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The "special" audio transformers you need 
are "standard" at UTC. 

When you're readytospecifytransformers 
and inductors, before you turn to costly 
specials, check UTC. Chances are there's 
a standard unit that fits your special 
electrical and mechanical requirements 
exactly. 

UTC has over 500 audio types in 
stock, ready for immediate delivery. And 
UTC engineers are constantly adding to 
the line. Microwatts to kilowatts. Less 
than V4 Hz to greater than 1 MHz. 
MIL-T-27 or industrial. Metal-encased or 
open frame. Input, output, mixing, match
ing, modulating, phase shifting, hybrid, 

baluns, ring modulator. All in continuous 
production for sample or high-volume 
requirements. 

If the specific unit you need isn't on 
our shelf, we'll tailor a standard unit to 
your special requirements-saving the 
time and costs of starting from scratch. 
Check your local distributor for immedi
ate off-the-shelf delivery. For catalog, 
write: United Transformer Company, 

Division of TRW TJRW 
INC., 150 Varick 
Street, New York, ® 
N. Y. 10013. UNITED TRANSFORMEJI COMPANY 
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Speed Reader 
HP's new 2012 series-the only data acqui
sition systems that can accurately measure 
noisy low-level signals at speeds to 40 chan
nels per second. Quickly and easily expand
able in input channel capacity, measurement 
capability and output recording devices 
with plug-in cards. 
They're built around the 2402A Integrating 
Digital Voltmeter-a speedy quarterback 
that calls the signals-expands with plug
in cards from basic de measurements to 
accept ac voltage, resistance, and fre-

quency. The new 2912A-a reed scanner 
with built-in programming capability-ex
pands from 10 to 1000 input channels in 
10-channel increments. The 2547A-a new, 
versatile coupler that mates with a wide 
variety of output recorders-has clock and 
manual data-entry plug-in options. 
Ask your HP field engineer about the versa
tility that comes with the fast HP 2012 Data 
Acquisition Systems. Or write Hewlett
Packard, Palo Alto, Calif. 94304; Europe: 
54 Route des Acacias, Geneva. 

HEWLETT. PACKARD 

DATA ACQUISITION SYSTEMS 
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Where small 
resistances 
area 
big problem: 

4 terminal accuracy 
2 probe measurement 
50 tJOhm sensitivity 
in a portable instrument 

The new Hewlett-Packard 
4328A Milliohmmeter, 
with 50 /J.Ohm sensitivity, 
improves on 4-probe re
sistance measurements 
by incorporating both 
current and voltage drive 
in one probe. It provides 
this great sensitivity by 
using a Kelvin Bridge 
technique, combining an 
oscillator and a phase

sensitive voltmeter to offer today's most convenient 
measurement of extremely smal I resistances. 

The 50 µ.ohm sensitivity is excellent for measuring con
tact resistance of relays, switches and connectors; in 
trouble shooting to test the quality of grounds and 
other short-circuit phenomena; for making lead and 
end wire resistance measurements on pots. 

Range of the 4328A is 100 ohms to 1 milliohm full 
scale in a 1, 3, 10 sequence. A built-in phase discrimi
nator lets you make precise resistance measurements 
on samples with a series reactance up to twice full-scale 

2 Circle 2 on reader service card 

resistance, a feature that makes the meter useful for 
magnetic core material measurments. 

Applied voltage is limited to 20 millivolts RMS by spe
cial sensing circuits, regardless of the measurement 
range, and extra protection for sensitive devices is 
afforded by having the oscillator function only when a 
resistance is connected to the probes. 

The 4328A Milliohmmeter, in addition to its 2-probe 
convenience, is fully portable ... weighs only 7 lbs., is 
offered with an optional rechargeable battery. Price : 
$450 ($25 more for the battery option; fitted leather
ette field case $15) . 

For more information call your local HP field engineer 
or write Hewlett-Packard, Palo Alto, California 94304; 
Europe: 54 Route des Acacias, Geneva. 
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Readers Comment 

Image makers 

To the Editor: 
With reference to Toshiba's 

ultrasonic acoustic image converter 
[Sept. 2, p . 169], I disagree with 
the statement that "Toshiba . . . 
will probably be the first to put 
one on the market." 

James Electronics has produced 
and marketed an ultrasonic image 
converter since 1964. Our system 
was the first to be available com
mercially in a practical form for 
industrial nondestructive testing or 
laboratory research. It offers a 
2-inch aperture at any frequency 
between 1 and 10 Mhz, compared 
to the Toshiba limitation of 1 inch . . 

The Jam es system can also be 
supplied with acoustic phase sen
sitivity, presenting the phase infor
mation in color on a standard 
broadcast color television monitor. 
The color form of the image con
verter is sensitive to changes in 
acoustic impedance as small as 1 
part in 108• 

One of the most important ap
plications for the ultrasonic image 
converter, apparently overlooked 
by Toshiba, is in acoustic holo
graphy, which offers the promise of 
removing many of the limitations 
inherent in use of the image con
verter to produce ultrasonic shad
owgrams. 

John DuBois 
Director of engineering 
Instrument Division 
James Electronics Inc. 
Chicago 

Earlier work .. 

To the Editor: 
In reference to your story on 

lasing plastic [Sept. 16, p. 55], 
our client, the Korad department of 
Union Carbide, reported the same 
thing more than a year ago. Korad 
physicist B.H. Soffer and B.B. 
McFarland, in the "Applied Phys
ics Letters" of May 15, 1967, spe
cifically reported lasing a solid 
sample of Rhodamine 6G in poly
methylmeth,acrylate (i.e., plastic), 
as well as alcoholic solutions of 
Rhodamine 6G. 

Related articles appeared in 
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Add Sprague Series 7 400A 
to your prints for 
Series 7 4N TTL circuits. 
They're pin-for-pin identical. 

SERIES 74N FUNCTION 

SN7400N Quad 2-lnput NANO 
SN7401N Quad 2-lnput NANO (No Collector Load) 
SN7402N Quad 2-lnput NOR 
SN7410N Triple 3-lnput NANO 
SN7420N Dual 4-lnput NANO 
SN7430N Single 8-lnput NANO 
SN7440N Dual 4-lnput NANO Buffer 
SN7450N 2-Wide 2-lnput Expandable AND-OR-INVERT 
SN7451N 2-Wide 2-lnput AND-OR-INVERT 
SN7453N 4-Wide 2-lnput Expandable AND-OR-INVERT 
SN7454N 4-Wide 2-lnput AND-OR-INVERT 
SN7460N Dual 4-lnput Expander 
SN7470N D-C Clocked J-K Flip Flop 
SN7472N J-K Master Slave Flip Flop 

Dual J-K Master Slave Flip Flop: 
SN7473N Single chip, pin 11 GND 

- Single chip, pin 7 GND 
SN7474N Dual D-Type Edge-Triggered Flip Flop 

- Dual AC Clocked J-K Flip Flop 

COMPLEX ARRAYS 

SN7441N BCD-T o-Decima I Decoder /Driver 
SN7475N Quadruple Bistable Latch 
SN7480N Gated Full Adder 
SN7482N 2-Bit Binary Adder 
SN7483N 4-Bit Binary Adder 
SN7490N Decade Counter 
SN7491AN 8-Bit Shift Register 
SN7492N Divide-By-Twelve Counter 
SN7493N 4-Bit Binary Counter 

For complete technical data on Series 5400 and 7 400A 
circuits, write to Technical Literature Service, Sprague 
Electric Co., 35 Marshafl St., North Adams, Mass. 01247 

SPRAGUE WORCESTER ••• ffle world's linest miuocircuit facility 
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SPRAGUE PART NO. 

USN-7400A 
USN-7401A 
USN-7402A 
USN-7410A 
USN-7420A 
USN-7430A 
USN-7440A 
USN-7450A 
USN-7451A 
USN-7453A 
USN-7454A 
USN-7460A 
USN-7470A 
USN-7472A 

USN-7473A 
USN-74107A 
USN-7474A 
USN-7479A 

USN-74418 
USN-74758 
USN-7480A 
USN-7482A 
USN-74838 
USN-7490A 
USN-7491A 
USN-7492A 
USN-7493A 

SPRAGUE® 
THE MARK OF RELIABILITY 

· O 
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A Peach of a Reading, ±0.2%, at a Peach of a Price, $665. 
Is a low-level de voltmeter essential to 
your measurements work? You'd probably 
like one as accurate as the economies of 
your measurement allow. How about 
one that's ± 0.2% accurate, measures 
below 1µV and costs only $665? 

Need more than just a voltmeter? Besides 
being a microvc.!tmeter, the GR 1807 also 
is a nanoammeter, null detector, and 
differential voltmeter at the same ± 0.2 % 
accuracy ... as a microvoltmeter the 
1807 offers nine decade ranges from 15µ.V 
full scale to 1500V ... as a nanoammeter, 
currents can be measured from 15 pA 
full-scale to 10 mA ... as a null detector 
the 1807 has a common mode rejection 
of greater than 160 dB plus a 3-second 
recovery speed for overloads up to 
1,000,000:1; and, used as a differential 
voltmeter, this 1807 offers accuracies 10 
times better than conventional voltmeters 
You might say that the GR 1807 fills in 

Circle 6 on reader service card 

the accuracy gap that's been created 
between analog and digital voltmeters. 

What's the secret? Nothing really. By 
using differential techniques, the first 
one or two digits can be moved off the 
meter and put on a switch. This allows 
the meter to do just the fine work - the 
interpolating. You can do this by setting 
the interpolation-offset switch to subtract 
from the input a calibrated voltage equal 
to the most significant figure of the 
unknown, and then read the difference 
directly from a meter. Thus, the 1807 
achieves digital accuracies but still 
preserves the versatility of an analog 
device. 

Other features . .. 

High input impedance, greater than 
500MO on most ranges, eliminates 
practically all loading errors ... The use 
of a photochopper modulator minimizes 
noise, drift, and offset problems . .. 
Excellent common-mode rejection is 
achieved by using Teflon throughout the 
1807 to isolate high and low terminals 
from ground. The meter readout is also 
unique - it is logarithmic above 10% of 
full scale and linear below 10% of full 
scale. The meter zero is offset upscale 

by about 20° to permit easy reading 
around zero . .. 0-C amp I ified output is 
provided to drive chart recorders ... 
Problems arising from thermoelectric 
voltages generated by junctions of 
dissimilar metals have been eliminated 
by copper-to-copper junctions at 'all 
points in the input circuitry ... a built-in 
swifchable RC low-pass filter with a 
1.5-Hz cut-off is provided to eliminate 
any ac hash that might be superimposed 
on the input de signal ... And, you 
have a choice of either battery or line
voltage operation. 

For complete information, write General 
Radio Company, West Concord, 
Massachusetts 01781 ; telephone (617) 
369-4400. In Europe: Postfach 124, 
CH8034 Zurich 34, Switzerland. 

GENERAL RADIO 



Readers Comment 

"Chemical & Engineering News" 
(June 19, 1967) and in "Laser Fo
cus" i(July 1967). The news stories 
included references to the lasing 
of a dime-store plastic triangle. 
(Actually, both the original Ko
rad achievement and Bass and 
Deutsch's repetition involved las
ing of the dye in the plastic, not 
the plastic itself.) 

It is true, though, that the Elec
tronics story emphasized the econ
omy of plastic as a laser material, 
whereas Korad' s emphasized the 
continuous · tunability of organic 
dye lasers. 

