
fier response to a step input of maximum ampli­
tude. Since in this mode the amplifier is heavily 
overdriven, its output voltage reaches the maxi­
mum possible level, approximately equal to the 
supply voltage. The coil current rises linearly 
according to the rearranged Eq. 3 : 

E./L = l ,,,,,,jt.4 <maJ·> · (7) 
This linear rise terminates at time tA when the 
feedback voltage reaches a value high enough to 
take the amplifier out of the overdriven state. Up 
to that point, the low-level bandwidth of the ampli­
fier has little significance. 

The precision settling time, t11, is determined by 
the small-signal bandwidth and amplifier gain 
after the amplifier has begun to operate as a class-A 
device. Practical experience shows that good ampli­
fier design can make the center-to-edge positioning 
time, t .. 1 <""'·"» 90 per cent of the total settling time, 
t ., ( II/O J' » with about 10 per cent of t w nai·> needed for 
precision settling, tu. That assumes maximum de­
flection; for smaller inputs the positioning time 
lessens, though the precision settling time remains 
fairly constant. For solid-state deflection ampli­
fiers, total settling time therefore increases with 
deflection distance (see Figs. 4a and 4b) . 

The shortest settling time is obtained when the 

E, 
INPUT 

RI 
C(sl 

© 

3 . Ideal deflection amplifier (a) and its servo model (b) 
required to drive the yoke. L is the yoke inductance, R1, 

is the yoke resistance. 
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amplifier operates nearly critically damped with a 
minimum of ringing. Total settling time, t. cma.c » 

consists mainly of positioning time, tA cma.r » which 
depends on supply voltage, yoke inductance and 
center-to-edge deflection current. From Eq. 7 it 
is given by: 

tA cmaJ·> = l m,, ,,L/ E,. (8) 

Taking into account the precision settling time, 
t11 , total settling time, t. emu > = tA cmax> + t8 • An 
empirical expression for this is : 

ts (max) :=::: 1.1 tA cm.ax) = 1.1 l ma.c L/ Es, (9) 

where: 

t. cma.r> = total settling time for center-to-edge 
deflection in seconds, 

L = deflection yoke inductance in henries, 
E. = amplifier supply voltage in volts, 
l 11 wx = center-to-edge deflection current in 

amperes. 

The value oft. cmax> represents amplifier-dependent 
current settling time only. If the yoke-dependent 
flux settling time is significant, it must be added. 

Determining amplifier characteristics 

In order to calculate the settling time, small­
signal frequency response, amplifier gain, and 
ramp delay of the system, the amplifier is assumed 
to have one single, dominant time constant, T.4., 
described by the 3-dB point of the gain versus fre­
quency curve. In practice, the amplifier is a multi­
pole device with several breakpoints on the re­
sponse curve, but it has been found that calculations 
yield accurate results if only the first 3-dB point 
is considered. Referring to Fig. 3, the transfer 
function of this system for a step input is given by: 

C(s) = 
E1An / (l + n + A) 

{ 
s{s2 [(l +n)TATd (l +n+ A)] }' 

+s [(l + n )(TA + Td/ (1 +n +A)] + 1 } 
(10) 

where : 

T,, = L/ R L (yoke time constant), 
T 11 = RC = 1/ 27rfc (amplifier time constant), 
E 1 = input voltage, 
A = amplifier open-loop gain, 
n = R2/ R1 (feedback ratio). 

The solution of Eq. 10 in the time domain is :1 

C(t) = [E1An / (1 + n +A)] 

where: 

X { 1 + [1 / (1 - t 2) 112] e - rw1t 

X sin [w1 (1 - t 2 ) 1t 2t - .p] }, 

t = [ ( 1 + m) / 2 ( m) 1 2
] 

[ (1 + n ) / (1 +n+A )] 1t2, 

(11) 
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w1 = { ( 1 + n + A) I [ ( 1 + n ) T AT 1J }1'2, 
t/l = tan-1 [(1 - t 2) 112; _ t], 
m = Td T A. 

The equivalent time constant of the amplifier­
yoke complex, T c, is given by the exponent of Eq. 
11 as: 

T c = l / t w1 
= 2TAT L/ (T11 + Td 
= [2m/ (l + m)]TA. 

For short rise times, both the amplifier and yoke 
time constants should be small. T,, can be made 
small by using small values of L and large resistors 
R ,,, since T,, = L / R,,, but large values of R ,, in­
crease power consumption. A more economical ap­
proach is therefore to let TL be large and to con­
centrate on reducing the amplifier time constant, 
T .4 , to obtain fast rise times. Since m > > 1 (in 
practical cases m> 1000), the equivalent time con­
stant of the closed-loop system is : 

(12) 

In other words, the designer, after determining 
the yoke inductance from Eq. 6, has ample freedom 
to select R,J without adversely affecting system 
bandwidth, so long as mis much larger than unity. 

Calculating the frequency response 

To predict display performance for small signals, 
such as alphanumeric symbols, the equivalent fre­
quency response of amplifier plus yoke is impor­
tant. Since T c = 2TA, the 3-dB point is given by: 

f c= l / (27r2T.4) = l / (47rTA), 

where f c is the closed-loop, small-signal frequency 
response of the system. In other words, the system 
bandwidth is half the amplifier open-loop band­
width. 

Determining amplifier open-loop gain 

The most desirable operating condition for fast 
settling time, especially for symbol presentation, is 

C( I) 

4. Both positioning time, tA, and settling time, t., are 
functions of the yoke voltage E1 . Ideal deflection ampli· 
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when the system is critically dampened, that is, 
when t = 1. This damping ratio is in accordance 
with the standard second-order system definition 
as used in texts on control theory. Then: 

t = 1 = [ ( 1 + m) / 2 ( m) 1'
2

] 

[(1 +n) / (1 +n+A)] 1 12
, 

A = (l+ n ) (l +m2 - 4n ) / 4m; 

and ifm >> 1: 

A~ (1 + n)m/ 4. (13) 

As in any feedback system, the open-loop gain 
of the amplifier must be stable and independent of 
power supplies and temperature, otherwise insta­
bilities due to changes in the frequency-response 
curve may occur and severely degrade character 
presentation. 

Finding the current settling time 

In Eq. 11, the exponential term determines the 
rate of decay of the transient, oscillatory portion 
of the amplifier response. It therefore determines 
the settling time of the underdamped system. The 
maximum settling error is defined by: 

e( %- ) =exp { - [(1 +m) / 2m] [t / T A] }100. 
(14) 

This equation does not contain amplifier gain, 
A, because in a linear, second-order system the gain 
influences only the oscillating frequency. Because 
of the initial assumptions, Eq. 14 does not always 
supply useful results so Eq. 9 is more accurate. An­
other difference between the model amplifier and 
a real device is that Eq. 11 shows that the settling 
time of the real device depends on the input drive 
(see Fig. 4b). This is because the mathematical 
model assumes unlimited supply voltage, resulting 
in different initial slopes in the output curve. In 
practice, even for relatively small inputs, the out­
put reaches its maximum possible value, E ., and for 
larger inputs, no increase in slope is possible. For 
this reason, settling time increases with input 
drive. 

Since m in Eq. 14 should be much larger than 

Cit l 

fier characteristic (a) assumes constant settling time, 
while (b) shows a characteristic of a practical amplifier. 
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unity (see Eqs. 11 and 12), it can be seen that the 
settling-time error is almost entirely a function of 
the amplifier time constant, T A· That is to say, the 
smaller this time constant is, the faster the ex­
ponential tends to zero, thus decreasing the magni­
tude of the error. 

Determining ramp delay 

Another important amplifier property is the 
time lag that exists between a linearly rising input 
and the actual output function 2. The solution for 
the output function in the time domain for a ramp 
input of duration t0 is: 

()(t) = { E1A n / [t0 (l + n +A)] } 
x { t - (2Uw1 + 1; [w1 (1 - , 2) 112] e-rw1t 

X sin [wi(l - ' 2) 112t - If]}, (15) 

where: 

' = [ ( 1 + m) / 2 ( m) 112] 
[ ( 1 + n) / ( 1 + n + A) p 12, 

1" =2tan-1[(1 - , 2) 112; - ,], 
w1 = { (1 + n + A) / [(1 + n)TATL] }1

'
2

, 

e1(t) =E1(t/ t0 ). 

If A > > 1 and TL > > T A• the time delay between 
input and output is: 

tn;::::: (1 + n) TL/A. (16) 

Getting maximum deflection frequency 

Because of the finite supply voltage of the ampli­
fier, the maximum slope of the current-versus-time 
curve, or slewing rate, is E ,/L (Fig. 5). For step 
inputs, the coil current tends to increase toward 
its steady-state value of E ./RL which it never 
reaches. At the end of the positioning time, 
tA <max » the maximum deflection current ! mall! (CRT 
beam at the tube edge), is obtained and held at this 

5. Maximum beam deflection frequency is a function of 
the deflection amplitude. Highest possible frequency for 
full deflection is shown by the dashed sinusoid. It is 
limited by the maximum slewing rate slope (E. /L) de­
noted as line A. Higher frequencies are possible for 
smaller deflections, as the solid-line sinusoid shows. 
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value by the negative feedback. Since the initial 
tangent of a sine curve (assuming a sinusoidal in­
put) intersects the I max line at a point 1/ (27r) times 
the full period (Fig. 5), the theoretically highest 
frequency possible for full and sinusoidal deflec~ 
tion is: 

f maw = l / (27rtA(maa;) ), (17) 

or one period is 27rtAcmaz> seconds long. For smaller 
current excursions, the frequency, f ,., is higher: 

f ss = 100/ (27rtA email! ) S), 
wheres is the small signal deflection as a percent­
age of full deflection. Practical values of f •• are 
somewhat smaller because of the neglected coil re­
sistance and other simplifying assumptions, such 
as ignoring the coil capacitance and the voltage 
drop in the sensing resistor. 

Designing a display system 

Suppose that the following specifications are 
given for a display: 

• Radar plan position indicator (PPI) has ran­
dom-access capability, so that four alphanumeric 
symbols can be presented during the radar sweep 
deadtime at 200 µ,s. 

• Pulse repetition frequency (PRF) of the ra­
dar is 400 Hz, so that the pulse repetition time is 
2500 µ,S. 

• A round viewing screen is 16 inches in diam­
eter and display brightness and resolution are such 
that a 16-kV anode voltage is required. 

• Character size will be 1 % of the full screen 
,!.liameter, each symbol will take 15 µ,s to display. 

• The highest sweep rate of the PPI is 100 µ,s. 

Based on this information, the display designer 
can now define the CRT deflection angle and neck 
diameter. 

The deflection angle affects deflection energy 
most significantly, as shown in Fig. 2. Since a small 
deflection angle results in a long tube, the length 
of the display console determines the final choice. 
In this example where no limit on the console length 
was given, the half-axis deflection angle, (), is 
chosen to be 26 degrees. 

The neck diameter of the CRT is directly propor­
tional to the deflection energy. The lowest possible 
neck diameter is determined by available tube 
geometries, high-voltage arc-over problems, and 
by the allowed resolution degradation. As a com­
promise, a standard 1-7 / 16-inch neck diameter is 
selected. The yoke inside diameter is then 1.5 
inches. 

In short, the CRT has the following parameters: 
• Anode voltage, E a = 16 kV. 
• Half-axis deflection angle, () = 26 degrees. 
• Neck diameter 1-7 / 16 inches. 
B eam settling time-In general, the maximum 

allowa,ble settling time is dictated by the number of 
symbols that must be presented during the radar 
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dead time, which in this example is to be 200 µ.S. 
Four symbols must be displayed during that time, 
and each symbol requires 15 µ.s of display time. 
Under worst-case conditions, the four symbols may 
be at opposite sides of the screen. If the center-to­
edge settling time is assumed to be 15 µ.s, the edge­
to-edge settling time is 30 µ.s. The total time 
required to display four symbols can then be cal­
culated as follows. 

The first character to be displayed at the end of 
the last PP! sweep requires 30-µ.s beam-settling 
time to arrive at the new beam location and then 
15 µ.S for the character itself. All the other sym­
bols also require 45 µ.s each. After completing the 
last character, the beam must return to the center 
of the PP! : this takes another 15 µ.s. The total time 
consumed is thus 195 µ.s, which is less than the 
specified 200-µ.s dead time. 

From the center-to-edge settling time, t s<maxi • of 
15 µ.s, the amplifier desigl} -yyill be such that t Ac ma.ci 

= 0.9, t sc max) = 13.5 µ.S. 
Symbol generation and symbol quality-Symbols 

will be generated as straight-line approximations 
(stroke generator); a maximum number of 10 
strokes per symbol with a stroke duration of 1.5 µ.s 
is used. To determine the required frequency re­
sponse of the deflection amplifier, a Fourier analy­
sis of both the horizontal and vertical deflection 
signals can be made. In most cases it is sufficient 
to analyze the worst-case waveform and determine 
from it the frequency response. In this example it 
is known from experience that the letter "M" rep­
resents the worst-case pattern in the repertoire of 
the symbol generator, for it contains the highest 
frequencies (see Fig. 6). 

In Fig. 6 it can be seen that strokes 7 and 8 are 
blanked (return) strokes, and strokes 9 and 10 are 
unused. If a sine-wave approximation is made be­
tween points 1 and 5 of the vertical waveform, 
which contains the higher frequencies, its funda-

v 
HORIZONTAL 
WAVEFORM 

· 4 e & 

'.-t···~/11 
:~. 0 ' ' ""'"" 

,, ~ 
0 . 3 /.U 6 

' • 

6. Straight-line approximations are used to form the 
characters. A maximum of 10 strokes is allowed for any 
symbol. For an "M" strokes 7 and 8 are blanked (re­
turn) strokes; strokes 9 and 10 are not used. 
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mental frequency is 333 kHz. Practical experience 
shows that a system bandwidth three times higher: 
is sufficient for acceptable character presentation. 
The closed-loop bandwidth of the deflection ampli-. 
tier must therefore be 1 MHz. 

Amplifier power supply-The power-supply re­
quirement is very flexible since it affects only the 
calculation of coil inductance L, but restrictions 
may be imposed ,by the output-stage voltage capa­
bility or by the need to use available supplies. In 
this example (a military system), E s is assumed to 
be 28 V. 

Finally, the input voltage of the amplifier for 
full deflection is assumed to be E 1 = 10 V. 

Once E a, r, t Acmaxl! E s and E 1 have been chosen, 
the following parameters can be calculated: yoke 
constant k, deflection energy W, deflection power 
P, yoke inductance L, peak deflection current I ma.r, 

current-sensing resistor R r., , amplifier bandwidth 
and open-loop gain, ramp delay, and maximum 
small-signal deflection frequency f ss · 

Deflection energy-The center-to-edge deflection 
energy is obtained from Eq. 1. Since a round tube 
is used, O = q,. To find the yoke constant, a yoke type 
must first be selected; in this example it is a single­
ended yoke of the Celco FY-536 series. 3 The data 
sheet lists several current and inductance values 
for the 26-degree deflection angle and a test anode 
voltage of 10 kV. For this purpose, any randomly 
selected yoke inductance may be used 'to calculate 
the sensitivity constant for this particular yoke 
line. A 1-mH yoke is a convenient choice. Rewrit­
ing Eq. 1 gives : 

k = W1 / r 1E a1 sin 2 ()tan (0/ 2), 
where: 

W1 = L1/ //2 = 10-a (0.66) 2/ 2 = 218 µ.J 
= deflection energy for the test yoke, 

L1, 11 and E a1 = data-sheet values for the test 
yoke of the FY-536. 

Substituting all values yields a yoke constant of:. 

k = (0.66) (10-6 ) J / V·in. 

Once k has been calculated, the center-to-edge en­
ergy for the actual problem may be worked out: 

w = (0.66) (10-6 ) (0.75) (16) (103
) 

(sin 26 ° ) 2 (tan 13 ° ) = 350 µ.J. 
This energy was derived only from CRT and 

yoke parameters. There is ample flexibility for 
selecting L , I max and E ,. 

Deflection power-The peak power that must be 
delivered to the deflection yoke to place the ,beam at 
the tube edge is: 

p = 2W / t,, (mu•» 

= (700 x 10-6
) I (13.5 x 10 6

) = 51.8 w. 
In many display applications this is also the 

worst-case requirement. If, for instance, the CRT 
beam remains at the tube edge, the power supply 
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must deliver 51.8 watts continuously. During beam 
displacement time, power is delivered to the yoke; 
in the stationary case, peak power is dissipated 
in the driver transistor since the de resistance of 
the yoke is very small. The actual power dissipa­
tion in the driver transistor is therefore dependent 
on the duty cycle of the display, on the number of 
symbols, their location at the screen, and on sweep 
speeds. It is good practice, however, to provide 
worst-case power capacity, which may be demanded 
during a failure in the driver circuitry. 

Yoke inductance-From Eq. 6: 

L = (28 X 13.5 X 10-6
) 

2 / 2 X 350 X 10 6 

= 204µH. 

Deflection current for center-to-edge deflection 
-Since W = L I ma.c/2, then : 

l ,,,0 ,. = (2 W / L) 11 2 

= [(2 x 350 x 10-6 ) / (204 x 10-6
)]

1 2 

= 1.85 A. 

Yok e current-sensing resisto1·-Beca use the 
voltage drop across the sensing resistor causes a 
loss in current rise time, it should be small com­
pared with the supply voltage, E ,. In this example 
it is assumed to be 10 1,ff of E ,,. Then the feedback 
voltage for center-to-edge deflection is / 1110 ,. R,, = 
2.8 V and R 1., = 1.5 ohms. In high-bandwidth 
applications it is important that R 1, be of the non­
inductive type and, since RL is generally of large 
dimensions, that its capacitance between body and 
chassis be kept small. 

Maximum small-signal deflection frequency­
Since the specified positioning time tA<11iax> = 13.5 
µS, the highest possible full-screen , sinusoidal 
deflection frequency is: 

f maJ' = 1/ 27rt.4 1maJ') = 1/ 27r X 13.5 X 10-fi 
= 11.8 kHz. 

For a 1 % character size, the maximum small-signal 
,bandwidth is a hundred times this value: 

[., , = 1.18 MHz. 

If the calculated value of [.,. is lower than 
required for symbol presentation, a smaller posi­
tioning time, t .• , ma,· » must be assumed. Since 
t..i' ""' ri is directly proportional to the amplifier slew­
ing rate, E j L, either L can ,be lowered or E., 
increased. Generally, it is easier to reduce L and 
keep E., constant. 

Aniplifier bandwidth-In this example, the 
closed-loop amplifier bandwidth, f c, is dictated by 
symbol quality requirements. Since f c = 1 MHz, 
the amplifier bandwidth /.1 can be found from 
Eq. 12: 

f.,1 = 2fc = 2 MHz. 

In cases where no explicit bandwidth specifica­
tion exists, the amplifier response must be such 
that the requirement for the settling time, t ,., or 
the ramp delay can be met. The procedure is then 
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to pick a tentative amplifier time constant, T.1, such 
that m = T d T .4. is at least greater than 100. Set­
tling time can then be calculated from Eq. 9. 

Open-loop amplifier gain-The open-loop ampli­
fier gain is given by Eq. 13: 

A= (1 + n)m/ 4, 
where: 

m = T,jTA = 204 X 10 6 / (27r X 2 X 10 6
) -

1 

= 3840. 

The value for the feedback ratio, n, can be found 
from the maximum feedback voltage: 

n = R2/ Rl = Eo/ E1; 
Eo =Ima•' RL = 1.85 V, Ei = 10 V 

.·.n = 0.185. 

The amplifier open-loop gain is therefore:· 

A= (1 + 0.185) 3840/ 4 = 1140. 
Settling time-From Eq. 9: 

t ,,1 111a ,,.> ;:::::; 1.1(1rma.r> =1.1 (L / E . )l,,,0.,. 

= 1.1 X 204 X 10-6 X 1.85/ 28 '°"" 15 µS. 

This is the maximum settling time. For smaller 
deflections, t., decreases. 

Ramp delay-From Eq. 16: 

to= (1 + n) T ,j A= 204 X 10 6 X 1.185/ 1140 
= 0.21 µS. 

In other words, since the maximum sweep speed 
is 100 microseconds, the CRT spot is 0.21 % short 
of its correct position at the tube edge. • • 
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Test your retention 

Here are questions based on the main 
points of this article. They are to help you 
see if you have overlooked any important 
ideas. You'll find the answers in the article. 

1. What is the key parameter in an elec­
tromagnetic deflection display system? 

2. What and where can trade-offs be 
made to decrease the deflection energy re­
quirement? 

3. What parameters determine the re­
quired amplifier bandwidth? 

4. What is the positioning time? Settling 
time? 
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Precisely measure thermocouple, strain gage and 
similar low level de outputs with this high perform­
ance HP Model 8875A Data Amplifier. Use it with 
any modern data acquisition system employing 
analog-to-digital converters, digital printers, mag­
netic data recorders, oscillographs, digital volt­
meters and other readout instrumentation. The 
8875A is a solid-state wideband de amplifier with 
an output of± lOv, 100 ma and features de - 75 
kHz bandwidth, 1 OOOx amplification, ± 0.1 % gain 
accuracy, ± 0.01 % gain stability and 120 db com­
mon mode rejection. Each amplifier has a separate 
power supply for greater reliability. 

This state-of-the-art HP amplifier measures just 
4%" high by l o/i.6" wide by 15" deep, weighs only 
3.5 lbs ., including integral power supply. For multi­
channel use, ten units are mounted in a 5" x 19" 
modular cabinet which contains input and output 
connections, power cable, on-off switch, cooling 
and fuse and mating connectors which are re­
quired for multi-channel operation. These modules 
can be stacked or equipped with tilt stands for 
bench-top use. When used individually, the com­
pletely enclosed amplifier requires a cord connec­
tor set that includes a power cord, signal input and 
output leads, a line fuse and bench mounting plas­
tic feet. 

SPECIFICATIONS 

Bandwidth: 
Gain: 

Gain Accuracy: 
Gain Stability: 
Vernier Gain: 

Gain Trim: 

Common Mode Rejection: 

Output Circuit: 

Drift: 

Non-Linearity: 

Overload Recovery Time: 

Power: 

de to 75 kHz within 3 db. 
from 1 to 1000 in seven fixed 
steps. 
±0.1% 
±0.01% 
continuously adjustable between 
fixed steps. 
±3% with sufficient resolution for 
setting any one gain to ±0.01 o/o. 
120 db from de to 60 Hz, 40v p-p 
tolerance. 
±10 volts across 100 ohms and 0.2 
ohms max. output Impedance at 
de. 
±3 uv referred to input, ±0.2 mv 
referred to output. 
Less than 0.01 o/o lull scale value, 
10 volts. 
recovers to within 10 uv R.T.I. +10 
R.T.O. In 10 msec. for 10 v over­
load. 
115/230 volts ±10%, 50-400 Hz, 6 
watts. 

Available Options: Switch-selected fi ltering and dual output (±10v; 
±10ma; ±100 ma) . 

For complete specifications and applications assistance, 
call your local Hewlett-Packard field engineering of­
fice, or write: Hewlett-Packard Company, 175 Wyman 
Street, Waltham, Mass. 02154. 

HEWLETT. PACKARD 

SIGNAL CONDITIONERS 



RECTANGULAR 

Series 400. Wirewound RT-12 case size 
with one extra model having staggered 
RT-11 P.C. pin placement for direct, 
space savings substitution. 

Series 450. Metal Glaze element pro­
vides essentially infinite resolut ion out­
put. RJ-12 size to MIL-R-22097 require­
ments. Resistance values from 50!'l. 
to 1 Meg. Standard tolerance is ± 10% 
with 20% available for cost-saving 
applications. 

Series 600. RT-11 case size . Wire­
wound stability and military quality at 
industrial prices. Well-sealed light­
weight diallyl phthalate case. 

NEW Series 650. Metal Glaze resistive 
element built to MIL-R-22097, Charac­
teristic C ca pa bi I ity. ±250ppm/ °C over 
range of 10on to lOK. Std. tol. ±5%. 
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Yz-INCH SQUARE 

~ 
Series 205. Standard wirewound units 
for high-quality industrial needs in all 
four RT-22 styles. Built, tested and 
marked to MI L-R-27208 specifications. 

Series 251 . RJ-22 styles. Metal Glaze 
infinite resolution from 100!'1. to 1 Meg. 
Offered in ±5, 10 and 20% tolerances 
to provide exact performance require­
ments. 

X-INCH ROUND 

Series 100. Largest Y. " round selection 
in the industry. Well-sealed for critical 
industrial or military use. Single turn, 
positive stops. Long (0.9 ") winding 
provides superior resolution and closer 
settings. 

Series 150. Metal Glaze companion to 
wirewound model 100 above. Available 
in same configurations.100!'l. to 1 Meg. 
with choice of ±5, 10 and 20% toler­
ances. 

NEW Series 500. Most economical for 
commercial and industrial use. Two 
most popular adjustment and mount­
ing configurations. Best wirewound 
resolution at lowest price. 

MINIATURE 5/16" CUBE 

Series 300 wirewound and 350 Metal 
Glaze provide space savings in all 
P. C. board applications. Panel mount 
also available. 

PANEL MOUNTING 

For wirewound Series 400 and Metal 
Glaze Series 450 

For wirewound Series 600 and Metal 
Glaze Series 650 

For W' 
square 
series 

For Y. " 
round 
series 

For o/i5 " 
cube 
series 

SINGLE TURN ROTARY 

Sturdy metal-cased units for severe 
environmental conditions. Wirewound 
stability and ±5% resistance tolerance. 
Excellent linearity for close setting of 
comparison and control instrumen­
tation. 

Case Res. Power Line-
Mod. Diam. Range @ 40°c arity 

(.n.) 

S001 y, · 10 to SOK 2 w ±S% 
7S01 x· SO to SOK 2x w ±1% 

1S1 1 y, · 100 to 100K 3Y,W ±O.S% 

MOUNTING VARIATIONS 

IRC offers hundreds of different ter­
minals, terminations, mounting varia­
tions and adjustments. Unique in the 
industry, they provide economy and 
unequalled design flexibility. 
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Potentiometers 
Precision multi-turns lor all applications 

LOW-COST 
COMMERCIAL/INDUSTRIAL 

High performance and long life at low­
est cost. 10 turns, Ya n diameter with 
only 1Ysn behind the panel. 2 watts 
@ 25°C., derates to zero @ 105°C. 
100.n. to 100K, with all popular inter­
mediate values . ±5% tolerance and 
±0.25% linearity. Side terminals accept 
to # 14 wire . Model 8400 has Ya *-32 
bushing, .X * shaft. Model 8500 has 
.X n-32 'bushing, Ya n shaft. 

Model 7300 has 100 oz.-in. patented 
stop system and space-saving rear 
terminals. 10 turns, 2 watts @ 40°C., 
derates to zero @ 85°C.100.n. to 100K. 
='=5% tolerance, ±0.25% linearity. 

MINIATURE 
HIGH PERFORMANCE 

Industry's only Xn metal-cased multi­
turn trimmer with 100 oz.-in. stop sys­
tem and .X * diameter shaft. Maintains 
settings to ±0.1% under severe shock 
and vibration. Rear terminals for clos­
est packag ing . Many shaft and bush­
ing variations. 

Model 5000: 1Oturns,1.5 watts, 25.n. to 
100K. ±5% tolerance 

Model 5005 : 5 turns, 1.0 watt, 15.n. to 
50K. ±5% tolerance 
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METAL-CASED STANDARD PRECISION 

IRC's exclusive line of metal-cased 
multi-turn potentiometers offer rugged 
protection and superior shielding. 
Field tested and approved in every 
phase of the electronics industry, their 
case sizes and power handling capa­
bilities are based on widely accepted 
standards for good design and pac~­
aging. Hermetically sealed, panel sealed 
and moisture sealed versions are also 
available . 

Model Case Dia. Turns 

7500 w 10 
7505 w 5 
1000 1 H 10 
1005 1 H 5 
1215 1* 15 
1220 1 H 20 

Resistance Linearity Power 
Range (.fl.) Std. (='=) @40°C 

50 to 250K 0.5% 3W 
25 to 125K 0.5% 2W 

500 to 250K 0.5% 3W 
250 to 125K 0.5% 2W 
500 to 450K 0.1% 4W 
750 to 600K 0.1% 5W 

Standard tolerance: ±5%. Temperature range: -55°C to 125°C. 
Closer tolerances and linearity available. 

RUGGED STOP MECHANISM 

SHEAR-PROOF STOP 
Electrical and mechanical functions of 
IRC metal-cased multi-turns are sepa­
rate. Positive 100 oz.-in. patented stop 
mechanism in the shaft and bushing 
prevents damage to internal parts and 
catastrophic failure. The wiper contact 
assembly is relieved of stopping action. 
This assures setting accuracy, stabil­
ity and long rotational life. 

REVODEX DIALS ELIMINATE READING ERRORS 

IRC has a 
full line of 
turns count­
ing dials for 
use with 3, 
5, 10 and 15 
turn potentiometers. Only 1 inch in 
diameter, they fit .X-inch and Ya-inch 
diameter shafts. Choice of black or 
clear anodized aluminum finish. 

• Easy reading-angular surface gives 
maximum numeral size. Primary and 
secondary scale. 

• Full range-000 to 999 to indicate up 
to 10 full turns (to 1499 for 15 turns). 

• Accurate reading-reproducible to 
one part in a thousand. Can estimate 
to a fraction of a thousandth. 

• Easy mounting-set-screwed directly 
to potentiometer shaft, there is no 
backlash and no need for extra panel 
holes. 

• Long life-tested to 250,000 cycles 
with no appreciable wear. 

WRITE FOR NEW PRECISION POTENTIOMETER CATALOG 

IRC, Inc., 401 N. Broad St., Phila., Pa. 19108 
INFORMATION RETRIEVAL NUMBER 39 
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Simplify your DVM selection. Compare five 
methods of analog-to-digital conversion, · rather than 
300 individual voltmeters. Then choose. 

You're in the market for a digital voltmeter. 
You consult over 30 manufacturers and get 

data on more than 300 machines. Chances are 
you'll be as puzzled at this stage about which one 
to buy as you were before you began your hunt. 

You can reduce your decision-making to choos­
ing from one of five broad categories, rather than 
from one of 300 individual machines, simply by 
choosing from among the methods of analog-to­
digital conversion. 

There are many methods of conversion, but 
most of those used in today's DVM can be cate­
gorized as one of the following : 

• Null balance. 
• Successive approximation. 
• Ramp conversion. 
• Voltage-to-frequency integration. 
• Dual-slope integration. 
The conversion technique is essentially re­

sponsible for your DVM's accuracy, noise immuni­
ty and speed of operation. 

Balance accuracy, speed and noise 

Accuracy is the specification most widely used 
to differentiate one DVM from another: How 
closely does the instrument reading agree with 
the true value of the quantity being measured? 
Accuracy is a measure of the error of an instru­
ment. In the DVM, the main error-contributing 
factors are component drift with time and tem­
perature, linearity, line voltage variation, noise 
and digital count ambiguity. 

Of these seven factors, the major ones are time 
or temperature-variable. For this reason, the ac­
curacy of a DVM should always be given with 
specified time and temperature (see Table). 

Most noise encountered with the use of DVMs 
can be classified as common-mode or normal­
mode. Common-mode noise is any undesired sig­
nal injected into the voltmeter's measurement 
circuit as a result of the conversion of noise 

Tom Bakey, Marketing Manager, Data Technology Corp., 
Mountain View, Calif. 
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voltages common to both input leads. The un­
wanted signal can be rejected if the voltmeter 
measuring circuit is isolated from the noise. Most 
instruments use guarded circuitry (a highly iso­
lated metal shield in the voltmeter between the 
measuring circuit and the noise) to achieve this 
isolation. The degree of isolation or common­
mode rejection ratio (CMR) is defined as the 
ratio of the amount of noise injected into the in­
strument to the amount of noise present. Most 
manufacturers express the ratio in dB as: 

CMR = 20 log V ,m (measured) 
V ern (present) 

Normal-mode noise is any noise that exists be­
tween the high and the low input leads of the 
measurement circuit. Any noise superimposed 
upon the signal and any common-mode noise de­
veloped across the input leads are also considered 
normal-mode noise. Normal mode noise signals 
can be rejected by using an active filter or inte­
grator network between the noise and the input 
to the instrument. The normal mode rejection 
ratio (NMR) is the ratio of the unwanted noise 
present in the measurement circuit to the total 
normal mode noise present. Like CMR, it is given 
in dB as: 

NMR = 20 lo V ... (measured) 
g V .'" (present) 

The speed of an instrument is defined as the 
longest time it takes to make a reading to full 
accuracy on a particular range. However, speed 

INPUT 
SWITCH 

Vref 

ERROR 
AMPLIFIER 

A-TO·D 
CONVERTER 

DIGITAL 
READOUT 

1. Null-balance system is susceptible to noise, since the 
error amplifier will sense any input noise and drive the 
system out of balance. 
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does not come without penalty in a DVM: 
• If noise rejection is the prime consideration, 

input filtering is needed to attain the specified 
accuracy. But the use of the filter may reduce 
speed to where the DVM is out of specification. 

• If common-mode rejection of the instrument 
is not sufficient, accuracy is directly affected by 
the noise injection. 

• If the speed of measurement is critical, noise 
rejection and accuracy may have to be reduced. 

To understand where the A-to-D conversion af­
fects each of these factors, we will analyze the 
theory and operation of each of the five types. 

Null balance susceptible to noise 

The null-balance DVM is constantly monitor­
ing the input voltage, so that it is very sensitive 
to input noise. A simplified block diagram of a 
null-balance circuit is shown in Fig. 1. The input 
switch is constantly alternating between the in­
put voltage ( V;. ) and the feedback voltage 
( V" ). The difference between the two voltages 
is sent to the error amplifier. This difference 
voltage is then amplified and sent to the A-to­
D converter, where it is converted into a digital 
format. The digital signal developed is used to 
control the output of the D-to-A converter. It 
drives the feedback voltage up if it is below the 
input voltage, or down if it is above the input 
voltage. When the output voltage to the D-to-A 
converter (V" ) equals the input voltage (V;. ), 
the system is at null, and the digital readout 
indicates the input voltage. 

Because null balance is such a dynamic system, 
it is highly susceptible to noise. Any noise on 
the input is sensed by the error amplifier and 
drives the system out of balance. To prevent this 
from happening, two solutions are offered: input 
filtering and sensitivity control. 

Placing an input filter between the noise signal 
and the input will shunt the noise, but it will also 
reduce the speed of the DVM considerably. The 
speed of a null-balance instrument is reduced 
from 100 ms to about 900 to 1000 ms. This can 
be readily understood if the filter is considered 
as a fully charged source. Each time the DVM 
makes a measurement, it draws current from the 
source and drops the voltage across the filter. 
Either a large capacitor must be placed across 
the filter, to maintain its voltage within its ac­
curacy, or the instrument's measurement time 
has te be extended so the filter can recover. 

The sensitivity control also has drawbacks. It 
will reduce the noise effect, but it will also reduce 
the resolution and over-all accuracy. The control 
introduces a dead band of several digits to pre­
vent noisy readout, but the dead band prevents 
full resolution and accuracy. 
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The digital output information of the DVM 
has to be coupled out of the guarded section over 
several lines, thus causing a reduction in the iso­
lation impedance of the measurement circuit. A 
CMR of 120 to 140 dB is difficult to attain. 

The input to a null-balance DVM is subjected 
to a varying input impedance. When the system 
is tracking toward the input voltage, the output 
of the D-to-A converter is contantly changing. 
This change is reflected across the input switch 
to the input voltage. Until the system reaches 
null, the input is subject to varying impedance. 

Reliability is an important factor in the null­
balance system, since it uses a large amount of 
components. Both the A-to-D and D-to-A convert­
ers are quite critical, and the switching devices in 
the D-to-A section can cause some serious prob­
lems. When reed relays are used, they are con­
stantly being exercised, and so are subject to 
fatigue failure. Transistor switching ca:n cause 
severe leakage problems, since the transistor is 
neither open when it is OFF nor closed when ON. 

The speed of a null-balance DVM without 
filters or sensitivity controls depends on the dif­
ference between the input and the feedback volt­
age. If the difference is on the order of milli­
volts, then the time required to reach null is a 
few milliseconds. But if there is a difference of 
several volts between them, then it will take 
about 500 to 700 milliseconds to balance. 

If you are going to place your DVM in a sys­
tem, the null-balance unit is not a good choice. 
It doesn't have a fixed encoding time, and it may 
or may not need input filtering to accomplish 
noise rejection. Programing and timing then be­
come difficult. 

Successive approximation-fast but noisy 

The successive-approximation method (Fig. 2) 
increases the speed of conversion of the null-bal­
ance system, but noise is still a problem. Suc­
cessive approximation does not dynamically 
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2. Successive approximation is faster, but still noisy. 
The system performs a "forced null balance" by a con­
tinued series of comparisons and detections. 
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"track" the voltage from the old to the new 
value; it codes each voltage independent of any 
past conversion. Its higher speed is obtained by 
initially taking "giant" steps of feedback voltage 
to compare with the input. The system generates 
a set sequence of steps in resolving the input 
signal. Here's an example of this "forced null­
balance" system in operation: 

When V ;. is applied, it is compared to one-half 
the full-scale voltage (the D-to-A converter is 
sequenced to supply only one-quarter of the full­
scale voltage to the comparator). If v;. is above 
one-half the full-scale voltage, then the converter 
is sequenced to supply three-quarters of the full­
scale voltage to the comparator. Another com­
parison and detection is made, and the converter 
is sequenced accordingly. This process continues 
until the resolution of the system is reached. 
Even though the instrument may be performing 
a completely new conversion for each reading, 
the time it takes to reach the null point is only 
about 15 to 30 milliseconds. The null-balance sys­
tem requires several hundred milliseconds. 