James B. Marine 
Public relations director 
Bowes Co. 
Los Angeles 

... on lasing plastic 

To the Editor: 
Concerning your description of 

the work of two Raytheon scientists 
on the laser properties of acrylic 
plastics containing Dayglow pig
ments [Sept. 16, p. 55], these pig
ments are dyes related to fluores
cein. 

In an Office of Na val Research 
project at the Polytechnic Institute 
of Brooklyn, A. Baczynski (now of 
the University of Torun, Poland) 
and I demonstrated in 1965 stimu
lated emission from polymethyl
methacrylate rods containing fluo
rescein. The work was reported at 
an international symposium in 
Paris in June 1966 and is described 
by me (in English) in the January 

,..-----------

1967 issue of the Journal de Chimie 
Physique. 

We showed that the acrylic plas
tic must be produced in such a 
way as to remove strains. This ap
parently explains why the Raytheon 
workers failed with commercial 
plastic rods but had success with 
plastic sheets, the latter being of 
better quality because of their 
method of manufacture. 

Gerald Oster 
Department of Biochemistry 
Mount Sinai School of Medicine 
New York 

Information please 

To the Editor: 
I would be interested in hearing 

from any of your readers who can 
supply historical or technical data 
about the mechanical-scanning tv 
receivers built by the Western Tel
evision Corp. of Chicago (circa 
1930). 

I am restoring one of these 
receivers and would also like to 
locate a "kino lamp" and other 
components used in these sets. 

Ed Bukstein 
Northwestern Electronics Institute 
Minneapolis 
Minn. 

Readers' letters should be addressed: 
To the Editor, 
Electronics, 
330 West 42nd Street, New York, 
N.Y. 10036 
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present subscription 

Subscription rates: qualified subscribers In the 
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Circle 7 on reader service card 7 



Who's Who in this issue 

Samelson 

The growth of single crystals of II-VI compounds and the 
sh1dy of thin optical and electrical properties were Harold 
Samelson's primary interests up to 1961. Since then his field 
has been liquid lasers. Samelson, author of the article on 
liquid lasers on page 142, participated in the discovery and 
subsequent development of chelate lasers, and since 1966 
has been engaged in research on inorganic liquid lasers based 
on aprotic solvents. He has been with the General Telephone 
& Electronics labs since 1956. 

Copenhagen to Canada to California has been the 
itinerary of Per Mogensen's professional career. Co
author of the article on metal oxide semiconductor 
multiplexer switches on page 152, Mogensen is a 
1962 MSEE graduate of the Danish Technical Uni
versity. He worked in Toronto before joining Fair
child in 1965. For Wallace Chan, the state of the 
art has been California. He holds a- BSEE from the 
University of California at Berkeley and is working 
for an MSEE at San J osc State College. Chan, who 
joined Fairchild in 1967, is working on a six-channel 
multiplexed analog-to-digital converter on a single 
MOS chip. 

Mogensen Chan 

Haines 

Almost from the day he graduated from Syracuse Uni
versity 15 years ago, Frederick J. Haines has been in
volved in the development of television cameras and 
studio systems for closed-circuit or broadcast applica
tions. He credits General Electric, where he spent · 10 
year designing cameras and other tv broadcast equip
ment, for most of his training in the field. 

Before joining International Video in 1967 as a project 
engineer, Haines, the author of the article on page 134, 
was engineering manager for video products at Granger 
Associates in Palo Alto, Calif. Before that, he was a 
project engineer at Sylvania Electric Products. 

The successful meeting of East and West at Marquette University is evidenced by the article on Gunn 
devices on page 148. Japan's T . Koryu Ishii, a professor at Marquette, is currently working on millimeter
wave and microwave solid state systems. Stanley V. Jaskolski, another professor, is now conducting research 
on the high-field effect in various semiconductors. And Mohammed Al-Moufti, from Iraq, did research for 
his master's thesis on r-f transmission lines using bulk-effect devices. 
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Meier 

Inventor and developer of the mag
netic rod elements used in NCR's 
315 RMC computer, Donal A. Meier, 
author of the article on page 128, 
holds nine U.S. patents and heads 
a research section at NCR that's 
working on LSI memories. 

The author of the plated-wire 
survey on page 124, George Fedde 
heads Univac's data processing 
technology group. He has been at 
the firm for 12 years and holds 
an MSEE degree from MIT. 

Joining Libras cope in 1960, 
Richard Flores is now manager of 
the plated-wire memory depart
ment there. He's the author of the 
article on woven-wire memories 
on page 131. 

A systems engineer by experience, 
Alan Bessen has been involved 
during the past few years in the 
expanding field of electro-optics. 
He has developed the infrared con
tamination detection system de
scribed on page 112, as well as an 
optical miss-distance indicator, 
and has major experience in iner
tial navigation and fire-control sys
tems. 

Bessen holds a BEE degree from 
Cooper Union, where he subse
quently taught courses in physics, 
and an MSEE degree from Colum
bia. He joined the Ford Instrument 
division of Sperry Rand 15 years 
ago and is now an engineering 
project supervisor in the special
purpose computers department. He 
is a member of Tau Beta Pi and 
the IEEE. 
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Do you have this 
new c~pacitor data? 

-·--- .. --..--------

DIPPED MICAS ••• for entertainment and 
commercial equipment 
Single-film silvered-mica capacitors cost less than stacked 
mica or ceramic types. These capacitors are rated at 300 
WVDC and have good stability and retrace characteristics 
over their operating temperature range of -55C to +85C. 
Capacitance values from IO to 360 pF, ±5% are available. 
Put this quality and performance into your next design. 
Ask for Engineering Bulletin 1010. 

CIRCLE READER SERVICE NUMBER 220 

SPARK GAPS ••• for TV tube protection 
Sprague spark gaps suppress transient voltage surges and 
protect your expensive picture tube and allied circuitry. 
They are available in 1.5 kV and 2.5 kV ratings, and have 
a maximum capacitance of 0.75pF, providing an economical 
means of safely bypassing transient overvoltages. All 
Sprague spark gaps are 100% tested to insure your circuitry. 
Use them to protect your picture tube warranty. Ask for 
Engineering Bulletin 6145A. 

CIRCLE READER SERVICE NUMBER 221 

DISC CERAMICS ••• for general, temperature
compensating, and low-voltage applications in 
industrial, commercial, and consumer equipment 

0 

0 
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Cera-mite® general application discs for bypass and cou
pling at low cost. Nine disc sizes from .300 to .875 inches 
have 100, 250, 500, and 1000 WVDC ratings, in standard or 
temperature-stable formulations. Dual-section discs have up 
to .022µF @ 1000 V. Ask for Engineering Bulletin 61010. 

CIRCLE READER SERVICE NUMBER 222 

Cera-mite temperature-compensating discs for controlled 
capacitance change with temperature in R-F oscillators, 
precision amplifiers, timing circuit3, other critical applica
tions. Select from ten linear temperature coefficients from 
NPO to N2200. Capacitance values from 1 to 2200 pF with 
I 000 WVDC ratings are available, plus popular values at 
3000, 4000, and 5000 WVDC for TV yoke circuits. Mini
fied units in 250 WVDC ratings may be obtained with 
capacitance values ranging from 22 to 990 pF. Ask for En
gineering Bulletin 6102B. 

CIRCLE READER SERVICE NUMBER 223 

Hypercon® ultra-high capacitance discs for low-voltage 
circuits. Replace electrolytics with non-polar Hypercon 
capacitors only a fraction as large. The 2.2µF, 3 volt disc 
has a diameter of .875 inches; the 0.1 µF, 25 volt unit 
measures .750 inches. Ask for Engineering Bulletin 6141F. 

CIRCLE READER SERVICE NUMBER 224 

For bulletins in which you are interested, write 
Technical literature Service, Sprague Electric Co., 

35 Marshall St., North Adams, Mass. 01247 

SPRAGUE COMPONENTS 

CAPACITORS 
TRANSISTORS 
RESISTORS 
INTEGRATED CIRCUll S 
THIN-FILM MICROCIRCUI rs 
INTERFERENCE FILTERS 

_. SC·1U llH 

PACKAGED COMPONENT ASSEMBLIES 
FUNCTIONAL DIGITAL CIRCUITS 
MAGNETIC COMPONENTS 
PULSE TRANSFORMERS 
CERAMIC· BASE PRINTED NETWORKS 
PULSE-FORMING NETWORKS 

SPRAGUE® 
THE MARK OF RELIABILITY 

' Spr11u1' and ·@· 111r11i1ttrtd1r1dem11ks of the $pr11u1 Electric Co. 
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New3 amp 
hermetic A 15 
replaces costlier 
rectifier diodes 

GE now offers a higher 
rated companion to its 
field-proved, 1 amp Al4 
rectifier at a signifi
cantly lower cost than 
other stud or I e a d 
mounted units (depend
ing upon configuration). 
The Al5 is rated 3 amps 
at 1o·c and the 200 to 
800 v o I t models are 

transient voltage pro
tected up to 1000 W for 
20 µS in reverse direc
tion. 

AlS's dual heat sink 
design means low ther
ma I impedance. Easy 
adaptation of axial leads 
to PC boards reduces in
stallation cost below 
stud mounted units. 

Both the Al5/ Al4 are 
hermetically sealed in an 
all-diffused, glass passi
vated junction structure. 
No internal cavity means 
more resistance to en
vironmental stresses .•. 
thus increased reliabil
ity. 

High-power Al5 i s 
now available through 
GE distributors for ap
pl ications i n c I u d i n g 
power supplies, battery 
chargers, TV damper di
o d es, communication 
equipment a n d small 
portable appliances. Cir
cle Number231. 

COMP NENT CAPSULES 
Microwave Circuit 
Modules reduce desip 
cycles and improve 
system performance 

While producing lower 
overall costs, these de
sign benefits result from: 

• Optimum integration 
of active devices in 
package form 

• Over two decades of 
microwave circuit 
development 

•The industry's most 

Microwave 
Circuit 
Modules 
(MCM) 

advanced tube tech
nology 

MCM's used as: oscil
lators, amplifiers, multi
pliers, detectors, mixers, 
etc. Available in a vari
ety of individually de
signed configurations. 

Compare MCM features: 
* Stable frequency per

formance in severe ad
verse environments 

* Small size and light
weights--as low as 1 
cubic inch and 2 
ounces with high pow
er to volume ratio 

* Fast warm-up-3 sec
onds or less capability 

* High performance from 
a single active device 
GE is your one source 

for full R&D backup, 
critical testing experi
ence and facilities and 
an unequalled output of 
highest performance ac
tive components includ
ing coaxial and planar 
gridded tubes. Circle 
Number232. 

New benefits from GE's 
hermetically sealed 
reed relays 

Glass to metal seals and 
steel housing now pro
vide true hermetic en
closure for reed relays. 
The GE 3SBN reed re
lay has: 

• Increased sensitivity 
•Immunity to mag

n et i c interference 
effect 

•Very low thermal 

New 3S BN 

emfs in contact cir
·cuits 

• Protection of con
tact capsules and 
coils, because of 
rugged construction 

• A lower weight than 
plastic encapsula
tion 

This new relay comes 
in Form A, 1-0 poles and 
Form C, 1-5 poles and is 
only 0350 inches high. 
The relay is available 
in a wide range of sys
tem voltages and is 
ideally suited for print
ed circuit board appli
cations. 

For more information 
Circle Number 233. 

New low-cost 
miniature indicating 
li1hts ideal for limited 
space applications 

GE's new, low-cost CR-
103HE indicating lights 
are only 11){6 inches long 
and mount with a speed 
nut in a j(6 inch diam
eter hole - perfect for 
applications where space 
is at a premium. 