The successive-approximation system encount­
ers the same normal mode input noise problems 
that the null-balance system does. And again, 
filters and sensitivity controls can be used. But 
the reduction of sensitivity with control also 
lowers the accuracy and resolution. And when 
filters are used, they defeat the basic advantage 
of the system-faster speed. A good noise-rejec­
tion filter is slow to respond to input changes. 
The basic conversion occurs in 15 to 30 milli­
seconds, but the input filter has to be charged 
before the measurement is taken. The filter 
charge time is on the order of 900 milliseconds 
to one second. Add the filter time to the conver­
sion time, and the over-all speed is reduced to 
900 milliseconds to one second. 

The reliability of this type of DVM is of the 
same order as the null-balance unit. The addi­
tional circuitry in the sequencer section and the 
control circuits in the D-to-A converter add to 
the complexity of the system. The D-to-A switch­
ing networks can use either reed relays or tran­
sistors. Mechanical reed relays do not have the 
high MTBF necessary for the constantly exer­
cised converter, and the transistor is not an ideal 
switching device. Leakage currents and offset 
voltages can cause errors that affect accuracy. 

The successive-approximation approach is a 
good candidate for high-level (one-to-10-volt) 
data-gathering systems because of the fast con­
version time. But when low-level (one-microvolt­
to-one millivolt) signals have to be resolved, 
noise rejection becomes a prime factor, and the 
filter slewing time reduces the speed. In a system, 
digital programing and digital output capability 
will cause a reduction in common-mode noise re-
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jection. A CMR of 100 dB is the best to be ex­
pected at 60 Hz with a 1-kn source imbalance. 

Ramp conversion: Cheaper, less accurate 

The ramp-conversion DVM is by far the most 
economical unit (about a third the cost of most 
others). But this cost edge comes with some per­
formance shortcomings. 

The object of the technique (Fig. 3) is to 
measure the length of time it takes for a linear 
ramp to charge from zero to the input voltage. 
At the beginning of the measurement, the ramp 
generator is set to zero, and the clock pulse re­
ceives a start pulse. The counter starts to count 
the clock pulses, and the ramp generator starts 
to charge toward V ; •. When the ramp generator 
reaches V .. , coincidence occurs. The comparator 
then generates a stop pulse for the clock, and the 
counter stops counting. The time measured be­
tween the start and stop pulses is indicative of 
V ;, and is displayed on the digital readout. 

The ramp-conversion DVM was developed for 
applications where moderate speed and reduced 
accuracy were acceptable. All ramp instruments 
have no more than four digits of resolution. 

The ramp generator is normally a constant-cur­
rent device charging into a capacitor network. 
The output of the generator is nonlinear and is 
subject to time and temperature variation. The 
best accuracy achieved is on the order of 0.05 % 
over a limited time and temperature range. 

The technique is also very sensitive to noise 
signals. The design does not incorporate input 
filters and therefore has virtually zero NMR. 
And the absence of a guard shield prevents a 
high common-mode rejection. Because of this un­
guarded construction, a CMR is only 60 to 80 
dB at 60 Hz, with a 1-kn imbalance. 

Speeds can range up to 100 milliseconds per 
conversion. But with negligible NMR and poor 
CMR, the unit is highly susceptible to noise. 

When digital output information for systems· 
applications is required, the CMR is virtually de­
stroyed. The input low lead of the measurement 
circuit is at ground potential and will not reject 
any common-mode noise. 

Integration techniques are speedy and quiet 

Integration techniques combine speed and good 
noise rejection. The voltage-to-frequency and 
dual-slope approaches are the most widely used. 

When the input voltage is applied to the inte­
grator network of a voltage-to-frequency machine 
(Fig. 4a), a negative going ramp is generated at 
the output of the integrator ( 4b). The ramp con­
tinues to increase until it triggers the level de­
tector. In turn, the level detector output triggers 

ELECTRONIC DESIGN 4, February 15, 1968 



STOP 
COMPARATOR CLOCK 

RAMP 
GENERATOR 

--

START• :sTOP 

~ 

DIGITAL 
READOUT 

3. Ramp conversion measures the time it takes for the 
l inear ramp to go from 0 to V;n· When the clock pulses. 
stop, their duration is ind icative of Vin· 
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4. Voltage-to-frequency integration is fast and quiet. 
Accuracy, however, is a a problem for three reasons: 
C drifts wit h t ime and temperat ure, the clock frequency 
can shift and zero offset voltages can occu r arou nd t he 
integrator input. 

lhrT l/T 2/T 3/T 4/T 
NOISE FREQUENCY (Hz) 

5. Infinite attenuation of noise frequencies occurs at 
frequencies that are mu ltiples of the integration time. 
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the feedback network (usually a pulse genera­
tor). The feedback network produces a pulse 
(4c) that is opposite in polarity to V ,. and of suf­
ficient amplitude and width to discharge the ca­
pacitor and return the input of the integrator to 
zero. The system then starts all over again. The 
slope of the ramp voltage out of the integrator 
network is proportional to V ,., and the trigger 
point of the level detector is fixed. Therefore, as 
V ,. is increased, the slope increases and more and 
more pulses are generated out of the level detec­
tor. The repetition rate of the level detector is 
then a function of V ... . This rate is gated ( 4d), 
counted and then digitally displayed. 

The true average value of the input voltage 
is measured over a fixed sample time, resulting 
in an infinite rejection of the noise frequency as 
a function of the sample period. Infinite attenu­
ation of the noise frequencies exists for those 
frequencies that are multiples of T, the integra­
tion time (Fig. 5). The selection of the time is 
therefore chosen to give the greatest possible 
noise rejection with reasonable speed. 

The integrator provides infinite noise rejec­
tion at selected frequencies, while maintaining 
fast system speeds. For example, infinite noise 
rejection of 10 Hz, and multiples thereof, can be 
achieved at speeds up to 10 milliseconds with 
0.005 % accuracies. 

Digital output information is available with­
out degradation in CMR. CMR is on the order of 
140 dB at 60 Hz, with a 1-kn imbalance. 

Long-term accuracy is the big drawback in 
voltage-to-frequency DVMs: 

• The integrator network's capacitor tends to 
drift over time and temperature and to cause a 
shift in the output slope. 

• The clock frequency can shift and cause the 
gate circuitry to open or close too early or late 
causing wrong count indications. 

• Zero offset voltages around the integrator 
input can occur because of the design limitations 
of the feedback network. The integrating capaci­
tor is charged through one network and dis­
charged through another. 

Dual slope ra ises accuracy specs 

The dual slope integration method has the 
same advantages of the voltage-to-frequency 
method, with the plus of high long-term accu­
racy. Here's how it works (Fig. 6) : 

At the beginning of the measurement, the in­
put switch is set to V ,. and the counter to zero. 
V ,. passes through the integrator and appears 
at the input of the zero detector as V ,n/ RC. When 
the counter accumulates its maximum count 
(normally 100,000) it tumbles over to zero and 
the logic switches the input switch to the V,.1 
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Table. DVM performance compared 
Accuracy 

CMR (short term) (long term) 
Speed NMR (dB at 60 Hz with 23° + 1°C 10° to 40°C No. of Typical 

Type of DVM (ms) (dB to 60 Hz) l·kn imbalance) 7 hrs 6 mos digits cost 

Null balance 1000 80 100 +0.005% rdgt ±0.01 % rdg 5 $3200 
(filter in) ±0.002% FS ±0.01 % FS 

Null balance 500 0 100 ±0.005% rdg ±0.01 % rdg 5 $3000 
(filter out) ±0.002% FS ±0.01 % FS 

Successive approx 900 80 100 ±0.005% rdg ±0.01 % rdg 5 $3900 
(filter in) ±0.002% FS ±0.01%FS 

Successive approx 25 0 100 ±0.005% rdg ±0.01% rdg 5 $3600 
(filter out) ±0.002% FS ±0.01 % FS 

Ramp conversion 100 0 40 ±0.02% rdg ±0.05% rdg 4 $1200 
±0.05% FS ±0.05% FS 

Voltage·to·frequency 200 Infinite 140 ±0.005% rdg ±0.02% rdg 5 $3900 
integration ±0.002% FS ±0.02% FS 

Dual slope 200 Infinite 140 ±0.003% rdg ±0.01 % rdg 5 $2800 
integration ±0.002% FS ±0.002% FS 

*Prices and number of digits vary widely among different manufacturers. For example, a 'three-and-one·half' digit DVM (3 decades and a 
fourth digit) can be bought for $299. This dual-slope DVM has an accuracy of ±0.1 % of reading and a speed of about 170 ms. On the other 
hand $6000 will buy a G·digit DVM , accurate to 0.01 % , and with a speed of 250 ms. This unit offers signal outputs for a Clary printer or Flexo­
writer, or a digital recorder. The prices given above are for typical manufacturers' units. 
+ Rdg is reading, FS is full scale . 

position. V,.1 starts to discharge the integrator 
capacitor and the counter starts counting. The 
input to the zero detector is now V,.1/ RC. When 
the integrator capacitor is discharged, the zero 
detector triggers the logic to stop the counter. 
The counts accomulated (N) are proportional to 
the input voltage and are displayed on the 
digital readout. 

This approach has the same excellent advan­
tages as the voltage-to-frequency converter. 
Noise rejection, speed and accuracy can vary as 
a function of the user's requirement. Accuracies 
up to 0.005 % can be attained at speeds of 100 
milliseconds with infinite noise rejection at 60 
Hz. For systems use, digital output information 
is easily acquired with CMR of 140 dB at 60 Hz, 
with a 1-kn imbalance. Normal-mode noise is 
virtually rejected as a function of the integrator 
sample period. 

The problems encountered in most integrators 
are eliminated with dual slope: 

• The drift associated with the integrator ca­
pacitor has little, if any, effect. Assume that the 
capacitor does shift, then the input slope V ;,, / RC 
shifts but is compensated for by the shift in the 
reference slope V ,.1/ RC. 

• The clock frequency can vary considerably, 
and the voltage indication will remain correct. If 
the clock frequency varies, then the time to 
measure the input voltage will change. But the 
same clock is used to measure the discharge volt­
age. Therefore, the shift in clock frequency is a 
relative one and the indication will remain. 

• The design takes into consideration the inte­
grator zero offset voltages. The charging and 
discharging cycle of the integrator capacitor is 
through the same network. • • 
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6. Dual-slope integration is accurate, fast, and quiet. 
Long.term accuracy is high, since shifts in C are com· 
pen sated for by shifts in V rerl RC. Even if the clock fre­
quency varies, the reading will remain correct. 

Test your retention 

Here are questidns based on the main 
points of this article. They are to help you 
see if you have overlooked any important 
ideas. You'll find the answers in the article. 

1. Why is a null-balance DVM susceptible 
to input noise? What can be done about it? 

2. For high-level data-gathering systems, 
which type of DVM is best? Why? 

3. Why does the voltage-to-frequency 
DVM exhibit poor long-term accuracy? How 
does the dual-slope machine improve this? 
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LINE OF 

VOLTAGE REGULATORS 

PRICED AS LOW AS 3 ec 
these new Signalite voltage 
regulators feature: 

• temp. coef. less than 15 mvj°C 

• life greater than 20,000 hours 

• stacking capability for higher 
voltage regulation 

VOLTAGE REGULATOR AND REFERENCE TUBES 
SIGNALITE BREAKDOWN REFERENCE VOLTAGE CURRENT RANGE' 

TYPE VOLTAGE VdC MEAS.AT FOR REGULATOR 
max. 

vdc ma ma 

V83R4 115 83± 2 1.5 0.25 - 4.0 

V84R2 115 84± 2 1.0 0.15 - 2.0 

V91R2 125 91 ± 2 1.0 0.1 - 2.0 

Vl03R2 135 103± 2 0.8 0.2 - 2.0 

VllOR4 170 110± 2 1.5 0.5 - 4.0 

Vll5R4 155 115± 2 0.8 0.15 - 4.0 

Vll6R2 150 116± 2 0.6 0.12 - 2.0 

Vl39Rl.9 190 139± 4 0.5 0.3 - 1.9 

Vl43Rl.9 225 143± 4 0.5 0.3 - 1.9 

APPLICATION NEWS LETTER 

D 

MAX."" 

6.0 

3.0 

3.0 

3.0 

6.0 

6.0 

3.0 

3.0 

3.0 

OPERATING CURRENT 
ma 

MIN. AS MIN. IN PARALLEL 
SHUNT REG. WITH A CAPACITOR 

0.25 0.4 

0.15 0.35 

0.1 0.3 

0.2 0.25 

0.5 0.95 

0.15 0.3 

0.15 0.3 

0.3 0.6 

0.3 0.6 

A General Iii 
Instrument I) 

Company 

NOTES: 
*Limits for less than two 
volt variation. 

**Maximum continuous cur· 
rent without permanent 
damage to tube. 

Equilibrium condition 
reached within 2 minutes 
after ignition. 

30 1 

INCORPORATED 

1933 HECK AVENUE. NEPTUNE 

The Signalite News Letter fully illustrates how 
voltage regulating tubes are used as reference 
voltage sources, and in: regulated power supplies, 
oscilloscope calibrators, photo multipliers, zener 
diode type voltage sources, digital voltmeters, tim­
ing circuits , over voltage protection, suppressed O 
voltmeters, frequency dividers, indicating volt­
meters . . . and many other applications. Copies 
are available from your Signalite representative 
or contact Signalite. 

NEW JERSEY 07753 • ( 201) 775-2490 

INFORMATION RETRIEVAL NUMBER 40 
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All from Lambda. Broadest line of all-silicon lab 

[NJ ~W@ advanced design dual output lab supplies 
give you twice the power P.lus output ranges 
never before 
available ... P.lus ... 
5 Models with two independent DC outputs 
offer widest choice - Up to ±250 voe. 
up to 1.7 amps. Either output may be + or -, or both outputs may be + or -
Series/Parallel operation of both outputs 
yields two times the voltage or two times 
the current- up to 500 volts or up to 
3.4 amps. 
Auto Series/ Auto Parallel (master slave) 
permits tracking to a common reference. 
4 Meters provide simultaneous monitoring 
of both voltage and current. 

Most power in a half-rack package. 

Overvoltage Protection as an accessory. 

Compatible with LP, LH and LK Series 
rack adapters and other accessories. 

Multi-Current-Rated - Only dual power 
supplies on market with this advanced 
design feature. 

Regulation-.01% + lmV. 
Ripple-5001-t VRMS (1.5mVp-p). 

Size: 5'/16" x 8%" x 10'/s" 

Model<' l 

*LPD·421-FM 

*LPD-422-FM 

*LPD·423·FM 

LPD·42HM 

LPD-425-FM 

Voltage Range 
Per output / 
Outputs in 

series 

voe 

0-±20/ 0•40 

0-± 40/ o-ao 

0-± 60/0-120 

0-± 120/0·240 

0·± 250/ 0•500 

I MAX AMPS AT AMBIENT OF: (I) 

Per output/ Outputs in parallel 

J0°C 40°C 50°C 60°C 

1.7A/ 3.4A l.5A/ 3.0A 1.3A/ 2.6A 0.9A/ 1.8A 

1.0A/2.0A 0.85A/1.7A D.7A/1.4A 0.55A/1.1A 

0.7A/ 1.4A 0.6A/ 1.2A 0.SA/ 1.0A 0.4A/ 0.8A 

0.38A/ 0.76A 0.32A/0.64A 0.26A/ 0.52A . 0.20A/ 0.40A 

0.13A/ 0.26A 0.12A/ 0.24A 0.11A/ 0.22A 0.10A/ 0.20A 

• Overvoltage Protection available as an accessory. Each output requires 
separate OV accessory- add $35.00 for each output. 

t I JCurrent rating appl ies over entire voltage range. Ratings based on 57-63 
Hz operation. 

Price <' l 
US and 
Canada 

$325 

260 

325 

325 

350 

t2 JPrices are for metered models. LPD Series models are not available without meters. 

5W' LPD Series 
'h Rack Metered 



or systems power supplies ... bench or rack 

or choose from these ~, Y2 and full-rack Lambda supplies 
Size 5¥o6' x 4¥16' x 10" 

Voltage CURRENT RANGE AT AMBIENT OF: ' 
ModeP Range 30°C 4o· c 50°C 60' C 

LP410 0 -10 voe • 0 ·2A O· l.SA O-l.6A O· l .4A 

LP4ll 0 -20 voe • O· l.2A 0-l.IA O· l OA 0 ·0 .SA 

LP412 0·40 voe • 0·0 .70A 0 ·0 .6 5A 0 ·0 .60A 0 ·0 .SOA 

LP413 0 -60 voe • 0 ·0 .4 5A 0 ·0 .41A 0 ·0 .37A 0·0 .33A 

LP 414 0 -120 voe 0·0 .20A 0-0. lSA 0 ·0 .16A 0·0 .12A 

LP415 o -2so voe 0-SOmA 0 -72mA 0·65mA 0·60mA 

Size 5¥1 •" x 41/1•" x 15'/,'' 

Model? Voltage CURRENT RANGE AT AMBIENT OF:' 
Range 30' C 50 ' C 60 ' C 71 c 

LH llS.A 0-lOVOC (}-4 .0A 0-3 .SA Q- 2 9A Q-2 .3A 

LH 12l·A Q-2QVDC ()-2 .4A Q-2.2A ()-I.BA ()- I .SA 

LH 124· A (}-4QVDC ()-l.3A 0-1.IA 0-0.9A Q-Q.7A 

LH 127-A 0-6QVDC 0-0.9A 0-0.7A 0-0.6A Q--0. SA 

LH 130.A 0-1 2QVOC 0-0.5QA 0-0.4QA 0-0.3SA Q--0.2SA 

Size 5 1/i •" x 8¥1" x 15V1" 

Voltage CURRENT RANGE AT AMBIENT OF: ' 
Modell Range 30 c SQ c 60 c 71 c 

LH 119·A ()- JQVDe Q- 9 .QA Q- B.QA Q- 6.9A 0-5 BA 

LH 122·A 0-2QVOe Q- S.7A Q- 4 7A Q- 4 .QA Q- 3 3A 

LH 125·A (}-4 QVDe ()- 3 .QA ()- 2.7 A Q- 2.3 A Q-1 9A 

LH 128-A 0-6QVOe Q- 2.4A ()- 2. JA ()- I BA Q- 1.SA 

LH 131-A 0- 120VDC Q- I 2A ()- Q.9 A Q- Q.BA Q--0.6A 

Voltage CURRENT RANGE AT AMBIENT OF:' 
Modell Range 40 c 5o · c 60 c 71 c 

LK 34().A 0-20VDC 0- B.QA ()- 7 .QA Q- 6 I A Q-4 9 A 

LK 34l ·A Q-2QVOC Q- 13 .SA Q- 11.QA Q- JQ.QA Q-7 7A 

LK 342·A 0- 36VDe Q- S.2A ()- 5 QA ()- 4 SA Q-3 7A 

LK 343-A 0-36VDC ()- 9 .QA ()- B.SA ()- 7.6A 0-6 IA 

LK 344-A Q-60VOC Q- 4 .QA ()- 3 .SA ()- 3 QA Q-2 .SA 

LK 345-A Q- 6QVOe ()- 6 OA ()- 5 2A ()- 4 SA Q-4 .QA 

Pricel 

$129 

119 

114 

129 

149 

164 

Pricel 

$180 

170 

170 

185 

240 

Price 1 

$289 

260 

269 

315 

320 

Price l 

$330 

38S 

335 

395 

340 

395 

Size 5 1/,. " x 19" x 161/2" 

Voltage CURRENT RANGE AT AMBIENT OF:' 
Modell Prlce1 Range 40' C 50° c 60°C 71 °C 

LK 350 0-2QVOC 0-35A ()-31A Q-26A 0-2QA $675 

LK 351 0-36VDe Q-25A 0-23A 0- 2QA 0-ISA 640 

LK 352 0-6QVOC 0-1 SA 0-14A 0-12 .SA Q- lOA 650 

Size 7" x 19" x 181/1" 

Voltage CURRENT RANGE AT AMBIENT OF: ' 
Model > PriceJ Range 4Q c 50 ' C 60 ' C 71 ' C 

LK 360 FM 0-2QVOC 0-66A 0-59A 0-5QA 0-40A $995 

LK 361 FM 0-36VDC Q-4BA Q-43 A 0-36A 0-JOA 9SO 

LK 362 FM ()-6QVDC Q-25A Q-24A 0- 22 A Q- 19A 995 

LP NOTES 
• Overvoltage Protection ava i lable as an accessory- $35.00 

each . 
Current rating appl ies over entire voltage range . Ratings 
based on 57-63 Hz operation. 

2 Pr ices are for non-metered models. For metered models, add 
suffix (FM) and add $10.00 to price. 

LK·LH NOTES: 
1 Current rating applies over entire voltage range . 
2 Prices effective Feb. 1, 1968. Prices are for non-metered 
models (except for models LK360FM, LK361FM , and LK362FM 
which are metered models not available without meters) . For 
m etered models, add suffi x (FM) and add $30.00 to price. 
3 Overvoltage Protection up to 70 VDC i s available as a 
bolt -on accessory for models with suffix (-A) . To order , add 
suffi x (OV) and add $35.00 to the price. For full -rack models, 
overvoltage protecti on up to 70 VDC is avail able as a built-in 
option. To o rd er add suffi x (OV) and add $90.00 to orice of 
mod els LK350-352; add $1 20.00 for models LK360FM-362FM . 

4 Chass is Slides for full rack models: Add suffix (CS) to 
model number and add $60.00 to the pri ce except for models 
LK 360FM-362FM . for which add $100.00. 

TERMINAL DRIV E . PL AINVI EW . L I. . N Y 11803 •TEL. 516 -681 -8300 

A <S> SUIS IDIUY VCECO HIGH VACUUM EQUIPME:NTILAM BOA POWER SUPPLIES 
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Fewer sections and better specs 
are the conflicting demands on filter designers. A simple way 
to predict all losses accurately helps batance them. 

"We want fewer filter sections and greater ac­
curacy. We need the space," says the systems 
engineer to the filter designer. Besides getting 
saddled with such demands, the filter man must 
also face the fact that circuit elements seldom 
live up to expectations of performance, espe­
cially in miniaturized forms. 

Only more accurate design will help him. The 
following method helps him predict circuit per­
formance with the lossy elements used in prac­
tice. 

The procedure uses low-pass reference models 
-even or odd orders-as a starting point for the 
design. The actual coil Q is compared with an 
ideal coil Q, and their ratio is used to find, from 
a set of attenuated curves, the cutoff frequency 
that would ensure the required bandwidth and 
attenuation. This modified bandwidth is then used 
to determine the component values of the filter 
from a table of normalized component values. 
The technique is particularly valuable in multi­
channel high-capacity multiplex · systems and in 
satellite communication networks, where the tol­
erance in pass-band response is very tight--all 
the available system bandwidth must be squeezed 
into the pass band. 

The technique involves only one assumption : 
uniform loading. The data are usable for both 
Butterworth and Chebyshev filters. 

No more guessing 

The usual design approach involves estimation 
of the dissipate roll-off, mostly due to inductors, 
and allowing extra bandwidth to compensate. 
The approach is based on the ready avapability 
of data on the components of lossless and loss­
compensated low-pass filters. 1 The final outcome 
depends on the engineer's skill in guessing. 

There is, however, a simple and accurate way 
to predict exact bandwidth needs and design a 
filter without guessing. This takes into account 
available off-the-shelf components, predicts actual 

William C. Kole, Senior Engineer, Raytheon Co., Nor­
wood, Mass. 
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operating losses and pinpoints the modifications 
needed to the design bandwidth. Since low-pass 
filters are well understood, they are used as ref­
erence models. 

Compare ideal and actual coils 

The procedure is based on comparing the Q of 
the available coil in the actual filter with the Q 
of the inductor in an ideal low-pass filter. The 
notation and definitions are the conventional 
ones. The center of the design bandwidth is de­
fined as w0 = 27rf0 , in radians per second. The 
coil Q is a function of frequency : 

Q = WcL/ r, 
where r represents the core and copper losses at 
we, and appears in series with the coil. 

The minimum Q required by the low-pass ref­
erence model is denoted by q,,.in· It may be found 
from the roots of the transfer-function poly­
nomial by taking the reciprocal of the real part 
of the root nearest the jw axis. 

In a Butterworth-type low-pass filter , the roots 
of the transfer function lie on a unit circle in the 
S plane. For example, a third-degree (N = 3) 
Butterworth has the transfer function : 

T(s) = 1/ (s3 + 2s2 +1). 

The left-hand plane roots lie on a circle at 
(s + 1) (s +o.5 ± j0.866), from which: 

Qmin = l / <Tmin = 2.0. 
The roots are plotted in Fig. la. 

For Chebyshev filters the roots of the transfer 
function lie on an ellipse. The low-pass filter's 
q,,,in varies directly with the maximum pass-band 
ripple. A higher ripple factor means greater out­
of-band rejection for a given shape factor and 
requires higher qmin· Taking a third-order filter 
as an example again, with a 2-dB pass-band rip­
ple the transfer function is : 

T (s) = 1/ (s3 + 0.7378216s2 + 1.02219s 
+ 0.32689). (2) 

The roots on the left-hand S plane are at (s + 
0.36891) (s + 0.1844559 -+- j0.9230771). These 
values are shown in Fig. lb. 

Depending on the order of the filter, two 
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1. Roots of transfer functions for Butterworth filters lie 
on a unit circle (a) in the S-plane. For Chebyshev types, 
they are on an ellipse (b). The minimum Q of a low-pass 
filter is the reciprocal of o-mi n for both types, which is 
the real part of the root nearest the jw axis. 
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m 
~ 
z 3 
0 

~ 
::> z 
UJ 

::: 4 

"' 

N • 4 

qmin • 2.6 

BUTTERWORTH LOW-PASS 

2. Two standard low-pass filter configurations are used 
in most designs. For even-order types, (a) is used as the 
standard circuit, and for odd-order ones, (b) is the usual 
circuit. The resistances r n compensate for copper and 
core losses. 

K IL (dB) 

10 0.89 

5 1.14 
4 2.19 
3 2 . 9 

2 4.34 
8 .72 

NORMALIZED FREQUENCY (WI We l 

3. Curves of attenuation versus normalized frequency for 
a family of fourth-order low-pass Butterworth filters. The 
K factors are the ratio of the available coil Q to the mini· 
mum required, which is 2.6 in this case. The curves were 

standard circuit configurations can be set up. 
For an even order, the circuit in Fig. 2a may be 
taken as standard, and for odd-order filters, the 
circuit in Fig. 2b is the usual form. 

The element values in both circuits are nor­
malized to a load of 1 ohm (RL = 1 n). The 
normalized element values are represented by L .. 
and C.,,. The copper and coil losses are included 
in r .,,, which may be expressed as: 

where K = Q avaiZabzel q,,,.,.,, and may be any num­
ber. 

ELECTRONIC DESIGN 4, February 15, 1968 

plotted with an IBM 7044 computer program that also 
calculated the expected insertion loss (IL) for each value 
of K. The curve in color refers to a design example in 
the text. 

With the value of q,,,.,n for a particular filter as 
the unit of comparison, the series and shunt re­
sistances may be computed for uniform loading. 

For both the Butterworth and Chebyshev 
types, the unit cutoff frequency indicates the 
band-edge ripple point. For all Butterworth 
types, we = 1 corresponds to the 3-dB point, if 
K = oo ( Q = oo). For Chebyshev filters, we = 
1 corresponds to the band-pass limit. (For a 2-dB 
ripple, we = 1 is the 2-dB bandwidth.) 

Curves of attenuation versus normalized fre­
quency have been prepared for values of K = 

Q avaiZabze/Q.,.;n using an IBM 7044 computer pro-
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600 

r4 LI 
23.23 0.6578H 

r3 
B.443k 

L2 
l.58BH 

Cl 
4.411µ.F 

r, 
20.389k 

4. Low-pass Butterworth filter is designed with a band ­
width that ensures the specified response in the speci ­
fied range. Resistances r, and r, stand for core and cop­
per losse;; and r, and r,, for losses in the capacitors .. 

gram. A few design examples will illustrate the 
use of the curves. 

Design examples illustrate the process 
Assume a fourth-order (N = 4) low-pass But­

terworth filter is to be designed. Its response at 
100 Hz should be at - 2 dB +- 0.2 dB. The load 
impedance is 600 n. The inductor that fits the 
available space has a Q of 26. 

The circuit will have the general form of Fig. 
2a since N is even. The transfer function for a 

iii 
~ 2 

z 
Q 
.... 
c( 
::> 
z 
w 3 
I= 
c( 

4 

0.1 

CHEBYSHEV LOW-PASS 
N•5 

qmin • 11.178 

RIPPLE • I dB 

0.2 0 .3 0.4 0.5 

fourth-order filter yields q111 in = 2.60. 2 Therefore: 

K = Q availal1te/ q ,,,;,n = 26/ 2.60 = 10. 

The question of at what frequency the attenu­
ation will reach the specified value is answered 
by the appropriate curve in Fig. 3 (for this 
example, the colored curve) . The filter has a 2-dB 
attenuation at w/ we = 0.9. The design bandwidth 
is therefore modified : 

/~ (design) = 100/ 0.9 = 111.1 Hz. 

The design bandwidth must be increased by 11.1 
Hz to meet the specified performance. 

Since the components are frequency-sensitive, 
they will have to be changed too. The standard 
normalized values for low-pass types are listed 
in most books on network synthesis. 3 Using the 
notation in Fig. 4, they are: 

Ll = 0.7654 H , 
Cl = 1.848 F , 
L2 = 1.848 H , 
C2 = 0.7654 F. 

These values are modified by the factors: 

0 .6 0 .7 0 .8 0 .9 1.0 

K IL(d8) 

(1) 0 

10 

5 

4 

0 . 37 

0 . 73 

0 . 91 

3 I . 2 

2 I . B 

3.5 

I.I 

NORMALIZEO FREQUENCY (W/ We) 

5. Design curves for fifth-order Chebyshev filters show 
changes in response as the K factor varies from unity 

(lk) (63.6) (0.3331Hl (89.48) (0.4695Hl (63.6)(0,3331 Hl 

0.0636 2 .135 0 .08948 3 .009 0'.0636 2.135 

30.737 1.0911 1.0911 (lk) I 
(30.737k) (0.17µ.Fl 30.73 (0.17µ.Fl 

(30.73k) 

6. Chebyshev band-pass filter has a pass-band ripple of 
1 dB and a bandwidth of 1020 Hz, which guarantees a 
1-kHz bandwidth between the 2-dB ±0.5-dB points. The 
final component values in parentheses reflect the 
changes from low-pass to band-pass. 
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(when the ideal coil is used) to virtually infinity (when 
the available Q is much larger than required.) 

7. The resonant circuits in the Chebyshev filter are com ­
pleted by adding the shunt inductances and series ca ­
pacitances. The capacitors may be considered lossless. 
This can be closely approximated with high -quality filter 
capacitors. 
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~ 
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w 
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N . 3 

qmin • 2 ·0 

K IL (dB) 
2 

10 O.B7 
5 1.73 
4 2.17 

3 
3 2.8 
2 4.3 
I 8.4 

40L-~~-0~.1~~~0~.~2~~--=o~.3:--~---,o~.4-:--~~o~.~5~~--::o~.6:--~--:o~.1::--~~o~.~0~~--;;o~.9::--~~~1.o::--~~~1.71~~---;1~.2;--~~71.~3~~---;1~.4;-" 

NORMALIZED FREQUENCY (W/Wc) 

0 

iii 2 
~ 

z N=5 
0 
i= IL(dB) 
<r 
:> 3 0 .87 ---z 
w 

1.73 I-
I-
<r 2.17 

4 2 .8 

4 .32 

8 .6 

5..._~~-'-~~~-'-~~~,__~~--'~~~-'-~~~,__~~-'-~~~-'-~~~'--~~ ....... ~~~-'-~~~'--~~-'-~~~-'-~ 
0 0 .1 0.2 0 .3 0.4 0.5 Q6 Q7 O~ OS 1.0 I.I 1.2 1.3 1.4 

NORMALIZED FREQUENCY (W/Wcl 
@ 

N = 7 

qmin= 4 .49 

IL (dB) 

0 .77 

4 5 1.73 

4 2.17 

3 2.89 
5 

2 4 .33 

6 

8.63 

0 0 .1 0 .2 0.3 0.4 0 .5 0.6 0.7 0.8 0.9 1.0 I.I 1.2 1.3 1.4 
NORMALIZED FREQUENCY ( w/Wc) 

0 
8 . A family of attenuation curves for a group of Butter­
worth filters depict responses for low-pass types of the 

third (a) , fifth (b) and seventh (c) orders. In all cases 
uniform loading is assumed. 
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N = 3 

RIPPLE =ldB 

qmin =4 .05 

---

N•3 

RIPPLE• O.S dB 

qm i n = 3 .192d8 

NORMALIZED FREQUENCY ( w I We ) 

K 

ro 
10 

5 

4 

3 

2 

ILldB) 

0.0 

0 . 536 

1.06 
I .32 

I. 74 

2 .58 

---
4 . 99 

IL(dBl 

0.0 

0 .58 

1.15 
1.43 

1.90 

2 .82 

5 .51 

4L._~~~...l.~~~~J.._~~~-'-~~~~L-~~~...l...~~~---'~~~~..L..~~~--'-~~~~..L..~~~......L~~~~~~~-' 

0 0.1 0 .2 0.3 0 .4 0 .5 0.6 0 .7 0.8 0 .9 
NORMALIZED FREQUENCY (W/Wcl 

2 

ID 
~ 

3 ---z 
2 
f-- N . 5 c( 
:> RIPPLE = 0 .5 dB z 
"' qmin = 8 .93 f-- 4 
!ii 

5 

NORMALIZED FREQUENCY ( W I w 0 ) 

1.0 

IL(d8) 

0.805 
1.01 

I . 35 

2 .0 I 

0 . 41 

3 .98 

9. Curves for Chebyshev filters show attenuation for 
third · and fifth-order types and several ripple factors as 

K is varied . Uniform loading is assumed. For other speci· 
fications interpolation will give good results. 
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L 0 = R / wc = 600/ 981-26 X 10" = 0_85944 H, 
C0 = l / Rw,. = 1/ 600 X 6.98126 X 102 

= 2_38734 ,uF, 
since we = 2r.f c = 6.98126 X 102

• 

To obtain the proper component values, Ll and 
L2 are multiplied by L 0 and Cl and C2 by Co. The 
results are shown in Fig. 4. 

The series resistances in Fig. 4 account for cop­
per and core losses in inductors L2 and L4: 

r z = WcL2/ Qavcti lab le = 49.61 n, 
r4 = WcL41Qavwilable = 23.232 n. 

The shunt resistances compensate for losses in 
the capacitors: 

1 °1 = Qavailabte / wcCl = 20.389 kn, 
ra = Q,wailabtel wcC3 = 8.443 kn. 

The improvement in design comes from the 
fact that the exact frequency at the. specified 
2-dB points can be read off from the appropriate 
curve (in this case at w/ wc = 0.9). The cutoff fre­
quency can therefore be calculated accurately. 

The computer program that supplied the at­
tenuation curves also calculated the insertion loss. 
Its calculation showed the insertion loss for this 
filter to be 0.89 dB. The measured value came 
close: 0.9 dB. 

Band-pass design needs extra factor 

The design of band-pass filters is a bit more 
involved, because their Q requirement is higher 
than that of low-pass types. The increase is by a 
factor f ol 11f, where f o is the center frequency and 
l1f is the bandwidth. This change, of course, 
means that K is also increased by f ol 11f. 

The design procedure is illustrated by the fol­
lowing example. A band-pass filter is needed at 
a center frequency of 10 kHz, with a bandwidth 
of 1 kHz between the 2-dB ± 0.5-dB points. The 
filter should have a response of a fifth-order 
Chebyshev type, with a maximum pass-band rip­
ple of 1 dB. The load is 1 kn. 

Since it is an odd-order filter, the general form 
of the circuit is that of Fig. 2b. Coils at 10 kHz 
have Qs of 330. The value of q ... i ,, is 11.178.4 

Therefore: 

K = (330/ q,,,,,. ) U o/ lif) = 330/ 11.178 x 10 
= 2.95. 

For N = 5, a 1-dB ripple and K = 3, the attenu­
ation curves in Fig. 5 show the upper frequency 
of the band to be: 

0.97. 

Therefore: 

f c (design) = 1000/ 0.98 = 1020 Hz. 

The expected insertion loss of 1.2 dB is listed 
alongside the K = 3 curve. 
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The element values for the ideal case appear 
in Fig. 6. The practical values are obtained by 
multiplying all resistances by 10", all inductances 
by R / wc and all capacitances by l / Rwc-just as in 
the case of the low-pass Butterworth: 

R / wc = 0.15603 H, 
l / Rwc = 0.15603 ,uF, 

W e = 2r. 1020. 

The last step is to complete the resonant cir­
cuit in each branch by adding a series capaci­
tance to each inductor and a parallel inductance 
to each capacitor: 

L s1i1rnt = l / u>o2C8,,,.,,i . 
The final circuit configuration is shown in Fig. 7. 

Now all resistors are associated only with the 
inductors, and represent the copper and core loss­
es, while the capacitors may be considered loss­
less. This situation is closely approximated in 
practice by the use of high-quality filter capaci­
tors. The spread in element values may be re­
duced by appropriate impedance transformations, 
which will not be considered here. 

Attenuation curves for a group of Butterworth 
low-pass filters are plotted in Fig. 8 up to the 
seventh order. The attenuation of a group of 
Chebyshev filters is plotted in Fig. 9. The curves 
include responses up to the fifth order with three 
different ripple factors. 

If the design requirements are different, inter­
polation will give a good approximation. • • 

References: 
1. H.P. Westman (ed.), Reference Data for Radio Engi­

neei·s (4th ed.; New Yoi·k: International Telephone and 
Telegraph Corp., 1956), Chaps. 6, 7 and 8. 

2. Louis Weinberg, Network Analysis and Synthesis 
("Electrical and Electronic Engineering Series" [New 
York: McGraw-Hill Book Co., 1962]), p. 495. 

3. Ibid., p. 605. 
4. Ibid., p. 514. 

Test your retention 

H ere are questions based on the main 
points of this article. They are to help you 
see if you have overlooked any important 
ideas. You'll find the answers in the article. 

1. How is the cutoff frequency deter­
mined? 

2. What assumption is this technique 
based on? 

3. Which filt er types can be designed by 
this method? 

4. Why is the design of a band-pass filter 
more complex than that a low- or high-pass? 

89 



90 

When it comes to high voltage semi­
conductors, come to us. Power is our 
specialty. 

We were the first supplier, for example, 
to mass produce power transistors. 

The first to develop high energy silicon 
power transistors with voltage capabili­
ties of up to 700 volts, current to 10 
amps. 

The first to build silicon transistors 
suitable for large-screen color and 
black-and-white TV deflection. 

The first to develop practical micro­
circuitry for the automotive IC voltage 
regulator. 

And we mass produce diodes for use in 

automotive generators. 

Such achievements were no accident, 
of course. We' re in the industrial con­
trol, entertainment, communications 
and automotive fields. Our products in­
clude stereotape systems for cars, car 
radios, digital systems and portable 
military communications equipment. So 
we know what the end-use require­
ments are. We know how to meet those 
requirements. And we know how to 
meet them in volume (our daily produc­
tion of semiconductors, for instance, 
would make a line five miles long). 

To meet today's requirements, we make 
rectifiers. High voltage silicon tran­
sistors. High power germanium alloy 
transistors. High and medium power 
germanium diffused base transistors. 
For use in such applications as DC and 
switching regulators, high power con-

SEMICONDUCTOR DISTRIBUTORS: EAST- BALTIMORE, MO. 21201, Radio Electric Service Co., 5 North Howard Street, (301)-539-3835 BINGHAMTON, N.Y. 13902, 
Federal Electronics, Inc., P. 0. Box 1208, (607)-748-8211 CLIFTON, N.J. 07015, Eastern Radio Corporation, 312 Clifton Avenue, (201)-471-6600 NEWTON, MASS. 02195, The 
Greene Shaw Co., Inc .. 341-347 Watertown St., (617)-969-8900 NEW YORK, NEW YORK 10036, Harvey Radio Co., Inc., 2 West 45th St., (212)-582-2590 PHILADELPHIA, PENN. 
19123, Almo Industrial Electronics, Inc., 412 North 6th Street, (215)-922-5918 PITTSBURGH, PENN. 15206, Radio Parts Company, Inc., 6401 Penn Ave., (412)-361-4600 
WOODBURY, L. I., N.Y. 11797, Harvey Radio Company, Inc., 60 Crossways Park West, (516)-921-8700 SOUTH-BIRMINGHAM, ALA. 35233, F-0rbes Distributing Company, Inc .. 
1416 Fourth Ave., South, (205)-251-4104 MIAMI, FLORIDA 33142, Mountain Electronics, Division of Mountain National Co., 3730 Northwest 36th St., (305)-634-4556 RICH­
MOND, VA. 23220, Meridian Electronics, Inc., 1001 West Broad Street, (703)-353-6648 WEST PALM BEACH, FLA. 33402, Mountain Electronics, Division of Mountain National Co .. 
1000 N. Dixie Highway, (305)-833-5701 MIDWEST-Cl NCINNATI, OHIO 45237, United Radio, Inc., 7713 Reinhold Drive, (513)-761-4030 CLEVELAND, OHIO 44125, The W. M. 
Pattison Supply Co .. Industrial Electronics Division, 4550 Willow Parkway, (216)-441-3000 INDIANAPOLIS, IND. 46225, Graham Electronics Supply, Inc., 122 South Senate 
Avenue, (317)-634-8486 KALAMAZOO, MICH. 49005, Electronic Supply Corp., P. 0. Box 831 , (616)-381-4626 KANSAS CITY, MO. 64lll, Walters Radio Supply, Inc., 3635 Main 
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verters, ultrasonic power supplies, 
computer hammer drivers, VLF class 
C amplifiers, off-line class A audio out­
put and CRT deflection-just about any 
power switching or amplification job. 

And we make them on time. At compet­
itive prices. With uniform, high-quality 
reliability. 

For more information on Delco power 
semiconductors, contact your local 
Delco distributor or Delco sales office. 
Take advantage of the powers that be 
-from the Kokomoans. 

MARll Of EXCELLENCE 

FIELD SALES OFFICES 
Union, New Jersey• 07083 
Box 1018 Chestnut Station 
(201) 687-3770 
ChicagoJ Illinois• 60656 
5151 N. Harlem Avenue 
(312) 775-5411 

Syracuse, New York 13203 
1054 James Street 
(315) 472-2668 
Santa Monica, Calif.• 90401 
726 Santa Monica Blvd. 
(213) 870-8807 

Detroit, Michigan 48202 
57 Harper Avenue 
(313) 873-6560 
Kokomo, Ind. 46901 
700 E. Firmin 
(317) 459-2175 Home Office 

'Office includes field lab and resident engineer for appl ication assistance. 

Street, (816)-531-7015 MINNEAPOLIS, MINNESOTA 55401, Stark Electronics Supply Co., 112 3rd Ave., North, (612)-332-1325 SKOKIE, ILL. 60076, Merquip Electronics, Inc., 
7701 N. Austin Ave., (312)-282-5400 ST. LOUIS, MO. 63144, Electronic Components for Industry Co., 2605 South Hanley Road, (314)-647-5505 WEST-ALBUQUERQUE, 
N. M. 87103, Sterling Electronics, Inc., 1712 Lomas Blvd ., N. E., (505)-247-2486 DALLAS, TEXAS 75201, Adleta Electronics Company, 1907 McKinney Ave., (214)-742-8257 
DENVER, COLO. 80219, L. B. Walker Radio Company, 300 Bryant Street, (303)-935-2406 HOUSTON, TEXAS 77001, Harrison Equipment Co., Inc., 1422 San Jacinto Street, 
(713) 224-9131 LOS ANGELES, CAL. 90015, Radio Products Sales, Inc., 1501 South Hill Street, (213)-748-1271 LOS ANGELES, CAL. 90022, Kierulff Electronics, Inc., 2585 
Commerce Way, (213)-685-5511 OKLAHOMA CITY, OKLAHOMA 73102, Radio, Inc., 903 North Hudson, (405)-235-1551 PALO AL TO, CAL. 94303, Kierulff Electronics, Inc., 
3969 East Bayshore Road, (415)-968-6292 PHOENIX, ARIZ. 85005, Sterling Electronics, Inc., 1930 North 22nd Ave., (602)-258-4531 SAN DIEGO, CAL. 92101, Milo of California, 
Inc., 2060 India Street, Box 2710, (714)-232-8951 SEATTLE, WASH. 98108, Kierulff Electronics, Inc., 5940 6th Ave., South, (206)-763-1550 TACOMA, WASH . 98402, C & G 
Electronics Company, 2502 Jefferson Ave., (206)-272-3181 TULSA, OKLAHOMA 74119, Radio, Inc., 1000 South Main Street, (918)-587-9124 CANADA-SCARBOROUGH, 
ONTARIO, Lake Engineering Co., Ltd ., 123 Manville Rd ., (416)-751 -5980 
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Groundless circuits make sense 
when a general treatment is needed. One floating matrix supplies 
all equations for all configurations of active circuits. 

Pull the ground out from under your network­
literally. Make the network independent of a 
reference level and the analysis will be simpler. 
A single matrix can describe three circuit config­
urations of a transistor amplifier: common-base, 
common-emitter and common-collector. 

In conventional analysis the input, output and 
reference terminals are assigned ordinarily. But a 
more general representation is made possible by 
"floating" the network. In this case, unlike the 
conventional treatment, any arbitrary pair of 
terminals of the network can serve as the input 
port, and any other pair as the output. 

For an easier understanding, consider Fig. 1, a 
three-terminal network with no assigned ground. 
The matrix equation for this network is: 

or: [I]= [Y]PP[V] , 
where [Y] F P is the floating-point or indefinite 
Y matrix. 

It can be shown that the sum of each row and 
each column of the floating-point matrix is zero; 
that is, the matrix is singular. 

In the circuit equations, there is a redundancy: 
there are only two independent currents although 
three are listed in the matrix. Applying Kirchoff's 
current law to node 0 gives: 

Ii + I 2 + I 3 = o. 
As the network is linear, each voltage source in 

Fig. 1 may be treated separately; its sum will give 
the same result as if all three sources were applied 
simultaneously. Since the sources V 1, V 2 , and V 3 

are arbitrary, they can be considered one at a time 
if the other two are set equal to zero. If V 3 = 
V2 = 0, the matrix yields: 

I i = Y11 Vi. 
I 2 = Y2i Vi. 
I 3 = Yai Vi. 

These three equations are added: 

Il + I 2 +Ia= V 1 (Y11 + Y21 + Y3i ) = 0. 

Alvin Wa ld, Assistant Research Scientist, New York Uni· 
versity Medical Center, New York City .. 

92 

Since V1 is not required to be zero and the above 
~quation must be satisfied: 

Y11 + Y21 + Yai = 0. 

Then Vi= V2 = 0 and V 1 = V 3 = 0 are taken 
in turn, in order to show that the sum of the other 
two columns is zero, too. 

Since the network equations must hold fo r all 
conditions, consideration must also be given to the 
situation where a ground terminal does exist. If 
terminals 1, 2, and 3 are connected to a common 
potential, node 0, then Vi= V 2 = Va= V0 , and no 
current will flow ; hence : 

I1 = I2 = I 3 = 0. 
The matrix equations: 

I 1 = Y11 V1 + Yi 2 V 2 + Y1a V a, 
I 2 = Y2i V1 + Y22 V 2 + Y2a V a, 
Ia = Yai Vi + Ya2 V 2 + Y33 V a, 

are modified by the fact that I 1 = I 2 =Ia= 0: 

0 Vo (Y11 + Y1 2 + y 13), 
0 = Vo (Y21 + Y22 + Y2a) , 
0 = Vo (Yai + Ya2 + y33) . 

Since V 0 is not necessarily zero and the equa­
tions must be valid, the sum of each row is zero. 

The floating-point matrix can also be applied 
to a network represented by impedances. The pro­
cedure is identical and proves the results for im­
pedances. The generalized network in Fig. 2 may 
be used for the analysis. The same procedure makes 
it possible to write the matrix equations directly~ 

V1 = I 1 (Z11 + Z1 2 + Zia), 
V 2 = I 2 (Z21 + Z22 + Z23) , 
Va = Ia (Z31 + Za2 + Zaa) · 

The three currents may again be assumed to 
be equal when all terminals are connected to a 
common node: I 1 = I 2 = Ia = I0 and V1 = V2 = 
Va = 0. The matrix equations then become: 

0 = I o (Z11 + Z12 + Zia) , 
0 = I o (Z21 + Z22 + Zn) , 
0 = I o (Za i + Za2 + Z3a) · 

As I 0 is ar,bitrary and not necessarily zero, the 
sum of each row of the indefinite Z matrix is shown 
to be zero. Also it can be shown that the sum of each 
column is zero. 
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Impedance matrix helps with tubes and transistors 

One use for the floating-point matrix is in the 
description of transistor and vacuum-tube cir­
cuits. A single matrix describes the work and 
allows any pair of the terminals to become the 
input or output port. Figure 3 shows the equiva­
lent circuit of a pentode. The indefinite Y matrix 
for this circuit is : 

g 

g [s(Ci +Cgp ) 
p gm - sC0p 

k - gm - sC., 

p 

- sC0 p 

[gp + 
s (Co+ Cup )] 

- gP - sCo 

The admittance matrix for a grounded-plate 
stage (cathode follower) is obtained simply by 
striking out the p row and column. The matrix 
that relates the output to the input is then : 

- sC; ] [VuPJ 
[g p + g,,. + v kp 
s (C, +Co)] 

For a grounded-cathode stage, the k row and 
column are stricken out: 

Application of the indefinite Z matrix can be 
illustrated with the transistor circuit of a low­
frequency T model (Fig. 4). 

The matrix equation for this circuit is: 

-r. 
r . + -re 12 ][

JI] 
Tc (1 - ao) 

-re (1 - ao) 'rb + Tc l a 

or: 

[VJ = [Z] FP [I]. 

For this circuit, the floating matrix is: 

[Z] FP 

b c 

b[ rb + r . -r . 
C - r • + ao Tc r • +re (1 - ao) 
e -rb - ao Tc - re (1 - ao) 

e 

-r 
-rb ] 

r: +Tc 

Again, when a circuit configuration with a 
particular reference is being considered, that row 
and column are deleted. Care is needed, however, 
for the sign of the remaining impedance elements 
may change, because the direction of current and 
voltage in the floating circuit do not necessarily 
correspond to the conventional two-port represen­
tation. There are no general rules for predicting 
this sign change. Each situation must be examined 
separately in the light of the sign convention 

E LECTRONIC D ESIGN 4, February 15, 1968 

1. This three·terminal network has no assigned ground: 
it "floats." Any pair of terminals may be used as an 
input or output port . The floating admittance matrix is 
set up in the text with the aid of this circuit. 

2. For a floating impedance matrix, use this network. The 
circuit is particularly useful for analysis of transistors 
and their cascaded stages. 

3. Equivalent circuit of a pentode helps establish the 
appropriate floating admittance matrix. One matrix is 
sufficient to describe ;:ill modes of operation. 

4. Low-frequency T model of a transistor is in floating 
form . The impedance matrix is found in the text. 
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Putting the technique to work 
As an example of the floating-point-matrix 

technique in practice, consider this transistor 
amplifier circuit: 

.----+-----------oVcc 

The combined cascaded network derived in con­
nection with Fig. 6 can be applied to the analysis 
of this amplifier circuit. The transistor is a 
2N1925, a pnp germanium, general-purpose, 
medium-power device. The h parameters obtained 
from the data sheet and typical values are: 

h,. = 2.2 x 103 ohms, 
h fe = 68, 
h0 • = 40 X l0-6 mhos, 
hre = 6 X 104 (neglected in the design). 

These small-signal parameters are typical values 
measured at a frequency of 1 kHz with an emit­
ter current of 1 mA and a collector-to-emitter 
voltage of 5 volts. 

For circuit performance, only the small-signal 
ac characteristics are of interest. For this 
reason, the circuit components, which determine 
the transistor operating point, are not chosen. 
Standard design approximations are used in the 
analysis. 

In the circuit, the input impedance of the sec­
ond stage is approximately h.,. = 2.2 x 103 
ohms. This is true as long as RL2 < l / h0 • = 25 
kn-a reasonable assumption for small-signal 
conditions. The input impedance of the first 
stage, loaded by the input of the second stage, 
can also be approximated by l / h0 • • The first­
stage output impedance is a function of the driv­
ing source impedance, and ranges from l / h0 • for 
a source impedance greater than h1e to [hie/ Cr. 
+ rb)] / hoe for a source impedance less than r e 
+ rb, that is, about 400 ohms. If a current 
source of reasonably high impedance is postu­
lated, then the output impedance of the first 
stage will be 1/ h0 e = 25 kn. This impedance 
acts as the second stage input impedance and is 
larger than h ie by enough for the second-stage 
output impedance also to be approximated by 
1/ hoe-

Since there is little shunting of the base cur­
rents by the driving impedances, the transconduc­
tance, g,,., is equal to h1e!h ie = 31 x lQ-3 mhos. 
The voltage input to the circuit is hie/ in and the 
output voltage is: 

V o= Vin Y2,,J(lhoe + hie) 
'°""' (h2re/ h2;e )/in 

0.96 x 10-3 X I,. volts. 

5. Deletion of the appropriate row and column from the 
floating matrix, based on Fig. 4, establishes the common­
emitter configuration. 

6. The cascading of two common-emitter stages of a 
transistorized amplifier is .simplified by the lack of a 
reference level. 

7. Equivalent circuit of a transistor amplifier. Its matrix 
is derived in the text with the aid of standard matrix re­
duction techniques. 

chosen. As an example, for a common-emitter 
circuit the e row and column are deleted. The 
equivalent circuit for this configuration is shown 
in Fig. 5. The matrix equation is: 

[Vb•] [rb + r. r. J [~be ] 
V e. = r. -aor. r·~ +r. (1-ao) • 

The change in the sign of the matrix elements is 
the result of the convention used. Comparison of 
Figs. 4 and 5 shows that V ee = - V2 and i 0 = - 12. 

Another useful application of the floating-point 
matrix is in cascading and condensing networks. 
Consider, for instance, the cascading of two com­
mon-emitter stages of transistor amplifiers. A 
typical circuit is shown in Fig. 6. The floating­
point matrix for the unconnected circuit is: 
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1 2 3 4 5 

1 G ;1 O 0 0 - G;1 
2 Gm! G.1 0 0 - G.1 - 9m1 

[Y] FP = 3 0 0 G ;2 0 - G ;2 
4 0 0 9m2 Go2 - 9m2 - Go2 
5 - G;1 - 9m1 - G.1 - G ;2 - 9m2 - G.2 G ;1 + G ;2 + G.1 + G.2 + 9m1 + 9m2 

To connect nodes 2 and 3, rows 2 and 3 are added together, and columns 2 and 3 are added together: 

1 (2 + 3) 4 5 

(2 ! 3) I ;~: ~ol + G ;2 ~ = ~~: - Go1 - G;, ] 
4 l Q 9m2 Go2 - 9m2 - G0 2 
5 - G ;1 - 9m1 - G.1 - G;2 - 9m2 - G.2 G ;1 + G ;2 + G.1 + G.2 + 9m1 + 9m2 

I 
[Y] FP 

This is also a floating-point matrix, with the sum of each column equal to zero. This matrix could 
have been obtained directly from the circuit diagram, but the floating-point matrix shows the result­
ant matrix immediately when two arbitrary network nodes are connected together. 

To eliminate a node, use standard reduction techniques. The floating-point matrix is partitioned: 

[Y nn]FP = [!'.".~ __ L!_".'!_l, 
LY1m j Y11 J 

where the m th node (corresponding to the m th row and column) of the original m-by-m matrix is 
to ,be eliminated. The condensation formula, which is to be applied to the original matrix, is: 

[Y m1n] 
1 = [ Y mm] - 1fY11 [Y,,.1J [Y1mJ • 

In order to apply this formula to eliminate node (2 + 3) of the previous matrix, the (2 + 3) row 
and column are moved to the last (mth) position in the matrix: 

1 

1 [ G;1 
.(Y]

1
FP = 4 0 

5 - G;1 - 9m1 

1 

= 4 

5 

1 

9ml 9m2 
G., + G;2 

4 

0 

- G.2 

5 

5 
- G;1 

~ + 3) ] 
9m2 

- G.1 - G;2 - 9m2 
G.2 + G ;2 

G + G 9m1 9m2 
i1 02 - G + G · 

o l i2 

The result is still a floating-point matr ix, with the sum 'Of each row and each column equal to zero. 
The equivalent circuit for this matrix is shown in Fig. 7. • • 
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GRE/Opt1m1ty 
/in control 

clean-cut, 
sharp outputs all along the line I 

Clare Polar Relays eliminate distor­
tion, deliver speeds to 180 baud ... 
with signal unbalance of 2% or less ... 
and no maintenance required over 
22 x 1 09 operations. 

You can specify Clare Mercury-Wetted 
Contact Polar Relays in compact pcb 
modules or round cans for wired 
assemblies ..• or make unit-for-unit 
replacements for less advanced relays 
in your present system. Either way, you 
get minimal pulse distortion over bil­
lions of operations4 with maximum 
contact efficiency. You end mainte­
nance due to contact contamination or 
erosion, or mechanical wear. You cut 
component costs, too. 

More facts? Circle reader service num­
ber-or ask Clare for Bulletin 853 ... 
Write Group 2A8. 

C. P. Clare & Co., Chicago, Illinois 60645 

Ill~ a GENERAL INSTRUMENT company 

• For direct replacement ... wired assemblies ... 
pcb design 

• Maximum 1 % pulse distortion initial, 2% over 
life (22 x 109 operations with no maintenance) 

• Low and constant contact resistance, com­
pletely independent of drive level 

• High contact efficiency ... 95% total dwell, 
compared with 85% in other polar relays 

• Withstands 1500 volt line surges 

• Lowest cost over longest life 

CLARE MERCURY-WETTED CONTACT POLAR RELAYS 
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for digital data transmission, telegraph and teleprinter service, 
impulse repeater, polar signalling, polarity sensing 

INFORMATION RETRIEVAL NUMBER 43 
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6switches 
are 
5more 
than you need. 

Because either one of the 
Hewlett-Packard 33006A 
/33007A Solid-State 
Switches takes the place of 
the six normally needed for 
coverage of the 400 mHz 
to the 18 GHz range in 
sing le-pole-double-throw 
switching applications. So 
you only need one small, 
lightweight switch for the 

entire microwave spectrum. Why use six? 
And that's not all. The HP 33006A/ 33007 A Switches fit 
either coaxial or stripline configurations and offer im­
proved sensitivity for ECM, radar, missile guidance, 
communications and lab check-out applications. They're 
excellent replacements for electro-mechanical switches, 
too, because of their speed, reduced size and high re­
liability. And they meet MIL specs. 

Isolation-Arm #1-Arm #2 55 dB typical 
Insertion Loss 1.5 dB typical 
VSWR (any port-insertion loss condition) 2:1 typical 
Switching Speed 200 nanoseconds typical 
CW Power Handling Capability 1 watt 

Price: (Quantity 1-9) HP 33006A $395 
HP 33007A $250 

For more details, call your local HP field engineer or 
write Hewlett-Packard , Palo Alto, California 94304; 
Europe: 54 Route des Acacias, Geneva. 

SOLID STATE DEVICES 
INFORMATION RETRIEVAL NUMBER 44 
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TEST YOUR IC IQ 

What are the power limitations on 
integrated circuits? 

The only power limitations on integrated cir­
cuits are linked with the removal of heat from 
where it is generated. As with transistors, prop­
erly applied heat-sink arrangements would en­
able integrated circuits to operate at dissipations 
of large magnitude. The ceramic and Kovar 
headers on which most integrated circuits are 
mounted, however, are relatively poor thermal 
conductors and it is they that are chiefly re­
sponsible for the lower limitations on most com­
mercially available integrated circuits. For tech­
nical analysis, the problem is analogous to a 
series of resistors in which the series resistors 
are, respectively, the reverse-bias pn junction, 
the silicon material, the die-to-header bond, the 
package or case and the heat sink, if any, to the 
ambient. Minimizing the thermal resistance of 
each segment would give integrated circuits 
power ratings on a par with those of the highest­
power transistors. Today integrated circuits are 
commercially available with power capabilities in 
the one-watt range. Most of them are audio­
amplifier types, including both monolithic an·d 
hybrid structures. 

In addition to the use of heat sinks, are there 
other ways to increase the power capability of 
an integrated circuit? 

Yes. There are two widely used techniques. 
The first, sometimes called class-D or -B opera­
tion, is where power is .supplied only when an in­
coming pulse is at the input. In this fashion, 
power output can be increased without boosting 
dissipations, and extremely high efficiencies can 
be achieved. Now 2-, 3-, 4-, 6- and 8-phase clock­
ing arrangements with similarly phased power 
supplies are being used to take advantage of this 
principle. They permit higher dissipation from 
individual integrated circuits, particularly where 

Test your IC IQ is a collaboration between the editors 
of ELECTRONIC DESIGN and the staff of the ICE (lnte· 
grated Circuit Engineering) Co., Phoenix, Ariz. Readers 
of this new column are invited to submit their questions 
to Test your IC IQ, ELECTRONIC DESIGN magazine, 850 
Third Ave., New York, N.Y. 10022. 
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PULSATING 
de SUPPLY 

DISSIPATION 
AREA 

CONSTANT 
de SUPPLY 

_2c 

A pulsating de supply may be used in Class-B circuits 
to reduce coi"lector-to-emitter voltage and hence dissipa· 
tion . Since the collector-to-emitter voltage equals the dif­
ference between the supply and the output voltages, it 
will approach zero as the output voltage increases. 

the whole combination of circuits working at 
different phases is placed on a single chip. The 
technique can be expected to be used more and 
more as integrated circuits increase in complex­
ity. 

The other technique, which is related to the 
first, is used to achieve high power at microwave 
frequencies. In this case, the antenna or output 
is segmented into a phased array, and each . ele­
ment is fed from its own separate circuit. The 
duty cycle of each element is sufficiently low for 
large peaks of power to be handled with ease. 

What is the state of the art of custom LSI 
circuits? 

Large-scale integration has been widely dis­
cussed at most technical conferences for the past 
two years. A number of approaches to LSI have 
been described in the literature and government 
reports, pictures have been shown and laboratory­
test results have been reported. At the beginning 
of this year, however, no supplier of integrated 
circuits had large-scale integrated circuits avail­
able on a commercial or even a sample basis. Ex­
tremely few commercial users have been able to 
obtain any samples to test and evaluate, let alone 
guantities sufficient for prototype design work. 
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Has any standard definition been set for LSI? 

No definition of LSI has formally been adopted 
yet. At the industry meetings at which the 
term has been commonly used, the consensus 
seems to define LSI as the equivalent complexity 
of 100 gates in a single package. That is roughly 
equivalent to 50 flip-flops in a package, or, at an 
average of ten components per gate, a thousand 
components interconnected into a single inte­
grated circuit. The wide use of the term LSI and 
the lack of conflicting descriptions suggest that 
those ·" three equivalent definitions will become 
standard by common usage. 

What are the difficulties in fabricating both 
high-speed linear circuits and high-speed satu­
rating logic circuits in the same silicon wafer? 

The prime difficulty in fabricating high-speed 
linear and saturating logic circuits at the same 
time stems from the gold doping of the silicon 
wafer. To increase the switching speed of satu­
rated logic circuits, the lifetime of the material 
is killed by diffusing gold atoms into the junc­
tion areas. This gold doping, however, does not 
give good characteristics to linear circuits and 
it is difficult to isolate the areas to be doped so 
that both devices may be made on the same 
wafer. Many companies are working on tech­
niques to pattern the areas of gold doping, but 
at present they are mostly in the laboratory 
stage. The diffusion coefficient of gold is very 
large at all normal diffusion temperatures. This 
large diffusion coefficient coupled with lower solu­
bility, results from the diffusant locating inter­
stitially within the crystal lattice. The gold diffu­
sant provides recombination centers and thus has 
the effect of reducing lifetime. Silver also has a 
large diffusion coefficient. 

Will the flip-chip bonding technique be ap­
plicable to large-scale integration? 

A flip-chip bonding technique might be a prac­
tical way to obtain economical and reliable LSI 
without suffering high yield losses. A complete 
wafer of silicon cannot be bonded by flip-chip 
techniques but individual circuits or the circuit 
die from a wafer may be bonded by flip-chip 
techniques, after being tested, to build up a com­
plete LSI system. The opportunity to repair and 
pretest the individual circuits in this manner 
would make high-yield, relatively low-cost, LSI 
construction possible. 

How can special integrated circuits be specified 
without a black-box specification? 

Black-box specifications are generally not the 
best way to · obtain optimum design character-
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istics in an integrated circuit. For best results, 
the circuit designer must work directly with the 
processors to arrive at the best compromises in 
the construction of the circuit. These compro­
mises cannot be transmitted in terms of black­
box specifications. For optimum circuit designs, 
the designer must therefore have access to a 
facility, either in house or with a very coopera­
tive manufacturer. 

How much digital work will go MOS, assum­
ing that MOS processing is under good control? 

MOS processing techniques will not take over 
the whole digital-circuit area. The speed capabili­
ties of MOS are inherently limited by the normal 
RC time constants involved in the designs. MOS 
devices, however, because their economical con­
struction and applicability to large-scale integra­
tion, will be used in logic systems where their 
speeds match requirements. At present it is esti­
mated that about 15 to 20 per cent of the entire 
digital market would be suitable to MOS speeds. 

What effect will LSI have on circuit testing? 

LSI is already having a great effect on the 
techniques currently being used for testing inte­
grated circuits. LSI testing requires more de­
tailed information to be provided by the testing 
at several stages in the processing. Discretionary 
wiring depends on this testing before the addi­
tional interconnections necessary to complete the 
LSI circuit are made. The test information neces­
sary to permit discretionary wiring is accumu­
lated and evaluated in the computer that makes 
the arrangement for such wiring. LSI represents 
the next level of complexity beyond integrated 
circuits, just as integrated circuits required an 
additional degree of testing complexity beyond 
discrete components. In LSI, as with integrated­
circuit testing, component parameters cannot 
usually be measured accurately. Rather, the total 
circuit function must be evaluated, preferably 
by go/ no-go arrangements. 

At present there is no way to check an LSI 
circuit completely by normal testing techniques. 
Because of the extremely large number of pos­
sible interactions and lead and signal combina­
tions, it is almost impossible to check an LSI 
system completely so no standard testing devices 
exist yet. It is expected that approximately 10 
per cent of the circuitry and component area will 
be devoted to test devices built into an LSI sys­
tem. These will be auxiliary circuits designed to 
provide automatic testing and to pinpoint trouble 
spots. So far this is seen as the only economical 
way to test large circuits. 
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IOU 

So You 
Think This 
Looks Like 
a Transistor 

T0-5 Relay 

Every once in a while someone mistakes our 
T0-5 Relay for a transistor. They are not only 
surprised it is a Relay, they are usually over­
whelmed with its capability. Things like re­
sistance to vibration and shock, weight, size, 
isolation , and 1 amp current capability are a 
little hard to believe at first. Oh, yes , mag 

latches, too! Now that we are putting IC chips 
into the T0-5 Relay, we have to admit it is 
beginning to look a little like a transistor. If 
you are not completely familiar with the T0-5, 
write for our data sheets - the most critical 
Design Engineers are impressed - even when 
they thought it was a transistor. 

TELEDYNE RELAYS 

A TELEDYNE COMPANY 

3155 W est El Segundo Bou levard • Ha.wthorne, Ca lifo rn ia 90250 
Telephone (213) 679-2205 • 772-4357 

INFORMATION RETRIEVAL NUMBER 45 
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NOW • • • 
Waveguide 
Ferrite Components from 
Western Microwave 
Both junction circulators and load isolators are available up to 
18 GHz. Typical models for communications equipment are: 

ULTRA-MATCHED WAVEGUIDE CIRCULATORS 

WML Frequency lns'n Input 
Model No. GHz lso. Loss VSWR Length Width Flange 

CWF-2900 3} -4.2 29 .15 1.05 4.625 4.25 CMR-229 

CWJ-2901 5.925- 6.425 23 .15 1.05 3.250 3.0 CMR-137 
CWJ-2902 6.575 - 6.875 26 .15 1.05 3.25 3.0 CMR-137 

CWJ-2903 6.425 - 7.125 26 .15 1.05 3.25 3.0 CMR-137 
CWJ-2904 6.875 -7.125 26 .15 1.05 3.25 3.0 CMR-137 
CWH-2905 7.100- 7.800 23 .15 1.07 2.625 2.5 CMR-112 
CWH-2906 7.700 - 8.35 23 .15 1.07 2.625 2.5 CMR-112 

Write, phone or TWX for our new, complete four-page brochure. 

Western Microwave Laboratories, Inc. 
1045 DiGiulio Avenue , Santa Clara, California 95050 
Telephone: (415) 246-4500 / TWX 910-338·0032 

INFORMATION RETRIEVAL NUMBER 46 
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MANAGEMENT AND CAREERS 

Put that new-product idea across 
by presenting it in a •·selling' way. Here is a step-by-step 
procedure on writing an effective report. 

"I came up with a million dollar idea, turned it 
over to our management, and you know what 
happened? They sat on it ·for a year and a half, 
and now our competition has come out with an 
almost identical product!" 

Chances are this person has only himself to 
blame. He failed to get his idea across. The best 
idea is useless unless you can communicate it in 
the right way to the right people-the people who 
can turn your idea into reality. 

How do you get an idea accepted? By writing 
a lucid, selling engineering report. 

Practically every new idea has to be presented 
in formal fashion. Before your immediate super­
visors can recommend action on your idea, they 
must have written facts to back them up. 

Written presentations fall into two categories: 
1. Proposals-attempts to sell your company's 

services or products to an outside customer. 
2. Reports-attempts to sell your own idea to 

your own company. 
(Basic points on writing a selling proposal were 

discussed in the article "Making Your Proposal 
Sell," ED 11, May 24, 1967, pp. 96-99. This dis­
cussion consequently will cover the writing of a 
report. However, many of the techniques used in 
writing proposals apply to the preparation of re­
ports, and vice versa.) 

In writing a technical report, keep your reader 
in mind. Clearly understand this point: the man­
agement view of the value of any technical idea 
focuses on its profit-making potential. 

Constantly remember that your reader prob­
ably does not have the technical background you 
have. So make certain that you do not get wrap­
ped up in technical jargon that may be clear to 
you but meaningless to your reader. 

Writing the engineering report may call for 
breaking some old habits. Let's examine, first, 
how not to write the report. 

Do not organize it this way: 
• Introduction. 

Peter N. Budzilovich, Technical Editor, Electronic De· 
sign , New York, N.Y. 
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• Technical discussion. 
• Summary. 
This format-widely used by engineers in writ­

ing technical papers-is the best way to assure 
that few, if any, people in management will read 
it. Usually the technical section will be read only 
after you have convinced the reader that you 
have something to offer. 

If you present the technical section early in 
the report, the reader will get bogged down in 
its details and will put it aside to read "later." 
Nothing will happen "later." Instead, after a 
la:pse of some time, it is probable you will get the 
report back with a polite explanation: "It's a 
good idea, but I don't think our company is ready 
to get into it. Maybe at some later time we can 
rehash it." 

This is just another way of saying, "I couldn't 
wade through your report." Because of its poor 
organization, you failed to get your idea across. 

Use the right format 

For a far better chance of securing manage­
ment approval of your technical idea, do follow 
this format : 

• Purpose. 
• Conclusions. 
• Recommendations. 
• Market and cost. 
• Technical discussion. 
Note that in this format you sell the reader 

first and then conclude the report by substantiat­
ing the soundness of your "sell" in the technical 
discussion. Let's consider each of these in detail. 

Open your presentation by stating the purpose 
of the report. Avoid jargon. Use simple language, 
be concise. Don't include superfluous information. 

Don't write it this way: 
"The purpose of this report is to describe a 

new, unique, all-solid-state, all-purpose, fully 
automated, versatile fly catcher. It is superior to 

Preparing a report are Michael Jacobs (left), publica­
tions project coordinator, and Murray Hoffman (right) , 
senior project engineer, Proposals and Project Office, 
Autonetics' Data Systems Div., North American Rockwell . 
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all fly catchers now on the market because it has 
a wide-band amplifier with a gain of over 160 dB. 
Using integrated organizational flexibility coupled 
with systematized management options, it will 
result in a parallel reciprocal capability." 

After reading such verbiage, the reader still 
doesn't know: Is this a paper to be presented at 
a technical conference? Are we going to sell the 
device? Is there a profit to be made? 

The flashy talk will get you nowhere. In fact, 
afer reading it, your supervisor, who most likely 
is a practical man, may yawn, put the report 
aside and reflect: "Maybe our public relations 
people will want to schedule it at a conference." 

Here is the correct way to write the same open­
ing statement: 

"The purpose of this report is to present con­
clusions, recommendations and technical discus­
sion that show the feasibility of developing and 
marketing a new automatic fly catcher." 

This example is concise and to the point. It 
answers the key questions and is devoid of super­
fluous information. 

Give your conclusions 

Your conclusions constitute the key section. 
Here you tell management what the prospects are 
for successful marketing on the basis of the data 
you will describe later in the technical discussion. 
Again, simple, concise language must be used. 

Don't do it this way: 
"At this time, it may be concluded that more 

studies are required in order to explore fully the 
unique promise of the fly catcher. In particular, 
we want to develop a more accurate mathematical 
model, so that the calculus of variations, a power­
ful method, can be applied. More specifically, an 
approximate solution for the integral (see page 
37) must be checked, using a new Liapunov func­
tion. It may result in a new approach to the 
stability of nonlinear systems of the fifth order." 

There are at least two fatal flaws in this ap­
proach: Not only does it contain technical mum­
bo-jumbo, but the conclusion reflects a negative, 
uncertain attitude-"more studies are required,;' 
"an approximate solution . .. must be checked." 

Even if the reader is not bored, he is certain 
to react negatively: "If it needs more study, why 
present it now? Come back when you have some­
thing more concrete to propose." 

Now, consider the correct way to put the point 
across: 

uon the basis of the data in Section 4, Market 
and Cost, and Section 5, Technical Discussion, the 
following conclusions can be made: 

"There is a growing market for fly catchers. 
"Present manual fly catchers retail for X. 
"The proposed automatic fly catcher can be re-
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tailed for half that price. 
"The production of automatic fly catchers does 

not involve new technology. 
"We can manufacture the product with existing 

equipment, thus minimizing capital outlay." 
Anything beyond what is said here will only 

obscure your point. Your reader can see that you 
have approached the problem in a business-like 
fashion: you looked at the market place, you dis­
covered a demand for the product, you solved the 
technical problem of supplying an improved prod­
uct for the existing market, and you indicated 
that the company's initial outlay would be small. 

Recommend the approach 

Having convinced your reader that you have 
a money-making proposition, tell him how you 
feel it should be achieved. This is Section 3, 
"Recommendations." 

Don't write it this way: 
"On the basis of this report, we recommend 

that our unique fly catcher be mass-produced at 
any and all costs. We'll make it all back in a 
jiffy, and the market will be saturated before 
the competition comes into the play." 

All you have told your reader is: "Let's do it 
on my say so." You haven't told them how or 
why your report should be accepted and how it 
can be carried out. 

Do write this section of your report so that it 
contains all the necessary comments : 

"On the basis of the above conclusions and 
other facts in the remainder of this report, the 
following recommendations can be made: 

"A program to convert the laboratory model 
into a production prototype should be started. 

"A detailed marketing survey should be con­
ducted to prepare a specific marketing plan. 

With this, the "sell" part of the report is fin­
ished. Whether or not the rest of it will be read 
depends on how well you succeed in convincing 
your reader that you have something realistic. 

Note that thus far there has been no attempt 
to sing the praises of technical excellence, in­
genuity, etc. Neither were there lengthy discus­
sions of the frequency responses of the fly catch­
er, its bandwidth and the size of the flies it is 
intended to catch. 