Flush and cylindrical 
lens types are available. 
The cylindrical lens pro-

trudes only U6 inch, and 
is ultrasonically welded 
for maximum strength. 
Both are available in 
four lens colors: clear, 
amber, red and white. 
Four body colors are 
available: gray, white, 
beige and black. 

The standard light has 
a 6 inch lead stripped 
lh inch, but special 
lengths are available. 
Leads are staked into 
the body of the unit to 
insure that no move
ment takes place inside 
the light. 

The CR103HE is UL 
listed for 120V, 240V, and 
460V, and is ideally suit
ed for applications where 
visual display and ap
pearance is important. 
For more information 
Circle Number234. 

GE computer1rade 
capacitors offer 
over~ 
farad at 5 volts 

New GE 86F500 High
Capacitance computer
grade capacitors now 
provide up to 540,000 µf 
at five volts (34,000 µf at 
100 volts) in a single 
case. 

These enlarged-capac
ity units are excellent 
choices where large 
blocks of capacitance 

86F500's 

are required-as in pow
er supply filters, for ex
ample. 86F500 units are 
rated for continuous op
eration at 65C or at SSC 
with proper voltage de
rating. 

GE's new computer
grade capacitors provide 
highest capacitance per 
case size, high ripple 
current capability, low 
ESR, long shelf and op
erating life. 

Units are available in 
nine case sizes-diam
eters 1%" to 3", with 
lengths up to 8%" -for 
operation up to 100 voe. 
Circle Number 235 on 
your reader service card. 



Versatile GE 
meter relays are 
ideal for hundreds 
of applications 

Including: temperature 
control, equipment over
load protection, "go-no 
go" production line test
ing, and alarm sounding 
for a pre-selected value. 

Accurate, repeatable 
control action over the 
entire scale is possible 
because there are no 
contacts on the unit's 

Big Look® Meter Relay 

indicating pointer to 
cause mechanical inter
ference. All units feature 
automatic ON-OFF reset 
control action. They eas
ily adopt to manual reset. 

No amplifier necessary. 
The unit's solid-state 
switch is connected in 
series with the coi I of 
the load relay which op
erates it directly. Stan
dard 120-volt a-c opera
tion means no special 
power supply is needed. 

The unit's "piggyback" 
control plug-in modu.le 
design saves installation 
time, and eliminates the 
need for separate mount
ing. 

For complete informa
tion about this meter 
relay and GE's full line 
of panel meters Circle 
Number23&. 

Computer tape reel 
drives-ane of 
many applications 
for these motors 

The excellent commutat
ing ability, fast response, 
and long insulation life 
of GE 3W,, 4%, and 6J(, 
diameter fhp motors 
meet computer tape reel 
demands for continuous 
duty, low maintenance, 
and reliability. And, ap
plications don't end 
here. 

D-C Reel 
Drive Motor 

Stall torque ratings 
from 3 to 120 ounce-feet 
and higher and various 
motor voltages span 
many application needs. 
This means these d-c 
motors can be custom 
tailored for almost all 
peripheral equipment 
needs. 

Special mounting 
flanges, brake mounting 
arrangements on the 
commutator end, and 
shaft extensions can be 
furnished to your re
quirements. Also avail
able: cooling air duct in
lets at convenient loca
tions_ For more data, 
Circle Number 237. 

Here's your key 
to low cost voltage 
stabilization 

Every GE voltage stabi
lizer supplies constant 
output voltage to within 
±1%, even with input 
fluctuations up to 15%. 
For special economy, 
core-and-coil units pro
vide the lowest cost 
voltage regulation ob
tainable. They help meet 
tight space require-

AC Voltage Stabilizer 

ments, make wiring con
nections easier, and pro
vide all the mo· nting 
flexibility you c?'l ask 
for. 

Voltage stabiliu :s are 
available in rating from 
15 to 15000 volt-amperes 
in both standard and 
custom-designed models. 
Ask your GE sales engi
neer for publication 
GEA-7376 or circle maga
zine inquiry card Num· 
ber238for details. 

Fill your needs for 
sensitive temperature 
control with 
GE thermistors 

Want extreme sensitivity 
to relatively minute tem
perature changes? You 
get it with GE thermis
tors (temperature-sensi
tive resistors). These de
vices also have tempera
ture-compensating capa
bility. 

High sensitivity and 
small size make GE 

thermistors ideal sensors 
for SCR and transistor
ized controllers. 

Operation over a wide 
temperature range per
mits thermistors to com
pensate the combined 
effects of copper wind
ings and temperature
sensitive electromagnet
ic core materials. 

GE thermistors are 
available as elements or 
in a wide variety of probe 
assemblies to suit your 
applications. Circle Num
ber 239for more facts. 

New circuitry 
combines TYG's 
in pairs for easy 
HY crowbarring 

New developments in 
firing circuitry now make 
it convenient to crowbar 
high-voltage power sup
plies by utilizing GE's 
companion Triggered 
Vacuum Gaps in tandem. 

And what's more-at
tachl!-case size sensing 
and firing circuitry is 
now possible. A unique 

ZR-7513 

pulse transformer allows 
fault sensing at ground 
potential, even where 
the TVG trigger is at high 
negative voltage. 

Use General Electric's 
ZR-7512/13 TVG combi
nation shown in the 
sketch for protection at 
45-KV, or other combina
tions covering from 300 
volts to over 75 KV. For 
more information Circle 
Number240. 

FOR THE NEW IDEAS IN ELECTRONICS, look to General 
Electric-your best single source for electronic components. 

ELECTRONIC COMPONENTS SALES OPERATION 

GENERAL. ELECTRIJ; 



I'm Edson deCastro, 
President of Data General. 

Seven months ago we started the richest new 
small computer company in history. 

This month we're announcing our first product: 
the best small computer in the world. 

Data General wasn't started on a shoestring. 
My associates and I had been with a company where we developed 

the most successful line of slllall colllputers in the business. And we 
knew the only way to go was big. Right frolll the beginning. 

So we got the financing to be big. To build a plant that'll knock out these 
colllputers by the hundreds. To develop a large enough technical service 
organization to really support our custolllers. 

And we designed a revolutionary computer. The NOVA. 
Other slllall general purpose colllputers are built around an obsolete 

architecture based on an old technology. NOVA is built around lllediulll scale 
integration. It's the first with lllulti-accumulator / index register organization. 
The first with read-only lllcmory you can program the sallle way you do 
core. The first low cost machine that allows you to expand melllory or build 
interfaces within the basic configuration. ~ 

One more thing. The price with a 4096 16-bit word lllelllory 4i ........... ·::::J. .. -.-
and Teletype interface is only $7950. And we're offering the · 

be~e~~s~~eu~-t~~~ ~~~kbeu~i~~~:·ll inexpensive computer, you .... , ··•· .··· · ':t / 

have to sell a lot to make a lot of money. And we intend o 
to lllake a lot of money. • .. • 

~ DATA GENERAL 
••CORPORATION 

275 Cox Street, Hudson, Mass. 01749 

Specitica tions: NOVA is a 16-bit word ge ne ral purpose computer. It has four acc umulators, two of which may be used as indes 
reg is ters. It offers a choice o f core or read-only memory of I K. 2K. 4K, SK, and up to 32K 16-bit words (or twice that man y 8-bit 
bytes). NOVA comes in the des k top console show n here or a 5 '/i" tall s tandard rack mount package. Both the desk and rack ve rsi ons 
can hold up to 20K 16-bit words of me mory or interfa ce for a la rge number or peripheral devices. NOVA has the most llcsiblc 1/ 0 
facility e ve r built into a machine of its cla S\. It w ill include a h ig h-s peed Data Channel and automatic interrupt so urce identification 
'"sta ndard equipment. Write for more information today. Or sec us at the Fall Joint Computer Conference on \Vedncsda y. 

Circle 12 on reader service card 





EFC 
fiberoptics 

for 
computer 

applications 
Punched Card and 

Tape Readers 

Reflective Readers 

Light Piping 

For designers, specifiers and buyers of 
fiberoptic components in the computer 
or peripheral equipment industries, there 
is now a single source of design and 
manufacturing capability to meet your 
requirements ... with competitive prices, 
firm deliveries and conscientious service. 
For more information, write or call 

ELECTRO FIBEROPTICS 
CORPORATION 

45 E Water Street, Worcester, Mass. 01604 
Phone 617 791-7391 

Write for this booklet called Sine Waves and 
Light Pipes-an introduction to Electro Fiber
optics Corporation-plus technical data sheets. 

14 Circle 14 on reader service card 

Who's Who in electronics 

Cox 

The appointment of Marshall G. 
Cox as marketing director of the 
Components division of the Ray
theon Co. signals an entirely new 
direction for the division's Semi
conductor operation. Cox, 33, 
comes to Raytheon from Fairchild 
Semiconductor, where he was in 
charge of computer marketing, 
Fairchild's biggest sales target. 
Raytheon has been known as a 
"hi-rel" military house, specializing 
in low-quantity, high-price, and 
high-reliability orders. No more. 

Electronic data processing, Cox 
says, will account for 45% of in
tegrated-circuit sales by 1971. If 
Raytheon is to grow, it will have to 
enter the volume fields; the hiring 
of Cox was one step of division 
manager Nevin Kather's plan for 
such entry. "The plan in 1968 was 
to add to our revenue by con
centrating on existing markets," 
Kather says. "Now we have to 
diversify our customer base." Adds 
Cox: "By the end of 1969 we will 
have penetrated the commercial 
market with both proprietary and 
second-source products." 

Faster TTL. The specific areas 
where Raytheon wants to compete 
are transistor-transistor logic, semi
conductor memories, linear cir
cuits, and-somewhat downstream 
-sub-nanosecond emitter-coupled 
logic in complex medium-scale in
tegration. 

Raytheon already second-sources 
Sylvania in both SUHL l and SUHL 
2, the brand of TTL with the high
est performance ratings. But it will 
also offer, by the end of the year, 
eight complex circuits in the popu
lar Texas Instruments series 54/ 
74, and will introduce a whole line 
(25 elements) of its own TTL. 

This proprietary TTL, now going 
under the house name of Ray 3, 
will have propagation times of un
der 4 nanoseconds-less than two
thirds the typical rating of SUHL 2. 
It will be pin-compatible and elec
trically compatible with SUHL ("It's 
really super-SUHL,'' Cox says with 
a grin.), but with a single masking 
change it can be made compatible 
with the series 54/7 4 as well. 
Moreover, the power dissipation 
will be the same as SUHL's. 

"We have made a formal market
ing study and found many makers 
of small- and medium-sized com
puters who want superfast SUHL 
for the central processing unit, 
peripheral equipment, and even 
terminals," Cox says. The new line 
will be out early next year. 

All in plastic. In memories, Ray
theon will first aim at the scratch
pad market. The company has al
ready announced a 16-bit scratch
pad, and it will have a 64-bit 
device in the first quarter of next 
year and a 256-bit beam-leaded 
chip in the second quarter. Other 
plans are for hybrid rackages with 
from four to eight beam-lead chips. 

It will be hard to compete in me
mories in the future without a metal 
oxide semiconductor line, and 
Raytheon sold its MOS operation to 
Hughes last year. But, says Kather, 
"we will be back in MOS by 1970, 
or whenever it's necessary." 