Present market and cost facts 

Now that you have sold the reader (your super­
visor) you must give him the ammunition to push 
your idea and win the support of his supervisors. 
You do this in the body of the report. Note once 
again that since the ultimate goal of any pro­
gram is to turn a profit, you place the market 
survey ahead of the technical discussion. 

It may be difficult to prepare this part of the 
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report yourself. You may have to enlist the aid 
of your company's sales and marketing people to 
compile all the data. Find the best way possible 
to assemble all the facts on the number of exist­
ing devices sold annually, the dollar volume and 
past trends. If you are proposing an entirely new 
product, cite the need (again in terms of possible 
demand. and sales dollars). 

Present the complete picture of what it will 
cost your company to enter the market. These 
costs, by necessity, will cover only the technical 
side of the story-that is, how many engineer­
ing and supporting personnel hours will be need­
ed to develop the product and how many weeks 
or months the development project will take to 
complete. As an engineer, you are not expected 
to include promotion and advertising costs. 

Give a full description of the production facili­
ties that will be required to produce the antici­
pated number of units. In particular, pay atten­
tion to the capital equipment outlays. 

Here is the place to include development, pre­
production and production schedules. Use simple 
milestone charts (see accompanying chart). 

Besides providing useful information, this 
method also serves to indicate that you have ap­
proached the whole problem in a sound, business­
like fashion. 

Present the technical meat 

Now that the reader is interested and con­
vinced that your idea will result in a profit-mak­
ing product, explain it to him technically. Once 
again, use simple language and avoid double-talk 
and jargon. The whole intent is to explain your 
idea without confusing or impressing the reader 
with high-sounding, meaningless phrases. Your 
supervisors will not back up something they don't 
understand. 

A good way to open a technical section is to 
explain (qualitatively) how the over-all system 
operates. A table of preliminary specifications 
should be included here. A functional block dia­
gram of the system should also appear here. 

Once the system is defined and explained in 
the functional block diagram, describe each block. 
This is the place for detailed schematics and de­
tailed descriptions of how each circuit operates. 
Explain all operations in a simple, straightfor­
ward fashion. Again, this reminder: Even if 
management is technically oriented, don't expect 
it to be as knowledgeable about the specific sub­
ject as you are. 

Throughout this discussion, pinpoint areas 
where some difficulties may be experienced in 
production, tight component tolerances or special 
testing requirement. In fact, include a section 
entitled "Anticipated Difficulties," where a list 
of all troublesome areas is spelled out. 
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PROTOTYPE 
~ 

_... 
TESTING 

PROTOTYPE ... ... DEBUGGING 

PROTOTYPE ........ DELIVERY 

DRAWINGS ... 

FINAL 
~ REPORT 

PRODUCTION 4 

A detailed milestone chart illustrates your businesslike 
approach to introducing a new product. It demonstrates 
your understanding of the total company operation, as 
well as the functions of each department. 

A general format of the technical section could 
be as follows : 

• Technical discussion. 
• System description. 
• Subsystems. 
• Testing requirements. 
• Incoming inspection requirements. 
• Anticipated difficulties. 
This completes the presentation. What you 

have done boils down to this: 
1. You have told the reader why he should 

follow your advice. 
2. You have told him how to implement your 

approach. 
3. You have given your immediate supervisor 

enough ammunition to secure higher management 
approva~ s. 

In short, you have sold your idea. • • 

Test your retention 

Here are questions based on the main 
points of this article. They are to help you 
see if you have overlooked any important 
ideas. You'll find the answers in the article. 

1. Why is the format of the report crucial 
to acceptance of your idetts? 

2. What is meant by "writing for the 
reader"? 

3. Why is "technical discussion" placed at 
the end of the report? 
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EE openings on 
Boeing aerospace 
programs. 

Electronic-mechanical simulator of the Kennedy Space Center's Saturn V launch control center. 
It is used by Boeing-Huntsville engineers and technicians to check out all components of 
Apollo/Satum V vehicle. 

•••••••••••••••••••••••••••••••••••••••••••• • 
• I'm interested in a Boeing aerospace career: please contact me with details. 

Address ________________________ _ 

Phone (incl. a rea code) __________________ _ 

City _____________ Sta te ______ Zip ___ _ 

I'm usually home between ____ and ____ ,(hours) on ____ (days) 

Degree/Field of Interest __________________ _ 

Please mail lo thl! loca tion o f you r cho icl! and fidd of interest: 
SEATTLE: Mr. J. T. Cartwright, The BocingCom pany, P.O.Box 3999-EDK, Seattle, 
Washm gton 98 124. HU TSVILLE and KENNEDY SPACE CENTER : So ut heast 
Staffi ng Manager, The Boeing Company, P.O. Box 1680-E DK, H untsvi ll c, Ala. 35807. 

•••••••••••••••••••••••••••••••••• •••••• ••• 
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The Boeing Company's deep involve­
ment with the nation's major missile and 
space programs provides immediate career 
opportunities for electrical/electronic engi­
neers at Seattle, Huntsville, and Kennedy 
Space Center. 

At Seattle, Boeing is engaged in a num­
ber of company-funded and government­
contracted programs which are advancing 
the technologies developed for such highly 
successful programs as NASA's Lunar 
Orbiter, U.S. Air Force's Minuteman lI 
and Burner II, and U.S. Navy's PGH-2 
(patrol gunboat hydrofoil). 

Boeing is a major mission-support con­
tractor to NASA on the Apollo/Saturn V 
program. At Huntsville, the company is 
performing systems engineering and inte­
gration functions on Saturn V. At Kennedy 
Space Center, Boeing is assisting NASA in 
systems analysis and basic modification and 
design of launch support equipment. 

Immediate electrical/electronic engineer­
ing openings at Seattle exist in test tech­
nology (data systems and instrumentation, 
test data handling and processing), flight 
technology (flight control, flight mechanics), 
developmental design (airborne control 
systems, ground system electrical power 
systems, environmental control), and elec­
tronic packaging. 

Openings at Huntsville are immediately 
available inflight mechanics and flight evalu­
ation (operational trajectories, mission anal­
ysis, trajectory analysis, post-flight trajec­
tories, flight simulation development, flight 
dynamics). Other electrical/electronic as-
signments are open at Kennedy Space Center . 

Qualifications for these positions include 
a B.S., M .S., or Ph.D. in electrical engi­
neering with two to five years experience. 
Salaries are commensurate with experience 
and educational background. Moving and 
travel allowances are paid to newly em­
ployed personnel. Boeing is an equal oppor-

• tunity employer. 

Please fill in and mail the coupon to the 
location of your choice and field of interest. 
A Boeing representative will get in touch 
with you. 

1111.E'l.IV~ 
AEROSPACE GROUP 

Other Divisions: Commercia l Airplane • Vertol 
Wichita • Also, BoeingScientificResearchLabora torics 
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Free Career Inquiry Service 
AbsolutelY. Confidential 

Respond to the career opportunities advertised in this issue. Fill out and send us this handy resume. 4 
Electronic Design wi'll do the rest - neatly typed copies of this form will be mailed to the companies of 
your choice, indicated by the circled Career Inquiry Numbers at the bottom of this page. 

Name 

Home Address (Street) 

Age 

Desired Salary 

~S. Citizen 

Qves 

Prime Experience 
QNo 

Employment History - present and previous employers 

Company 

City, State 

Dates to 

Title 

Specialty 

: City 

I 1 Security Clearance 

I Avallablllty Date 

Education - indicate major if degree is not self-explanatory 

Degree 

College 

City, State 

Dates to 
Addltlonal Training - non-degree, industry, military, etc. 

Professional Societies 

Published Articles 

Career Inquiry Numbers: 

900 901 902 903 904 905 906 907 908 909 
'I 

910 911 912 913 914 915 916 917 918 919 

to 

to 

1···· """ 
1 
State 

I 

Secondary Experience 

to 

to 

I ZIP Code 
I 
I 

ELECTRONIC DESIGN 
850 Third Avenue 
New York, New York 10022 
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Engineers: Lockheed-California's got your number. 
Particular about your aircraft? Do you like them sub . . . super .. . or hypersonic? No matter. We 
develop and build aircraft of all kinds. Aircraft like: AH-56A-the new Rigid Rotor compound aircraft. 
L-1011-the advanced-technology, medium-range commercial transport for the 1970's. 
P-3C Orion-the Navy's sub -hunter utilizing the most advanced avionics. SR-71-the world 's fastest 
operational aircraft. Plus advanced lifting entry vehicles and other aircraft designed for the future . 
o Particular about your job? Our diverse aircraft projects have created choice openings in 
electronics. design. aerodynamics. propulsion. acoustics. structures. publications and marketing 
engineering. o Particular about where you live? If you work at Lockheed. you're in the center 
of Southern California . The best of education. entertainment. sports and outdoor recreation is at your 
doorstep. And ... it's warm all year 'round . o Face it. If you 're interested in aircraft. .. a good job ... 
California living . .. Lockheed does have your number. Here's our number. Send your resume 
to : Mr. E. W. Des Laurier. Professional Placement Manager. Department 1302.2402 North 
Hollywood Way, Burbank. California 91503. Lockheed is an equal opportunity employer. 

LOCKHEED-CALIFORNIA COMPANY 
A D1v1s1on of Lockheed Aircraft Corporat ion 

INFORMATION RETRIEVAL NUMBER 901 
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We entered the electronic systems business a little 
over 10 years ago. We found it a tough, competitive 
field. But then, as now, we had the kind of people 
who thrive on tough challenges. 

We took on the hard jobs-those no one else had 
the inclination or the technical depth to handle. 
We took the toughest electronics mission challenges 
our customers had ... and built systems to serve 
those missions. Our customers came back for more. 
And that stimulated a growing need for more and 
more good people. 

When we started in this business we had one 
facility, about 800 people- headed up by Fred 
Buehring- and annual sales close to $10 million. 
By 1967, this had grown to 12 facilities in five 
states, nearly 10,000 employees and annual sales 
of more than $180 million. 

Today we can produce a sophisticated electron­
ics system for just about any military or industrial 
requirement: strategic and tactical airborne sys­
tems; guidance, navigation and control systems; 
communications systems and super-power trans­
mitters, to name a very few. 

If these are the kind of technical challenges you 
welcome, we'd like you to join our organization. 
Current engineering requirements include: RF sys­
tems analysis, RF circuits design, digital systems 
analysis, digital circuits design, electrical systems 
installations design, optics systems, aerodynam­
ics, fluid mechanisms design, transmitter design. 

Please write or call Bill Hickey, Supervisor of 
Professional Placement, P. 0. Box 6118, Dallas, 
Texas 75222 Tel. (214) 276-7111. An equal oppor­
tunity employer. 

LTV ELECTR.C>SYSTEIVIS, INC. 

E. F. Buehring, 
President, 

LTV 
Electrosystems, 

Inc. 

A SLJEISIOIAR'Y OF LING-TEl'VfC::O-VOLJG,._,T, INC::. 
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ENGINEERS 

Univac 
Twin Cities is 

a young 
exciting place 

to work! 
Univac is an exc1t1ng. big 
league company in a young. 
big league city. We like it here. 

We like the choice of color ­
ful major league football. base ­
ball or hockey. We like to pick 
and choose from dozens of 
fine restaurants with big 
league flavor. 

We like to swim. ski. skate. 
fi sh and hunt. We like to 
choose from over 1 0 .000 lakes. 

We like to live in the lei sure 
o f suburbia-minutes driving 
time from our offices. 

We like the challenge and 
career growth that comes from 
belonging to the finest hard­
ware I software manufacturer 
in the computer field . 

We"d like to have you join 
us. Do you have experien ce 
111 the fo11owing areas/ 

• Computer logic Design 
• Computer Graphics and 

Displays 
• Advanced Manufacturing 

Techniques 
• Reliability and Failure 

Analysis 
• Industrial Engineering 

If you do. write and tell us 
your goals for today and to­
morrow. Write R. K. Patterson. 
Employment Manager. ·Dept. 
11 3. address below : 

UNIVAC 
FEDERAL SYSTEMS DIVISION 

27!:>0 W CS T SE VENTH BLVD. 
ST. PAUL. MINN ES OTA 5511G 

/tN ~(:Uhl OPP l lfl llJNI TY ( MPLOYfn M r 
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Modified univibrator 
averts timing errors 

Problem: Design a uni vibra­
tor circuit that can time-syn­
chronize the trailing edge of the 
output pulse with the origin of 
the input pulse. Conventional 
univibrator circuits are subject 
to output pulse-timing errors 
produced by varying input pulse 
amplitudes. 

Solution: Add a simple, one­
stage, delay compensation am­
plifier to the conventional univi­
brator circuitry, to produce a 
univibrator output pulse whose 
trailing edge is independent of 
the amplitude of the input pulse. 

The timing circuit consists of 
a conventional univibrator, Q1 

and Q2, a spiker circuit, and a 
one-stage compensation transis­
tor amplifier, Q3. 

In the quiescent state, Q2 is 
conducting; Qi and Q3 are biased 
off. An input pulse is applied 
simultaneously to the spiker cir­
cuit and to the base of Q3• The 
spiker appl~s a positive spike 
to the base of Q2, switching it 
off. When Q2 stops conducting, 
sufficient current flows to the 
base of Q, to bias it into the con­
duction region. Q1 turns on and 
generates a positive-going out­
put pulse. Qz is held in the cut­
off state by the potential across 
capacitor C,, and it remains 
biased off until C1 is sufficiently 
discharged. 

-12 .5V -25V 

OELAY 
R3 

01 

0-IOV 

INPUT 

A 
SPIKER 

In a conventional univibrator, 
the discharge of C 1 is govemed 
by the current flowing through 
R1. However, in the compensat­
ed univibrator, the discharge of 
Cl is governed by a discharge 
path through both Ri and R 2. 
The potential existing at point A 
determines the discharge cur­
rent through R 2. 

An input pulse drives Q3 into 
a state of increasing conduction, 
causing the potential at A to in­
crease from - 22 V to the clamp 
potential of - 12.5 V. This de­
creases the discharge current 
flowing through R 2 • From the 
time the clamp potential is 
reached to the end of the dis­
charge, the discharge rate of C 1 

is nearly constant and slower 
than its initial discharge rate 
For high-amplitude input pulses, 
the threshold of Q3 and the 
clamp potential are reached 
quickly. For low-amplitude in­
put pulses, the potential at point 
A increases less rapidly, and the 
nearly constant discharge rate is 
reached at a later time. 

Thus C1 discharges more rap~ 
idly for low-amplitude input 
pulses than for high-amplitude, 
cuasing the compensated univi­
brator to turn off earlier. 

Low-amplitude inputs reach 
the triggering threshold of Q2 

later than high-amplitude in­
puts, causing a delay in the oc­
currence of the leading edge of 
the output pulse. The discharge 

-12 .5V -5V -5 v 

OUTPUT 

+25V 
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ELECTRICAL & ELECTRONIC ENGINEERS 

The harsh, forbidding undersea environment; a new world that poses as many problems for human 
existence as an alien planet. To help explore and exploit it, we're looking for engineers to design and 

interface the electrical and electronic building blocks for our submarines. Which means you'll be immersed 
'in the most complex life support systems in the world, as it draws upon developments in just about every 
discipline from aerospace and biology to computer science and nuclear physics.• What's involved for you? 

New departures in solid state low frequency circuitry. Servo mechanism and computer circuit design. 
Military applications of digital computers. Design of low-voltage power plant systems and associated 

shipboard equipment. Integration and test development of shipborne radio, radar, sonar and 
ECM . Not to mention the management systems techniques that plan for their upkeep and performance 

for decades to come.• If you 're qualified in any of these areas, 
Jet's talk futures ... and careers. Send a resume now to Mr. James P. O'Brien. 

At Electric Boat 
you'll be throwing light 

GENERAL DYNAMICS 
Electric Boat Division 

1598 Eastern Point Road, Groton, Connecticut 06340 
An Equal Opportunity Employer (M&F) 

U . S . CITIZENSHIP IS REQUIRED 
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Just because you work 
with hardware like this ... 

doesn't mean 
work with hardware 

you have to 
like this! 

Does the thought of winter leave you cold? It does us. 
Why not come to Phoenix and work for Motorola's Aerospace 
Center? The work is important, the assignments are rewarding, the 
freedom is refreshing, the state-of-the-art is challenged, and, lest 
you forget, the weather's great. 
If you can qualify, send us a resume. You'll never feel snowbound 
again . 

':'Motorola VCO shown actual size 

Specific Opportunities: 
Space Communications • Radar Systems• Tracking & Telemetry• Fuzing • Digital Data 
Transmission • Guidance & Navigation • ECM & Elint • Checkout Systems • Coherent 
Transponders • Radar Transponders • Integrated Electronics • Antennas & Propagation 
•Reliability & Components• Advanced RF & Microwave Techniques 

in PHOENIX® MOTOROLA 

Governmen'f Elec'fronlcs Division •Aerospace Cen'fer 

Write: Paul Ahler, Recruitment Mgr., Dept. 62, Box 1417, Scottsdale, Arizona 

MOTOROLA ALSO OFFERS OPPORTUNITIES AT CHICAGO, ILLINOIS - AN EQUAL OPPORTUNITY EMPLOYER 
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control of C,, however, compen­
sates for this delay by producing 
narrow output pulses for small 
inputs and wide output pulses 
for large inputs. This effect 
causes the trailing edge of all 
output pulses to occur at the 
same time regardless of input 
pulse amplitude. Manual adjust­
ment of R , determines the pulse 
delay time through C1 in the 
compensated circuit. Resistor 
R3 and catching diode D, are 
added in the collector circuit of 
Qs to enhance the compensation 
for input pulses of high ampli­
tude. 

This circuit can function with 
double RC-differentiated input 
pulses and requires no delay-line 
wave-shaping or zero-crossing 
techniques. 

Additional details are con­
tained in: The Review of Scien­
tific Instruments, vol. 34, no. 11, 
pp. 1248-1253, November, 1963. 

Inquiries concerning this in­
novation may be directed to: 
Office of Industrial Cooperation, 
Argonne National laboratory, 
9700 Cass Avenue, Argonne, Ill. , 
60439. Reference: B67-0130. 

Get the most 
from solar cells 

Problem: Design a circuit that 
will enable a solar-cell power 
supply to deliver maximum elec­
trical power to a load. 

The absolute values of elec­
trical power generated by solar 
cells vary quite drastically with 
differing environmental condi­
tions (temperature, energetic­
particle radiation, and illumina­
tion) in which the cells operate. 
Under many conditions, opera­
tion of the cells at a preselected 
voltage or current will not 
transfer maximum power to the 
load. 

Solution: A circuit senses the 
magnitude of the slope dE/ dI, of 

ELECTRONIC DESIGN 4, February 15. 1968 



We're looking for the best electronics 

talent in the business. 

The nation's most ad­
vanced projects demand the 
nation's most capable minds. 

Aerojet-General's Elec­
tronics Division is responsible 
for some of the Western 
World's most exciting projects. 
Like major space surveillance 
programs. Sophisticated infra­
red and star sensing devices. 
And many more. 

Our scientists and elec­
tronics engineers are a 

ELECTRON IC D ESIGN 4 , February 15, 1968 

remarkable community. To 
them the unachievable is 
within reach. 

We need more men like 
these. 

How do you compensate 
this type of talent? With a 
good salary, yes. But equally 
important, with responsibility, 
with prestige. And with 
satisfactions. 

If you are a scientist or 
engineer with our kind of 

INFORMATION RETRIEVAL NUMBER 906 

capability, we'd like to meet 
you. 

Please send your resume 
to Director of Personnel, 
Aerojet-General Corporation, 
Box 303E , Azusa, Calif. 91702. 

We are an equal oppor­
tunity employer. 

11 3 
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Electrical / Electronic Engineer 

MICROELECTRONICS 
To advance present state of microelectronics art. You'll 

• investigate various thin film depo. 
sition techniques used in fabricating 
microcircuit resistors and capacitors. 

• initiate production processes for 
fabrication of thin film microcircuit 
components. 

• explore sophisticated packaging 
techniques needed in the application 
of integrated circuit technology. 

• help design automated and com­
puter-controlled test data entry and 
retrieval systems for microcircuits. 

Requires knowledge of process variables and controls associated 
with high production rates of thin film components using different 
metal systems, including refractory types . . . and experience in 
fine line photolithographio work. Know-how in continuous process 
vacuum deposition equipment will make you even more valuable 
to our dynamically developing program. EE or Physics, preferably 
with advanced degree or innovative flair. 

Unique facility. Separate engineering microelectronics laboratory for 
research . In addition, you'll have the opportunity to expand your 
technical background by teaming up with the widest range of prQ· 
fessional competence and technological facilities in the U. S. 

Long-range development, unaffected by contracts, proposals or fluc­
tuations of the market place. 

If you want individual respof!Sibility and need not be shielded by 
red tape, please write today to Mr. W. H. Schaperkotter, Professional 
Placement Representative. 

Box 303·GU, Kansas City, Missouri 64131 liiiilll ~':.City 
INFORMATION RETRIEVAL NUMB·ER 907 

Designed with a particular 
type of Customer in mind 

Total quality control, advanced 
engineering and long field experience 
combine to give Howard customers the 
superior performance,. longer life and 
insurance against costly breakdowns 
that they look for in motors, gear 
motors, fans and blowers. 

For immediate delivery of Cyclohm 
fans and blowers, contact Standard 
Motor Product Sales, 23 Broadway, 
Des Plaines, Ill. 60016. 

For complete information on the 
Howard motor, gear motor, fan and 
blower lines, address 

HOWARD INDUSTRIES .. MSL Industries, lnc./Motor Group 

2420 18th St., Racine, Wis. 53403 
I 
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the E-l (voltage-current) char­
acteristic curve and compares it 
with a reference voltage, which 
represents .the slope corre­
sponding to the desired operat­
ing limits (95 per cent of the 
maximum power point). 

An ac voltage of constant 
magnitude is applied across 

oints A and B. The ac loading 
effect, inversely proportional to 
slope dE/ dl of the E-l charac­
teristic curve, will reflect a cur­
rent through the transformer. 
This results in a voltage across 
R. This voltage, corresponding 
to dE/ dl, is then compared with 
a reference voltage that repre­
sents the desired slope. The 
differential amplifier will bal­
ance at the desired slope, and the 
meter indication will b.e either 
positive or negative (above or 
below the desired slope). This 
voltage difference can be used to 
control the power applied to the 
load. 

Inquiries concerning this in­
novation may be directed to 
Technology Utilization Officer, 
Goddard Space Flight Center, 
Greenbelt, Md. 20771 (B67-
10061). 
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HMED's Looking For Engineers 
Who Can Look Over State-Of-The-Art Horizons In: 
Radar/sonar systems design and analysis 
Signal and data processing 
Circuit design (RF, digital, video, servo, etc.) 
Antenna/transducer design 

Why over the horizons? Because 
our business-national defense­
must technologically anticipate 
changing strategies on a global 
scale. Reliability as close to cer­
tainty as the human mind can 
make it. Microsecond moves and 
countermoves in outer and 
inner space. Systems so ad­
vanced they could not 
have been built three 
years ago. 
But you'll find 
venturing be-

yond horizons is more than a ne­
cessity here: it is a tradition rooted 
in the earliest radar and sonar sys­
tems manufactured in this country. 
And culminating in such present 
projects as PAR (Perimeter Acqui-

sition Radar for the Sentinel 
ABM System) and the AN / SQS 
-26 sonar system capable of 
mu I ti-mode detection at long­
range, first ever with digital sig­
nal processing, semi-automatic 
fault location, and sonar trans­
mitters fully utilizing solid-state 
devices. 
As important as the kind of 

work you can do at HMED 
is the environment you 

do it in. An environ­
ment created by a 

receptive, technically­
astute management . . . 

all the way to the De­
partment Manager, him­

self an engineer. Everyday 
multi-disciplinary contact 

and activity, demanded by 
such projects as 30+-year­

MTBF high-production array 
microwave receivers! The op-

portunity to participate in busi­
ness decisions of considerable 
significance: identifying major op­
portunities, defining needs in 
terms of new personnel, new dis-

ciplines, facilities . . . even 
a new organizational 

structure. And a 

philosophy that eliminates techni­
cal / managerial pigeonholing of 
talented people: you go where 
you, and we, both profit from 
your skills. 
There's a lot more ... in terms of 
significant new projects and en­
viron men ta I factors ... to the 
HMED picture. Why not get the 
details on opportunities in any of 
these areas: 

Microwave Component & System Design 
Systems Design & Analysis 
Systems Integration & Test 
Digital/ Analog Information Processing 
Display Engineering 
General Purpose Computer Applications 
Engineering & Scientific Programming 
Reliability & Maintainability 
Logistics Engineering 
Transmitter Design 
Mechanical & Environmental Engineering 
Advanced Techniques Development 

If HMED's more-than-ordinary 
projects and extraordinary engi­
neering environment appeal to 
you, find out how you can start 
your own over-the-horizon explo­
rations by sending an informal res­
ume to Mr. J. L. Wool, Manager, 
Professional Recruiting, General 
Electric Company, Heavy Military 
Electronics Dept., Sect. 59-G, Court 
Street, Syracuse, New York 13201. 
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IDEAS FOR DESIGN 

Three-phase output 
from single-phase line 

A three-phase source is often required for 
testing such three-phase equipment as meters, 
indicators and relays and for demonstration pur­
poses, This circuit affords a three-phase supply 
that is both simple and inexpensive. 

The circuit consists of a transformer with a 
center-tapped secondary winding to which two 
series RC networks are connected (Fig. la). The 
component values are chosen so that the voltages 
between the RC connection points (A and B) 
and one transformer terminal (C) are leading 
by 30° with respect to the voltage across the 
transformer ( V cv ) . It follows that the voltage 
across one half of the secondary (Voe ) is equal 
in magnitude to the voltages (V0 _1 and V 011 ) be­
tween the center tap and the RC connection 
points. A phase difference of plus and minus 120° 
exists (Fig. lb), fulfilling the requirements of 
a three-phase supply. 

RI Cl 
55k,5W A IOOnF,600 V 

0 

V0 A • V08 • v0 c • 230V , rms 

Three-phase output from a single-phase is obtained from 
a center-tapped transformer. 

VOTE! Go through all Idea-for-Design entries, select the 
best, and circle the appropriate number on the Reader­
Service-Card . 

SEND US YOUR IDEAS FOR DESIGN. You may win a 
grand total of $1050 (cash)! Here's how. Submit your 
IFD describing a new or important circuit or design 
technique, the clever use of a new component or test 
equipment, packaging tips, cost-saving ideas to our 
Ideas-for-Design editor. You will receive $20 for each 
accepted idea, $30 more if it is voted best-of-issue by 
our readers. The best-of-issue winners become eligible 
for the Idea Of the Yea r award of $1000. 
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All three output voltages will vary equally 
when the primary voltage is changed; the phase 
relationship, however, will not be affected. Thus 
the three-phase output can be controlled by a 
single variable transformer. 
A. G. Engelter, Electronic Engineer, National 
R esearch Institute for Mathematical Sciences. 
Pretoria, R epublic of South Africa 

VOTE FOR 311 

Sensitive trigger circuit 
controls power SCR 

Coupling a pnp transistor and a npn transistor 
as shown in the figure causes a square wave to be 
generated across R4. It has very fast rise times, 
and even at low frequencies a single small capaci­
tor can be used. The supply voltage can be up to 
the sum of the maximum V e" of each transistor, 
while they are either conducting or blocking. 

On application of the supply voltage, C charges 
to the voltage determined by R1 and R3. Before 
reaching that voltage, the base voltage, V ,", reach­
es a value of 2 X 0.6 V (for silicon transistors) 
positive in relation to V .,, which is determined by 
R 2 and R5. Q1 and Q2 begin to conduct; V 1n at 
once increases. vb, then increases until the base­
collector diode of Q1 is forward-biased and Q1 
saturates. The rate of increase of V R4 slows and 
finally stops. Now C begins to discharge and V,,, 
decreases; so does Vei (emitter voltage of Q1), 
further decreasing V 11 4• This process continues 
until V e, becomes less than 0.6 V positive in rela­
tion to V b, , cutting Q1 and Q2 off. The cycle then 
repeats. 

Since the frequency depends on the charge and 
discharge of C, determined by R1, R3 and R4, 
andV114 is limited by the value of V b, , determined 
by R 2, and R 5 and the supply voltage all these 
components influence the frequency. The limit­
ing value of V b2 is the peak-point voltage of the 
transistor. 

If R 2 is shunted with another capacitor, C_,,,, 
then, after connecting the supply voltage, V ,,, is 
instantaneously equal to the supply voltage. The 
discharge time of C,,, can be varied by means of 
means of R5. After switching on the supply volt­
age, V " rises and V ., decreases. If V ,,, reaches a 
value of 2 X 0.6 V negative relative to V ,,,, the 
circuit begins to operate. C,,, makes the square 
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, , our 
1 He t'nvite you to 10111 
w1 who are , list of customers 

growtUU rty levels of the 
specif yin~ thebq:~:es needed for 

ceramic su s , 
the particular app/icat1on. 

Parts illustrated approximately :i4 size. 

You can eliminate both the risk of ordering parts which 

may not be useable, and the cost of writing your own 

specs, by sending for your copy of American Lava's 

AISiBase Substrate specifications today. 

the establishment of Class A, Class AA and Class AAA 
AIS1Base Substrates and Snap-Strates. Specifications and 
AQL's for the three grade levels are based on MIL 
Standard 105, latest revision , Level Ii. Multiple normal 
sampling will apply. 

American Lava has been the leading supplier of ceramic 

substrates since pioneering them in the early l 950's . 

Certain standards have emerged from large volume 

production over this span of years. 

It is now apparent that the industry can benefit from 

AISiBase Substrate Specification Sheets give deta ils of 
quantity, delivery, size range, tolerances on dimensions, 
holes, camber, visual defects, and other pertinent data . 
These sheets can save you money by helping you specify 
the lowest class level wliich can meet your specific needs. 

CODE IDENT. NO. 70371 

American Lava Carparatlan 
A SUBS I DIARY O F 

PHONE 803/682-3215, LAURENS, S. C. 29360 
or 615/265-3411 , CHATTANOOGA, TENN. 37405 

For Mrvice, cont.ct American Lan repre1entetlve1 in Offic" of Mlnne10te Mining encl Manuf.cturlng c-pany In theM cltie1 
(lff your local telephone directory): Boston: Needhem Heights, N11111chusetts • Chicego: Glen Ellyn, Illinois • Clevelend, Ohio 
Delles, Texes • Leurens, S. C. • Los Angeles, C1hf. • Metropolitan New York: Ridgefield, N. J . • Up·St1te New York end 
C1ned1: Beldwinsville, N. Y. • Or1nge, Conn. • Philedelph11, Penne. • Roenoke, Virginie • St. Louis· Lee's Summit, Missouri 
So. Sen Frencisco, Cel. • Troy, Mich. • 3M lntemetionel: c/o Americen Leve Corp, Ch1tt1noog1, Tenn. 37.,.05, U.S.A., 615/265·3"'11 
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IDEAS FOR DESIGN 

RI 
15k 

02 
2N3906 

R2 
IOOk 

Csh 
6BpF 

OUT 

R3 
2 7k 

IF RS= 15k, 
R5 fout=2.85kHz 

A high-power SCR can be phase-controlled with this cir­
cuit by replacing de power supply with a rectified sine 
wave, limiting it to about 15 V with a Zener diode. 

wave hea~ily asymmetrical, while, if Q1 and Q2 
start to conduct at once, V ., goes positive because 
of the shunt capacitor. When C begins to dis­
charge, V .. does not have to decrease much to cut 
off Q1 and Q2. The circuit will not generate 
short pulses. 

If, instead of a de supply, a half- or full-wave 
rectified sinesoid is used and a large part of it is 
limited with a Zener diode, it is possible to con­
trol phase by varying R5. If the first pulse fires 
an SCR, the average voltage across the SCR load 
can be varied by means of R5. 

If C = 47 nF, c.,. = 68 nF, R5 = 15 kn and 
the rest of the components are as shown (supply 
voltage is 12 V de), the output frequency is 2.85 
kHz. 

Onno Kruller, Electronic Engineer, Villa La 
Salle, Quebec, Canada. 

Torque sensor uses 
simple strain gauges 

VOTE FOR 312 

For the optimum design of an electromechani­
cal system that includes motor-driven loads, the 
time-torque characteristics of these loads must be 
known. Once they are, it is possible to choose a 
drive motor that is exactly adequate, and not too 
large with the consequent penalties in size, cost 
.and power consumption. 

The loads are sometimes calculated, but usual­
ly there are too many unknowns for accurate 
results. There are various ways to measure 
torques with either direct mechanical or elec­
trical strain gauges. Direct-current strain 
gauges mounted on the drive shaft need slip 
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MOTOR DRIVE 

! 
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GEAR MT!-,+,-,..,..,.....,....,..,..,..,........,.,_;+,-,"T"TT.,..,..,..,...., 
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x 

FIXED 
HERE 

STRA IN GAU GE 

Simple and accurate torque sensor is built with a differ­
ential and a stationary strain member. An actual test set 
up is shown in the photo. 

rings for current transfer from the rotating 
shaft. Reactive types can be used without slip 
rings but the circuitry involved is more compli­
cated. The straight mechanical types are not very 
flexible and are unsatisfactory for dynamic 
measurements. The simple de strain-gauge type 
of dynamometer shown here is easy to build, re­
quires no slip rings, and lends itself to the meas­
urement of a wide range of torque loads. 

If a load is driven through a differential, the 
transmitted torque is applied to the spider cross­
arm schematic. If this crossarm is fixed through 
a simple strain member (beam), the strain in the 
beam will be a measure of the transmitted torque. 
Mounting wire strain gauges on this beam mem­
ber makes a simple de-operated measuring sys­
tem. The dynamic response is limited only by 
the angular inertia of the moving parts between 
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When you have a good adder . 
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... why just improve it ... 
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. . . if you can optimize it! 

The NEW compensationless RA-909 lets y_ou Oi!_timize 

all 709 circuits. 
The RA-909 replaces earlier 709 versions pin-for-pin and exceeds the latest versions spec-for-spec. 

Adders . . . regulators . . . buffers . . . gates . .. filters 

. . . you name it . Any 709 circuit can be optimized by 

using the RA-909 . You eliminate unnecessary com­

pensating components and get better performance in 

almost every other area . And for a comparable price, too. 

Where else can you get a slew rate of 5 volts per micro­

second? Or a maximum equivalent input noise of 5 
microvolts rms? And the RA-909 offers a transient 

response of 40 nanoseconds (10 to 90% points) with 

a 200 millivolt output into a 2K !l , 1 OOpF load in 

Visit us at IEEE '68 Booth 4H 19-4H21 

the worst-case unity gain configuration . It only dissi­

pates 52 milliwatts, too . 

An eight-pin T0-5 configuration and T0-86 flatpack , 

both having blank pins where the 709 and 101 require 

compensation , allows you to design it in or use it as a 

direct replacement . Existing compensation networks 

cannot degrade the performance of the RA-909 or 
affect the circuit's operation even if a failure occurs in 
a network. For optimum results, contact your nearest 

Radiation sales office . Specifications are available . 

RADIATION 
INCORPORATED 

SUBSIDIARY OF HARRIS-INTERTYPE CORPORATION 
MICROELECTRONICS DIVISION 

Sales Offices: 600 Old Country Road , Garden City , N .Y. 11530, (5 16) 747-3730 - 2600 Virginia Avenue . N.W ., Washing ton , D.C. 
20037, (202) 337-4914 - 6151 W . Century Boulevard . Los Angeles, Calif . 90245, (2 13) 6 70-5 43 2 - P.O. Box 37 , Melbourne , Florida 
32901 . (305) 727 -5430 - Internat ional Sales M arketing Department . P 0 Box 37 , M elbourne. Florida 3290 1. (305) 727 -5412 
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IDEAS FOR DESIGN 

the load and the drive gear and the spring con­
stant of the beam. 

In the schematic those parts are the spider 
gear, load gear, block A and part of the strain 
member. The dynamometer can be calibrated by 
applying known torque loads around shaft X-X. 
A convenient way to do that is to load a loading 
beam fixed to block A with a series of known 
weights. The torque will be the product of these 
weights and the perpendicular distance to the 
axis X-X. Torques can be measured with shaft 
rotation in either direction. 

The sequence timer used on the Agena space 
booster produces on its drive motor a torque load 
that increases sharply at each switch sequence. 
The dynamometer system just described was used 
to test that timer (see photo) . The strain-gauge 
output was recorded on a strip chart with excel­
lent results. 

Taft R . Wrathall , Engineer, Lockheed Missiles 
& Space Co., Sunnyvale, Calif. 

VOTE FOR 313 

Low-cost components form 
a square-wave generator 

This inexpensive battery-operated, vari a ble­
frequency square-wave generator has fast rise and 
fall times, is both simple and portable, and as a 
battery-operated device is virtually free from 60-
hertz noise. 

Rise and fa ll times, settling times, and the 
frequency range are comparable to costlier com-
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mercial units. With the addition of appropriate 
terminals, the unit can be powered by external 
power supplies to conserve the batteries. 

An astable multi vibrator, QI, Q2 , is coupled to 
a Schmitt trigger, Q3, Q4, Q5, Q6, as shown in Fig. 
la. The multivibrator's frequency is determined 
by a selector switch, which inserts the appropriate 
capacitors from the Cl and C2 capacitor banks for 
the desired range. Potentiometers Rl a n d R 2 
change the pulse width and provide a more con­
tinuous frequency range. The over-all frequency 
r ange can easily be changed by changing the Cl 
and C2 capacitor banks. 

The Schmitt trigger is direct coupled, and uses 
capacitor set C2 to vary the rise and fall times of 
the output signal. Potentiometer R3 is an output 
level control. 

Figure lb shows the relative size of a complete 
generator. 

General specifications and typical performance 
data for this circuit include: 

• Frequency or repetition rate-approximately 
20-100,000 Hz. 