In linears, Raytheon now second
sources Fairchild's 709 and 741 
operational amplifiers and Na
tional Semiconductor's LMlOl op 
amp, and makes its own fully com
pensated version of the 101. It 
plans to introduce an improved 
version of the 741, a fully compen
sated circuit. 

To underline the completeness 
of Raytheon's change, Cox notes 
that the company will offer every 
circuit in a plastic package by the 
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New Machlett 
tetrode ... 
for single tube 
design at 
high power levels 

Vapor-cooled ML-8785 (or ML-8786, 
water-cooled) is particularly suitable 
for these applications: 

High Power Communications 

Class C Telegraphy ... to 
350kW 

Linear RF Power Amplification 

Class AB-Suppressed Carrier Service 
to 260 kW PEP 

Pulse Modulation or Amplification 

40 kV DC Plate Voltage 
50 kv Peak Plate Voltage 

500 a Pulse Cathode Current 
1000 µ,S Pulse Duration 

.01 Duty 
Pulse Power to 15 Mw 

Write today for details on these 
versatile "single-tube-design" tetrodes. 
The Machlett Laboratories, Inc., 
1063 Hope Street, 
Stamford, Conn. 06907. 

THE MACHLETT LABORATORIES, INC. 

A SUBSIDIARY OF RAYTHEON COMPANY 

Electronics I November 11, 1968 Circle 15 on reader service card 15 
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SOLID CARBIDE 

CIRCUIT BOARD 

Choice of 58 drill sizes from No. 80 to 1,4" 
ALL WITH COMMON 1,4" DIAMETER SHANKS 

for precision drilling 
with every drill size! 

You can now maintain location and hole size tolerances 

to extremely close limits .. . at drill feeds up to 15 feet 

per minute! The unequalled rigidity of solid carbide 

plus the added support of 1/s" shanks gives maximum 

deflection-free performance in drilling all diameter cir

cuit board holes. All drills precision ground with unique 

four facet drill point configuration. Common 1/s" shank 

design eliminates need for collet and bushing inventory 

for each drill size. Your Metal Removal distributor 

provides vital sales and engineering liaison .. . call 

him or write for Catalog D67. 

THE METAL REMOVAL COMPANY 
1859 West Columbia Avenue Chicago, Illinois 60626 

Plants Located in CHICAGO/LOS ANGELES/SAN JUAN 

Circle 16 on reader service card 

Who's Who in electronics 

end of the first quarter of 1969. 
All of these plans, of course, will 

require increased production ca
pacity, and the Semiconductor 
operation is now investigating 
foreign assembly facilities; its 
present plants are in Paso Robles, 
Calif., and Mexicali, Mexico. 

If ever there existed an organiza
tion that depended on digital data 
-in fact, whose very lifeblood is 
real-time, transaction-oriented in
formation-it's the New York Stock 
Exchange. In the single-minded 
world at the southern tip of Man
hattan that is the financial district, 
anything that promises to increase 
the efficiency with which that data 
is delivered gets as warm a wel
come as the latest hot issue. 

The exchange now has a new 
man in charge of promoting effi
ciency: Robert B. Grant, vice presi
dent and director of the Electronic 
System Center. The 46-year-old 
Grant, who came to Wall Street in 
August from the Celanese Corp., 
is responsible for the exchange' s 
computer activities and for devis
ing new data-handling methods. 

Over the horizon. It's in the lat
ter area that the cigar-smoking 
Grant has his work cut out for him. 
"We have more to do in the long
range planning .area. We have to 
plan for tomorrow and, equally im
portant, beyond tomorrow-so that 
when we get to tomorrow we know 
where we're going from there." 

But Grant hasn't turned his back 
on hardware problems. He can't, 
because the exchange's problems 
are unique. Not only does it have 
an unusually large number of real
time requirements , but its com
puters .. must have a level of data 
integrity that off-the-shelf hard
ware simply doesn't provide. Cus
tom modifications must be made. 

"We also must have multiproc
ess redundancy," explains Grant, 
"in which one machine monitors 
the other, spots degradation, and 
calls in other equipment or itself
a kind of shoulder-tapping opera
tion. The hard truth is that we 
simply cannot tolerate more than 
15 seconds of down time." 

Circle 17 on reader service card-+-





Fairchild can make more hybrids in 
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an hour than you can use in a month. 

We can make any hybrid, in any quantity, using any 
method: Thick film . Thin film. Thin film on silicon. 

We can make them faster than anyone in the indus
try. And deliver them quicker to anyone in the world. 

We'll take any functions you need and package them 
any way you want. Our list of hybrid components has 
everything from a simple diode to a complex LSI array. 

For your less complex applications, we have a line 
of off-the-shelf standard hybrids priced like discretes. 

If this commitment makes sense in general, we'd 
like to send you the whole story in detail. Our 
brochure is called Fairchild Hybrid Microcircuits. 
It can give you more ideas in an hour than 
you could use in a year. Write for it. 

FAIRCHIL.CJ 

Fairchild Semiconductor/A Di.,.isioo of Fairchild Camera and Jrutrument Corporation//313 Fairchild Drive, Mountain View, California 94<MO t415J 962-6011 1WX : 910-379·6"35 SEMICONDUCTOR 
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MAGNETICS 
keep weaponry 

on target! 
Unlike the cumbersome, clanking gear train of the Monitor's 

cannon, today's weapons are controlled by sophisticated and silent 
means. Artillery shells and bombs are exploded precisely on-target 

by delayed action fuses. A tape core in an oscillator generates pulses 
for a timing circuit. A bobbin core counts the pulses and actuates 

the explosive device at the exact instant selected by pre-setting the fuse. 
Some of our best tape and bobbin cores are blown to bits this way ... 

but they do their job. Forward-looking manufacturers with airborne problems 
look to Arnold for high-quality magnetic materials, design, technology, 

components. Magnetic cores. Powder cores. Laminations. Permanent 
magnets. You ask. We'll supply. The best in magnetic materials. 

The Arnold Engineering Company, Main Office: Marengo, Ill. 
Branch Offices and Representatives in Principal Cities 

Write for your free guide to the only complete line of magnetic materials. 

Other Arnold products are up in the air too : bobbin cores and MPP cores in aero
space telemetering • Supermendur in smaller, lighter transformers for jets and 
aerospace • iron powder cores in radio/TV coils • Alnico and Arnox in loud
speakers for radio/TV and communications • Alnico for microwave equipment. 
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THE 
ALL 

NEW 
SERIES 8000 

OORDON 
METERS 

• Quality, reliability and styling from Gordon, 
famous for instruments since 1914! 
• Tops for your OEM equipment or black-box 
applications, GORDON METERS feature covers 
of clear, high-impact G.E. Lexan®. 
• Core magnets are high-coercive Alnico for 
the sustained accuracy you need. 
• Spring-backed sapphire pivot bearings and 
one-piece bridge construction standard. 
•Popular 21/2" , 31/2" and 41/2" models; 
square; edgewise; DC and AC rectifier type. 
• Custom design available, too, in color 
masks, scales, ranges, resistances and pointer 
style and color. 

FREE 
GORDON 

PANEL METERS 
BULLETIN 1-800 
A042 Write Today 

·-·-0 

foe/ G~'!u~~~ 
-•UMO DYNAMICS CORPORATION 

5710 KENOSHA ST. RICHMOND, ILL. 6007' 
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Meetings 

Reliability physics: problems of connection 

Connecting elements in an inte
grated circuit presents a continu
ing problem: the combination of 
properties demanded of the inter
connection material is hard to get. 
And the problem is worse for 
large-scale and medium-scale in
tegration, because two or more 
layers of interconnections are 
needed. So serious is the difficulty 
that it's to be the focus of atten
tion at this year's Symposium on 
Reliability Physics (formerly Phy
sics of Failure in Electronics) in 
Washington Dec. 2 to 4. 

An entire session, for example, 
will be devoted to electromigra
tion of interconnections in IC's. 
This effect, which causes open
ings in the aluminum interconnec
tion paths, was originally thought 
to ibe a result of evaporation due 
to internal heating. It is now 
known that the aluminum atoms in 
the interconnection migrate as a 
result of momentum transferred 
by impinging electrons. 

J. R. Black, an engineer with 
Motorola, will lead off the session 
with a survey of present knowl
edge of the effect and a report of 
his work on a prediction model 
that incorporates the effects of 
temperature, current, and compo
sition on electromigration. 

M.J. Attardo, A.H. Landzberg, 

Calendar 

Automatic Support Systems 
Symposium for Advanced 
Maintainability, IEEE; 
Sheraton-Jefferson Hotel, St. Louis, 
Nov. 12-14. 

Conference on Thermal Conductivity, 
Department of Commerce; 
National Bureau of Standards, 
Gaithersburg, Md., Nov. 13·15. 

Analytical Symposium Advanced 
Technical Program, 
American Chemical Society, 
Society for Applied Spectroscopy, 
American Microchemical Society; 
Statler Hilton Hotel, New York, 
Nov. 13·15. 

Meeting of the Anti-Missile Research 
Advisory Council, Advanced Research 

W.E. Reese, and G.T. Wenning, 
researchers at IBM's Components 
division, will give the results of 
their study of the precise nature 
of the effect in long interconnec
tion paths. And electromigration is 
not limited to aluminum, as T.E. 
Hartman and J.C. Blair ,of Texas 
Instruments report in their paper 
on electromigration in gold film 
conductors. 

Surface studies. Some of the 
problems of multilayer LSI inter
connections (and the corollary di
electric· layers) are discussed in 
papers by G.L. Schnable and R.S. 
Keen on failure mechanisms, and 
by Schnable and E.S. Schlegel on 
test structures for studying surface 
effects. All are with Philco-Ford. 

One of the sessions will be de
voted to scanning electron micro
scopes and electron-beam micro
probes-among the most powerful 
and popular analytic tools to be
come available to the semiconduc
tor industry. P.R. Thornton of the 
University College of North Wales 
will survey applications in an in
vited paper. The use of electron
beam techniques to study IC metal
ization problems will also receive 
attention in this session. 

For more information, write Joseph Vaccaro, 
Rome Air Development Center, 
Griffiss Air Force Base, N.Y. 13440. 

Projects Agency and the U.S. Naval 
Postgraduate School; Monterey, Calif., 
Nov. 14·16. 

Symposium on the Applications of 
Lasers to Photography & Information 
Handling, Society of Photographic 
Scientists and Engineers; Airport 
Marina Hotel, Los Angeles, Nov. 14·15. 

Conference on Engineering in 
Medicine & Biology, Biomedical 
Engineering Society; Shamrock-Hilton 
Hotel, Houston, Nov. 17-20. 

Conference on Magnetism and 
Magnetic Materials, IEEE and the 
American Institute of Physics; Hilton 
Hotel, New York, Nov. 17-21. 

(Continued on p. 24) 

Electronics I November 11, 1968 



Not when we have more than 80,000 
non-American readers. 

Or you can point the finger at our 
international advertisers. They con
sistently place more advertising in 
ELECTRONICS than in any other 
woridwide electronics publication. 

And we can point (with pride) to 
our editorial staff in 64 different 
countries. They're responsible for 
our ELECTRONICS INTERNATIONAL 

section. It's a · new identity for the 
increasingly monolithic electronics 
market. 

ELECTRONICS INTERNATIONAL gives 

Electronics I November 11, 1968 

advertisers the opportunity to pin
point this market with fractional as 
well as full pages. Subscribers are 
prime prospects for worldwide ad
vertisers in every segment of the 
market: 

% who purehH• or specify 

M1nuf1cturers of electronic components & equipment 78.5o/• 

M1nuf1cturers using elKtronic equipment 

Government&. military 

Independent research & development 

Operators of communications equipment 

Service & install1tlon 

Eduational instltulions 

Distribution 

81.1 

82.1 

88.8 

90.0 

n .3 
93.5 

not Hked 

Proof of its importance to non
American readers can be found in 
their loyalty. More than 88% read 
3 out of every 4 issues. 

% who purchH• or specify 

Manufacturers of electronic components & equipment .. 91 .3% 

Manufacturers using elec.tronK: equipment . 94.9 

Go11ernment & milit1ry 94.6 

Independent resHrch & development 

Operators of communications equipment 

Service & Installation 

Education1l institutions _ 

Distribution 

93.0 

90.7 

92.6 

88.9 

94.4 

If you're in the international elec
tronics market, ELECTRONICS INTER

NATIONAL wants YOU! 
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In a martini, it's a matter of taste - in a 
K-Grip Jr. RF connector in wet, humid 
climate, it's essential. That's why our new 
series of plugs and jacks is moisture-proof. 
The dry is extra. All the rest is K-Grip Jr. -
the lowest cost, high-reliability RF connector 
installed. Almost 50% smaller, 50% lighter, 
it's a crimp type version of our standard 
RF connector reduced to its simplest form. 
Assembly is foolproof - in seconds. 
With K-Grip Jr. RF connectors it's a matter of 
savings. We save you time, weight, space and, 
in our new series of plugs and jacks, we save 
you from weather-worry. Write for details. 

tll<INGS 
ELECTRONICS CO., INC. 
40 Marbledale Road/Tuckahoe, N.Y. 10707 
(914) SW 3-5000 / TWX 914-793-5879 
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Meetings 

(Continued from p. 22) 

Photovoltaic Speclallsts Conference, 
IEEE: Jet Propulsion Laboratory, 
Pasadena, Callf., Nov. 19-21. 

Microelectronics Packaging and 
Interconnection Conference, Society of 
Automotive E·nglneers; Rickey Hyatt's 
House Hotel, Palo Alto, Callf., 
Nov. 20·22. 

Winter Annual Meeting & Energy 
Systems Exposition, American Society 
of Mechanical Engineers, Hilton Park 
Sheraton, New York, Dec. 1·5. 

Conference on Applications of 
Simulation, Association for Computing 
Machinery, IEEE; Hotel Roosevelt, 
New York, Dec. 2-3. 

Reliability Physics Symposium, 
IEEE: Hilton Hotel, Washington, 
Dec. 2-4. 

Vehicular Technology Conference, 
IEEE: Hilton Hotel, San Francisco, 
Dec. 3-4. 

Entry Vehicle Systems and Technology 
Meeting, American Institute of 
Aeronautics and Astronautics: 
Williamsburg, Va., Dec. 3-5. 

Circuit Theory Symposium, IEEE; 
Hilton Plaza Hotel, Miami Beach, Fla., 
Dec. 4-6. 

Symposium on Theory & Measurement 
of Atmospheric Turbulence & 
Uiffuslon In the Planetary Boundary 
Layer, Sandia Corp. and the 
Atmospheric Sciences Laboratory of 
the Army Electronics Command; 
Albuquerque, N.M., Dec. 5·7. 

Vehicular Technical Group Conference, 
IEEE: Hilton Hotel, New York, Dec. 6-8. 

Electrical Insulation Conference, IEEE; 
Biltmore Hotel, Los Angeles, Dec. 8-12. 

National Electronics Conference, IEEE; 
Conrad Hilton Hotel, Chicago, 
Dec. 9-11. 

Fall Joint Computer Conference, 
IEEE: Hilton Hotel and Civic Center, 
San Francisco, Dec. 9·11. 

Consumer Electronics Symposium, 
Conrad Hilton Hotel, Chicago, 
Dec. 9·10. 

Symposium on Adaptive Processes, 
IEEE and UCLA: University of California 
at Los Angeles, Dec. 1fH8. 

Winter Institute in Computer and 
Information Sciences, University of 
Florida; Gainseville, Dec. 17·21. 

American Association for the 

(Continued on p. 26) 
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Temp-R-Tape© T 
One of a series of self-adhering tapes of 
skived Teflon* TFE. High elongation 
provides excellent conformability for 
tight wraps around irregular surfaces. 

Temp-R-Tape HM-350 
Made of skived Teflon TFE. A unique 
CHR manufacturing process imparts 
lower elongation and higher breaking 
strength. Good conformability. 

Temp-R-Tape C 
Extruded Teflon FEP film has extremely 
high electric strength, highest of all 
Temp-R-Tapes. Transparent for easy 
read-through. Excellent conformability. 

Temp-R-Tape Kapton * 
Made from a polyimide film. Has out
standing thermal endurance. Retains 
physical and electrical properties at ele
vated temperatures. *T. M . o• ouPoNT 

Temp-R-Tape GV 
Closely woven glass cloth. Good con
formability and flexibility. Strong. Punc
ture and tear resistant. Excellent abra
sion resistance and thermal stability. 

Temp-R-Glas ® 
Glass fabric coated with Teflon TFE. 
Four thicknesses. Resists Teflon cold 
flow. Strong. Puncture and tear resistant. 
Also available without adhesive. 

WE MAKE SIX DIFFERENT TYPES OF WIDE TEMPERATURE 
RANGE ELECTRICAL TAPES. 

THAT WAY WE'LL HAVE ONE THAT'S JUST RIGHT FOR 
YOUR APPLICATION. 
Temp-R-Tape is operational from -100 F to +500 F, has excellent 
electrical and physical characteristics. Pressure sensitive silicone polymer 
adhesive. Stocked by a national network of distributors capable of techni
cal assistance and fast delivery. Look under CHR 
in industrial directories or micro-film catalogs. Or 
write for details and sample. The Connecticut Hard 
Rubber Company, New Haven, Connecticut 06509. 

Subsidiary of U.S. Polymeric, Inc. 
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Meetings 

(Continued from p. 24) 

Advancement of Sciences; Dallas, 
Dec. 26-31. 

Reliability Symposium, IEEE; 
Palmer House, Chicago, Jan. 21·23. 

Second Hawaii International Conference, 
Department of Electrical Engineering, 
University of Hawaii, Honolulu, Jan. 
22-24. 

Winter Power Meeting, IEEE; New York, 
Jan. 26·31. 

International Symposium on 
Information Theory, IEEE; 
Nevele Country Club, Ellenville, N.V., 
Jan. 28·31. 

PMA Metrology Conference, Precision 
Measurements Association; The 
Ambassador, Los Angeles, Feb. 3·5. 

Winter Convention on Aerospace & 
Electronics Systems, IEEE; Biltmore 
Hotel, Los Angeles, Feb. 11·13. 

International Solid State Circuits 
Conference, IEEE; University of 
Pennsylvania and the Sheraton Hotel, 
Philadelphia, Feb. 19·21. 

International Convention & Exhibition, 
IEEE; Coliseum and Hilton Hotel, 
New York, March 24-27. 

Conference on Lasers & Optoelectronics, 
IEEE; Southampton, England, March 
25-27. 

Semiconductor Device Research 
Conference, IEEE; Munich, 
West Germany, April 11·14. 

Joint Railroad Conference, IEEE; 
Queen Elizabeth Hotel, Montreal, 
April 15·16. 

International Magnetics Conference 
(lntermag), IEEE; RAI Building, 
Amsterdam, Holland, April 15·18. 

Geoscience Electronics Symposium, 
IEEE; Marriott Twin Bridges Motor 
Hotel, Washington, April 16·18. 

Conference on Switching Techniques 
for Telecommunications Networks, 
IEEE; London, April 21·25. 

Electrical & Electronic Measurement 
and Test Instrument Conference, 
Instrumentation & Measurement 
Symposium, IEEE; Skyline Hotel, 
Ottawa, Canada, May 5·7. 

Frequency Control Symposium, Electric 
Components Laboratory, U.S. Army 
Electronics, Shelburne Hotel, Atlantic 
City, N.J., May 6-8. 

(Continued on p. 286) 



215452 
@ 

$14.95 Bl. 
(IN LOTS OF 1-99) 

TWICE THE DEVICE AT 
A THIRD OF THE PRICE 

That's right! Now you can buy the industry's 
finest Matched Dual FETat this amazingly low 
price. Use it in your Modular, Hybrid, Differen
tial or IC amplifier designs and be a winner! 

Definition 2N5452 On your 
Offset Voltage 5 mV Max. U . C b"d 
Offset Voltage Drift nlOn ar I e 
- 55° to+125° 5 µV/°C Max. • • ' 
output Admittance 0.35 µmho Typ. D1stnbutor S 
at f = 1 kHz 1.0 µmho Max. h If 
Output Admittance S e nOW 
Match 0.05 µmho Typ. b t d 
at f = 1 kHz 0.25 /tmho !!!_ax. - uy one 0 ay • 
All Parameters measured at 
Vos= 20V, lo= 200 µA 

• SEMICONDUCTOR 
Union Carbide Semiconductor / P.O. Box 23017 / 8888 Balboa Ave./ San Diego, Calif. (92123)/ tel : (714) 279-4500 

WINNERS 
Most peopl e never 
dreamt we 'd go this low. 
Here are 10 thaf"did . 
A dream of a device at 
$14.95. For the 82% 
of you who guessed too 
high you 'll find the 
greatest reward is in 
using th(~ 2N5452. 

Henry DeBrain 
Chicago , Illinois 

W. L. Halleck 
Groton , Conn . 

Richard Kane 
Philadelphia, Pa. 

R. T. Pfeiffer 
Ottawa, Canada 

0. M. Potvin 
Moosup, Conn 

J. Prager 
Burlington , M.tss 

Ernie Sanchez 
Concord , Calif. 

R. E. Williamson 
Patri c k AFB , Florida 

George Yakoubianir 
Cos Cob, Conn . 

Laszlo F. Zala 
Cleveland , Ohio 



For the modular man, the do-it-yourself 
AMPMODU* Interconnection System solves 
your interconnection problems for modular 
packaging. You start with a post and a 
receptacle-and you build from there. Two 
sizes: Standard which uses .031 x .062 
posts and Miniature which uses 
.025 x .025 posts. 

miniature-vertical receptacles 
Stake posts in a mother board. Machine 
apply vertical female contacts randomly or in 
a row on the daughter board. Horizontally plug 
daughter board to mother board. 

Standard or miniature
horizontal receptacles. Stake 
posts in mother board. Stake female 
contacts horizontally on edge of daughter 
board and plug daughter board vertically 
into mother board. Posts can be placed 
randomly or in even patterns in both 
horizontal or vertical approach. 

Crimp-snap-in connectors. 
.150 and .100 centers-miniature 
size only. Crimp female contacts 
on wire. Snap them into connector 
housing. Mates with posts 
installed on printed circuit board. 
Also for input/output jumpers 
for grid plates. When not used in 
a housing, similar contacts can 
also be crimped to flat flexible cable. 

Incremental nylon connectors provide 
standard size posts in three different lengths. 
Permits one, two or three daughter boards 
to be stacked horizontally to mother boards. 
Where metallic chassis are required, posts 
are available in snap-in nylon blocks. 

•Trademark of AMP Incorporated 



\ 
Double row connectors- .100 or . 150 
grid layout provides female contacts in 
connector housing for two row capability and 
individual protection of contacts. Single 
row connectors also available. 