• Maximum output voltage ;::::::: - 0.4 to + 4.4 V. 
• Rise times with 620-n load, C2 = 240 pF , 

frequency ;::::::: 10 kHz: 

pF 

C2 

0.3 V to 2 Vin 20 ns; V 0 = 4V (V 0 = total 
output voltage) . 
0.3 V to 4 V in 40 ns; V 0 = 4 V. 
0.3 V to 2 V in 40 ns; V 0 = 2 V. 

• Fall times with 620-n load and C2 = 240 pF: 
2 V to 0.3 in 35 ns; V 0 = 4 V. 
4V to 0.3 Vin 60 ns ; V 0 = 4V. 
2 V to 0.3 V in 45 ns; V 0 = 2 V. 

820 82 

5 1pF 

47 pF 

11 

R3 V0 
500 OUTPUT 

lk 

Rise times down to 20 ns are obtained from the square wave generator (a) . It ca n be housed in a small , inex· 
pensive alum inum chass is (b) . It ca n be operated either on batteries or off an external power supply. 
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Lutron needed: . 
the best combination of small size, 

reliability and low cost in capacitors 
for solid state dimmers. 

So Lutron chose: capacitors 
of MYLAR: 

" Only capacitors of MYLAR* give us 
the size and reliability we must have, 
and at low cost," saysJ oseph M. Licata, 
Chief Engineer Lutron Electronics 
Co., Inc. 
Lutron's broad line of dimmers is min­
iaturized to fit single gang boxes for 
quick, easy installation. Because 
MYLAR has extremely high dielectric 
strength in thin gauges, capacitors 
made from this polyester film can be 
manufactured small enough to meet 

Lutron's requirements. 
In addition, the capacitance 
stability of MYLAR provides the 
long-term reliability needed for 
trouble-free brightness control of all 
types of incandescent and fluorescent 
lighting. 
Voltage requirements for Lutron'sdim­
mers are 200 to 600 volts, and in many 
instances these units operate around 
the clock . Lutron 's own tests and ex­
perience indicate capacitors of MYLAR 

perform well in these conditions, 
even under extremes of humidity and 

temperature. Lutron has also found 
that in many cases, capacitors of 
MYLAR cost less than paper. 
If capacitor size, reliability and price 
are important to you, check into 
MYLAR by writing: Du Pont Co., 
Room 5742A , Wilmington, Delaware 
19898. (In Canada write: Du Pont of 
Canada, Ltd., P. 0. Box 660, Mont­
real, Quebec.) 

*ou PONT 'S REGISTER ED TRADE MA RK FOR ITS l"OLYESTER f l lM . 

.Better Things for Better Living ... through Chemistry~ MYLAR® 
...... . ... , oo• 

INFORMATION RETRIEVAL NUMBER 50 
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IDEAS FOR DESIGN 

• Settling times with 620-0 load and C2 
240pF: 

500nsto4 V; V 0 = 4 V. 
400nsto2V; V 0 = 2V. 
1,us4 Vtoground; V 0 = 4 V. 
lµ.s4 Vtoground; V 0 = 2V. 
Settling times were measured with a type-Z pre­

amplifier at 50 mV /cm, within 1 mV of final value. 
This generator can be used in testing · low-speed 

and medium-speed circuits, and in special analog 
circuit applications where fast settling times are 
required. In the latter application, it is superior 
to many of the more expensive commercial units. 

Charles D. Brower, Electronic Technician, 
IBM, Rochester, Minn. 

VOTE FOR 314 

Blocking osc'illator gives 
high-speed linear ramp 

High-speed linear ramps are often required for 
pulse-position modulators, pulse-width modula­
tors and multipliers. Conventional methods make 
it difficult to obtain good linearity for repetition 
rates above 1 MHz without excessive complexity. 
A simple means of generating linear high-speed 
ramps is an over-damped blocking oscillator (Fig. 
a) . 

The generator is a standard blocking-oscillator 
circuit with a damping capacitor across the col­
lector winding. It operates best with a relatively 
large primary inductance. The circuit shown op­
erates at 2 MHz and generates a ramp of 23 volts' 
amplitude with a linearity of 1 % between the 
10 % and 90 % points. This ramp represents a 
truncated segment of a sine wave, which for the 

C2 
47pF 

122 

R 
8 .2k 

0 .1 µ.F 

I :} 

Cl 
100 pF 

• 2 

PCA 
62 13 

TT301·3 

OUTPUT 

-v 

E 
<.> 

; ~---l~-+~.-+~--t:i1r--t-~-+-~-+-.--r---.1rt-~-r-1 
N 

0 .1 µ.stem 

~ 
> 
"' 

0 .1 µ.stem 

© 
High-speed linear ramps are obtained from a modified 
blocking oscillator (a). Waveforms for Vee = ±6 and ± 12 
V de are in (b) and (c), respectively. 

first few degrees approximates a straight line. 
One cycle of oscillation begins with regenera­

tive turn-on of the transistor, pulling the collector 
to ground, and charging the 100-pF capacitor, Cl, 
to the supply voltage and the 47-pF capacitor, 
C2, to somewhat above the supply voltage. When 
the transistor bottoms, the C2 charging current 
drops to zero, allowing the transistor to turn off. 
Cl now begins to discharge into the collector 
winding and the output rises linearly. The col­
lector voltage rises to approximately twice the 
supply voltage (Figs. b and c) because of the 
resonant action of Cl and the primary winding. 
As the collector rises, C2 discharges through Rl. 
After it discharges to the transistor base offset 
voltage, regenerative turn-on occurs and the cycle 
repeats. 

The period of oscillation is determined by C2 
and Rl . For a 3-to-1 turns ratio on the trans­
former , the period is approximately equal to 
1.35 RC. 

Peter Yanczer, S enior Engineer , Emerson Elec­
tric Co., St. Louis. 

VOTE FOR 315 
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That's all 
it costs! 

ELECTRON IC DI.SI GN 4. February 15. 1968 

A top quality reed relay for seventy-seven cents? 
Positively. 
The new Series 852 Form A reed relay 
·costs that little - in quantities of 77 or more. 
(For I to 76, the price is only $1.50 each.) 
Send for a Data Sheet with all the specs. 
Start saving soon! 

852 Serles Form A 
Standard size/SPST 
Nominal coil voltage : 6, 12 or 24v 
Contacts normally open 
Open-type package 
Printed circuit board construction 
Coil wound on nylon bobbin 
Power sensitivity, 480 milliwatts {approx.) 

CONTACT RATING {Maximum) 
Voltage : 150 VDC 
Current: 1.5 amps 
Power: 25 watts 
Contact Resistance : 100 milliohms 

NEW PRODUCT ENGINEERING, INC. 
A Subsidiary of Wabash Magnetics, Inc. 

812 Manchester Avenue, Wabash , Indiana 46992 

INFORMATION RETRIEVAL NUMBER 51 
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IDEAS FOR DESIGN 

Buffer element used for 
long-duty-cycle one-shot 

The Fairchild DTµL 932 buffer element can 
be used (see schematic) as a monostable multivi­
brator capable of duty cycles up to 95 % . Output 
pulse widths up to 4 ms can be readily achieved. 

In the circuit a set pulse at the input causes 
the cross-coupled NOR gates to set a 1 on the 
input of the second N AND through the input 
diode. Capacitor Cr limits the voltage rise on the 
base of the input transistor until Cr charges from 
V ee through the 1-kn and 2.75-kn resistors to the 
voltage necessary to cause it to conduct. Thus the 
charge time of C-r determines when the reset 
pulse is delivered to the cross-coupled NOR gates. 

Beneath the schematic is an oscilloscope photo­
graph showing the set pulse on the upper trace 
and the output pulse on the lower trace. 

Walter L. Wagner and Carl F. Mattes, Elec­
tronic Engineers, Naval Air Development Center, 
Warminster, Pa. 

VOTE FOR 316 
r--- - ------- - ----1 

1/ 2 OTµ.L 932 Vee 

OUTPUT lk 

I 
I 

Cr TI 
1.2µ.F '= : 

O.B5k 

0 .15 k 

I 

L- ----- -----~-1 

Long-duty-cycle multivibrator (top) uses only one discrete 
component, CT. Upper trace (bottom) is the set pulse, 
lower trace is the output pulse. Horizontal scale is 500 
p,/cm , vertical is 5 V /cm. 
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Window discriminator 
is built with µ A709 

The µA 709 can replace the µA 711 as a win­
dow discriminator with the added advantage of 
high input impedance and higher input voltage. 
The exchange involves some sacrifice in tempera­
ture dependance (see figure). 

Matched diode pair D1 and D2 eliminates the 
need for a second differential amplifier by steer­
ing the input signal. When V .. is at the center of 
the window, both D1 •and D2 conduct equally. 
The amplifier is kept at negative saturation by 
the differential input voltage multiplied by the 
open-loop gain. As the upper or lower limit (set 
by R1, R2 and R3) is exceeded, one diode will 
cease to conduct and the polarity of the differen­
tial input voltage will reverse. The amplifier will 
then switch into positive saturation. 

D5 prevents a latch-up condition; D3 and D4 
convert the output into a digital signal. With the 
values shown, the upper threshold voltage, V ur, is 
6 volts and the lower threshold voltage, V Lr, is 
5.2 volts. 

Don Atlas, Project Engineer, General Pre­
cision, Inc., Little Falls, N.J. Work was done 
when the author was with Avion Electronics, Inc. 

100 k 

V1n 
INPUT 

RI 
3 .01 k 

+ v,., 
+12 V de 

R3 
2 .74 k 

-v,., 

+ 12 v 

VOTE FOR 317 

+5 v 

03 
IN914 

04 
IN914 

-12 v ';:" 

High-impedance window discriminator is built with a 
single µA709 and a few precision resistors. 

IFD Winner for November 8, 1967 

E. J. Kennedy, Development Engineer, Instru­
mentation and Controls Div., Oak Ridge Na­
tional Laboratory, Oak Ridge, Tenn. His Idea 
"Inexpensive 6-V reference is also tempera­
ture-stable," has been voted the $50 Most 
Valuable of Issue Award. 

Cast Your Vote for the Best Idea in this Issue. 
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calibration/ maintenance 

now it's a 

recorder 
calibrator ... 
300 PVB® 
The little black box we refer to as our 
portable calibration laboratory - the 
Model 300 PVB (Potentiometric Volt­
meter Bridge) - continues to extend 
its versatility and usefulness with the 
addition of an adapter to calibrate re­
corders on the spot. 

With the Model 1310 Precision Volt­
age Source - which becomes a small 
permanent attachment on the inside 
lid of the PVB - you can rapidly and 
easily check recording accuracy to 
0.05% without taking the recorder off 
the job. 

The 1310 adapter is a follower am­
plifier which converts the high output 
impedance of the PVB to a low output 
impedance for calibrating voltmeters, 
recorders, vacuum tube voltmeters, 
panel meters, etc . 

Anything in the range of 5 volts to 
50 nanovolts can be calibrated . The 
system is battery operated. 

The 1310 is priced at $300, while the 
300 PVB delivers its own 0.02% ac­
curacy and all-purpose measuring po­
tential for just $940. {The PVB can be 
used as a five-range potentiometric 
voltmeter, 10-range Kelvin resistance 
bridge , 3-range precision voltage 
source, 8-range ammeter, ratiometer 
or sensitive electronic null detector.) 
For more information, circle No. 161 
on your reader card . 

components for designers 

sport that compact look 
with ESI DEKASTATs® 
and get 0.013 accuracy 
Calibration, test and control instru­
ments that used to have a half-dozen 
or more decade resistor switches are 
now sporting the compact look with 
ESI DEKASTATs. Up to four decades 
of precision wirewound resistors are 
coaxially mounted in a single 311 diam­
eter panel space. Readout is simplified 
and each decade is independently ad­
justed, so dialing is rapid. Initial ac­
curacy is 0.01 % in any number of 
resistance values. All units are cov­
ered by a two-year warranty. 

If you 'd like to update your instru­
ment, increase accuracy, make it more 
saleable, while saving on production 
time and costs, investigate our DEKA­
STATs by circling No. 162 on your 
reader card . 

news and innovations in metrology 

standards lab 

1/5 ppm over 0.1n-10Mn: 
less space: laster: $6,995. 
Can a toiler of the standards lab find 
happiness with a resistance compari­
son system which claims 1 /5 ppm ac­
curacy (0.1 fl-1 OM fl range), takes far 
less space than comparable systems, 
is four times more efficient and costs 
only $6,995? 

We think so, but some of our stan­
dards friends will say there are no 
shortcuts to precise measurements so 
it is somewhat heretical to claim im­
provement in accuracy, packaging, 
efficiency and price all at once. 

Nevertheless our new Model 123 
Resistance Comparison System has 
proved itself on all four counts. Even 
at 100 megohms, random and system­
atic errors do not exceed a few parts 
in 1 million. And extremely rapid sys­
tem performance is achieved - less 
than one minute for a typical balance 
- by applying the latest feedback 
control techniques in the galvanom­
eter circuit and improving panel con­
trol of the classical Kelvin bridge. 

The Model 123 combines a direct­
read ing double ratio set with an 
extremely sensitive nanovolt galva­
nometer {effective with any source 
impedance) and a new DC generator 
tjiat provides necessary guarding and 
isolated power output. 

E LECTRON IC D ES IGN 4, February 15, 1968 

ESI makes available a family of 
standards and transfer standards to 
complete the System, including our 
proven 1 Ok resistance standard . Al­
though optional if you already have 
satisfactory standards for comparison 
and transfer, our Model 104 Trans­
portable Res istance Standard (instead 
of a Thomas 1-ohm) is a keystone to 
achieving full performance with the 
123 Comparison System. Circle No. 
163 on your reader card . 

elsli. 
Electro Scientific Industries. Inc. 

13900 N.W. SCIENCE PARK DRIVE 

PORTLAND, OREGON 97229 

meter calibration 

automated tester 
saves big money for 
big calibration labs 
Any 0.1 % instrument can be tested 
and calibrated automatically with our 
new Model 70 Meter Calibration Sys­
tem - typically, a Simpson 260 in less 
than 10 minutes. 

Complete calibration procedure for 
each of your meters is programmed 
onto a punched card - operator in­
struct ions, error limits , frequency, 
ranges, etc. Upon instruction from 
the operator, the Model 70 advances 
through each checkpoint while print­
ing results on the typewriter. If the 
meter is out of tolerance, the system 
tells you how much and where. 

Any technician can operate the 
Model 70 after a half hour demonstra­
tion . Repair time is cut, because the 
trouble area is shown on the readout. 

Labor savings justify the $25,000 
price tag within a short time, so if your 
calibration lab faces the kind of pres­
sure that makes this system attractive, 
circle No. 164 on your reader card. 
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continuous transient-overvoltage 
protection Only the EECO 762 Multi-Channel Analog-to-Digital Converter gives 

continuous overvoltage channel protection. You get uninterrupted operation 
with transient overvoltages up to 125 VRMS on any input channel. 

A combination high-speed analog multiplexer and high-resolution A-D 
Converter, the 762 accepts up to 100 analog inputs and samples at rates to 
31,700 conversions per second, at full scale accuracies to ±0.02 %, ±Yi LSB. 
Channel input impedance is 100 megohms. 

Outputs of 11 to 14 binary bits or 4 BCD digits are standard. An optional 
exclusive feature provides simultaneous binary and BCD outputs. 

Any channel output can b~ displayed during multiplexing and digitizing 
with front panel switches. 

Prices start at $3 ,950 for a 10-bit plus sign, 10-channel model. For complete 
specifications and prices, write today for the EECO 762 data sheet. 

INSTRUMENTS DIVISION 
ELECTRONIC ENGINEERING COMPANY OF CALIFORNIA 
1601 EAST CHESTNUT AVENUE· SANTA ANA, CALIFORNIA 92701 · (714) 547-5501 

INFORMATION RETRIEVAL NUMBER 53 



Products 

Transfer oscillator plug-in has a frequency range of from 50 
Hz to 18 GHz with a sensitivity of -4 dBm. Page 128 

Silicon power transistor will 
dissipate 350 W. Page 152 

Six IC sense amplifiers designed to operate 
with TTL or DTL circuitry, detect bipolar dif-

Also in this section: 

ferential input signals and provide a memory­
to-logic section interface. Page 154 

Counter-range extender can up any counter 's range by 10 or 100, to 150 MHz. Page 130 

Ultrastable furnace controller maintains an oven 's temperature within 0.1 °C. Page 156 

Design Aids, Page 164 . .. Application Notes, Page 165 ... New Literature, Page 166 
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TEST EQUIPMENT 

Transfer oscillator 
measures to 18 GHz 

Hewlett-Packard, 1501 Page Mill 
Rd., Palo Alto, Calif. Phone: ( 415) 
826-7000. P&A: $1850; stock. 

A transfer oscillator plug-in for 
use with Hewlett-Packard high­
frequency counters has a fre­
quency range of 50 MHz to 18 
GHz. No mixer tuning stubs nor 
any other tuning adjustments have 

GEAR TRAIN 

to be made anywhere in the fre­
quency range. Proper tuning is 
indicated by a meter. 

During measurement of cw sig­
nals, the readout displays all zeros 
if the transfer oscillator is not 
phase-locked to the incoming sig­
nal. The unit works with typical 
signal levels of - 8 dBm at 18 GHz 
with sensitivity increasing typical­
ly to - 23 dBm at 50 MHz. Sensi-

- -
SAMPLER 

VFO 
TUNING 

CAPACI TOR 

Plug- in' s interior shows the cast a luminum chass is and the 636-to-1 gear 
train, which can position the capacitor rotor within 1/12,000°. 

128 

INFORMATION RETRIEVAL NO. 260 

tivity is -7 dBm ( 100 mV) from 
50 MHz to 15 GHz and - 4 dBm 
(140 mV) from 15 GHz to 18 GHz. 

Stability for pulsed rf measure­
ments is ± 1 part of 107 per min­
ute . The performance of this trans­
fer oscillator is primarily attribut­
able to use of a wide-band sampler 
in place of both the harmonic mix­
er and the phase detector of the 
conventional phase-locked transfer 
oscillator. The sampler has broader 

· bandwidth and greater sensitivitY, 
than a harmonic mixer, particular­
ly at higher frequencies. Further­
more, it does not require a fre­
quency offset to derive "sense" in­
formation for phase locking. 

A transfer osci llator is a variable 
frequency oscillator (VFO ) that 
can be tuned to a frequency that 
is an exact submultiple of the fre­
quency to be measured . The counter 
measures the oscillator's frequen­
cy, and this is multiplied by the 
appropriate harmonic factor to ob­
tain the frequency of the incoming 
signal. The measurement can be 
made with the accuracy of the 
counter's time-base oscillator by 
phase-locking the VFO to the sig­
nal. With this transfer oscillator,, 
the VFO is set to an exact sub­
multiple of the incoming signal 
frequency. The signal will be 
sampled each time at the same 
point in the incoming waveform 
cycle, and the smoothed output of 
the sampler will be a de voltage. 
The sampler does not sample every 
cycle of the incoming waveform, 
however, but looks at only every 
n" cycle, where n is the harmonic 
relationship between the incomingj 
frequency of the VFO. 

The de output is used to control 
a varactor in the oscillator's tank 
circuit, thus phase-locking the 
VFO to the signal. It also drives 
the tuning meter. If the VFO is 
not tuned near a submultiple of 
the incoming frequency, the. 
smoothed sampler output will be 
an ac voltage that has an average 
value of zero. The meter can thus 
be used as an indicator of correct 
tuning. The sampler output is also 
available at a front-panel connec­
tor, where it can be examined by 
an oscilloscope, or used as a down­
converted signal for other instru­
ments. 

CIRCLE NO. 260 
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TEMPERATURE/CURRENT CHARACTERISTICS 
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Sorensen DCR Series now with temperature capability to 71°C. 

Sorensen Wide Range 
Power Supplies 

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

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

silicon; ambient temperature capability is now to 71 "C. • 

Four 3-phase models have been added extending power 

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

up to 300 volts. • Multiple mode programm ing-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 

features of the improved DCR (model numbers w ill have an 

"A" suffix) are offered at no increase in price. For DCR details, 

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

regulators or frequency changers, call. your local Sorensen 

rep, or write : Raytheon Co., Sorensen Operation, Richards 

Avenue, Norwalk, Connecticut 06856. Tel: 203-838-6571. 

..--------------------MODEL SELECTION CHART-------------------.., 

Voltage Amps. Model Price Amps. Model Price Amps. Model Price Amps. Model Price 

0- 20 J2S OCR 20- J2SA $J J40 2SO OCR 20- 2SOA $JSSO - - - - - -
0- 40 10 OCR 40· JOA 360 20 OCR 40- 20A sso 3S OCR 40- 3SA $ 7SO 60 OCR 40-60A $ 9JS 
0- 40 J2S OCR 40- J2SA J390 12S OCR 40- 2SOA 2290 soo OCR 40-SOOA 37SO - - -
0- 60 J3 OCR 60· J3A S2S 2S OCR 60- 2SA 8SO 40 OCR 60- 40A 990 - - -
0- 80 s OCR 80- SA 360 10 OCR 80- JOA sso 18 OCR 80- 18A sso 30 OCR 80-30A 92i 
0-lSO 2.S OCR JSO- 2.SA 360 s OCR lSO- SA sso JO OCR lSO- JOA 830 lS OCR JSO-lSA 890 
0-300 l.2S OCR 300-1.2SA 390 2.S OCR 300- 2.SA sso s OCR 300- SA 79S 8 OCR 300- SA 890 
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Side-tracked? 
If your career has been side­
tracked then consider a switch to 
Memorex. Our standards are high, 
but so are the rewards .. . in 
creative freedom, salary, and 
opportunity. Current openings 
include: 

PROJECT ENGINEER 
(Recording I EE or Physics 
degree plus 5 years' experience. 
Must have knowledge of the 
processes of magnetic recording . 

DEVELOPMENT ENGINEER 
BSEE plus 2 years' experience with 
previous logic design experience 
preferred. Must be digital oriented. 

ELECTRONIC ENGINEER 
(Senior! Digital oriented with 
knowledge of production 
equipment. BSEE required with 
mechanical experience desired. 

ELECTRONIC ENGINEER 
(Solid State Circuit Design I 
To design solid state digital and 
.analog circuits. BSEE with 2-5 
years' experience. 

Please send your resume to: 
Professional Employment Office, 
1180 Shulman Avenue, Rm. 1 O 
Santa Clara, California 95050. 
An Equal Opportunity Employer. 

IVIEIVIDREX 
CORPORATION 

INFORMATION RETRIEVAL NUMBER 910 
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PRE SCALER 
MODEL 556 

TRIO LABORAT ORIES INC. 
PLA1NVtE W, L I. NEW YORK • 

INPUT r--- OUTPUT -r 

Counter-range extender 
divides to multiply 
Trio Laboratories, Inc. , 80 DuPont 
St., Plainview, N.Y. Phone: (516) 
681-0400. P&A: $640; 8 to 10 wks , 

Any counter scale can be ex­
tended 10 or 100 times higher with 
this counter prescaler. This allevi­
ates the need to scrap a counter 
for which no extender is offered. 

Trio Labs asserts that this unit 
will mate with any counter made 
now. It performs simultaneous 
scaling functions of divide-by-100 
and divide-by-10 over the range of 
l to 150 MHz, without affecting 
the counter's accuracy or stability. 
The unit has no controls, just an 
off-on switch. Its sensitivity is 50 
mV rms with an input impedance 

of 50 n. The device achieves an out­
put of 3 V square wave into 1 kn 
and 1 V square wave into 50 n. 

The instrument's circuitry is all 
solid-state. A tunnel diode is used 
as the pulse shaper. The patent­
pending dividing circuit uses a fli p­
flop that operates at a saturated 
logic level and will rise in 2 ns to 
a clock of 150 MHz. A way of 
dividing by any number was 
chanced upon during preliminary 
design work. A diode was open in 
the circuit and instead of dividing 
by 10 as the circuit was designed 
to do, it divided by 9. By experi­
menting with the other diodes and 
combinations of diodes, division bY, 
any multiple could be achieved. 

PR E SCALER 
MODE L 556 

TRIO LABORATORIES INC. 
PLAINVI EW. L . I. N E W YORK 

• 
..- 10 +tvO 

Any counter's scale can be extended 
10 or 100 times higher with this 

counter prescaler. It covers a range 
of from 1 to 150 MHz in 2 ns. 

CIRCLE NO. 261 
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Only Bundy 
·has "The Spacesaver" 

High Pass 
Cut-Off Frequency: 50 KHz to 400 Hz 
Insertion Loss: Less than 1.0 db 
Attenuation at Cut-Off (le): 3.0 db max. 
Attenuation in Stopband: 

50 db min. at 0.76 le 
Input and Output Impedance: 

200 ohms to 5,000 ohms (as specified) 
Ripple In Passband: 0.1 db max. 

Spacesaver could be the understatement of the year. 
The unit that's actually one-tenth the size-with a// the 
performance full size. What performance? Amazingly 
sharp roll-off in the stopband. Maximum operating 
temperature ranges with minimum change in 
performance. High reliability. 
Everything's here but the bulk. 
The Spacesaver. Only from 
Bundy Electronics Corporation, 
44 Fadem Road, Springfield, 
New Jersey 07081,(201) 376-8150 

Bundy 
ELECTRONICS 
CORPORATION 

Manufacturers and Designers of Toroidal Coils , 
Filters, Magnetic Amplifiers, Toroidal 
Transformers, Networks and Delay Lines. 

Low Pass 
Cut-Off Frequency: 400 Hz to 50 KHz 
Insertion Loss: Less than 1.0 db 
Attenuation at Cut-Off (le): Less than 3.0 db 
Attenuation in Stopband: 

50 db min. at 1.3 le and up 
Input and Output Impedance: 

200 ohms to 5,000 ohms (as specified) 
Ripple In Passband: Less than 0.1 db 

Band Pass 
Center Frequency: 10 Khz to 160 Khz 
Insertion Loss: Less than 4 db 
Bandwidth: 4 Khz at 3.0 db 
Attenuation: 15 db at 8 Khz bandwidth 

30 db at 16 Khz bandwidth 
Ultimate Rejection: 54 db 
Input and Output Impedance: 

Delay Matching: To less than 10 microseconds 
(filters with same cut-off freq .) 

Delay Matching: To less than 10 microseconds 
(filters with same cut-off freq .) 

Operating Temp. Range: _:30• C to +70' C' 
Mil Spec Applicable : Mi l 18327C 

200 ohms to 5,000 ohms (as specified) 
Ripple In Passband: 0.1 db max. 
Phase Linearity: 10% 

Operating Temp. Range: - 30° C to + 70' C' 
Mil Spec Applicable: Mil 18327C 

Operating Temp. Range: - 30° C to + 70' C' 
Mil Spec Applicable: Mil 18327C 

' Also available in -40' C to + so• C 
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REFRACTORY 
PRODUCTS ... 

In addition to its famous lines of Vitreosil® 
and Spectrosil®fused quartz products, 
Thermal American is now supplying a line of 
crystalline oxide refractory ware and cement 
for use by industry and laboratories. These 
products are designed for high resistance to 
heat, low reaction with metals and chemi­
cals, low porosity, high thermal conductivity, 
and good mechanical strength. 

Included in the complete 16 page catalog 
with a separate price list is a selector chart 
providing instant technical, mechanical and 
applic;ation data for refractory products of 
Aluminous Porcelain, Recrystallized Alumina, 
Zirconia and Magnesia. Write for your copy. 

FREE 
CATALOG 

73 

e THERMAL AMERICAN 
FUSED QUARTZ CO. 

RT. 202 & CHANGE BRIDGE RD. 
MONTVILLE, NEW JERSEY 

ZIP CODE 07045 
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TEST EQUIPMENT 

Cw signal generator 
spans 10 to 250 MHz 

De voltage supply 
produces 0 to 3100 V 

e L:!:J 
• • 

g g 0 w 0 ••••• 
•• "-• 0 

Controller-gaussmeter 
for magnetic tests 

--®~--

Six-oz amplifier 
gives tenfold gain 

Kay Electric Co., Maple Ave., Pine 
Bruok, N.J . Phone: (201) 277-
2000. 

The Rada-Pulser 5071B is a 
pulsed carrier. generator. It pro­
vides a cw signal from 10 to 250 
MHz. The generator provides 
pulses with a range of widths from 
100 ns to 100 µ,s with less than 20-
ns rise and delay times. Pulse­
repetition rates are variable from 
50 to 5000 pulse/ s. 

CIRCLE NO. 262 

K eithley Instruments, Inc., 28775 
Aurora Road, Cleveland, Ohio. 
Phone : (216) 248-0400. Price :: 
$450 . 

With an output capability of 0 
to 3100 V and a stabi li ty of 0.01 °, 
this regulated de high voltage bias­
ing supply is well suited for use 
with photomultiplier tubes, ion 
gauges, solid-state radiation detec­
tors and photocells. Zener diodes, 
and matched input transistors, con­
tribute to instrument accuracy. 

CIRCLE NO. 263 

Varian, 611 Hansen Way, Palo Al­
to, Calif. Phone: ( 415) 326-4000. 

Direct field control for any exist­
ing magnet system is possible with 
this controller-gaussmeter. Appli­
cations can be made in systems for 
beam deflection and all general 
laboratory electromagnetic applica­
tions. These Hall-effect instru­
ments provide protection against 
external field disturbances and 
measure directly the field intensity 

· in the magnet air gap. 
CIRCLE NO. 264 

Endevco Laboratories, 1675 
lin Rd., Mountain View, 
Phone: ( 415) 968-7744. 
$125; stock. 

Stier­
Calif. 
P&A: 

A power amplification and cali­
bration device may be used with 
any half- or full-bridge strain 
gauge or other resistance device 
between 300 and 3000 n. The pack­
age employs ICs and weighs only 6 
oz. It will plug directly into any 
type of readout system that re­
quires 0.1 mA, providing power to 
the transducer while amplifying the 
resu lting signal up to 10 times. 

CIRCLE NO. 265 
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Transducer integrator 
provides one value 

Infrared Industries, Inc., Santa 
Barbara, Calif. Phone : (805) 451 -
7252. 

Integrating an input signal over 
a selected period of time to provide 
a single-valued unambiguous read­
ing is accomplished with this inte­
grator . It is used in low-level 
measurement systems working with 
transducers such as infrared de­
tectors. The model 602 has an in­
put impedance of 20 Mo, and cov­
ers a range of 10 mV to 10 V. 

CIRCLE NO. 266 

Fluid-filled device 
seeks magnetic north 

Humphrny Inc., 2805 Canon St. , 
S an Diego, Calif. Phone: (714) 
223-1654. 

For oceanographic applications a 
magnet ic-north fluid-filled trans­
ducer is suitable for use in depths 
to 15,000 ft. The device provides 
average per formance within ±3° 
of magnetic north and a guaran­
teed accuracy of ± 5° . It is 4 x 4.5 
in . and weighs 3.5 lbs. Its en­
closure is a hermetically sealed 
sta inless-steel case with optional 
connector arrangements. The sens­
ing element is an array of perma­
nent magnets . 

CIRCLE NO. 267 
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I 
Th is ca ta log I is ts 
62,000 models of 
AC to DC plug-in 
power supplies 
available for ship­
ment in just three 
days. Choose the 
exact outputs you 
need. Singles or 
duals, regulated 
or unregulated. 
Write or phone for 
your free copy. 

Name 

Title 

Company 

City 

State 

134 

Acopian Corp., Easton, Penna. 18042 
Phone: (215) 258-5441 
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TEST EQUIPMENT 

Spectrometer system 
includes recorder 

Data amplifier has 
gain of 12,500 

Capacitance test set 
reads out to 0.7 pF 

1 2 1 .4 :.::. 

--.-....... 
.--.• 

25-kW dummy load 
weighs 11 pounds 

Varian, 611 Hansen Way, Palo Al­
to, Calif. Phone: (415) 326-4000. 

A digital recorder and a rugged 
probe insert assembly are included 
in this spectrometer system. The 
A-60D offers signal-to-noise speci­
fications of 18 to 1. A guide 
sleeve, in conjunction with the long 
spinner turbine, guides the sample 
tube into the fragile insert, so that 
these do not touch. Thus break­
age due to inserting the sample 
tube and spinner turbine in an 
improper manner is virtually elimi­
nated. 

CIRCLE NO. 268 

Dana Laboratories, Inc., 2401 Cam­
pus Dr., Irvine, Calif. Phone: 
( 714) 833-1234. 

Gains up to 12,500, at very low 
noise levels, are possible with a 
wide-band de data amplifier that 
features good rfi rejection and a 
high level of common-mode rejec­
tion. Full-scale output is ± 10 V 
and ± 100 mA. The noise re­
ferred to the input at a gain of 
1000 is less than 4 µ, V rms at full 
bandwidth. 

CIRCLE NO. 269 

Test Equipment Corp., 2925 Mer­
rell Rd., Dallas. Phone: (214) 357-
6271. P&A: $830; 60 days. 

A junction capacitance test set 
is capable of 1-MHz capacitance 
measurements. Accuracy is ± 1 % or 
±0.1 pF and the range of the in­
strument extends to 150 pF. Ad­
justments, offsetting up to 100 pF 
of external capacitance, permit the 
use of external test jigs. 

CIRCLE NO. 270 

Altronic Research Corp., 13710 
Aspinwall Ave., Cleveland. Phone: 
(216) 851-3220. P&A: $875; 3 wks. 

A dummy load for 3-1 / 8-in. 
transmission line, handling up to 
25 kW, is 15 in. long. Of brass 
and aluminum construction, the 
unit weighs 11 lb. Water-cooled, it 
features an internal pressure drop 
of less than 10 lb per in.2 at a 
water-flow rate of 6 gallons per 
minute. 

CIRCLE NO. 271 

ELECTRONIC DESIGN 4, February 15, 1968 



Report from 

BELL 
LABORATORIES Molecular-gas lasers 

Bell Laboratories research physicist C. K. N. Patel with his experimental "flowing gas" 
laser. The glowing tube contains nitrogen in which electrical discharge is taking 
place. The active gas flows through the other, similar-sized tube and the gases meet 
in the optical cavity. Here, energy is transferred to the active gas through collision. 

NOBLE-GAS 
LASERS 

UPPER LASER LEV EL 

LASER 
OU TPUT 

LOW ER LA SER LEVEL 

MOLECULAR-GAS 
LASERS 

CONCAVE 
MIRROR 

When a laser operates through energy stored in 
electron orbits (left), a comparatively large 
amount is wasted through the long return to 
ground state. But, when energy is stored in vibra­
tions and rotations within a molecule (right), the 
percent wasted is much smaller. 

The experimental setup which led to 
development of today's most powerful 
and efficient CW laser. Nitrogen, carry­
ing vibrational and rotational excita­
tion , mixes with the active gas within 
the optical cavity. Here, energy is 
transferred to the active gas through 
collision. 

MOLECULAR GAS 

t 

GASES 
OUT 

To produce a photon in a gas laser, 
an atom or molecu le reduces its ene rgy 
by dropping from the "uppe r laser 
level" to the "lower laser leve l" (grap h). 
From the lower level, the energy usually 
decreases to abso lute mini mum ­
"ground state"-before the atom or 
mo lec ul e can emit anothe r usefu l 
photon. This second drop is waste : 
incoherent light and heat. 

Lasers using nob le (atomic) gases, 
li ke helium-neon or argon, are partic­
ularly wastefu l in this respect. But a 
laser using molecu lar gases, such as 
carbon dioxide, wou ld operate at lower 
energy leve ls and prod uce less waste 
radiation. 

In investigating new infrared lasers, 
therefore, scientist C. K. N. Pate l of 
Be ll Laboratories employed molecu lar 
gases. To experiment with them, he 
invented a new kind of laser (photo and 
figures) in which the active (radiation­
emitting) gas flows continuous ly into 
the optica l cavity. There it meets a flow 
of nitrogen, wh ich is excited by an 
electrical discharge in a separate tube. 
In th is way, molecu les in the active gas 
are ra ised to an upper laser level by 
the transfe r of vibrationa l ene rgy from 
nitrogen molecu les. Th is prevents the 
e lec tri ca l disc harge from breaking 
down the active gas. 

With this technique, Pate l demon­
st rated lasers based on carbon mon­
oxide, carbon dioxide, nitrous oxide , 
and carbon disulphide. He found that 
carbon dioxide has the highest effi­
ciency, about 15 percent compared 
with less than 0.1 percent from previous 
gas lasers. 

Carbon dioxide has another advan­
tage. It is the on ly known molecu lar gas 
that is chemical ly stable enough to 
function even if the discharge takes 
place within it. So in this instance, the 
''flowing-gas" technique is not required. 

Pate l also found that the addition of 
certain gases, such as he l ium, in­
creases the efficiency of the carbon 
dioxide laser. Such lasers have been 
bui lt with continuous outputs of more 
than 1000 watts at wave lengths of 10.6 
microns (infrared). 

Iii\ Bell Telephone Laboratories 'eJ Research and Development Unit of the Bell System 



Vari-able 
Attenuators 

Small but Mighty 
Attenuator Pair 

A compact, easy to mount pair of rugged, 
reliable, rotary attenuators presents the 
electronic design engineer with an off­
the-shelf unit in 50 or 75 ohm imped­
ance. Rotary attenuators such as the 
RA-50 and RA-51 shown below cover 0 to 
10 lb in 1 db steps and 0 to 70 db in 10 
db steps respectively. The mighty pair 
have a frequency range of DC to 2000 
MHZ with a VSWR of less than 1.2 at 
1000 MHZ. RA-50 accuracy is ± 0.3 db at 
500 MHZ and ± 0.5 db at 1500 MHZ; 
RA-51 is ± 0.5 db at 500 MHZ and ± 2.0 
db at 1700 MHZ. Insertion loss is less 
than 0.3 db at 1000 MHZ. RA-70 and 
RA-71 are the 75 ohm version; RA-50 and 
RA-51 are the 50 ohm attenuators. The 
RA-50 and RA-51 are l'l'a" dia . by approxi­
mately 21/2 11 long. The units weigh about 
10 ounces. Pr ice: $85.00. 

Specialists In Electronic Instrumentation 

2446 N. Shadeland Ave. 
Indianapolis, Indiana 46219 
Ph. (317) 357-8781 
TWX. 810-341-3184 

INFORMATION RETRIEVAL NUMBER 61 

136 

COMPONENTS 

1/2-in. terminations 
span de to 18 GHz 

Potentiometer endures 
one mi Ilion cycles 

S ~· I) .. 