The AMPMODU Interconnection System is 
your electronic building block connector set 
providing you design flexibility and cost 
advantage unmatched by other systems. 
Complete details are available by writing 

AMP INCORPORATED, HARRISBURG, PA. 17105. 

AMP 
INCORPORATED 

Grid plates-AM PMODU 
posts inserted in nylon 

bushings in aluminum 
plates. One- or two-row 

daughter board connectors 
plug vertically into grid plate. 

Wiring side of post available for 
TERMl·POINT* or wrap-type con-

Tooling: The AMP-0-LECTRIC* with 
miniature applicator inserts AMPMODU 
receptacles and posts into circuit boards 
at rates up to 2000 an hour. 
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Versatile 
1:urue tra1:er. 

FET/SER 1:apability: 
11575. 

Fairchild's Model 62008 can test a greater 
variety of devices than any curve tracer 
in its price range. It operates FETs, 
MOS-FETs, bipolars, unijunctions, diodes, 
tunnel diodes and SCRs. It provides 
1000V for high voltage measurement and 
5 amps for high current tests. Base drive 
can be as low as 100nA for high-gain 
devices and up to 35V for FETs. The 
62008 is compact, lightweight and 
rack-mountable. We also have a 
programmable version for high-volume 
production applications : the 62008/P. 
It does a lot more. And costs a little more. 
We'll gladly tell you about one or both. 
Ask for our data sheets. 

FAIRCHILD INSTRUMENTATION A Division of Fairchild Camera and Instrument Corporation 974 East Arqu" Avenue, Sunnyvale, California 94086 (408) 735-5011 TWX: 910-379-8944. 
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Editorial comment 

A challenge from the power industry 

Foolproof delivery and round-the-clock availability 
are the minimum specifications the electric power 
industry demands for its only product-kilowatts. 
Can the electronics industry-actually the offspring 
of the power industry-help achieve these goals? 
If programs undertaken by the Los Angeles Depart
ment of Water and Power and the Houston Light
ing & Power Co. are indicative, the answer is yes. 
Both utilities will use a real-time computer system 
for load switching and dispatching. 

But there are skeptics in the power industry. 
Some doubt the adequacy of the programing, 
others the accuracy of the monitoring and periph
eral equipment [Electronics, Sept. 30, p. 125]. 

The skeptics notwithstanding, it seems inevitable 
that closed-loop systems will be developed with 
an infallibility assured by redundancy and the use 
of high-reliability components. There appears to 
be no better way to meet the demanding require
ments of power systems already too complex for 
men to handle. As we see it, the power industry 
needs electronic gear in these areas: 

• communications 
• sensing and switching 
• processing (conversion and inversion). 
At the International Electron Devices Meeting in 

Washington last month, Leonard Linde, an engi
neering consultant with nearly 40 years of experi
ence in the power field, challenged engineers to 
devefop a vast computer-based system of "pro
tective intelligence" that would continuously moni
tor all sections of a power system and jettison parts 
of it when necessary to protect the remainder. To
day's relay systems protect only assigned and rela
tively small zones. 

Because speed is all-important in isolating parts 
of a system or diverting power, a reliable system 
will have to be exceedingly fast. Furthermore, be
cause the measuring of systems trends (changes in 
frequency, voltage, or power factor) consumes 
precious time, trend prediction will be increasingly 
critical. 

The electromechanical relays used to protect to
day's power systems are likely to be replaced by 
solid state devices. Relays are subject to the falli
bility of mechanical devices and require significant 
power. The transition will not be without hitches, 
Linde notes. Problems of compatibility between old 
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and new systems must be resolved, and speed, 
accuracy, and power requirements will have to be 
set for the new systems. 

Public utilities will probably bypass the common 
carriers in meeting their special data transmission 
needs. Instead they'll look to the electronics com
panies to develop microwave telemetry gear ca
pable of transmitting lots of data reliably and at 
very high speed. 

The potential market involves more than just 
monitoring and supervisory equipment. Linde, in 
discussing consumer needs, suggests that the devel
opment of a reliable and economical fuel cell could 
revolutionize the power field. Customers using such 
cells for direct current would need more elec
tronics to provide multiple frequencies and volt
ages. 

The transmission of d-c power at high voltage 
will also create a demand for electronic gear. The 
first U.S. application of hvdc wiH be to h·ansmit 
power from the Columbia River to Los Angeles. 
In such a system, conversion and inversion of 
power could be accomplished with grid control 
mercury rectifiers that are cascade-connected to get 
the needed voltage rating. But a better way now 
being tried in Sweden involves the use of cascaded 
thyristors. Circuit interruption technique-still 
pretty much of a black art-will have to be im
proved for hvdc systems, in which voltage recovery 
transients can be as high as 5 kilovolts per micro
second. 

Cooling to superconductive temperatures-too ex
pensive and exotic a process for power companies 
to use in the past-may deserve another look as a 
means of handling overloads on a limited scale. 

Despite the clear challenge to electronics engi
neers posed by the power industry, the most per
spicacious forecaster would be hard put to predict 
how rapidly the power market will grow. Neverthe
less, it's worth noting that new capital investment 
in the domestic power industry last year totaled 
$7.8 billion, a figure that's expected to exceed $10 
billion annually by 1972. 

The quick and efficient application of electronics 
to the power field depends on good communica
tions between electronics engineers and power peo
ple, but even more on the ingenuity of the electron
ics industry. 
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If your TWTs don't play because of coercive force problems, 
our HyCo Alnico 8 is the solution. 

What can HyCo do for your traveling 
wave tubes that no other alnico can? 

Offer you the highest coercive 
force of any alnico, for one thing: 
1900 oersteds, in our HyCo 8H . 
From samples to production quanti· 
ties, HyCo is consistent in high coer
cive force , resistance to demagnet
ization, and temperature stability. -

Want to avoid the exacting process 
of calibrating your magnets and 
stacks? We're the only manufacturer 

offering production quantities of 
calibrated TWT assemblies (and 
we'll even sell you a calibrator) . 

When it comes to residual induc
tion, our HyCo 88 is the highest 
among all the alnico 8 types. Look to 
HyCo 8 materials to save weight and 
space in applications like klystrons, 
BWOs, reed switches, 
relays, motors, gener
ators, meters and in· 
struments. Write for 

all the HyCo details to Mr. C. H. 
Repenn , Manager of Sales, Indiana 
General Corporation, Magnet Di vi· 
sion, Valparaiso, Indiana. 

Typical Properties Hy Co BB HyCo BH 
Residual Induction (Br) gauss ....... . . 8500 7000 
Coercive Force (He) oersteds ........ 1600 1900 
Energy Product (BdHd) max ....... 5.00x!O• 5.00xlO' 
Peak Magnetizing Force-oersteds .... 6000 6000 
Permeance Coefficient at (BdHd) max ... 5.25 4.25 

INDIANA GENERAL 
Making Magnetics Work 



Camera-vtr combo 
will cost $400-$500 

GE readies 
5-watt IC 

Erbium-yag laser 
said to be safer 

Motorola expands 
radiation-resistant 
IC capabilities 

Electronics Newsletter 

November 11, 1968 

Engineers at Dubow Chemical Corp. in New Hyde Park, N.Y., have 
developed a 7 -pound, battery-operated combination camera and video 
tape recorder that looks and operates like a home movie camera. Using 
Du Pont's chromium dioxide half-inch tape in an endless-loop cartridge, 
the helical-scan vtr records black-and-white pictures under normal room 
lighting. Each tape cartridge records for up to 6 minutes. 

At a private demonstration in New York last week, the camera-recorder 
took pictures that were flawlessly played back on a standard monochrome 
tv set. To play back, the unit is connected to the tv set's antenna leads. 

Nick Mascara, Dubow's executive vice president, says the unit will sell 
for between $400 and $500 and will be available at dealers some time 
next fall. 

Dubow is now negotiating with an electronics manufacturer to produce 
and market the unit. 

GE will soon put a low-cost, 5-watt integrated circuit for use as a power 
amplifier on the consumer hi-fi and industrial markets. Insiders say the 
key to the high power is an improved plastic dual in-line package that 
provides low thermal resistance between the chip and the attached heat 
sink. 

The IC, the PA246, will be the first U.S.-produced device that can 
supply 5 watts of continuous audio power. Sinclair Radionics of Cam
bridge, England, recently announced that it would soon market a similar 
5-watt integrated circuit at a price of about $7. But it now may delay the 
introduction "several months" [for details, see p. 306]. 

Because of the hazards of laser use [see p. 193], increasing attention is 
being focused on an erbium-doped yttrium aluminum garnet laser. The 
material, under development at Martin-Marietta's Orlando, Fla., division, 
is stirring interest because the division's researchers say that its wave
length, at 1.6 microns, is less dangerous to the eye. 

The 1.6-micron region is relatively safe because this light is more 
easily absorbed in the cornea and the aqueous medium; less light gets 
to the retina, where it can cause serious damage. 

The device could be used in military range-finding and tracking sys
tems. The outpi1t energy of the pulsed laser is 120 millijoules, and 
although efficiency is only 0.05%, the developers expect to raise it to 0.5%, 
adequate for most military systems. 

Another problem is that available detectors, such as germanium ava
lanche diodes, aren't frequency-compatible with yag. The company is 
trying to develop improved germanium photodiodes or mercury-cad
mium-teluride devices instead. 

Motorola's Semiconductor Products division is broadening its capacity to 
produce radiation-resistant monolithic integrated circuits. The firm has 
set aside 17,000 square feet at its Mesa, Ariz., IC center for an independ
ent group that will design and build standard dielec~rically isolated IC's, 
and plans to hire additional engineers to augment the group already turn-
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FCC may clear way 

for private network 

of microwave links 

Union seeks to link 

layoffs to imports 

Addenda 

14 

Electronics Newsletter 

ing out radiation-hardened circuits for such programs as Minuteman 2. 
Seven modified Series 930 diode-transistor-logic IC' s will be the first 
standard radiation-resistant circuits Motorola will offer. They'll be ready 
in a few months and will be followed early next year by a dielectrically 
isolated plug-in replacement for the 709 operational amplifier. 

These moves are apparently aimed at keeping Motorola up with Fair
child Semiconductor and Radiation Inc., which recently won contracts 
to set up production lines for radiation-resistant IC's for the Poseidon 
missile guidance computer [Electronics, Oct. 28, p. 52]. A companion 
contract went to Motorola, but that award covered only transistors. 

A network of private microwave links serving large commercial users 
may soon spring up. The President's Task Force on Telecommunications 
hopes to persuade the Federal Communications Commission to permit 
the establishment of private data-transmission services subject only to 
the availability of frequency space [see related story, p. 68]. 

The task force, due to report its findings to the White House before 
Dec. 1, contends that private microwave systems do not compete directly 
with existing common carriers, and it will urge the FCC to drop regula
tions protecting common carriers from microwave operators promising 
lower rates. 

A test case is now before the FCC. Microwave Communications Inc. 
is seeking authorization to set up a flexible data-transmission voice
circuit service between St. Louis and Chicago. The commission is believed 
to be deadlocked on the issue but H. Rex Lee, who assumed his seat late 
last month, will probably cast a tie-breaking vote in favor of the com
pany's application. 

The granting of a license in this case would encourage the many other 
firms planning similar links and there's a movement afoot to fashion the 
small microwave operations into a loosely organized grid or network, 
though details haven't been worked out. 

The International Union of Electrical, Radio, and Machine Workers 
(IUE) is expected to demand U.S. Tariff Commission hearings on its 
charges that electronics imports are causing layoffs. The IUE will cite 
the television industry as a major example of this trend, but will claim 
that the situation exists "throughout the electronics industry." 