Solid-state readout 
handles BCD code 

Sealed relays 
control 2 A at 28 V 

¥.icrola b/ FXR, 10 Microlab Rd., 
Livingston, N.J . Phone: (201 ) 
992-7700 . 

Compact coaxial terminations 
cover de to 18 GHz with a maxi­
mum VSWR of 1.15. Two models 
are capable of handling average 
power levels of up to 1/ 2 W. The 
model T A-C80 has a male connec­
tor, a length of 0.5 in., and weighs 
0.1 oz; model TA-C81 has a female 
type connector, a length of 0.465 in. 
and weighs 0.07 oz. 

CIRCLE NO. 272 

Centralab Div. of Globe-Union Inc ., 
5757 N. Green Bay Ave., Milwau­
kee . Phone : ( 414) 228-1 200. Price: 
66¢ to 76¢. 

Hot-molded carbon potentiom­
eters maintain their 2-1/ 4-W rat­
ing for a one-million-cycle service 
life. Linear-taper units offer resist­
ance values ranging from 10 o to 
5 Mo. Audio tapers (10 % resist­
ance at 50% rotation) have a re­
sistance range of 50 o to 5 Mo. 
Maximum operating voltage is 500 
V de. 

CIRCLE NO. 273 

The Mesa Co., Inc., 220 Mill St., 
Bristol, Pa. Phone: (215) 788-
5521. Price: $25. 

A digital readout, designed to 
replace gas-filled-tube-type dis­
plays, is 1.97 in. high, 1.07 in. wide 
and 2 in. deep. It is available with 
plus-minus sign, decimal point, 
colon, and may contain as many 
characters as required. Four-line, 
8-4-2-1 BCD s ignals are translated 
int,o the proper patterns with a 
logic-1 level of 3 V. 

CIRCLE NO. 274 

General Electric, 777 14th St. 
N.W., Washington, D.C. Phone : 
(202) 393-3600. 

The rating of 150-mil-pin-spaced 
two- and four-pole relays is 2 A 
at 28 V. The rated life is 100,000 
operations. The 150-mil pin spac­
ing provides ample room for mak­
ing connections without crowding 
and still maintaining high electric 
strength. Electron-beam welding, 
used for the header-to-enclosure 
seal, generates very little heat to 
prevent damage to the glass-bead 
seals. 

CIRCLE NO. 275 
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Solderless terminals 
cut connection ti me 

Hi-Tek Corp., 2220 South Anne St., 
Santa Ana, Calif. Phone: (714) 
540-3520. 

Three solderless terminal con­
figurations that can reduce switch 
connection time by as much as 
50 % are easily removable for re­
pair or modification, yet still pro­
vide contact under severe vibra­
tion and environmental conditions. 
The series includes a wire-wrap 
terminal for fast, uniform connec­
tion with a power tool and two 
types of quick-connect terminals. 

CIRCLE NO. 276 

British Radio Electronics L td., 
1742 Wisconsin Ave. N.W., Wash­
ington, D.C. Phone: (202 ) 338-
1520. 

Carbon-film resistors are avai l­
able for IC and other designs t hat 
have limi ted space requirements. 
The RKl-2 microminiature carbon­
film resistor, 0.087 in. in length by 
0.032 in. in dia, is supplemented 
by the miniature RKl-10 (0.134 x 
0.055 in .) and the intermediate 
RKl-5 (0.138 x 0.039 in. ) . The 
resistance range of all three is 
from 10 n to 4.7 Mn. 

CIRCLE NO. 277 
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This is a unique power SUPPIY 
designed bJ Acme Electric. 
Al last count we had made only 
1, 121 01 them. 
Unique by the fact that it delivers 3.0 V. and 1.2 V. DC at 100 Amps for 
IC operation ... with remarkable efficiency and regulation. But this power 
supply is no more unique than thousands of others we've custom built in 
quantity for some of the best-known and least-known names in industry. 

You'll find our power supplies and Voltrol® constant voltage fransform­
ers in computers and data processing, nuclear research, communica ­
tions, photography, machine tools, medical apparatus and the military. 

In these and other fields we've solved such knotty power supply prob­
lems as: dynamic load regulation of 3000 DC amps at .002%; economi­
cally achieved high efficiency at extremely low voltage and high current 
for IC's; tough packaging problems and programming requirements; 
many others. 

We not only have a staff of 123 engineering personnel to custom de­
sign units. We also have over 1100 experienced production people and 
the machines and floor space to produce power supplies and Voltrol® 
constant voltage transformers in pre-production quantities through full 
production runs. 

So, if you're looking for high quality, soundly engineered custom 
units, yet want them made with the economy of production line efficiency, 
write us today on your letterhead. Our Mr. Rathbun will call you. 

Acme Electric corporation . oept. go, Acme EIBCIPl.C 
Cuba, New York 14727 

INFORMATION RETRIEVAL NUMBER 62 

137 



in Mercury 
or Xenon 

IPEKI 

is the standard of 
reliability in 

High Intensity 
Light Sources 

Across a power 
range of 35 watts 
to 30KW in xenon, 
and 100 to 500 
watts in mercury, 
PEK high inten­
sity arc lamps are 

noted for long life, maximum 
arc stability, dependable glass­
to-metal seals . These are the 
qualities that have made PEK 
arc lamps the standard of re­
liability in applications ranging 
from photography to solar sim­
ulation, from microscope illu­
mination to long-range projec­
tion. 
PEK'S off - the-shelf line of arc 
lamps is the most comprehen­
sive in the industry. Send for 
our new Product Reference 
Guide, or tell us wha t your spe­
cial requirements are. There's 
a PEK lamp to fit your applica­
tion. 

IPEKI 

PEK I 825 E. Evelyn Avenue 
Sunnyvale, California 

(408) 245-4111 I TWX 910-339-9214 
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COMPON ENTS 

Glass thermistors 
function in liquid 

Resolver amplifier 
sums to 0.025% 

Magnetic pickup 
operates to 450 ° F 

Tuning-fork resonator 
spans 240 to 400 Hz 

F enwal Electronics, Inc ., 63 Foun­
tain St., Framingham~ Mass. 
Phone: ( 617) 875-1351. 

Tiny glass thermistor probes 
have a response time that compares 
favorably with that of glass yet are 
suitable for high-velocity an d 
liquid-immersion a pp 1 i ca f ions, 
either with or without protective 
housings. Units are avail.aOie with 
resistance values at 25 °C from 
1000 to 5 Mn and a temperature 
span of - 50 ° to 3.00°C. 

CIRCLE NO. 278 

S ervo Products, Bulova Electronics, 
61-20 Woodside Ave. , Woodside, 
N.Y. Phone : (212) 335-6000. P&A: 
$165; 6 weeks. 

Dual-channel resolver amplifier 
offering parallel summing is avai l­
able with from one to three inputs 
per channel, depending on order 
specifications. The unit meets MIL­
E-5400 and MIL-I-26600 specifica­
tions. The input impedance is 200 
k!l ± 1 % and max signal input, 
with no damage to amplifier, is 26 
V rms. 

CIRCLE NO. 279 

Airpax Electronics, Inc., S eminole 
Div., P.O. Box 8488, Fort Lauder­
dale, Florida. Phone : (305) 587-
1100. 

A magnetic pickup converts me­
chanical motion into an ac voltage 
without physical contact or exter­
nal power. Applications for this 
pickup include tachometry, count­
ing, positioning, timing, vibration 
measurement, motion study and 
computer equipment. The internal 
portion of the pickup is potted with 
epoxy resin. 

CIRCLE NO. 280 

American Time Products, Bulova 
Electronics, 61-20 Woodside Ave., 
Woodside, N.Y. Phone (212) 335-
6000. P&A: $25; 2 wks . 

Tuning-fork resonator weighing 
1-1 / 2 oz is designated the model 
TF-34. It is avai lable in frequen­
cies from 240 to 4000 Hz but can 
also be ordered with any fixed fre­
quency up to 15 kHz. The device 
has an accuracy of 0.2% at 25 °C. 
Lesser accuracies can be obtained 
over the temperature range of 
- 55 °C to 85°C. 

CIRCLE NO. 281 
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Thick-film resistor 
is rated at 2 watts 

I 

/~ 

!RC, Inc., 401 N. Broad St., Phila­
delphia. Phone: (215) 922-8900. 
P&A: $4.80; (100 lots) 3 wks. 

A 2-W fixed resistor uses the 
same material in its resistance ele­
ment as previously available 1/ 4-
and 1/ 2-W components. The mate­
rial is a thick film of metal alloy 
that is fused to a crystalline ce­
ramic substrate. The resistor, rated 
2 W at 70 °C, is offered in values 
from ion to 470kn, at ±2 %, ± 5% 
and ±10% tolerance. Temperature 
coefficient of resistance averages 
200 ppm/° C. 

CIRCLE NO. 282 

Rotary solenoids 
have no axial motion 

Pathfinder Industries, 1520 S. Lyon 
St., Santa Ana, Calif. Phone: ( 714) 
542-3521. 

Rotary de solenoids require no 
splines, linkages or other motion­
absorbing devices. These solenoids 
may be used in applications that 
cannot tolerate axial shaft move­
ment. As the plunger is drawn 
across the air gap, cams act on 
the output shaft which is restrain­
ed from axial motion by a thrust 
and radial bearing. Devices from 
30 oz/ in. /° to 300 lb / in ./ 0 can be 
supplied. 

CIRCLE NO. 283 
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E-1 GLASS-TO-MET AL SEALS -

Specialized manufacture, 
with continual R & D pinpointed 

to absolute seal perfection 
- PROVED IN CRITICAL AERO-SPACE PROJECTS! 

Years of E-I specialized production, with research and development de­
voted exclusively to the ultimate in hermetic sealing, have resulted in 
electrical and mechanical characteristics compatible with today's highly 
sophisticated applications. Engineers and designers requiring high re­
liability in vacuum-tight sealing, should check these advantages: 

• High dielectric strength, severe shock and vibration resistance 
• Cushioned glass construction, maximum rigidity and durability 
• Withstand wide fluctuations in temperature and humidity 
• Miniaturization, design standardization 

E-I sealed terminations include hundreds of stock items. Where custom 
seals or unusual lead configurations are required, E-I sales engineers 
will make recommendations from your blueprints, sketches or data. 

Write for E·I Catalog - Complete data on standard types, custom seal components 
and sealing to your specifications. Address requests on company letterhead. 

~ --~!!~~h~i~~l~!nic~~~~!!i~/i/~u~ies Corp. ~ -~ Murray Hill, N. J. 07971 - Tel. (201) 464·3200 

Patented In U.S.A., No. 3,035,372; In Canada, No. 523,390; In-United Kingdom, No. 734,583; other patents pend1n1. 
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STYCAST® 
CASTING RESINS CHART 
COMPLETELY REVISED 

, ..... -. - , .. -. . -.• ...... ~-... • ,.-. .~ ... 
I .. •• II ...... . "' ~... • - . 
~;~· r.; ·, .... = •• 

~ t.; "~;;· ti;. 4 
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~ 

This chart for notebook or wall mounting has 
just been brought up to date. It contains 
comparative property data on over 20 Stycast® 
epoxies and urethanes. 

INFORMATION RETRIEVAL NUMBER 234 

ECCOCOAT® 

I 
I 

SURFACE COATINGS 
FREE WALL CHART 

... "° ""''_-... __ ] 
-- 1 --

Epoxies, urethanes, alkyds, phenolics. Clear 
and in colors. Some are electrically con­
ductive. Some are in aerosol cans. Electrical 
and physical properties and application notes 
are included. 

INFORMATION RETRIEVAL NUMBER 235 

ECCOBOND® 
ADHESIVES 

FREE WALL CHART 

Fully illustrated fold-out chart gives complete 
physical and electrical data on over 20 ad­
hesives systems-conductive, non-conductive­
liquids, powders, pastes-for electrical or 
mechanical applications-various chemical 
types. 

INFORMATION RETRIEVAL NUMBER 236 

E01erson&Cuming, Inc. 
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CANTON, MASS. 
GARDENA, CALIF. 
NORTHBROOK, ILL. 
Sales Offices 
In Principal Cities 

EMERSON & CUMING EUROPE N.V., Oevel, Bel1lum 

COMPONENTS 

Low-noise comparators 
take up 1/2-in.3 space 

Foil capacitors 
carry up to 100 V de 

Xenon lamps 
ozone-free 

CXl."1600 

CXl:3000 

Differential relay 
has zero error 

Phipps Precision Products, 77 49 
Densmore Ave., Van Nuys, Calif. 
Phone: (213) 785-3109. P&A: 
$34.95; 1 to 2 wks. 

Comparators with differential 
amplifier inputs and reed-relay out­
puts eliminate the effect of noise 
on signal inputs without altering 
the trip level or input impedance. 
Comparator hysteresis can be 
achieved by connecting a suitable 
resistance across the two hystere­
sis ter~inals on the module. 

CIRCLE NO. 284 

W esco Electrical Co., Inc., 27 Olive 
St., Greenfield, Mass. Phone: ( 413) 
774-4358. 

Capacitors type 32-PC are avail­
able in 50- and 100-V de models. 
Operating temperature range is 
- 55 °C to + 125°C with no voltage 
derating. Total capacitance change 
does not exceed ± 2% over the en­
tire temperature range and is typi­
cally ± 0.25 % from -25°C to 
+85 °C. The stability of these 
units, is exceeded only by poly­
styrene in the film dielectric field. 

CIRCLE NO. 285 

Christie Electric Corp., 3410 W. 
67th St., Los Angeles. Phone: 
(213 ) 750-1151. 

Ozone-free xenon lamps handle 
450 to 1600 W. Arc lamps (75-6500 
W ) , horizontally operated xenon 
lamps (300-200 W), and mercury 
short arc lamps (100-500 W ) are 
available singly or as part of an 
entire illumination system. The 
lamps find application in photo­
chemistry, solar simulation, bi­
ology, physics, plant growth, food­
processing and graphic arts. 

CIRCLE NO. 286 

Sensitak Instrument Corp., 531 
Front St., Manchester, N.H. Phone: 
(603 ) 627-1432. P&A: $31.75; 
stock. 

A servo differential relay con­
sists of an operational amplifier, a 
power supply and two independent 
reed switches contained in an 
epoxy-encapsulated housing. Pow­
ered from a 50-to-400-Hz source, 
the relay operates from transduc­
ers powered synchronously from 
the same supply. 

CIRCLE NO. 287 
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Encoder readout 
gives shaft position 

Northern Precision Laboratories, 
Inc., 202 Fairfield Rd., Fairfield, 
N.J. Phone: (20i ) 227-4800. 

A shaft encoder readout, con­
taining all necessary interface de­
coding logic and lamp-drive power 
supplies, will produce a visual dis­
play of r emote shaft position. A 
complete encoder display system 
consists of only two components: 
the encoder and its corresponding 
r eadout display module . Auxiliary 
BCD (8-4-2-1 ) and decimal out­
puts are available. 

CIRCLE NO. 288 

Quadrature hybrid 
covers hf band 

AR-Anzac Electronics Co., 121 
Water St., South Norwalk, Conn. 
Phone: (203) 853 -9411. P&A: 
$475; stock. 

The mod el JH 6 quadrature 
hybrid covers the entire 2- 32-MHz 
frequency band a nd measures 2.3 
X 1.5 X 0.8 in . A signal fed into 
the device divides equally within 
0.5 dB between the unit's two out­
put ports. Outputs exhibit a 90° 
± 3% relationship over the full 
band. Insertion loss is less than 0.8 
dB. Isolation is greater than 20 dB. 

CIRCLE NO. 289 
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This is GentStik™tape. 
Here, try it. 

Here's a quick and easy way to 
eliminate a sticky problem forever. 
Cover the problem with Teflon®, the 
wonderful plastic that won't let any­
thing stick to its own surface. It is 
heat and moisture resistant ... has 
tremendous impact resistance and 
high dielectric strength . The fastest 
way to apply Teflon is with Gen/ Stik. 

Gen/ Stik is an adhesive-backed , 
Teflon-coated glass tape that will 
stick to just about any surface. It will 
lend all the advantages of Teflon to 

Teflon® is a DuPont Trademark. 

your product. It's a permanent way to 
solve sticky problems with cable 
bundles, harnesses, and thousands of 
other design applications. 

Gen/ Stik tape is available in 1;4" 
to 36" widths, in any length. Also in 
non-adhesive -backed forms such as 
glass fabrics , tapes, yarns, cordage 
and laminates. 

Just tell us your needs and we ' ll 
gladly send samples. General Cable 
Corporation, 730 Third Avenue, New 
York, New York 10017. 
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COMPONENTS 

Adjustable coils 
span 1 to 1000 µH 

Chip capacitors 
rated at 200 Vdcw 

Five-inch CRT 
weighs one lb 

Rectangular light 
fits round hole 

142 

North Hills Electronics, Alexander 
Place, . Glen Cove, N.Y . Phone: 
( 516) 671-5700. P&A: $4.50; stock. 

Subminiature adjustable coils 
designated the 600 series are 
shielded and designed for printed­
circuit applications. These induc­
tors cover the range from 1 µ.H to 
1000 µ.H and can be employed over 
the 100-kHz-to-30-MHz range. Val­
ues other than standard are made 
to order. Typical standard values 
are 1 µ.H, Q 90 at 7900 kHz and 
1000 µ.H, Q 90 at 790 kHz. 

CIRCLE NO. 290 

U.S. Capacitor Corp., 2151 N. Lin­
coln St., Burbank, Calif. Phone: 
(213) 843-4222. P&A: 13¢ to 
$1.86; 10 days. 

A line of miniature chip capaci­
tors for use in thick- or thin-film 
hybrid circuits is available in a ca­
pacitance range of 120 pF to 3.3 
µ.F with ratings of 50, 100, and 
200 Vdcw. Standard tolerance is 
± 10 % with ±5 % and ± 20 % 
available. Sixteen body configura­
tions range from 0.75 x 0.035 x 
0.04 in. to 0.865 X 0.595 X 0.08 in. 

CIRCLE NO. 291 

W estinghouse Electric Corp., B ox 
2278, Pittsburgh. Phone: ( 412) 
391-2800. 

A compact high-brightness CRT 
features 70 ° magnetic deflection 
and 4-mil line width. The CRT's 
5-in.-dia aluminized faceplate al­
lows 90 % light transmission. The 
e lectrostatically focused CRT 
weighs 1 lb, is less than 8 inches 
long, and has a 0.87-in.-dia neck. 
Other features include flying leads 
and low deflection power require­
ments. The tube is available with 
most standard JEDEC phosphors . 

CIRCLE NO. 292 

E C P Corp., 4726 Superior Ave., 
Cleveland. Phone: (216) 391-0444. 

Offering a 1-1 / 2-by-l / 2-in. rec­
tangular message area, this pilot 
light has space for up to 39 letters. 
It is mounted in a 13/ 32-in.-dia 
round hole; no special tools are re­
quired for installation. The rec­
tangular plastic lens is easi ly re­
moved for marking. Relamping is 
done from the front and 6-, 12-, 
24- or 28-V lamps may be used. 

CIRCLE NO. 293 

Indicator tube drivers 
use IC construction 

Burroughs Corp., Plainfield, N.J . 
Phone: ( 201 ) 757-5000. P&A: $26; 
stock. 

Driver modules for Nixie tubes 
that use integrated circuits accept 
4-line 8-4-2-1 BCD inputs that are 
compatible with TTL and DTL. 
Modules are available to drive both 
standard and miniature rectangu­
lar Nixie tubes and are or wi ll be 
produced with and without mem­
ory. The miniature series is offered 
in a housing measuring only 1.87 
in. deep by 0.48 in. wide by 0.96 
in. high. 

CIRCLE NO. 294 

Relay functions for 
ac- or de-sensing 

La Marche Manufacturing Co., 106 
Bradrock Dr., Des Plain es, Ill . 
Phone : (312) 299-1188 . 

This voltage-sensing relay is de­
signed for use in supervisory con­
trol equipment. Three versions are 
offered: the L VR-A is an ac differ­
ential relay; the LVR-D, a de dif­
ferential, and the LVR-M, a de 
voltage relay. All relays are tem­
perature-compensated ·and will op­
erate from 0° to 60 °C. The voltage­
sensing device is transistorized 
with a Schmidt trigger circuit. 

CIRCLE NO. 295 
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Buy Amphenol crimp contacts by the reel 
and save two ways 

On purchase price. Cost per contact of Amphenol 
crimp Poke-Home® contacts is reduced substantially 
because it costs us less to produce them in large 
quantities and ship them on reels. 

In production, too. Costs are reduced through fast 
and reliable wire terminations ( 400 an hour with our 
manual crimping tool, 600-800 an hour with our auto­
matic hand-held or bench-mounted tool). Save time 
with dependable, visual inspections, too. 

Contacts to three major specifications available: 
MIL-C-26636 (MIL-C-26500 & 26518 connectors) 
MIL-C-39029 (MIL-C-5015 connectors) 
MIL-C-23216 (MIL-C-81511 & 26482 connectors) 

Call Amphenol Connector Division for bulk contact 
pricing. (312) 261-2000. 2801 South 25th Avenue, 
Broadview, Illinois 60153. 

@. A MPHENOL 
Specify Amphenol . .. the leading name in cable, connectors, 

assemblies, RF switches, potentiometers, motors, microelectronics. 



Caal 
De-Fag 
Exhaust 
Circulate 
with Sanders MINICUBE® 
SL1bminiature Blowers 

Missile-bred reliabil ity ••• space­
saving one cubic inch size .. • 1.25 
ounce lightweight ••. 2.2 cfm rated 
output . . . 6.3, 26or115 vac, 400 cps. 
Sanders MINICUBE Blower elim i­
nates hot spots around electron ic 
components ..• prevents fogg ing of 
optical devices. Solves a variety of 
problems in both military and com­
mercial applications. Write for free 
literature. Sanders Associates, Inc., 
Instrument Division, Gren ier Field , 
Manchester, New Hampshire 03103. 
Phone : (603) 669-4615. 
TWX : (710) 
220-1 845. 

1" x 1" x 1"; 
2.2 elm nomi­
nal ; 1.25 ounces ; 
operating tempera­
ture range : - ss·c 
to 125"C; typica l life : 
5000 hours ; three 
models availab le. 

Creating 
New D irections 

In Electronics 

+. I M S UI P HI S il SS0C1 4 1l S . IN C 

Ell'J ~~~lg~~N~ 
I NSTRUMEN T DIVISION 
Gl=IENIER FIELD. MANCHEST ER. NEW HAM J:>s .. -w=~e 
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COMPONENTS 

IC connector 
accepts 40 pins 

Liquid-flow switch 
protects circuits 

Servo amplifier 
handles 250 W 

4-lb servo amplifier 
supplies 1.5 kW 

Elco Corp., Willow Grove, Pa. 
Phone: (215) 659-7000. P&A: 
$3.05; 8 wks. 

Incorporating 40 contacts 
spaced on a O.l-in.2 grid, this IC 
connector is used with metal-plate 
connection systems. It incorpo­
rates a heat sink that acts as a 
structural base. It will accommo­
date printed circuits or substrates 
and can be used for flat-pack IC 
packaging applications. The con­
nector has a glass-filled diallyl 
phthalate insulator. 

CIRCLE NO. 296 

UOP Instruments Div. of Uni­
versal Oil Produc'ts Co., 30 Algon­
quin Rd., Des Plaines, Illinois. 
Phone: (312) 824-1155. 

Liquid-flow switch protects elec­
tronic equipment by sensing unsafe 
operating temperatures of low cool­
ant flow. The unit automatically 
deenergizes the electronic circuit, 
preventing damage to electronic 
equipment. A self -contained dpdt 
relay provides a contact rating of 
10 A resistive at 30 V de. 

CIRCLE NO. 297 

Inland Controls, Inc., 342 W est ern 
Ave., Boston. Phone: (617) 254-
0442 . 

A silicon transistor, wide-band 
de servo amplifier drives de torque 
motors or any load requiring up to 
250 W of control power. A de op­
erational preamplifier preceding a 
fixed-gain de power amplifier pro­
vides adjustable gain and accom­
modates custom servo-compensa­
tion networks .. 

CIRCLE NO. 298 

W estamp, Inc., 1542 15th St., Santa 
Monica, Calif. Phone : (213) 393-
0401. P&A : $1188; 30 days . 

A 4-lb ac servo amplifier pro­
vides 1.5-kW output with 115-V, 
400-Hz power input. Both phases of 
the servo motor are driven so that 
there is negligible power to the 
motor at null and no standby heat­
ing. An integral two-speed network 
and quadrature rejection circuit 
are included. 

CIRCLE NO. 299 
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Sample-hold module 
short-circuit-proof 

Op amp uses 
input FET 

Square lamp burns 
for 25,000 hours 

Positive fol lowers 
have FET input 

• ... ._, 
ELECTRONIC DESIGN 4, February 15, 1968 

lntronics Inc., 57 Chapel St., N ew­
ton, Mass. Phone: (617) 332-7350. 
.P&A: $185; stock. 

The FSlOl is an encapsulated 
sample-hold module with a solid­
state switch, holding capacitor and 
non-inverting buffer. The output is 
short-circuit-protected, and no ex­
ternal adjustments or feedback net­
works are required. Applications 
include multiplexing, pulse height 
measurement, randam or periodic 
sampling, and use with analog-to­
digital conversion systems. 

CIRCLE NO. 321 

Pastoriza Electronics, Inc., 385 El­
liot St., Newton Upper Falls, Mass. 
Phone: (617) 332-2131. P&A: 
$130; 30 days. 

An operational amplifier that 
features a FET input has 40-V I µs 
slew rate, 2-µs settling time, and 
low output impedance at high fre­
quency. Measuring 1.125 x 1.125 
x 0.6 in., it weighs 20 g. Input 
impedance is better than 20 Mo 
and open-loop gain exceeds 10,000 
for a 1 kn load. 

CIRCLE NO. 32 2 

Chicago Switch Div., F & F Enter­
prises Inc., 2035 Wabansia Ave., 
Chicago. Phone: (312) 489-5500. 

A neon glow indicator featuring 
a 25,000-hour operating life is 
available with red, amber, clear 
and opal lenses. The lights snap 
easily into place and are self-secur­
ing. Square lenses permit side-by­
side mounting for compact installa­
tions. All assemblies are complete 
with lamp. 

CIRCLE NO. 323 

GPS Instrument Co., Inc., 188 
Needham St., Newton, Mass. 
Phone: ( 617) 969-9405. Price: $18 
to $135. 

Six FET-input positive followers 
feature bandwidth from 2 to 50 
MHz and slewing rates from 3 
V / µs to 60 V /µs. Up to 20-mA 
output current is available for driv­
ing low-impedance loads, while 
quiescent currents are typically in 
the 5 mA range . 

CIRCLE NO. 3 24 
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CHANGE 
YOUR RECORDING 

RATIO 
QUICKLY/ EASILY 

Record at any object-to-image ratio 
from 1: 1 to 1 :0.5 without extra 
lenses with the Beattie-Coleman 
MIIA Oscillotron. This highly versa­
tile camera also offers these plus 
features: 
• Rugged construction for field test 

instrumentation. 
• Fully enclosed electric shutter ac-

tuator and lens. 
• Records ultra-high speed traces. 
• Synchronous electric shutter. 
• Polaroid and 4 x 5 backs. 
• Hinged at CRT to swing away for 

unobstructed viewing when not re­
cording. 

• Data recording optional. 
• Shutter-open indicator light. 

43 different models. Send for catalog. 
Coleman Engineering Co. Inc. 
Box 1974, Santa Ana, Calif. 92702 

BEATTIE-COLEMAN 
OSCILLOTRON® 

OSCILLOSCOPE CAMERAS 

INFORMATION RETRIEVAL NUMBER 69 
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COMPONENTS 

Proximity switch 
responds in 20 ms 

Miniature capacitors 
use polycarbonate foil 

I I 

I 

Plastic potentiometers 
from soon to 50 k.O 

Silicone rubber caps 
change lamp colors 

I 

• • 
• 

Micro Switch Div. of Honeywell 
Inc., 11 W. Spring St., Freeport, 
Ill. Phone: (815) 232-11 22. 

Without moving parts, the type 
FN / FP miniature proximity switch 
operates from - l06 °F to + 250 °F 
in 20 ms. The two-unit switch 
weighs less than 3 oz and includes 
a shielded sensor and a solid-state 
switch. The switch uni t can be 
located up to 250 ft from t he sen­
sor and leads may be bundled with 
other wiring. 

CIRCLE NO. 325 

The Gudeman Div. , Culton Indus­
tries Inc., 340 W. Huron St., Chi­
cago. Phone : (312) 642-9280. 

Miniat ure polycarbonate-foi l ca­
pacitors designated the No. 401 
series, are suite.cl for applications 
where hi gh insulation resistance, 
minimum capacity change with 
temperature and low dissipation 
factor are critical. The electrical 
characteristics of the polycarbon­
ate are similar to polystyrene, but: 
with an added operational tem­
perature range from + 85 ° C to 
+ 125°C. 

CIRCLE NO. 326 

Bliss-Gamewell Div. of E. W. Bliss 
Co., 1238 Chestnut St., Newton, 
Mass. Phone: ( 617) 244-1240. 
P&A: $125; 60 days. 

Conductive plastic linear-output 
potentiometers offer a linearity of 
± 0.035 % in the electrical-function­
angle range from 340 ° to 356° . 
This 2-in.-d ia unit has infinite reso­
lution and resistances from soon 
to 50 kn, ± 10 % . The Model 32C-l 
is supplied in a metal case pre­
pared for servo mounting. 

CIRCLE NO. 327 

APM H exseal Corp ., Englewood, 
N.J. Phone: (201 ) 569-5700. 

Tinted silicone rubber caps easily 
slip over a bulb to change its light 
color. The caps provide a variety of 
colors for pushbutton lights in­
cluding green, yellow, amber, red, 
and blue. The filters can withstand 
500 °F and are immune to salt 
spray, sunlight and most acids. 
Models are avai lable in a large 
range of sizes. 

CIRCLE NO. 328 
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Gain a stitch in time with 

MICROCIRCUIT T 
by Centrala 

RING 

We can tailor microcircuits to your needs and deliver a sample in as 
little as two weeks - ship production quantities five weeks later. 

You'd think that the largest manufacturer of microcircuits (Centralab has 
produced more than any other manufacturer, 459,700,000) would have 

little or no time to spend on custom designed circuits. But Centralab has. 

We have, In fact, designed more than 5,000 different circuits for every 
conceivable application, industrial, military and commercial. 

Centralab doesn't rely on numbers alone, either. We manufacture 
our own ceramic materials; and our substrates and ScoreStratesTM 

are so superior that other manufacturers use them in their microcircuits. 

Let Centralab sew up your design with prompt action on custom designed 
circuits. Write to Centralab, Application Engineering Department, today. 

CENTRALAB Electronics Division • GLOBE-UNION INC. 
5757 NORTH GREEN BAY AVENUE • MILWAUKEE, WISCONSIN 53201 

INFORMATION RETRIEVAL NUMBER 70 
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newest! 

. . in thermistor 
development for extended 

performance! 

1% 
• Resistance Tolerance ± 1% 

10.2° ct o0 - so0 c 
• Fast Time Response 
• Exceptional Stability 
• Meets Performance 

Requirements of 

MIL · T -23648 

CAL- A thermonetics has available 

a large selection of ... 

THERMOCERAM compositions to 

meet all circuit design requirements. 

A variety of physical configurations, 

lead materials and protective coat­

ings supplied upon request are op­

tions available to further aid you in 

your specific application. 

A continuous program of materials 

research and new product develop­

ment have made available an exten­

sive inventory of thermistor exper­

ience that can be applied directly to 

your application. 

Our applications engineering depart­

ment will be happy to discuss your 

requirements with you. Send for 

complete product data and applica­

tion information. 

@&J~R.1Nc. 
thermonetics 01v1s10N 

1823 Colorado Avenue 

Santa Monica, California 90404 
(2131 451-9761 

TWX 910-343-6966 
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MICROWAVES 

Infrared detector 
responds m 20 ms 

Ku-band source 
yields 50 mW 

Coaxial attenuator 
performs at 12 GHz 

150-mW oscillator 
ranges to 1 GHz 

Advanced Kinetics, Inc., 1231 11ic­
toria Street, Costa Mesa, Calif . 
Phone: (714) 646-7165. 

Ready in 20 ms for use in plasma 
physics, laser experiments, infra­
red-radiation-source studies and in­
frared spectrometry, this bolomet­
ric type of infrared detector is for 
applications requirmg direction 
over a large wavelength interval. It 
is comprised of a crystal, a cryo­
genic containel'. and a bias circuit. 

CIRCLE NO. 329 

Frequency Sources Inc., Kennedy 
Dr., P.O. Box 159, North Chelms­
ford, Mass. Phone: (617) 251-
4921. P&A: $1230 ea.; 4 w ks. 

Ku-band solid-state sources that 
have a 50-mW capabiilty at 17.2 
GHz are capable of operating in 
the range of 10.5 to 18 GHz. The 
devices are designed for MIL-E-
5400 requirements. They operate 
from -30°C to +70°C with an 
output power of 25 mW. An OSM 
output connector is standard; a 
waveguide output is available. 

CIRCLE NO. 330 

Merrimac R esearch & Development 
Inc., 41 Fairfield Pl., W. Caldwell, 
N.J. Phone : (201) 228-3890. P&A: 
$185; stock. 

A continuously variable coaxial 
attenuator covers a frequency 
range from 0.5 GHz to 8 GHz with 
a VSWR not less than 1.5. It is 
usable at frequencies from 0.3 
GHz to 12 GHz. Insertion loss is 
less than 1 dB and attenuation 
range, depending on frequency, ex­
tends from O-to-10 dB to O-to-40 
dB. 

CIRCLE NO. 331 

The Stanley Schwartz Co., 211 E. 
43 St., N ew York. Phone: (212) 
867-7680 . P&A: $250; stock. 

Over its entire 500-MHz-to-1-
GHz tuning range, 150 mW of out­
put power is provided by this 
fundamental oscillator. The oscilla­
tor, model ETS 3751-2, is voltage­
tunable, with a control voltage of 
0 to 28 V. The device is 5/ 8 x 
1 x 2 in. long. Linearity devia­
tion is < 5 %. 

CIRCLE NO. 332 
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Coaxial connector 
withstands 500 V 

Lemosa, Inc., 465 Calif. St., San 
Francisco. Phone: ( 415) 989-5515. 
Price: $4 to $10. 

Subminiature 50-n coaxial con­
nectors handle 500 V. This series 
of connectors includes a cable plug 
and five receptacles. The shells are 
gold-plated to a thickness of 0.08 
mils and the contacts to a thick­
ness of 0.12 mils. A crimp sleeve 
helps assembly of the coaxial cable 
to t he plu g. The VSWR is 1.045 at 
1 GHz, 1.14 at 10 GHz, and contact 
resistance is less than 0.003 n . 

CIRCLE NO. 333 

Power amplifiers 
generate to 25 W 

Microwave Power Devices, Inc., 114 
Old Country Road, Mineola, N.Y . 
Phone: (516) PL7-0236. 

A line of solid-state trans istor 
amplifiers is capable of generating 
up to 25 W at 250 MHz and 10 W 
at 1 GHz. Various power and 
bandwidth combinations are avail­
able. The amplifiers employ a com­
bination of lumped strip-line tech­
niques and are capable of driving 
load VSWRs of 2.5 to 1, at any 
phase, with negligible detuning or 
change in input VSWR. 

CIRCLE NO. 334 
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This synchro runs lOx longer 
... because it has no brushes 

Brush assembly of conventional 
synchro after 1000 hours 

Harowe rotary transformer 
after 10,000 hours 

Harowe Brushless synchros use patented rotary transformers 
to couple signals to rotors without contact. There are no 
brushes; no slip rings; nothing to wear but bearings. Operat· 
ing life averages 10,000 hours in most applications-ten 
times the requirements of MIL-S-20708. 

In avionics systems, brushless synchros are cutting main· 
tenance and stretching hours between inspections. On ma· 
chine tools, they transmit reliably under slamming vibration 
-because there's no brush bounce without brushes. In 
communications gear, they simplify shielding-because RFI 
is 100 times less without brushes. And in process indicators, 
they read out more accurately-because synchro friction is 
2h less without brushes. 

Harowe brushless synchros come in sizes 8 through 11 
as standard, larger sizes as special, for all common functions. 
Write for complete specs-

'or"Jwe22~~t~~~a~~~~~~~r~:a~~~~ 
~ Servo, Stepper & Synchronous Motors • Motor Generators 

Synchros • Resolvers • Pancakes • Gearheads 
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MICROWAVES 

Balanced mixer 
handles 1 GHz 

Fm TV relay links 
operate at 8 GHz 

Black-body source 
operates at 3000 ° C 

Low-noise oscillator 
spans 1 to 2 GHz 

150 

A-R-Anzac Electronics Co., 121' 
Water St., Norwalk, Conn. Phone: 
(203) 853-9411. P&A: $110; 4 wks. 

A balanced mixer that features 
matched, easily replaceable, Schott­
ky-barrier diodes, accepts rf and 
local-oscillator signals over a 0.2-
to-1-GHz frequency range and pro­
vides i-f output from de to 500 
MHz. Local-oscillator-rf isolation 
is above 35 dB and conversion loss 
is less than 8.5 dB. Maximium in­
put power is 400 mW. 

CIRCLE NO. 335 

RHG Electronics Laboratory, Inc. 
94 Milbar Blvd., Farmingdale, N.Y. 
Phone: (516) 694-3100. 

Air-to-ground relay links oper­
ating between 4 and 8 GHz with 
20-W output and 10 MHz base 
band, feature solid-state design 
except for the TWT amplifier. Both 
receiver and transmitter are self­
contained and require only a power 
source to process TV or wideband 
telemetry data. The systems are 
designed to MIL-E-5400 Class II. 

CIRCLE NO. 336 

Electro Optical Industries, Inc., 
P.O. Box 3770, Santa Barbara, 
Calif. Phone: (805) 968-2591. 

Black-body sources with propor­
tional control for use as a working 
standard of radiant energy oper­
ate from 1000°c to 3000°C. They 
are designed to provide true black­
body radiation over the entire tem­
perature range. The unit is pack­
aged in a self-contained rolling 
cart. In addition a 10-in. vertical 
motion of the source is provided. 

CIRCLE NO. 337 

Alpha Industries, Inc., 381 Elliot 
St., Newton Upper Falls, Mass. 
Phone: (617) 969-6480. 

Mechanically tunable over any 
10 % bandwidth between 1 and 2 
GHz, this solid-state fundamental 
oscillator provides high harmonic 
rejection and low fm noise. Speci­
fications include an output power of 
200 mW min, a frequency stability 
of ±0.050%, and an input power 
of 2.5 W. The device operates 
across a temperature range of 
- 55 °C to +125°C. 

CIRCLE NO. 338 

Diode switch 
covers 0.5 to 12 GHz 

Somerset Radiation Laboratory, 
Inc., 2060 N. 14th St., Arlington, 
Va. Phone : (703) 525-4255. P&A:. -
$195; 15 days. 

Designed to be used in 3-mm 
subminiature cable systems, this 
coaxial switch covers the 0.5-to-12-
GHz range. It demonstrates a 50-
dB isolation at 9 GHz, 0.5-to-2-dB 
insertion Joss, 1-W cw and 100-W 
peak power. The range is realized 
by integrating silicon pin diodes 
into a filter and by taking advan­
tage of de paths, external power 
sources and filters. 

CIRCLE NO. 339 

S-band diplexer 
has 20-d B isolation 

TRF, Inc., 6627 Backlick Rd., 
Springfield, Va. Phone: (703) 451-
5131. 

The TRF model DKG-001 sub­
miniature diplexer permits opera­
tion of two S-band transmitters as 
close together as 1 % in frequency . 
Isolation is 20 dB minimum be­
tween channels at a maximum in­
sertion loss of 1 dB. The device 
is 3 x 1.1 x 0.75 in. with an 
operating temperature range of 
- 30 °C to +85°C. As an option, 
isolators can be provided as part 
of the filter structure. 

CIRCLE NO. 340 
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A word to the do·it·yourself module builder: 

Don't. 
Buy our J Series modules instead 

The J Series is our new family 
of general purpose, all integrated 
circuit logic modules. Their per­
formance almost matches that 
of our famous T Series modules, 

Trf'1: ~ r n1 ~ ~,~ ;~:J !i)J l\~ 
~ IJ'I I Iii r I j 1f1i1111j611 it I 

These will cost you less. 

but they cost about 25 % less. They're made to the same 
dimensions as the T Series, with the same 52 pin connec­
tors, so they're physically interchangeable. We make them 
for our own seismic recorder systems, so they're rugged 
and reliable. Now, as of January, you can buy them (com-

plete with mounting hardware, racks and power supplies, 
if you wish) in any of 25 different functions. 

And save yourself the time and cost of making your 
own: designing, assembling, testing, new procedures, new 
equipment, new personnel, additional training, to say 
nothing of the added paper work. 

If you're building systems, you s D s 
must have better things to do than go 
into the module assembly business. 
Such as reading our J Series catalog. 

Scientific Dab Systems, 
It's free. Sanbl Monica, Callfomla 



115 CFM WITH LESS 
THAN 37 .5 dB SIL* 

*S p eech In terference l evel 

• Lubrication - free life i n excess of 
20,000 operational hours, continuous 
duty at 55° C. 

• Delivers more air at a lower noise 
level, yet priced under similar con ­
ventional plastic fans. 

• Model 4500 designed for 117V / 50-60 Hz 
operation. Model 4550 operates at 
230V /50-60 Hz. 

• Immediate delivery through ONLY 
distributors or from factory 

stock. s3ss 
• Has Underwriters' Laborato- EACH 

ries Inc. Yellow Card Com- in Jots 
ponent Recognition Number of 100 
E41168. 

PAMOTOR, INC., 312 Sevent h St . 
San Francisco, California 94103. 

PA.OR, Ill(. 
2P• 7tOOt 
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Silicon power transistor 
will dissipate 350 watts 
Westinghouse Semiconductor Di­
vision, Youngwood, Pa. Phone: 
( 412) 925-7272. P&A: $140; 2 to 
4 wks. 

Able to dissipate 350 W with col­
lector currents up to 150 A, this 
diffused silicon power transistor, 
type 1441, provides a high cur­
rent-handling capability for power­
switching applications such as 
regulators and amplifiers. 

The transistor exhibits a satura­
tion voltage of 2 V maximum at 
100 A and is rated in 20-V steps 
from 40 to 120 V ceo sustaining. 
Minimum gain is 10 at collector 
currents of 50, 75 and 100 A. The 
typical gain-bandwidth product is 
1 MHz. Junction temperature may 
range from - 65 ° to + 200 ° C, per­
mitting reliable operation even 

under extreme ambient conditions. 
Thermal-fatigue-free operation is 
ensured by compression-bonded en­
capsulation in a hermetically sealed 
case, nominally the equivalent of a 
T0-114. 

This technique and the use of 
Westinghouse's sunburst junction 
design account for the high rat­
ings this device can achieve. The 
compression-bonded encapsulation 
holds the junction in place by 
spring pressure alone. E liminating 
the solder joint between the j unc­
tion and the package minimizes 
thermal impedance and eliminates 
thermal-fatigue failures. The dif­
fused junction is designed as a 
sunburst to give maximum emit­
ter-base area. 

CIRCLE NO. 341 

Compression-bonded encapsulation is what holds t his tra nsistor's junct ion in 
place. This technique eliminates solder ing and uses spri ng pressure. 

ELECTRONIC DESIGN 4, February 15, 1968 



Silicon rectifiers 
withstand 1 kV 

Sarkes Tarzian Inc., .Semiconductor 
Div., 415 N. College Ave., Bloom­
ington, Ind. Phone: (812) 332-
1435. Price: $2.25 to $7.20. 

A series of 12-A single-phase 
fu ll-wave silicon rectifiers, meas­
uring 0.56 in. in dia and 1.316 in. 
high, mounts through a single hole. 
Available in PIV ratings from 100 
to 1000 V, the rectifiers have ava­
lanche characteristics and are un­
affected by normal transients. Am­
bient operating temperature is 
55°C, with convection cooling on 
a 5 in.2 heat sink. 

CIRCLE NO. 342 

P-channel transistor 
operates to 80 V 

General Instrument Corp., 65 
Gouverneur, Newark, N.J. Phone: 
(201 ) 485-2100. P&A: $10. (1 to 
99) stock. 

P - ch an n e 1 enhancement-mode 
MTOS transistor will operate at 
80 V maximum. Known as MEM 
556, the transistor's high voltage 
capability makes it desi rable for 
multiplexing, series and shunt 
chopping, commutating, and logic 
circuits involving high-signal volt­
ages as well as numerical readout 
driving applications. 

CIRCLE NO. 343 
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f!lethode 
SUPER· S 0 L DE RAB I LI Tf 

Gives 
Printed Circuits 

White Glove 
Handling for 
Space-Age 
Reliability! 

Methode's "white glove" treatment-we call it SUPER·SOLDERA· 
BILITY-on every production lot is your guarantee of pri~ted cir· 
cuit solderability. The only hands that touch a Methode board after 
its fi nal cleaning operation are those of an inspector ••• with wh ite 
gloves. 
SUPER·SOLDERABILITY is an exclusive Methode process, assuring'--­
fully wetted pads-sound, firm fillets that give solder joints space· 
age reliability. And SUPER·SOLDERABILITY pays added dividends 
by minimizing the work-stopping effects of connection touch·ups, 
dirty component leads, flux and solder bath variables, time and 
temperature variables. You gain two ways-increased production, 
complete reliability. 
Your Methode Technical Representative can show you wit an 
edge dip test what SUPER·SOLDERABILITY can mean to you. It 
is another example of the leadership you expect from Methode. 

We invite your inquiry. 

Printed Circuit Division 

thode Electronics, Inc. 
General Offices: 

7447 W. Wilson Ave., Chicago, Ill inois 60656 • 312/ 867-9600 
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Specifically Engineered for 
RF COMPONENTS 

A-27 Superfine 

-max 
EXTREMELY LOW-LOSS 

~X impregnating and coating 
com posit ion penetrates deeply, 
seals out moisture, provides a 
surface finish. Q-MAX imparts ri­
gidity and promotes stability of the 
electrical constants of high fre­
quency circuits. Effect on the " Q" 
of RF windings is negligible. 

Write for cotolog fodoy. 

Q-mox Corporation 
MARLBORO, NEW JERSEY 07746 

Telephone: 462-3636 (Area Code 201) 

INFORMATION RETRIEVAL NUMBER 76 

YOUR 
HEART FUND 

FIGHTS 

15 4 

HEART ATTACK 
STROKE 
HIGH BLOOD 
PRESSURE 
INBORN HEART 
DEFECTS 

(0'- ~~ 
I\ ' 

" ,./ 

MICROELECTRONICS INFORMATION RETRIEVAL NO. 345 

Six IC sense amplifiers 
lean toward memory systems 
T exas Instruments Inc., P.O. Box 
5012, Dallas. Phone: (214) 238-
2011. P&A: $8.90 to $13.20; stock . 

A generation of integrated cir­
cuit sense amplifiers-monolithic 
circuits with multiple sense chan­
nels in a single package-is de­
signed for high-speed coincident­
current computer memory systems. 
The six ICs detect bipolar, differ­
ential input signals from the mem­
ory, and provide an interface be-

tween memory and logic sections. 
Pulses originating in the magnetic­
core memory are detected and 
translated into logic levels com­
patible with standard TTL or DTL 
circuitry. Three basic circuit de­
signs are avai lable-two versions 
of dual preamplifier s driving com­
mon-output circuits, or two com­
plete sense amplifiers in a single 
package. 

The devices are encapsulated m 
a 16-pin dual in-line package. 

STROBE GATE C Q STROBE GATE 

a A C 

A1 __ A2 

INPUTS 

OUTPUT OUTPUT B 

-REF +REF 

GNO 

INPUTS 

IC sense amplifiers have multiple sense channels . They detect bipolar, differ­
ential -input signals and convert them into logic levels. 

CIRCLE NO. 345 
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MOS dual flip-flop 
has 48 devices 
Radio Corp. of A m erica, Electronic 
Components and Devices, Harrison, 
N .J. Phone: (201 ) 485-3900. 

This complementary n- and p­
cha nnel MOS IC is a dual-data­
type fli p-flop mounted in a 14-lead 
ceramic dual-in-line package. It has 
quiescent power dissipation of 10 
nW, a 10-V logic swing, 4-V noise 
immunity, oper ation up to 4 MHz 
and a fanout capability of up to 50 
per flip-flop. It provides two identi­
cal, independent flip-flops with 
data, r eset and clock inputs, and 
one and zero outputs. Each flip­
flop comprises 12 n-channel and 12 
p-channel enhancement-type MOS 
transistor s. 

CIRCLE NO. 346 

MOS shift register 
functions to 16 bits 
National S emiconductor Corp., 2950 
San Y sidro Way, S anta Clara, 
Calif. Phone: ( 408) 245-4320. 
P&A : $18 to $45 ; ( 1-24) stock. 

Dual 16-bit MOS static shift 
register designated the MM404 is 
des igned wit h MOS P channel en­
hancement mode t r ansistors. Signi­
ficant features of the device are a 
V DD supply voltage of - 10 V, and 
s ingle clock amplitude and a V 00 

supply of less than 16 V. It will op­
erate from de to 1 MHz with a 
power consumpt ion of 1.5 mW / bit. 

CIRCLE NO. 347 

Rf amplifier 
attains 84-dB gam 
Fairchild S emiconductor, 313 Fair­
child Dr., Mountain View, Cali f . 
Phone: ( 415) 962-2530. P&A: $10 
( 1-99 ) ; stock . 

This high-gain, wide-bandwidth 
rf amplif ier provides 84-dB total 
gain from input to output . A key 
feature of the µ,A 719 is the auto­
matic gain control of its first stage, 
which permits t he device to be used 
in both am and f m systems that 
require age . It operates over a fre­
quency range of 100 kHz to 50 
MHz for amplifier 1, and from de 
to 50 MHz for amplifier 2. 

CIRCLE NO. 348 
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5K 

IK 

500 

100 

50 

Play"Wee·FilS" 
THE NYTRONICS FILTER GAME 

Match your· custom filter requirements 
to a Nytronics standard filter! 

50 100 KHz 500 I MHz 5 IOMHz 

CUTOFF FREQUENCY 

THE FEASIBILITY BALLPARK 

Low-pass and high-pass Wee-Fils are 
available with 20, 35 or 50 db 
attenuation . Order Wee-Fils if your 
frequency-impedance characteristic 
falls in the feasibility ballpark. 

Our in-house supplies of standard 
variable inductors and molded 
capacitors enables Nytronics to meet 
Wee-Fil orders with off-the-shelf 
components. And Wee-Fils offer all 
these features: 
• Molded Construction 
• Mil-Quality Components 
• Specification Flexibility 
• Small Size • Low Cost 
• Rapid Delivery 

Play Wee-Fils today. It might just be 
your most rewarding game in 
filter history. 

ARE YOU 
IN THE BALLPARK? 

To play In the Wee-Fil 
league, both input and 
output terminating Im­
pedances must be the 
same. Write for a set of 
detailed rules showing 
each filter and Its atten­
uation-(normalized) Ire. 
quency characteristic. 

ARE YOU OUT 
OF THE BALLPARK? 

Take heart. You may still 
be a winner. Nytronics 
offers custom filters too. 
Consult your nearest 
representative . 

WNvJ,a,o.Nzc::s, Z.Nc::. 
10 Pelham Parkway• Pelham Manor, New York 10803 

(914) 738-5000 • TWX 710-563-0604 

INFORMATION RETRIEVAL NUMBER 78 

155 



72 HOUR DELIVERY 

REGULATED DC 

POWER SUPPLIES 
• Fully accessible, fully repairable 

• Low Cost-Large quantity 
discounts 

• 0.5 to 250 vdc coverage 

• Combined regulation 
from 0.53 to 0.013 

• Temperature coefficient from 
0.043l°C to 0.0013!°C 

• Stability-To 0.0053/Month 

e Two year warranty 

e Many optional modifications 

See EEM for power supplies 
and voltage references 

ll>Y:N" ~G-E inc. 
1331 Blue Hills Ave., Bloomfield 
Conn. 06002 • (203) 243-0315 

Booth 2142 at IEEE Show 
INFORMATION RETRIEVAL NUMBER 79 

400W 28VDC 
Servo Amplifier 

for torquers and 
printed circuit motors 

Westamp Model A499 is a linear DC servo ampli­
fier which operates directly from 2BVDC or 
40VDC. It has 3 summing inputs, each indepen­
dently adjustable in gain from 0 to 500V/V with 
voltage feedback, or O to 50A/V with current 
feedback. Model A499, an AC carrier type ampli­
fier with built-in frequency generator, provides 
stability which eliminates a need for balance 
adjustments. For further data, just send for our 
catalog. 

HIGH POWER SERVO AMPLIFIERS 

1' 1542 lSTH STREET 

WES AM ~ SANTA MONICA, CALIF. 90404 
~ r; PHONE: (213) 393-0401 
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PRODUCTION EQUIPMENT 

Furnace controller 
accurate to 0.1 °C 

.... ---
3-

~ ra:-._ 

Electroglas, Inc., 150 Constitution 
Dr., Menlo Park, Calif. Phone: 
( 415) 325-1586. 

Controlling furnaces to within 
0.1 °C is the job of this circuit 
system, which centers around four 
solid-state, plug-in circuit boards. 
Components of the system are com­
bined in a controller for use with 
three-zone semiconductor diffusion 
furnaces. Known as the Model CT-
300, this chopperless instrument 
has an operational range of 500°C 
to 1400°C with a set point accu­
racy of 0.1°C and a long-term 
stability of 0.25 °C. 

The four plug-in circuit boards 
used in the system are a regulated 
power supply, two high-gain am­
plifier configurations, and a trig­
ger circuit for control of SCRs or 
similar power devices at the fur­
nace. The number and combination 
of circuit boards depend on the 
final function of the controller. In 
the three-zone controller there are 
seven circuit boards: one pow­
er supply, three amplifiers, and 
three trigger circuits, one for each 
furnace zone. In this case, the con­
troller operates on the master-slave 
principle, with the two end zones 
of the furnace slaved to the center­
zone thermal parameters through a 
thermocouple network. 

Seven plug-in circuit boards make up 
the diffusion furnace controller. 

CIRCLE NO. 349 

Measuring microscope 
zooms to 80 power 

Titan Tool Supply Co., Inc., P.O. 
Box 1682, Buffalo, N.Y. Phone: 
(716) 873-9907. Price: $850. 

A toolmaker's microscope with 
zoom-optics provides measurements 
in three coordinates and angular 
readings to 0.1 ° . The optical sys­
tem gives a range of magnification, 
from 30 to 80 power, which can be 
adjusted without changing focus. 
Cross-hair location is not changed 
by the zooming operation. 

CIRCLE NO. 350 

3-in. scope views 
printed boards 

Assembly Engineers, Div. of The 
R ucker Co., 3650 Holderge Ave., 
Los Angeles. Phone: (2J.3) 870-
9861. 

A 3-in.-dia optical viewing scope 
permits X and Y coordinate with 
an accuracy of ±0.0005 in. Used as 
an accessory to a coordinate-meas­
uring machine, the scope presents 
a clear, direct image of the fea­
tures to be checked and is avail­
able in magnifications for 5, 10 and 
20 power. 

CIRCLE NO. 351 
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Epoxy breadboard 
handles 14-lead ICs 

Barnes Corp., Lansdown e, Pa. 
Phone: (215) 622-1525. P&A: $90-
$190; 3 wks. 

This breadboard designed for en­
vironmental aging or circuit evalu­
ation of up to 30 standard 14-lead 
flat-pack ICs at temperatures rang­
ing from -65° to 150°C is con­
structed of epoxy glass. It makes 
use of high-temperature polysul­
fone flip-flop sockets, which provide 
accurate component-positioning, and 
molded barriers for positive lead 
separation, so that all forces are 
equally distributed and no force is 
exerted on the body / lead junctions. 

CIRCLE NO. 352 

Coil-winding machine 
is card-controlled 

Eubanks Engineering Co., 225 W. 
Duarte Rd., Monrovia, Calif. 
Phone: (213) 358-4531. 

The ACW-lOA automatic coil 
winder can be electronically pro­
gramed by inserting an IBM card 
to wind automatically at speeds up 
to 8000 turns per minute. Features 
include an electronic counter that 
provides turns-count accuracy with­
ing 1/ 4 turn at all speeds, and a 
counter that controls the length of 
winding and the number of turns 
per layer. 

CIRCLE NO. 353 
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NEW LOWER PRICE, SHORTER 

READOUTS 

TEC'S 
TNR-70A 
SERIES I I I 

Mounts with just 2 
screws • .. compared 
with others (2 bolts, 
2 standoffs, 2 lock 
washers, 2 nuts}. 

~--~~f.,.1,roJ0<U'" ... 
compared with 2'h" minimum for competition. 

LOWEST PRICE* 
OF ANY DIGITAL READOUT 

WITH 1-C DRIVER/DECODER 
* $25.25 each in 100·299 quantities, complete with Burroughs 8422 NIXIE® tube 

~ TEC's TNR-70A Series gives you a complete de· 
coder /driver package. This single monolithic silicon 

integrated circuit replaces discrete components. Accepts 4-wire 
1-2-4-8 BCD inputs and produces 10 mutually exclusive out­
puts. Signal levels: Logic "1", 0 to +0.4V; Logic "O", +1.5 to 
+4.0V. TNR-70A Series is not a throw away ... it's easily and 
completely repairable. 

Whatever your readout preference: NIXIE tube, segmented or 
projection, TEC has the practical answer for your system. For com­
plete information, contact your local TEC-Rep, or write direct. 

INFORMATION DISPLAY 
AND CONTROL DEVICES 

Box 6191 • Minneapolis, Minnesota 55424 • Phone (612) 941-1100 
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it costs· ·you nothing 
to call on experience: 
Reeves-Hoffman design and manufacture 
is 100% custom . . . 

let us quote your needs! 

* quartz crystals 

* crystal filters 

* oscillators 

*discriminators 

*standards 

*ovens 

~ REEVES-
7F" HOFFMAN 

. -~~.1 ~~R~~T.,~~Ll~*S?~ ~-
, IEL.EPHONE • AREA .CODE 717 • 2~:~92~. ~ 

Md., D.C., V1., W.V1., N.C. 
Valley Electronics. Inc. 
Baltimore, Maryland 
(301 )668-4900; (202)659-1760 

New England 
Howard Jappe Company 
Wakefield, Mass. 
(617)245-9359 

Pa. (not weatern). Dal., So.NJ, 
Eastern Components, Inc. 
Philadelphia, Pa. 
(215)927-6262 

New York (except N.Y.C.) 
Midstate Research Salea Co. 
Syracuse, New York 
(315)478-8314; (315)478-0715 

New York City, No.NJ. 
G. M. Moch Company 
Ridgefield, New Jersey 
(201 )945-0080; (212)279-6758 

So. C1llfornl1 
Ash M. Wood Company 
Arcadia, California 
{213)283-1201; (213)287-0449 

No. Califoml1 
L & M Engineering 
Santa Clara, Cal. 
(408)243-6661 

Ill., Ind., Wiac., Minn. 
PGM Sales, Inc. 
Chicago, Illinois 
(312)622-8183 

Ohio. W.Pa., Mich., Ky. 
Tri-State Marketing, Inc. 
Cincinnati, Ohio 
(513)631-5060 

T .. 10, Okl1., Ark. 
Carter Associates, Inc. 
Garland, Texas 
(214)276-7151 

Ariz., N.M., Lia VegH 
Carter Associates, Inc. 
Scottsdale, Arizona 
(602)947-4355 
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cnart-Pak® 
short cuts 

get printed 
circuit 

masters 
on the 

board last! 
• Trans-Pak die-cut symbols and Chart-Pak pressure 

sensitive tapes cut time, cut cost. 
• Trans-Pak's unique patented "position, press and 

peel" method permits fast application of distortion­
free symbols. 

• Chart-Pak crepe paper tapes precision-slit guaranteed 
to ::t.002" accuracy. 

• Finished masters reproduce with maximum sharpness 
... require minimum opaquing. 

• Chart-Pak's Precision Grids guarantee master 
accuracy. 

Using is believing . .. write for free catalog showing 
complete line of printed circuit materials. 

CHART-PAK, INC. 
A Subsidiary o.f 

Avery Products Corp. o 
122B River Road, 

Leeds, Mass. 01053 

Look In The Yellow Pages under Charts/ Business, Drafting Supplies, Tapes or 
Art Supplies for your dealer' s name. 
INFORMATION RETRIEVAL NUMBER 83 
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Fluorescent inspector 
used to test components 

Ultra-Violet Products, Inc ., 511 4 
Walnut Grove Ave., San Gabriel, 
Calif. P hone: (213) 283-3193. 

This portable darkroom instru­
ment emi ts a large amount of black 
light intens ity for good defin ition 
and accuracy in fluorescent analysis 
of electr onic packaging. Two black 
light sources are combined wit h a 
contrast control fil ter to give t he 
printed-circuit boar d or component 
an even fluorescence with sharp 
clarity. This a llows for the detec­
t ion of t he smallest fl aw or con­
tamination. All controls are on a 
top panel. 

CIRCLE NO. 354 

High-vacuum system 
attains Sx 10-11 torr 

.I 

Jlikon Corp., Natick l ndust. Cen­
ter, Natick, Mass . P hone: (617) 
655-1771 . 

This system meets the r apid 
pump-down requirements of high­
vacuum applications ( to 1 X 10-s 
torr ) in 30 minutes . By chang ing 
t he bell-jar seal, the system 
achieves the low pressure needed 
in ultrahigh-vacuum wor k ( to 5 X 
10-11 torr ) . Typical uses include 
t hin-film deposition, de and r f 
sputter ing, component-reliab ility 
testing, materials research and 
space simulation . 

CIRCLE NO. 355 
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Two feedthroughs 
for use in sputtering 

Circuit-aging system 
handles 3800 at a time 

Coordinate measurer 
reads out to 0.001 in. 

.. ;-

Welding head 
provides 15-lb force 

ELECTRON IC D ES IGN 4, February 15, 1968 

Ceramaseal, Inc., N ew Lebanon 
Center, N.Y. Phone: (51 8) 933-
6101. 

High-voltage demountable feed­
through for sputtering applications 
has vacuum-brazed alumina-ce­
ramic-to-metal seals. Two designs 
of the feedthrough are available­
a single conductor unit 804C2350-5 
rated at 12-kV de max operating 
voltage at 30 A max; and a four­
pole unit 808C2658 Parts 1, 2, and 
3 with 1-kV de max operating volt­
age rating. 

CIRCLE ~O . 356 

Marin Controls Co., 517 Marine 
View Ave. , B elmont, Calif. Phone: 
( 415) 591-8924. 

Up to 3800 microcircuits can be 
tested at one time with a micro­
circuit life-aging system that pro­
vides quality control on the as­
sembly line. A fl exible base assem­
bly configuration allows conversion 
from one test to another. The as­
sembly holds any type of microcir­
cuit package during testing, and 
establishes and controls the signal 
or de test configuration. 

CIRCLE NO. 357 

DoAll Co., Des Plaines, Ill. Phone : 
(312) 824-11 22. 

Bridge-type coordinate-measur­
ing machines use a digital readout. 
Several different measuring sys­
tems are offered to suit the accu­
racy needed for work with micro­
miniature circuitry, mask oper a­
tions and large photographic plates 
of printed circuits . For close work, 
the machine is offered with a digi­
tal system on both the x and y 
axes . This gives a least-count read­
ing of 50 µ.in . 

CIRCLE NO. 358 

Wells Electronics, Inc ., 1710 S. 
Main St., South Bend, Ind. Phone: 
(219) 288-4651 . 

With a force range of 8 oz to 
15 lb, t hi s welding head has a 1-in. 
stroke. Other force ranges can be 
furnished on request. It is also pos­
sible to add, as an accessory, a 
"search" position on the control 
circuitry so t hat t he head can be 
manually operated. Since the head 
is designed for boom mounting, 
there is no throat-depth limitation. 

CIRCLE NO. 359 

• • 

• • 

Meet our 
• insurance 

agent. 
It's a good policy to use Statham's 

TFS-3 Temperature Fail safe Con­
troller with all your test chambe r 
programs. 

The Statham TFS-3, which may be 
adapted for use with most commer­
cial test chambers, provides both 
high and low temperature failsafe 
from -100 to + 600°F (optional range, 
-300 to + 400°F). A liquid C02 cut: 
off valve provides added protection 
on the low-side failsafe range . 

This light-weight, nine pound unit 
features six-lineal-inch set-point 
scales, and is available for either 
bench or rack mounting. 

For more information, please write 
to Statham Instruments, Inc., 12401 
West Olympic Boulevard, Los 
A ngeles, California 90064; (213) 
272-0371. 

8 
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FOR ANALOG TAPE UNITS ••• 

• • PINPOINT 
EVENTS 

PRECISELY 

If you want to ••• 

I:. 

LOCATE 
DATA 

QUICKLY 

• Easily locate and isolate portions of data recorded on tape .•• 
• Read time code formats from magnetic tape running forward 

or backward at fast or slow speeds ... 
• Record real-time or elapsed time on oscillographs during record­

ing or playback of tapes ... 

••• then, you will want to learn all about CHRONO-LOG 

TIME CODE GENERATORS and TIME CODE READERS. 
Each model has many outstanoing design and construction features 
... solid state circuitry, front panel test controls, front and rear 
panel accessibility for checking and servicing, modular design that 
provides many optional features. 

Write now for technical 
literature • • • or call 

(215) EL 6·6771. 
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Ultra-miniature Neon or Incandescent 

Meet most space-saving, multiple readout requirements 

160 

Datalites offer a system of indication for computer, data 
processing and other readout applications. 

Datalites are ultra-miniature in size ... can be 
mounted in 3/ 8" clearance hole. Lampholders can 
be spaced in any center-to-center measuring from ----
1/2" up. 

Flexibility is provided by a choice of Neon or lncan· 
descent light sources .. . with a wide range of lens 
colors and/ or legend presentations available. 

Typical Datalites are shown. For the many pos· 
sibilities open to you and your application-
ask for our latest 12 page Datalite catalog. 

Why not do it today! 

SAMPLES ON REQUEST-AT ONCE- NO CHARGE 

507-3918--1471-600 
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MATERIALS 

Ceramic-base adhesive 
holds at 4400° F 

Aremco Products, Inc., P .O. Box 
145, Briarcliff Manor, N.Y. Phone: 
(914) 672-0685. P&A: $90/quart; 
stock. 

A ceramic-base adhesive · with 
temperature limits to 4400 °F can 
be applied to a wide range of ma­
terials including ceramics, glass, 
quartz, graphite, and metals. Avail­
able in a premixed paste, the mate­
rial is heat-cured at ll00°F and 
can then be used at temperatures 
up to 4400 ° F. Dielectric strength 
is 250 V / mil. 

CIRCLE NO. 360 

Vacuum feedthrough 
operates at 450 ° C 

Ceramaseal, Inc. , N ew L ebanon 
Center, N.Y. Phone : (518) 933-
6101. 

An eight-pin feedthrough, bak­
able to 450 °C, provides air-tight 
penetration of high-vacuum equip­
ment by four pairs of thermo­
couple leads or current-carrying 
conductors. The feedthrough has 
four copper-constantan conductor 
pairs; other materials can be sup­
plied . Current ratings per conduc­
tor are 2 A for stainless steel, 15 A 
for nickel, and 30 A for copper. 

CIRCLE NO. 361 
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Mold release agent 
for resin compounds 

Silica-ceramic paint 
is corrosion-resistant 

Conductive vinyl 
shields and seals 

-
• ""• ~ 
' I 

• 
• • 

• 

• 

Glass-ceramic paste 
used as dielectric 

• 

I • 
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Percy Harms Corp., 7349 N. Ham­
lin Ave., Skokie, I ll. Phone: (312) 
679-0587. 

A nonsilicone release agent in an 
aerosol is called Slide Epoxease. It 
helps in releasing molds t hat use 
epoxy and polyester resins as well 
as other resinous compounds. 
Epoxease can be used in conjunc­
tion with steel, aluminum, stone, 
epoxy, plaster or t reated-wood sur ­
faces. It can be used dur ing lami­
nating as well as pressure-molding. 

CIRCLE NO. 362 

Aremco Products, Inc., P.O. Box 
145, Briarcliff Manor, N .Y . Phone: 
(914) 762-0685. P&A: $17.50 a 
quart (base); $12.50 a pint ( acti­
vator); one week. 

A silica-ceramic base paint that 
can be applied to ceramics, glass, 
metals and plastics offers a tough 
impervious coating suitable for use 
in temperatures as high as 500 °F . 
It is available as a two-part system 
consisting of a base and an acti­
vator. Once mixed the paint can 
be brushed, sprayed or spatulated. 

CIRCLE NO. 363 

Chemelec Products, Inc., Cherry 
Hill, N.J. Phone: (609) 424-1470. 

The physical and electrical prop­
erties of conductive vinyl provide 
simultaneous RFI shielding and 
pressure-sealing qualities over a 
wide temperature range. Its con­
ductivity is uniformly distributed 
and ('ontrollable . In pressure-seal­
ing applications, the vinyl's excel­
lent memory and compressibility 
will seal against lateral leaks com­
pletely. 

Electro-Science 
1133-35 Arch 
Phone: (215) 
$14.50/oz. 

CIRCLE NO. 364 

Laboratories, Inc ., 
St., Philadelphia. 
563-1360. Price : 

Crystallizable glass dielectric 
coating is for use with conductive 
glazes to print crossovers, multi­
layer circuits and the interconnec­
tion of ICs. The paste has excel­
lent adhesion to high alumina ce­
ramics as well as conductive glazes . 
Dielectric strength of a 2-mil film 
is 500 V; dielectric constant at 
1000 Hz is 40 to 45. 

CIRCLE NO. 365 

- ----
""" 

Just dial, 
for correct 
time and 

temperature. 
Statham's CTC-3 Cycle Time 

Controll erwill answer, economically, 
your sequential t emperature test 
chamber programming needs. 

Each of the three phases is con­
trolled by a separate 24-lineal-inch 
set-point temperature dial and 
timing unit. Th e phases may be 
programmed in any order, i.e., hot­
cold-hot, cold-hot-ambient, etc. 
Maximum automatic cycling time is 
72 hours, with a six-hour maximum 
per phase. 

The CTC-3 may be used with any 
of Statham's SD Series Temperature 
Test Chambers. 

For the correct time and temper­
ature, please dia l Statham Instru­
ments, Inc., (213) 272-0371; 12401 
West Olympic Boulevard, Los 
Angeles, California 90064. 

8 
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Aircraft 
Flight Mechanisms: 

4 weeks delivery. 
MIL-SPEC quality. 

The industry's lowest prices. 
Nobody else but Ideal brings you all 
these benefits. Including high torque 
and sensitivities, up to 80° deflec­
tion, complete shielding, low weight, 
synchro or standard mounting, all 
shapes of pointers and flags - and 
customizing of all parameters . 

\\I 1 1 I I 
~\ // 

' / ........ IDEAL _,.,-

American-made. 
We're known for experience and 

promises kept. Write for free 32-page 
catalog. Ideal Precision Meter Co. , 
Inc., 218 Franklin St. , Brooklyn, 
N.Y. 1122 2. (212) EVergreen 
3-6904. 
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• 48 GENERAL SESSIONS at the New 
York Hilton. Hours: 10:00-12:30; 
2:00-4:30. 

• FOUR FLOORS OF EXHIBITS at the 
N. Y. Coliseum including over 750 
firms. Hours: 10 a.m.-8 p.m. 4 Days. 

• GALA ANNUAL BANQUET-Wednes­
day 7:15 p.m. N. Y. Hilton Grand 
Ballroom-$16.00. 

• FREE SHUTTLE BUSSE$ between 
the Hilton and the Coliseum-every 
few minutes. 

EXHIBITS 
NEW YORK 
COLiSEUM 

• REGISTRATION-Good all days­
General Sessions and exhibits. In 
and out privileges.-IEEE Members 
$3.00. Non-members $6.00. Ladies 
$1.00. High School Students $3.00 if 
accompanied by an adult-One stu­
dent per adult; Thursday only­
limit of 3 students per adult. 

• REG-IDENT CARD speeds request 
for exhibitors' literature. Ask for 
one when registering. 

• ESCALATORS/EXPRESS ELEVATORS 
to the Fourth Floor. 

$ IEEE Exhibition MARCH 18· 21, 1968 
INFORMATION RETRIEVAL NUMBER 90 
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SYSTEMS 

Tape recorder 
operates at 2 MHz 

Winston R esearch Corp ., 6711 S . 
S epulveda Blvd., Los Angeles. 
Phone: (213) 670-3305. 

Two-MHz operation at 120 in./ s 
with a signal-to-noise ratio exceed­
ing 20 dB are features of this tape 
recorder . Designed in accordance 
with IRIG standards, the unit is 
modular in construction. This per­
mits a range of operating capabili­
ties, including reproduce channel 
selection, automatic sequencing, 
seven- or 14-track operation, moni­
tor capabilities and five speeds of 
operation. 

CIRCLE NO. 366 

Dual-logic module 
operates at 200 MHz 

L eCroy R esearch S ystems Corp., 1 
Hayes St., Elmsford, N.Y. Phone: 
(9 14) 592-5010. 

A dual-pulse amplitude di scrimi­
nator, a dual three-fold logic unit 
and a dual two-fold log ic unit make 
up the 160 series of high-speed 
logic instruments. All three units 
operate at 200 MHz. The model 
161 is a dual, dead-timeless pulse­
amplitude discriminator. The model 
162 is a dual, direct coupled, three­
fo ld logic unit. The model 164 is a 
dual hi gh-speed, two-input AND 
gate. 

CIRCLE NO. 367 
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SYSTEMS INFORMATION RETRIEVAL NO. 368 

Dual processor computer 
swings 500,000 operations/s 
Honeywell Computer Control Div., 
Old Conn. Path, Framingham, 
Mass. Phone: (617) 879-2600. 
P&A: $163,000; 4 months. 

Honeywell's Computer Control 
Div. has introduced a general­
purpose dual processor computer, 
which it said will perform more 
than 500,000 operations/s. The 
company announced that three of 
the new IC computers have been 
ordered by Conductron-Missouri, a 
division of Conductron Corp., for 
use in trainers simulating the 
Boeing 747 superjet. 

The basic DDP-324 has two 
processing units, each with 8192 
of private memory and 8192 
words of shared memory. Word 
length is 24 bits. Each private 
memory may be expanded up to 
24,576 words. Shared memory may 
be used for common data and as 
a communications link between the 
processors and input and output 
devices. DDP-324 software consists 
of 380 programs compatible with 
DDP-224, -124 and -24 computers. 
Included are a FORTRAN IV com­
piler, compatible symbolic assem­
bler, systems, input-output, math, 

test and utility programs. Basic 
input-output structure is made up 
of a typewriter, and paper-tape 
reader and punch. The typewriter, 
which operates at 15 characters/ s, 
serves as an input keyboard and a 
supervisory printer under interrupt 
control. The paper-tape reader op­
erates up to 300 characters/ s; the 
punch up to 110 characters/ s. Each 
processing unit can multiply and 
divide under hardware control. In­
direct addressing, a fully buffered 
channel and one hardware index 
register are also provided as stand­
ard features. Additional index 
registers are available as options. 
Standard options include direct 
memory access channels, multilevel 
priority interrupt, fully-buffered­
channel (FBC ) shared setup and 
time, multiplex units. Up to 16 
priority levels per processor can be 
assigned to external interrupt sig­
nals and parts of the program 
using the multilevel priority inter­
rupt. Peripheral options include a 
magnetic-tape system, 200-cards/ 
min card reader and a 300-lines/ 
min line printer. 