One complaint is that electronics companies have violated those pro
visions of the Tariff Act that require added compensation for workers 
laid off because of imports. 

The Air Force says it will let two contracts by the end of the year for 
competitive approaches to a multifunction modulation technique for its 
integrated communications, navigation, and identification (I/CNI) sys
tem. The Rome Air Development Center is now evaluating proposals 
for the exploratory studies. The awards will be the first in the I/CNI 
program, according to a Rome spokesman [Electronics, Aug. 19, p. 33] . 
. . . NASA's Electronics Research Center is seeking companies to study 
requirements for an "experimental Saturn 5 television broadcast satellite 
system." NASA apparently feels that a satellite-borne transmitter can 
achieve the required radiated power, but no money has yet been ear
marked for the hardware. 
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component and 
Circuit Design 

IDEAS/ Circuit Assemblies 

FROM SYLVANIA 

We told you in the past how our circuit modules re
duce noise. Now we've improved them even further. 

Multilayer construction of Sylvania circuit cards brings 
IC leads within 1/64" of power and ground planes. 

An additional reduction in noise 
figures of from 30 to 50 percent has 
been obtained by circuit improve
ments in Sylvania's popular line of 
circuit modules. The 13 new mod
ules added to the line are com
pletely compatible with previous 
units. 

The key to improved noise re
duction is the addition of a leadless 
low-inductance capacitor between 
the power and ground planes. This 
improvement is in addition to the 
already low noise figure of our 
circuit card that is achieved by 

Continued on next page 

This issue in capsule 
Information Displays 
New CRT brightens picture for air 
traffic controllers. 

Spark Gaps 
Compact surge arrestors offer low
cost circuit protection. 

Integrated Circuits 
How to design with the SA-20 wide
band amplifier. 

Microwave Diodes 
For short pulse detection: Try back 
diodes. 

EL Readouts 
Electroluminescent clocks will time 
Apollo flights. 

Manager's Corner 
How synergism brings you new and 
better circuit assemblies. 



New Circuit Module Cards 

Type Function 

262 

263 

Memory card (2 bit x 64 word) 

Memory select driver card 

264 Encoder 

265 Dual eight-bit register 

266 Quad four-bit register 

267 Quad four-bit binary divider 

268 Up/down counter 

269 Series/parallel converter 

270 Dual four-bit/five-word 
storage register 

271 Five-bit comparator with 
storage 

272, 273 5.55 MHz bi-phase clock 

276 13-bit digital delay generator 

285 Test card 

its unique construction and inher
ent low noise of Sylvania's SUHL 
integrated circuits. 

Until the development of our 
circuit modules you couldn't take 
full advantage of the speed capa
bility of our SUHL II 50-MHz 
logic. Noise levels limited practical 
operation to speeds of about 20 
MHz. Now you can approach the 
full 50-MHz capability of these 
devices when you buy them on 
our circuit boards. 

The circuit module is made up 
of two four-layer boards mounted 
on either side of an aluminum 
"backbone." Each board has two 
signal planes plus distributed 
power and ground planes. When 
necessary, the signal planes can be 
electrically interconnected with 
plated-through holes. The distrib
uted power and ground plane con
struction allows every IC lead on 
the board to be within 1/ 64" of 
the power and ground planes. The 
result is extremely short lead 
lengths and, thus, low noise pickup. 

Typical of the new circuit boards 
is our #262 memory card and #263 
memory select driver. Here, we've 
done your memory design work 
for you. The #262 is a 128 bit card 
(2 bits x 64 words). Combined 
with the #263 memory driver, it 
gives you a sophisticated systems
oriented building block that can 
solve your memory problems with 
a minimum of interconnections. 
CIRCLE NUMBER 300 

IDEAS/CRTs 

New CRT briahtens Picture 
lor air controllers. 

Scan conversion system using Sylvania CRT makes airport tower radar 
displays visible in bright sunlight. 

Airport towers, where lighting conditions can vary from darkness to 4,000 
foot-candles, put tough demands on the contrast and brightness of radar 
displays. 

As a result of considerable research and development work within the 
Federal Aviation Administration, bright radar displays for use by air 
traffic controllers have become a reality. Based on an FAA-issued specifi
cation, ITT Industrial Laboratories, Fort Wayne, Indiana has come up 
with an optical scan conversion system that solves the problem for FAA 
flight controllers. The system uses a special long-lag vidicon camera opti
cally coupled to a Sylvania 5-inch CRT to convert the PPI radar display 
into a high-brightness 945-line TV display. 

The high-resolution requirements put a stringent demand on the CRT 
used in the conversion process. To meet the need, Sylvania developed the 
SC-5014P31. This tube provides a 0.0015-inch line width on a 5-inch 
optically flat faceplate. The neutral gray non-browning faceplate is de
signed to give optimum photographic quality. Brightness is enhanced by 
the use of an aluminized screen. 

In operation the PPI unit in the diagram accepts the normal radar inputs 
and displays the radar video on the face of the Sylvania CRT. The vidicon 
camera is focused on the CRT display and converts it to a uniform bright 
TV display. The long-lag photoconductive surface of the vidicon retains 
images of moving aircraft so that a minimum of five trails are visible to 
indicate direction of movement. 

The composite EIA video signal is fed to a special 12-inch CRT for 
viewing by the flight controller. The display has a highlight brightness of 
up to 500 foot-lamberts giving the controller an acceptable display in the 
tower at any time of the day or night. 

It is in applications like this, _where the demands on CR Ts are exacting, 
that Sylvania's experience and technical know-how really pay off. 

;-------- REFERENCE VOLTAGE 

r--------~o__ _______ I xSTATOR VOLTAGE 

'---------!Ox STATOR VOLTAGE 

RADAR TRIGGER 

,-------------- RADAR PRE- TRIGGER 

.--------------- NORMAL RADAR VIDEO 

r------------- MTI RADAR VIDEO 

,------------ MAP VIDEO 

.-------------- BEACON VIDEO 

,---- ------- SPARE VIDEO 

,------------+ l/Z MILE SQUARE WAVE TEST 

PPI UNIT 

SC · ~014P31 CRT 

HOR . DRIVE 

Scan conversion system for radar display using the SC5014P31 CRT. 
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IDEAS/ Spark Gaps 

How compact surge arrestors 
oner low-cost circuit protection. 

A spark gap represents an almost ideal device for the job 
of protecting equipment against voltage surges. Under 
normal load conditions it presents a very high impedance 
(100 megohms). If a surge occurs, the gap breaks down 
and appears as a virtual short circuit. When the over
voltage drops below the extinguishing voltage of the gap, 
the device immediately returns to the high impedance 
state. 

Sylvania's SG-1361 argon-filled spark gap is a minia
ture unit designed to protect low power components such 
as relays, capacitors, coils, and active devices from over
loads. It has a nominal firing voltage of 600 V at 60 Hz 
and a firing voltage range of 500 to 900 V, 60 Hz. Maxi
mum firing current is 25 mA. 

The SG-1361 can be used with higher energy circuits if 
a series resistor is used to reduce the amount of energy 
transferred by the spark gap to ground. When used as a 
secondary protector, along with a primary surge arrestor, 
the SG-1361 can protect components against lightning 
strikes and other high-transient overloads. 

Its small size (~-inch long and 0.215-inch in diameter) 
and its simple economical construction make the SG-1361 
an easy component to fit into any system. Since it comes 
with pretinned Dumet leads the device can be wired 
directly into the circuit without the use of adapters or 
clip-type holders. 

SG-1361 Electrlcal Data 

Firing Voltage at 60 Hertz 
Firing Voltage Range (at 60 Hertz) 
Maximum Firing Current 
(time duration = 30 sec. max.) 
Maximum Operating Temperature 
Minimum Open Line Impedance 

:\ •• .. 
I I 
I I 
I I 
I I 
I I 
I ; 

' I \ : •• I I .. 
\I 

ft 
II 
II 
I I •• I I 
I I 
I I 
I I 

I I •• I I 
I I 
I I 

\I 

600 volts 
500-900 volts 

25 mA 

80'C 
100 Meg. 

SYLVANIA 
SGt361 

Voltage spikes are shunted to ground by 
Sylvania's SG-1361 spark gap. 
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The gas-filled spark gap surge arrestor is 
one of the simplest ways to protect equip
ment against damaging voltage surges. But 
just because it's simple, don't underestimate 
its capability. 



IDEAS/ Integrated Circuits 

How to das1an with the 
s1-20 wideband amp11111r. 

Sylvania's SA-20 is a versatile general-purpose wide
band amplifier. Its characteristics include a high gain
bandwidth product, large signal swing and excellent 
linearity. 

The SA-20 has three direct-coupled NPN transistors 
in a single-ended configuration. Bias for the input tran
sistor is established internally by divider R 1 and R 2 (Fig. 
1). Zener diode Dz raises the bias level of Q2 to permit 
operation of Q1 in the linear range. Emitter follower Q3 
buffers the output load circuit from the intermediate 
stage, Q2 , thereby giving a higher total open-loop circuit 
gain even with low-value loads. Series DC negative volt-

r------..-------+---.....--r-c4 +24 v 

R3 
8.2K 

14.5V 

_________ J 

Fig. 1 Circuit of SA-20 linear amplifier. 

Vee= 24.0V 

32 t- RL = 1.2 K 

TA =25•c 
281-

Vee 

External access to every element of Sylvania's SA-20 
linear amplifier makes it easy for you to modify its 
characteristics to fit your application. 

age feedback is applied from the output of the emitter 
follower to the emitter of Q1 by divider R 4 and R6 • 

The major power supply current path is through the 
output transistor, Q3 • Total device current drain is there
fore strongly related to the quiescent output voltage and 
the value of R 6 • The output transistor has a maximum 
current capability of 50 mA. Maximum junction and 
case temperature for the device are 200°C and 155°C, 
respectively. Worst-case thermal gradients of the dual 
inline package used for the SA-20 are OJA= 0.15°C/mW 
and OJc =0.075°C/mW. 

In most instances the base current of the input tran-

Fig. 2 Standard configuration for SA-20. 

10 
FREQUENCY, MHz 

100 1000 

Fig. 3 Typical gain-versus-frequency curves for SA-20 in standard configuration. 
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L 

.... 

Fig.4 High gain configuration 
for SA-20 linear amplifier. 

Fig. 5 Selective amplifier configuration with C and L 
in parallel and series connections. 

sistor is small relative to the current in the input divider. 
Under these conditions input quiescent voltage is: 

V Qin = (V ccR2) / (R1 +R2) 
Bias level of the input transistor may be varied by 

shunting resistors R1 or R2. However, consideration 
must be given to the effect of a change in V Qin on such 
factors as current drain and output quiescent voltage. 

The output quiescent voltage, V Qout, is: 

V _ Ra+ R4 [ ( V cc Rz )- (V ) ] 
Qout - R4 R1 + Rz BE 

V Qout can thus be changed by external resistive shunt
ing of any of the four resistors in the expression. 

The maximum voltage swing of the device with an 
RL = "" is essentially a function of the supply voltage 
and the zener-diode voltage. In the positive direction the 
voltage is limited by the voltage drop across R5 and the 
base-emitter voltage of Q3• The voltage swing in the 
negative direction is limited by the zener voltage plus the 
saturation voltage of Q2 minus the junction drop of Q3• 

With a high RL the device will normally swing between 
22.5 V and 6.5 V. If the quiescent output voltage is at the 
optimum level of 14.5 volts, the AC swing at the output, 
assuming negligible resistive loading, is approximately 
±8.0 v. 