CIRCLE NO. 368 

Dual processor computer performs 500,000 operations/s. 
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Interested 
ina1-door 

convertible? 
Statham's Temperature Test 

Chamber Model SD12 combines the 
versatility and high performance 
required for both conventi onal and 
special testing programs. 

This solid-state unit is available 
with a wide var iety of special test 
trays and fixtures, a solid, windowed, 
or ported door, and such standard 
features as a 24-li neal- inch set-point 
scale, deviation meter, and dial. 

The Model SD12 has a tempera­
ture range of - 73.3 to + 274°C, with 
control accuracy of t.15°C. 

For more information on our con­
vertible, please write to Statham 
Instruments, Inc ., 12401 We st 
Olympic Boulevard, Los Angeles , 
California 90064; (213) 272-0371 . 

8 
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If you're concerned with 

Transistor Pads and Clips-

Heat Sinks and Adapters .. ~ 

are worth 

a closer 

look . .. 

Precision made in Kent , 

England by JERMYN Industries, these 

important items of circuit hardware 

are manufactured with traditional 

English craftsmanship. They are stocked 

and sold exclusively in the U . S. by 

GUDEBROD. Ask for our new Catalog 

GJ100 which describes the full line-

or tell us about your custom needs. 

_@ uoeBROD 
~-2>~ 

Gudebrod Bros. Silk Co., Inc. 
Founded 1870 

12 South Twelfth Street 
Philadelphia, Pa. 19107 
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oesian Aids 

Sampling aid 
Sampling Scope circular slide 

chart presents all of the sampling 
plans in Military Standard MIL­
STD-150D. This device gives ac­
ceptance and rejection numbers as 
a function of lot size, level of in­
spection, and acceptable quality 
level (AQL) for single, double, and 
sampling plans. It is made of 
plastic and is 9 in . in diameter. 
Available for $10 from TAD Prod­
ucts Corp., 639 Massachusetts Ave., 
Cambridge, Mass . 

Suppressor selector 
This slide-rule-type selector al­

lows choice of the correct Westing­
house Voltrap surge suppressor for 
any application. Surge suppressors 
are designed to protect solid-state 
power devices, such as diodes and 
thyristors, from damage due to 
transient overvoltage by providing 
a shunt discharge path. The slide 
selector is simple to use. Setting 
the slider at the appropriate trans­
former kVA matches transformer 
secondary line-to-line voltage 
against the corresponding surge 
suppressor selenium cell symbol. 
The cell symbol is the key to a 
table provided on the slide selector, 
which gives the maximum dis­
charge current rating for that ap­
plication. Both single- and three­
phase applications are covered by 
the selector. A brochure provides 
information on the circuit design, 
operation, ratings, construction, 
and applications of the surge sup­
pressors. Circuit diagrams and 
rating curves for various applica­
tions are given, and a catalog num­
ber interpretation table is also in­
cluded. Westinghouse Electric Corp. 

CIRCLE NO. 369 
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APPiication 
Notes 

Time-domain testing 
This pamphlet begins with a 

comparison between two methods 
of testing t ransmission lines-sine­
wave testing and voltage step­
function testing. The sine-wave 
testing method is known as fre­
quency-domain reflectometry and 
the voltage step-function method is 
known as time-domain refl ectom­
etry. That is fo llowed by a basic 
description of TDR testing prin­
ciples; reflections from capacitors 
and inductors; refl ections from re­
sistive discontinuities; coax i a I -
cable response to a step signal ; and 
special applications. Tektronix, Inc. 

CIRCLE NO. 371 

A B 
INPUT OUTPUT 

n 
01 02 

OUTPUT +V 

Dry reed switches 
Dry Reed Switches deals in 

depth with such subj ects as factors 
affecting reed char acteristics, con­
tact switching life, solenoid opera­
tion and coaxial relays, and in­
cludes typical circu its for various 
applications including logic func­
tions. A number of life perform­
ance curves are illustrated, provid­
ing a tangible means of life as­
sessment under varying operating 
condit ions. M-0 Valve Co., Ltd . 

CIRCLE NO. 372 
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FOR BETTER, FASTER 
WIRE HARNESSING-

® 

(10% OFF, LOTS OF 50) ••• 
Production -onomlot1 enable Gudebrod 
to offer the production tested Cable· 
Lacer at a new low price. Holch bobbin of 
tape. Facilitates laotng and knotting. 

GUDEBRDD ® 

NEW HANDY TOOL­
($37 .50 IN DOZEN LOTS) ea. 

Unique, palm held tape llDlps. 
Allow free uM of fingen while 
holding 1n hand. Bight- or left­
hand u.e. Sharp, drop-forged 
cutlery steel blades. Spring 
action. · 

So that you may try them and see the 
money-saving way they facilitate the 
harnessing operation-we"ll send you 
postpaid, one Cable-Lacer, one Gude­
Snips and a bobbin of lacing tape for just 

$14.00. Test for yourself how these 
tools ·can help you make better 
harnesses, faster and for less money. 

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

GUDEBROD BROS. SILK CO .• INC. 
Founded in 1870 

-----~ I I 
I 

12 South Twelfth Street 
Philadelphia, Pa. 19107 

I Chtck enclosed, send me, postpaid : 

11 0 The special offar of Cable·Lacar, 
USE THE COUPON ~ Guda-Snips and bobbin-

FOR SPECIAL OFFER,., 0 I just want the Cable-Lacer-

1 0 Send only tht Gude-Snips -

$14.00* 
$9.95* 
$3.75* 

l Nam•----------- - -
1 Company ___________ _ 

-[cj u DEB Ra DI A-ddr-us ____ _ 

__ *In Pannsylvania please add salts tax. 

--------------..a 
~..fl~ 
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New 
Literature 

solid state 
TELEMETERING 

FREQMETERS 

OSCILLATORS 

MIXERS · 

PHASE DETECTORS 

DC SIGNAL ISOLATORS 

ANALOG-TO-DIGITAL CONVERTER 

PRESSURE TRANSDUCERS 

VOLTAGE CONTROLLED OSDLLATORS 

FM DISCRIMINATOR 

MINIATURE TELEMETER SYSTEM 

solid stole electronics corp. 
11Ulll.ATIH11'111l IB'UlWOA,CAUK:lllNAtlJU 

l"HOHU1 llllU. COD( (21)) 194-2271 7ff.M73 

Telemetering modules 
Fm-fm telemetering modules in­

cluding voltage-controlled oscilla­
tos, de amplifiers, de signal iso­
lators, frequency-to-de converters, 
tone oscillators, pressure trans­
ducers and laboratory telemetering 
system, are described in a 40-page 
catalog. All units are of solid-state 
design and can be utilized for mili­
tary, industrial, and research appli­
cations. Solid State Electronics 
Corp. 

CIRCLE NO. 373 

Plastic testing 
Efject of Low Temperature (0 ° 

to -65°F) on the Properties of 
Plastics is a report that shows the 
the effects of low temperature on 
the mechanical, electrical and ther­
mal properties of plastics . The in­
formation is presented by plastic 
family ( in alphabetical brder) and 
is divided into three parts: thermo­
plastics, thermosets and foams. 
Other compilations have covered 
the cryogenic range, ambient and 
the very high temperatures, but 
this is the first report on the less 
severe temperature extremes which 
both industry and defense material 
are likely to encounter. Available 
for $3 from the Clearinghouse for 
Federal Scientific and Technical In­
formation, Springfield, Va. 
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6,500 IC types available 

The spring 1968 edition of The 
Digital Logic /Cs Data Book re­
ports that 6549 off-the-shelf types 
are now manufactured by 88 com­
panies throughout the world. New 
devices are entering the market 
daily. In the past 6 months 1137 
new types were added. The IC 
book is indexed in type-number or­
der and cross referenced to elec­
trical characteristics. The devices 
are classified into the following 
technical sections: amplifier, flip­
flop, clock or multivibrator, count­
ers , decoders, gates, shift register 
and time delay. Logic and outline 
drawings of each type are included. 
The book is issued on a subscrip­
tion basis, consisting of 2 complete 
issues in the spring and fall. 
Availabl e for $3 2 .50 from 
D.A.T.A., Inc., P.O . Box 46X, Or­
ange, N .J. 

Ceramic compositions 
A four-page folder on the prop­

erties of ceramic compositions de­
scribes the physical, electrical, me­
chanical and thermal properties of 
seven alumina compositions, as well 
as steatite, zircon, forsterite and 
beryllia ceramics. A graph shows 
volume resistivity measurements 
for alumina ceramics. Silk City In­
dustrial Ceramics, Inc. 
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Computer system 
The PDP-9 computer system for 

complex problems in data acquisi­
tion, process or instrument control, 
computation or man / machine com­
munication is explained in a 50-
page brochure. Processor and mem­
ory specifications, input-output fa­
cilities, instructions, software, op­
tions and detailed application in­
formation also are covered . More 
than a score of charts, graphs and 
pictures are included. Digital 
Equipment Corp. 

• 

• 
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Kurz-Kasch, Inc. 
Standard Knobs 

® 
,.""'" .............. -~ --- '-~--0 ...... ---.. -.- ...... ...,., . ,'1'""9 ... 

Pr~~~:~s:!iil:: 

~· · - ~ "~Q 
Control knobs 

Over 350 instrument .and control 
knobs are described in a 24-page 
catalog. The catalog contains 
thermosetting-plastic and metal 
knobs in a variety of sizes, de­
signs,, colors and functions. Selec­
tion guide and all dimensions are 
included. Kurz-Kasch, Inc. 

CIRCLE NO. 376 
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Deutsch-Filtors announces 
a new no-solder relay 
termination system. 

We've made the best even better. We took a 

Deutsch-Filtors Blue Ribbon BRF 10-amp relay­

each one is fully tested for total dependability­

and added a unique, time-saving solderless 

termination system. 

The key word, of course, is solderless. The 

results are the ultimate in simplicity. The 

best relay money can buy can be as­

sembled into your system with savings 

in installation tirne of as much as 50%. 

The contact insertion-removal tool pic­

tured right makes it all possible. It replaces 

forever the soldering iron and all its con­

nected woes. 
For example. Solderless terminations can 't 

bend, break, bind or gall. Self-locking re­

tainers defy vibration , shock, high pulling 

loads and mechanical damage. Shorting 

caused by moisture and contaminants is 

eliminated . In short, this no-solder inte­

grated termination system eliminates all 

problems inherent in conventional relay 

termination ; whether soldering to hooked leads, 

~elay sockets, or printed circuit boards. 

Here's how. Just crimp the wire with a standard 

MIL-T-22520 crimping tool. Insert the wire 

into the insertion end of a NAS-type fail­

safe insertion-removal tool. Tool and wire 

are pushed into connector until bot­

tomed. Pull tool free and you're home 

free- with a firmly locked-in connec-

tion . To reverse the process, insert the 

other end of the tool and remove the wire 

w ith no risk of damage. 

We could go on talking about it for 

pages. In fact, we have. Send for our 

brochure on the new BRF-TJ 10-amp 

relay with exclusive integrated termination 

system. * Contact: Deutsch-Filtors Relay Divi­

sion, East Northport, New York 11731 I (516) 

266-1600. 

*This unique system is available on 

other Deutsch relays. Your Deutsch­

Filtors salesman has all the details , 

Copyright 1968 The Deutsch Company. 

J])JE~CCifil 
FILTORS RELAY DIV I SION 

8~ Daly Road · E. Northport. Long Island, New York 
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M·OVGIVES 
RADAR A 
NEW LOOK 
M-OV introduces some of the 
most advanced P.P.I. tubes for 
new radar applications. 
Take a new look at these 
brilliant features: 

* narrow angle deflection 
*flat face 
* transistor drive 
* high brightness 
* narrow neck 
* aluminised screen 
* electrostatic focus 

Final 
Screen Deflection anode 

dia. ins. angle vo ltage kV 

Fl 6-10 7 37 14 
F21-IO 9 41 14 
3000R 12 40 16 
4100R 16 50 16 

Cut-off 
v 

-44 
+ 45 cathode 

+ 65 cathode 

+ 65 cathode 

For new catalogue with full specifications of 
M-0 v cathode ray tubes range, write to: 

Genalex 

M·OV P.P.l.TUBES 
THE M-0 VALVE CO. LTD 

Principal U.S. Distributor: . 
Metropolitan Overseas Supply Corporation. 

468 Park Avenue South , New York 10016 Area 2 12 
Phone : Murray Hill 6-2120 

M-0 V also have Area Distributors in North and South 
California and New England 
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NEW LITERATURE 

Rectifiers and diodes 
Descriptions, ratings and speci­

fications for Zener voltage regula­
tor diodes, voltage reference diodes 
and low-power silicon rectifiers are 
included in a 48-page catalog. It 
lists 66 different series of Zener 
regulator diodes ranging from 150 
mW to 50 W in nine package de­
signs. In addition, there are 11 dif­
ferent series of voltage reference 
diodes li sted with nominal tempera­
ture coefficient ratings to five 
parts per million, as well as 34 dif­
ferent series of low-power silicon 
rectifiers in current ranges from 
0.4 to 16 A and voltage ratings 
(maximum peak reverse) ranging 
from 50 to 100 V. International 
Rectifier. 
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Lubrication guide 
The EverLube Selector Guide is 

a 24-page publication dealing with 
the recommended use and refer­
ence information on the complete 
product line. The guide includes 
complete data on bonded solid-film 
lubricants, fortified greases, liquid 
dispersions, antiseize compounds, 
corrosion- and abrasion-resistant 
paints, lubricating powders, seal­
ants and adhesives. EverLube 
Corp. of America. 

CIRCLE NO. 378 
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.Urethane properties 

The properties of 10 urethane 
compounds-elastomeric materials, 
foams and adhesives-can be 
found on this reference chart. 
These products find many applica­
tions in the production of mechani­
cal rubber goods, seals, coatings 
and foams in the electronic, aero­
space and industrial fields. Furane 
Plastics, Inc. 
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Circuit etching 
Six-color, eight-page brochure 

describes the Etchant Regeneration 
System (ERS ) for process control 
in printed-circuit etching. ERS 
eliminates rejects due to etchant 
depletion, maintains constant etch 
rate, close tolerances and maxi­
mum production automatically. It 
simplifies waste disposal problems, 
reduces etchant cost and provides 
opportunity for extra savings in 
reclaimed copper. Graphs, photo­
micrographs and a schematic floor 
plan supplement the test. Chemlea 
Corp. 
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Epoxy resins 

Brochures on the five lines of 
Scotchcast liquid resin systems 
give complete details on the stand­
ard resins in each family, includ­
ing typical cured-state physical 
and electrical properties, handling 
properties and other information. 
The 8-page brochures are color­
coded for family identification and 
are illustrated with property 
charts and application photos. 3M 
Company. 
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New models of IXF integrated 
crystal filters available from stock 

$15.00 - $20.00 

The IXF, utilizing the acoustical cou­
pling principle, is a new approach to the 
design and production of crystal filters 
and provides inexpensive, compact fil­
tering for a variety of applications. 

Model No. Center Frequency 3 db B.W. Unit Price 
(MHz) (kHz) (1 -9) 

276F 21.4 20 $15.00 
2032F 21 .4 50 15.00 
245F 30.0 20 20.00 

2033F 30.0 100 20.00 

D 2-resonator (pole) response characteris­
tic D units can be operated in tandem for 
increased attenuation D other bandwidths 
on request 

Piezo Technology Inc. 
2400 DIVERSIFIED WAY 

ORLANDO. FLORIDA I 305 425-1574 

a subsidiary of Walter Kidde & Company, Inc. 
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RESOLVING POWER TEST TARGETS 
Resolving Power Test Targets have been designed and 
produced for U.S.A .F. under contract, for American 
Standards Association Resolution Chart and National 
Bureau of Standards Microcopy Resolution Test Chart 
. .. High and low resolution targets are available - low 
targets in high , medium and low contrast. Special Res­
olution Chart Targets are made on 35 mm film in 20 
foot rolls. Specialized targets to custom specification. 
Send us your requirements in sketch or blue print -
we will rush quote. 

EUCKEEE-MEARS @ 
COMPANY • 

245 E. 6th St., St. Paul, Minn. 55101/(612) 227-6371 

INFORMATION RETRIEVAL NUMBER 99 

NEW LITERATURE 

Piezoelectric ICs 
Technical Bulletin 951087 ex­

plains the new IC Piezoelectric 
(I.C.P. ) approach to measuring 
pressure, force, vibration and 
shock. It describes crystal trans­
ducers containing ICs, which are 
also available as "connector" or 
"in-line" amplifiers for changing 
conventional piezoelectric transduc­
ers into ICP instruments. By low­
ering the output impedance at the 
transducer, this approach simplifies 
instrumentation systems and en­
hances their performance. ICP 
transducers use regular cables, 
drive long cables, and connect di­
rectly to readout or recording in­
struments. PCB Piezotronics, Inc. 

CIRCLE NO. 382 

Linear ICs 
The latest RCA Linear Integrat­

ed Circuits Manual, includes the 
latest available information on de­
sign, packaging, and application of 
linear integrated circuits. Design 
equations and performance criteria 
are derived for basic circuit con­
figurations. Circuit diagrams, de­
scriptive data, and applications in­
formation are provided for a fami­
ly of integrated circuits. Available 
for $2 from Commm·cial Engineer­
ing, RCA Electronic Components 
and Devices, Harrison, N.J. 
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Boston's electronics 
A Directory of Electronics, in­

cluding research and development 
defense and space activities, has 
been published by the Greater Bos­
ton Chamber of Commerce. The 
listing includes companies, military 
facilities and government centers 
involved in electronic or scientific 
research in the Greater Boston 
area, which includes 78 eastern 
Massachusetts communities. Manu­
facturing and research spans from 
electronics for home stereo equip­
ment to sonic probes for oceano­
graphic research and components 
for computers. The alphabetical 
listings describe the major activi­
ties, name key personnel and give 
the total number of employees, in­
dicating t he distribution between 
research and nonresearch occupa­
tions. Available for $5 from the 
Research & Development Division, 
Greater Boston Chamber of Com­
merce, 125 High St., Boston, Mass. 

Conductive coatings 
A foldout six-page guide to sil­

ver, gold, platinum and palladium 
conductive coatings details the 
properties, uses, application meth­
ods and other characteristics for 
use on nonconductive materials ce­
ramics, glass, quartz, mica, plas­
.tics, paper and some metals. Fire­
on and bake-on methods of coating 
are described in addition to listings 
of conductivity ratings. Fansteel 
Metallurgical Corp. 

CIRCLE NO. 383 
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you are involved with systems and 
equipment design, research, 
production or management-RCA 
Institutes seminars can help 
in your field! 
The RCA Institute for Professional Development offers Seminars 
that will provide you with information, knowledge and tech­
niques you can put into immediate practical application .. . and 
prepare you for tomorrow's developments. Seminars are held 
throughout the year, throughout the . country. Accomplished 
Lecturers present each program with an exclusively written text 
and modern audio-visual equipment. Look over the list below, 
and send coupon today for brochure explaining full details. 

RCll 
r-------------------------~ 

: RCA Institutes, Inc . Dept. ELD-28 l 
I 

Institute for Professional Development I 
I 132 West 31st Street I 
I New York, New York 10001 I 
I For free descriptive brochure, check the Seminar in which you I 
I are in terested: 

I 0 LOGIC DESIGN 0 INTEGRATED CIRCUITS 
I 
I 
I 
I 
I 
I 

o DIGITAL SYSTEMS o RELIABILITY OF 
ENGINEERING INTEGRATED SYSTEMS 

o DIGITAL COMMUNICATIONS o NUMERICAL CONTROL 
O DIGITAL ELECTRONICS O MODERN OPTICS 

o MANAGEMENT INFORMATION SYSTEMS 

I Name ___________________ _ 

I 
I Title ___________________ _ 
I 
I CompanY-----------------~ 
I 
I Add ress __________________ _ 

I 
I City __________ state _____ Zip __ _ 

I I 0 Please send information on in-plant Seminars. I 

L-------------------------~ 
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Electronic Design 
ELECTRONIC DESIGN'S function is: 

• To aid progress in the electronics 
manufacturing industry by promoting 
good design. 

• To give the electronic design engi­
neer concepts and ideas that make his 
job easier and more productive. 

• To provide a central source of timely 
electronics information. 

• To promote two-way communication 
between manufacturer and engineer. 

Want a subscription? ELECTRONIC DE­
SIGN is sent free to qualified engineers 
and engineering managers doing de­
sign work, supervising design or set­
ting standards in the United States 
and Western Europe. For a free sub­
scription, use the postfree application 
form inside the back cover. If none is 
included, write to us direct for an ap­
plication form. 

If you do not qualify, you may take 
out a paid subscription for $25 a year 
in the U.S.A., $35 a year elsewhere. 
Single copies are $1.50 each. 

If you change your address, send us an 
old mailing label and your new ad­
dress; there is generally a prepaid 
postcard for this inside the back cover. 
You will have to requalify to continue 
receiving ELECTRONIC DESIGN free. 

The accuracy policy of ELECTRONIC 
DESIGN is: 

• To make reasonable efforts to ensure 
the accuracy of editorial matter. 

• To publish prompt corrections when­
ever inaccuracies are brought to our 
attention. Corrections appear at the 
end of the Letters column. 

• To refuse any advertisement deemed 
to be misleading or fraudulent. 

Microfilm copies are available of com­
plete issues of ELECTRONIC DESIGN and 
individual articles, published since the 
beginning of 1961. Complete issues cost 
4¢ a page, articles cost 50¢ a page; 
shipping and handling charges are ex­
tra. The minimum charge is $3. For 
further details and to place orders, con­
tact University Microfilms, Inc., 300 
N. Zeeb Road, Ann Arbor, Mich. 48106; 
telephone (313) 761-4700. 

Want to contact us? If you have any 
comments or wish to submit a manu­
script or article outline, address your 
correspondence to: 

172 

Howard Bierman, Editor, 
ELECTRONIC DESIGN, 
850 Third A venue, 

New York, N.Y. 19022. 

Design Data from 

FREE REFERENCE 
LETTERS AND NUMBERS CATALOG 

Bishop Industries now offers the only complete 
catalog of sequential reference designations, let· 
ters and numbers, especially developed for the 
electronics industry. The new 12·page Catalog 
No. SRD·l, features the time saving, easy to use, 
StikOn drafting aids in the most commonly used 
sizes for electronic circuit and assembly layouts. 
Individually precut symbols are available in 
opaque black, transparent red and blue. Also 
reverse black, red and blue for absolute registra­
tion on two sided boards from single art. Included 
are illustrations, range of sizes and complete 
price and ordering information. Send today for 
your free copy. 

BISHOP INDUSTRIES CORP. 
11728 Vose Street 171 

North Hollywood. California 91605 

Bus Bars For Noise Reduction 

A 16 page Technical Bulletin is now available, 
describing a new concept in power or signal dis­
tribution. Basic mechanical and electrical design 
principles, along with descriptive pictures and 
diagrams, are included in this bulletin . These 
compact buses can replace bulky cable harnesses 
and repetitive wiring for computer or modular 
application. This method of construction satisfies 
the demanding requirements of low inductance 
and resistance of high speed, solid state systems, 
while controlling electrical noises. 

Visit us at the Nepcon/West Show, Booth 541 

Eldre Components, Inc. 
1239 University Avenue 

Rochester, New York 14607 

Terminal Block Selector 

173 

A new 24-page, completely illustrated catalog con­
tains photos, descriptions, ratings, engineering 

drawings, and prices of the complete line of Curtis 
terminal blocks. Included are printed circuit, in­
sulated feed-thru, quick disconnect, track type, 
and high current terminal blocks. Handy selection 
chart quickly locates the perfect block for your 
particular requirements. Send today for your free 

copy. 

Curtis Development & Mfg. Co. 
3236 North 33rd Street 

Milwaukee, Wisconsin 53216 
See Us at Booth 4El2 , IEEE Show 175 
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Manufacturers 
Advertisements of book.lets, brochure>, catalogs and data sheets. To order use Reader-ServiceCard . 

(Advertisement) 

Free Fiberfil Reinforced Thermoplastics Manual 

-- This 32 page engineering manual gives complete 
data on thermoplastic injection molding com­
pounds with fiberglass to greatly improve per­
formance. It contains properties comparisons , in ­
cluding dielectric performance on all reinforced 
thermoplastics. Many electrical -electronic ap­
plications show how the materials are being used. 
Test data is included on eleven basic resins, long 
glass and short glass reinforced grades and many 
specialized materials. This is the standard 
reference on FRTP's, prepared by the oldest and 
largest maker of fiberglass reinforced thermoplas­
tics. For a free copy circle this number. 

Fiberfil Division, Rexall Chemical Co. 
1701 N. Heidelbach, 172 Evansville, Indiana 47717 

LOW COST TANTALUM CAPACITORS 

e SOLID 

ELECTROLYTE 

TANTALUM 

CAPACITORS 

•M:t·f13:• · 

This catalog and application bulletin on BOSCH 
low cost tantalum capacitors provides technical 
data, performance tables, mechanical dimensions, 
curves and formulas , as well as complete order 
information. 

BOSCH solid electrolyte tantalum capacitors are 
especially suitable for applications where low. 
cost, high volumetric efficiency, electrical stabil ­
ity, and mounting on printed wiring boards are 
desirable. 

ROBERT BOSCH CORPORATION 
2800 South 25th Avenue 

Broadview, Illinois 60153 

MERCURY RELAYS FOR POWER 
CONTROL APPLICATIONS 

174 

New comprehensive catalog fully describes the 
complete line of safe, silent, service-free Ebert 
Hi-power Mercury Relays. Available in 1, 2 and 3-
pole units in several ratings to 60 kW. , they offer 
greater load capacity , ease of installation , and 
guaranteed long life. Unaffected by adverse 
ambient conditions and physical or thermal shock 
they feature self-renewing mercury contacts , 
hermetically sealed epoxy-clad metal tube con ­
struction , and highest load to size ratio. Com­
plete physical and electrical specifications are 
given. 
Engineers will find this an excellent guide in 
selecting relays for all power control applications. 

EBERT ELECTRONICS CORP. 
130 Jericho Tpke., 

Floral Park, N. Y. 11002 
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TY~E RMS61A OSCILLOSCOPE • • 

plug in a Tektronix rack-mount oscilloscope 
• Conventional or storage 
• Multi-trace, differential, sampling 

and spectrum analyzer plug-ins 

• 7 inches of rack height 

The Type RM561A 7-inch high rack-mount oscilloscope 
provides conventional oscilloscope performance with meas­
urement capabilities extending from DC through 1 GHz with 
appropriate plug-in units. It has an 8 by 10-cm CRT with a 
bright P31 phosphor and an illuminated, internal graticule. 

The measurement system illustrated consists of the Type 
RM561A with the Type 3B4 Time-Base Plug-in and the Type 
3A6 Dual-Trace Amplifier. The Type 3B4 provides versatile 
triggering and calibrated sweep speeds from 5 s/div to 
50 ns/div. A direct-reading magnifier provides up to X50 
magnification about the center of the CRT. The Type 3A6 
Dual-Trace Amplifier has DC-to-10 MHz bandwidth and 
35-ns risetime over its 10 mV/div to 10 V/div deflection range. 

Type RM561 A Oscilloscope . . . . . . . . . . . . . 
Type RM561 A MOD 171 A (Includes slide-out tracks) . 
Type 3B4 Time Base . . . . . . . . . . . . . . . . 
Type 3A6 Dual Trace Amplifier . . . . . • . . . •. 

$ 580 
$ 630 
$ 425 
$ 525 

The Type RM564 split-screen storage oscilloscope is 
virtually two instruments in one. It offers all the advantages 
of a storage oscilloscope plus those of a conventional 
plug-in oscilloscope. The contrast ratio and brigHtness of 
stored displays are constant and independent of viewing 
time, writing and sweep speeds, and signal repetition rates. 
The entire screen or either half can be used for storage and/or 
conventional displays. In the stored mode, either half of the 
screen can be erased independently of the other half. A rear 
panel connector permits remote erasure of either or both 
halves of the display. 
The plug-ins shown in the Type RM564 are the Type 2B67 
Time-Base Unit that has calibrated sweep speeds from 
5 s/div to 1 µs/div extending to 200 ns/div with the X5 magni­
fier, and the Type 3A 74 Four-Channel Amplifier that pro­
vides DC-to-2 MHz bandwidth over its 20 mV/div to 10 V/div 
calibrated deflection range. 
Type RM564 Storage Oscilloscope . . . . . . . . 
Type RM564 MOD 171 A (Includes slide-out tracks) . 
Type 2B67 Time-Base . . . . . . . . . . . . . . 
Type 3A74 Four-Channel Amplifier .. . .. . . . 

U. S. Sales Prices FOB Beaverton, Orea:on 

$1025 
$1075 
$ 225 
$ 625 

For a demonstration, contact your nearby Tektronix Field 
Engineer or write: Tektronix, Inc., P. 0. Box 500, Beaverton, 
Oregon 97005. 

Conventional or storage 
oscilloscopes • •"" 

. . . with multi-trace, differential, 
sampling and spectrum analyzer plug-ins 

INFORMATION RETRIEVAL NUMBER 101 
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1n1ormation Retrieval service 
All products, design aids (DA), application notes (AN), new literature (NL), and reprints (R) 
in this issue are listed here with Page and Information Retrieval numbers. Reader requests 
will be promptly processed by computer and mailed to the manufacturer within three days. 

Category Page IRN Category Page IRN Category Page IRN 

Components Materials 
adjustable coils 142 290 ceramic adhesive 160 360 
carbon-film resistors 137 277 conductive coatings 
carbon potentiometer 136 273 (NL) 171 383 
chip capacitors 142 291 conductive vinyl 161 364 
coaxial connectors 149 333 ceramic compositions (NL) 166 374 
coaxial terminations 136 272 ceramic compositions 
comparators 140 284 (NL) 166 374 
control knobs (NL) 166 376 epoxy resins (NL) 169 381 
CRT, 5-in. 142 292 glass-ceramic paste 167 365 
differential relay 140 287 lubrication guide (NL) 168 378 
digital readout 136 274 mold-release compound 161 362 
encoder readout 140 288 plastic testing (NL) 166 
foil capacitors 146 328 silica-ceramic paint 161 363 
foil capacitors 140 285 solderless terminals 137 276 
glass thermistors 138 278 urethane properties (NL) 189 379 
IC connector 144 296 vacuum feedthrough 160 361 
indicator drivers 142 294 
lamp covers 146 325 Microwave devices 
liquid-flow switch 144 297 coaxial attenuator 148 331 
magnetic pickup 138 280 coaxial connector 149 333 
op-amp FET input 145 322 coaxial terminations 
pilot light 142 293 to 18 GHz 136 272 
positive followers 145 324 diode mixer 150 335 
potentiometers to diode switch 150 339 

500 kn 146 326 fm relay links 150 336 
proximity switch 146 327 infrared detector 148 329 
quadrative hybrid 140 288 Ku-band source 148 330 
relay, 2-A 136 275 low-noise oscillator 150 338 
resolver amplifier 138 279 oscillator, lGHz 148 332 
rotary solenoids 139 283 power amplifier 149 334 
sample-hold module 145 321 telemetering 
servo amplifier, 1.5-kW 144 299 modules (NL) 166 373 
servo amplifier, 250-W 144 298 Destroy your microwave 
solderless terminals 137 276 transistors (R) 470 
square lamp 145 323 
supressor selectors Microwave Equipment 

(DA) 164 369 black-body source 150 337 
thick-film resistors 139 282 low-noise oscillator 150 338 
tuning-fork resonator 138 281 S-band diplexer 150 340 
voltage-sensing relay 142 295 spectrometer recorder 134 268 
xenon lamps 140 286 
Design high-frequency 

amplifiers (R) 473 
Production Equipment 
circuit-aging system 159 357 
circuit etching (NL) 169 380 
coil -winding machine 157 353 

Data processing coordinate measurer 159 358 
computer system 166 375 coordinate measurer 156 351 
dual-logic module 162 367 epoxy breadboard 157 352 
dual processor fluorescent inspector 158 354 

computer 163 368 furnace controller 156 349 
tape recorder 162 366 high-vacuum system 158 355 
time-domain testing microscope, 80 power 156 350 

(AN) 165 371 sputtering feedthrough 159 358 
llliac IV: Route to parallel welding head 159 359 

computers (R) 472 
Semiconductors 
p-channel, 80-V 153 343 

Integrated Circuits rectifiers and diodes 
linear ICs (NL) 170 (NL) 168 377 
MOS dual flip-flop 155 346 silicon power 
MOS shift register 155 347 transistors 152 341 
piezoelectric ICs (NL) 170 382 silicon rectifiers, 
rt amplifier 155 348 1-kV 153 342 
sense amplifiers 154 345 Destroy your microwave 
6500 IC types (NL) 166 transistors (R) 470 

Test Equipment 
amplifier, tenfold gain 132 
capacitance tester 134 
counter-range 

extender 130 
dummy load 134 
de amplifier 134 
encoder readout 140 
gaussmeter controller 132 
signal generator 132 
spectrometer recorder 134 
transducer integrator 133 
transfer oscillator 

to 18 GHz 128 
voltage supply, 3100-V ,132 
Counter designs swing 

without gates (R) 

New Literature 
Boston's electronics 171 
ceramic compositions 166 
circuit etching 169 
computer system 166 
conductive coating 171 
control knobs 166 
6500 IC types 166 
epoxy resins 169 
linear ICs 170 
lubrication guide 168 
piezoelectric ICs 170 
plastic testing 166 
rectifiers and diodes 168 
telemetering modules 166 
urethane properties 169 

Design Aids 
suppressor selector 164 
sampling aid on 

mil standards 164 

APPiication Notes 
dry-reed switches 165 
time-domain testing 165 

Reprints Available 
Counter designs swing 

without gates 
Destroy your microwave 

transistors 
How can you become a 

chief engineer? 
ILLIAC IV: Route to 

parallel computers. 
Design high-frequency 

amplifiers. 

265 
270 

261 
271 
269 
288 
264 
262 
268 
266 

260 
263 

250 

374 
380 
375 
383 
376 

381 

378 
382 

377 
373 
379 

370 

372 
371 

250 

470 

471 

472 

473 
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One simple, rugged design adds reliability 
to all three rectilinear Mil wirewound styles 
RT-10, RT-11, RT-12 - Dale meets all three with a 
single design. You benefit from th is simplifica­
tion through increased rel iability, faster del ivery, 
better price. Call us today! 

DALE MIL-R-27208A MODELS 

Model 691 P.C. Pin 
Model 697 Flex. Leads 

G) ALL-MOLDED HOUSING design eliminates sea l problems. 
Meets MIL-STD-202 and MIL-R-27208A. 

® 
0 

© 
® 

® 

RUGGED COLLECTOR SYSTEM assures you of noise leve ls 
well below mil req uirements. 

FULL LENGTH WINDING allows increased power handling 
capability. Permits use of large diameter thermocon­
ductive mandrel which eliminates "hot spots" by acting 
as high mass heat sink. 

1-PIECE WIPER ASSEMBLY of precious meta l insu res 
setting stability under all environmental conditions. 

STAINLESS STEEL ADJUSTMENT SCREW is electrica ll y 
isolated by insulated head. Metal-to-metal clutch ing 
prevents over-trave l damage: 

CONSTANT LEAD SCREW SEAL is assured by shaft-retain­
ing spring which maintains unvarying pressure agai nst 
high temperature sili cone ru bber "O" ring. 

RT-12 

RT-22 

Model 1287 P.C. Pin 
Model 1288 Flex. Leads 

Model 1680 P.C. Pin 
Model 1697 Flex. Leads 

5000 Series- 'h" square­
trim models meet RT-22, 
made with same basic design 
considerations shown here. 

WRITE FOR CATALOG B-containing specifications on 
57 Dale T-Pots including many special models. 

~ DALE ELECTRONICS, INC. "'(:it 
~ 1328 2 8th Avenue, Columbus, Nebraska "'••··"""" .. '" 

INFORMATION RETRIEVAL NUMBER 243 



RCA Announces 
Dual-Gate (MOS) FET'S 
• Unneutralized 200 MHz Power Gain 18dB typ • Feedback Capacitance 0.03pF max 
• Transconductance 10,000 umhos typ 

For the first time in communications history! ... all solid-state VHF 
receivers with vacuum-tube front-end performance 

9 8 (: 
is the low price for the 
RCA 3N140 dual-gate RF Amplifier 
RCA'S DUAL INSULATED-GATE DEPLETION TYPE 
(MOS) FET'S COMBINE THE BEST FEATURES OF 

1000 units VACUUM-TUBES AND BIPOLAR TRANSISTORS 

The RCA 3N140 RF Amplifier and 3N141 Mixer Feature ... 
SERIES CONTROL ELEMENTS FOR: 00 INSULATED GATES FOR: 
• Improved Cro~smodulation Performance M e Increased Signal handling without 
• Reduced Spurious Response Diode-Current Loading 
• Unconditionally stable at VHF .. 
• Reduced Oscillator Feedthrough • Negligible AGC Power 
• Increased Gain Control Range • Improved Thermal Stability 

T0·72 

ELECTRICAL CHARACTERISTICS 
3N140 and 3N141 

Gate-to-source cutoff voltage 
vG, s(Off) = VG2S (Off)= -4V max. 

Gate Leakage Current 
IG,SS = ' G2SS = lnA max. 

Forward Transconductance 
G1, (Gate No. 1-to-drain) = 6,000 µmhos min . 

10,000 µmhos typ. 

200 MHz Power Gain (unneutralized) (3Nl40) 
Gps = 16dB min. 

lBdB typ. 

200 MHz Noise Figure (3Nl40) 
N.F. = 4.SdB max. 

3.SdB t yp. 

Developed and introduced by RCA, the 3N140 and 3N141 Dual Insulated-Gate (MOS) FET's are two of the most 

revolutionary transistors on the market today. For technical data and application information write RCA 

Commercial Engineering, Section EG2·2, Harrison, N.J . 07029. Check your RCA Distributor for his price and delivery. 
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