Current restrictions limit the maximum possible volt
age swing when using AC-coupled resistive loads of more 
than approximately 600 ohms. 

In the case, when RL is low, the maximum output volt
age is 

e _ V cc-VBE + [ (RsV Qout) / ( .Ba+l) (RL)] 
0 max- l+(Rs) / (RL) (.Ba+l) 

Assuming a typical device with V cc= 24 V, an AC
coupled 50-ohm load and ,8 3 = 100 which is normally the 
case, the maximum absolute voltage level as seen at the 
emitter of Qa is eo max =16 v. 

The maximum positive swing as seen at the load is 
therefore 1.5 V. The negative-going swing from the 
quiescent voltage level is a function of the quiescent cur
rent of the device. In terms of absolute voltage the mini
mum output voltage, e0 min. of the device with low value 
of AC coupled load is: 

e -V _ [V Qout- (V Qin-V Be)] R o min - Qout Ra L 
Again, assuming a typical device and AC-coupled load 

of 50 ohms, e0 min =14.5 - 0.675 = 13.8 V. 
The maximum linear swing with an AC coupled 50-

ohm load is therefore 1.5 V above and 0.67 V below the 
quiescent voltage. 

It is possible to increase the swing capability of the 
device in the negative-going direction when driving low
resistance loads by increasing the quiescent current. This 
may be accomplished by a DC resistive load or current 
source. A 1000-ohm DC resistive load increases the 
negative-going voltage swing across an AC-coupled load 
from 0.67 V to 0.67 + [(14.5 V) 50 / 1000] or 1.4 V. Thus 
the swing can be made symmetrical. 

The three-stage open-loop gain of the SA-20 is about 
900. Closed-loop voltage gain is: 

A AvoL 
VCL l+AvoL.B 

where ,8 =R4/ (Ra+R4). 
Resistors, R 4 and Ra. are 100 and 1000 ohms, respec

tively. Since the quantity AvoL.B at low and medium 
frequencies is significantly greater than 1, the expression 
for closed-loop gain simplifies to AvcL = 1/ ,8 = 11. By 
shunting R4 or R6 with an external resistor, the gain of 
the circuit can be varied. However, as shown previously, 
other characteristics such as V Qout and associated param
eters are also changed by padding either of these resistors. 
To change the mid-frequency gain without affecting the 
quiescent level, it is necessary to shunt the internal 
resistor with a series RC network. 

To maintain AC stability a shunt-type feedback loop 
using an external capacitor is required between the 
base and collector of Q2. Phase margin of a typical device 
is >45° when the feedback capacitor is 3.6 pF. 

The SA-20, when connected in the standard configura
tion, as shown in Fig. 2 exhibits the characteristics 
shown in Fig. 3. It can be seen that by varying the value 
of the shunt-feedback capacitor, Cr, the bandwidth of 
the device can be varied considerably. 

In the maximum-gain configuration shown in Fig. 4, 
AC series feedback is removed from the circuit by shunt
ing R 4 with a capacitor. With the device connected in 
this manner, the shunt-feedback capacitor which is 
normally connected between pin 1 and pin 2 is not re
quired. The gain of the amplifier with all forms of AC 
feedback removed, is about 60 dB up to 5 MHz. From 5 
MHz to 100 MHz, the amplifier rolls off at an average 
rate of - 8 dB/octave. 

In the selective-amplifier configuration of Fig. 5, the 
circuit functions as bandpass and notch amplifiers. Series 
or parallel tuned circuits are used in the shunt feedback 
loop to achieve the desired response. 

CIRCLE NUMBER 303 



IDEAS/Microwave Diodes 

For short PUISI dlllCllOD: 
trr back diodes. 

High sensitivity, low video impedance and low 1/f noise 
make back diodes ideal as short pulse detectors. 

Microwave designers have a wide choice of devices when 
it comes to video detectors. Few of these choices, how
ever, have all of the advantages of back diodes when it 
comes to short-pulse response and fidelity. Among the 
features of back diodes are high sensitivity, low video 
impedance and low l / f noise. 

Sylvania's new planar germanium back diodes have all 
of these features plus a few others including high reli
ability, and improved temperature stability. 

Typical values of tangential signal sensitivity range 
from -56 dBm (10 MHz video bandwidth) at L-band to 
-50 dBm at X-band. Low video impedance is a unique 
feature of back diodes and it is obtained without the use 
of any noise-generating DC bias. Impedance values in the 

hundreds of ohms range are commonly obtained, and in 
some cases·can be as low as 100 ohms. Impedance levels 
like these mean shorter time constants in the video output 
circuit, which in turn means better pulse fidelity. Noise 
figure is another area where back diodes shine. Even 
where a substantial self-bias current or a DC bias is a 
must, 1/ f noise is minimal thanks to the low resistance 
and inherent physical qualities of the device. 

In Sylvania back diodes, ruggedness and reliability are 
assured by the use of bonded, brazed and welded con
struction. The Sylvania diodes are available in the 048 
pill package that is ideal for stripline circuitry. They are 
also available in other package configurations or in chip 
form. CIRCLE NUMBER 304 

Back Diode Electrlcal Characteristics 

Tangentlalt Video 
Test Signal Sensitivity Figure of 2 Impedance 

Frequency (TSS) Merit (Rv) 
GHz -db min (M) min ohms max 

05610 2 56 400 1,000 

05611 4 52 180 1,000 

05612 8 49 85 1,000 

1Video Bandwidth= 10 MHz 

2 M = "f where "Y = mv/mw measured at-20 dbm in an optimized holder . 
...; Rv 
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Voltage output versus power input 
as a function of load resistance. 

Back diode figure of merit 
versus frequency. 



IDEAS/EL Readouts 

Electroluminescent clocks 
will time APOiio IHahts. 

A total of 46 electronic clocks have been designed and 
built by Sylvania Electronic Systems for use in upcoming 
Apollo missions. The clocks display hours, minutes, and 
seconds on a 2 x 4 Yz inch electroluminescent display 
panel. Two clocks are used in each Apollo command 
module and one is used in the lunar excursion module. 

Electroluminescent readouts were selected for a num
ber of reasons: they are not prone to catastrophic failure, 
they give off almost no heat and require much less power 
than conventional light sources. Since the EL readout is 
a planar display there are no parallax problems when 
viewed from an angle. 

The clocks used in the command module are used to 
keep a record of mission time and provide a reference for 
activities prescribed in the astronaut's flight plans. 

The clock in the lunar excursion module will be used 
to time the landing and take-off on the moon. This seven-

SEE OUR 
SPECIFICATIONS IN 

When astronauts head for the moon they'll be reading 
flight times from Sylvania EL displays. 

digit clock can display elapsed time up to 1,000 hours. 
Both the clocks and the electroluminescent displays 

are hermetically sealed. They are designed to withstand 
extremes of shock and vibration over a temperature 
range from 0°F to 140°F. 

In addition to these basic clocks, the Apollo astro
nauts will also carry a number of Sylvania electrolumi
nescent timers. These are designed to time individual 
experiments on board the lunar module. These units 
display minutes and seconds on a 2 x 4 inch electrolumi
nescent panel. 

Sylvania's electroluminescent panels are available in a 
wide range of display patterns. The relative ease with 
which they can be modified makes them readily adapt
able to a wide variety of display applications. 
CIRCLE NUMBER 305 
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IDEAS/Manager's Corner 

How synergism brings you 
new and baner 
circuit assemblies. 

A business-oriented definition of synergism might be: 
"The total strength of an organization is greater than 
the sum of its individual strengths." At Sylvania 
Electronic Components, this definition is continually 
being applied to satisfy both industry needs and com
pany objectives. Certainly, our newest addition the 
Circuit Assemblies Operation, is a perfect exam~le of 
this type of synergism at work. 

The key consideration in any successful product 
d.evelopment, regardless of company goals or objec
tives, must be user benefit. Put in a different way, if 

. our n~'; i;iroducts don't help solve a problem for you, 
then it s Just a wasted effort for Sylvania. 

With our new Circuit Assemblies Operation, how
ever, we feel we're on safe grounds. Electronic cir
cuitr~ is becoming increasingly more sophisticated, 
and bigger performance is being demanded from smaller 
systems. The result is that package design and density 
have become crucial considerations to the circuit 
engineer. The industr need, therefore, is for econom
ically produced circuit assemblies manufactured with 
high reliability and in high volume. And that's what 
our new operation is all about. 

In addition to user benefit, however, there are two 
other criteria that must be met. The new product 
must have profitability and viability (the ability to 
grow). Thus, before entering the circuit assembly mar-

ketplace, Sylvania went through several stages of prod
uct evolution. 

First of all, there was an exploration stage which 
quickly showed that circuit assemblies would allow us 
to optimize the total spectrum of technologies within 
Sylvania Electronic Components. This included the 
capabilities to manufacture not only the basic circuit 
boards, single, double sided or multilayer, but also 
integrated circuits, diodes and rectifiers, hybrid thick
film circuits, and even vacuum tubes. These capa
bilities provide a giant step toward the concept of 
added value. 

Then, a screening stage proved the idea to be perti
nent enough to merit further study. Next was a 
business analysis stage which confirmed that the ex
plosive growth in electronic hardware had established 
significant trends in the circuit assembly business. 

Then development, testing, and commercialization 
were undertaken. In this case, these stages were easily 
achieved since a full-scale circuit-board facility was 
already operating as a feeder plant to Sylvania Elec
tronic Systems. It was simply a matter of taking their 
products to the customer. And that's being accom
plished by the efforts of the Sylvania Electronic Com
ponents sales force. 

With circuit assemblies, therefore, the synergistic 
effect has combined the efforts of a number of strong 
elements within the Sylvania Electronic Components 
group to produce a new and better product line for you. 

But the synergistic part was the easiest part to 
achieve-it was already there. 

P. K. Packard 
Product Marketing Manager, Circuit Assemblies 

This information in Sylvania Ideas is furnished 
without assuming any obligations. 
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Now! Get 225 MHz for less than $2K 
and add 3.3 GHz for less than $1K! 

But how does the competition look? 

GREEN! 
Who else offers a counter that provides frequency measure
ments up to 225 MHz for only $1975, plus the options of 
two plug-ins to boost the range to either 1.3 GHz for $775 
or to 3.3 GHz for only $825? That's what you get from 
CMC with the Model 616 Counter and the new Models 631 
and 635 Heterodyne Converters. But that's not all. 

Look at the rugged portable design of the CMC Model 
616, with its sturdy valise grip and its solid well-balanced 
frame. Here's an instrument that's equally at home in the 
lab, on the production line, or in the field. You can rack 
mount it, too. And its all-silicon solid-state circuitry gives it 
an extended operating range from -20°C to +55°C. 

Already a popular workhorse, the 616 is in common use 
for alignment of frequencies in UHF communication links, 
for calibration of high frequency signal generators, for 

Electronics I November 11, 1968 

direct monitoring of radio/ TV transmitter carrier frequen
cies, and for production checkout of radio transmitters. But 
now, with the addition of two great heterodyne converters
and a TIM plug-in if you want it- here's a low-cost, port
able family that's hard to beat for application versatility! 

For the full specs on the counter and plug-ins, just circle the 
reader service card. And to arrange for a demonstration, 
contact your local CMC representative. 

!(t]lml(t]I 
A Division of Pacific Industries 

12970 Bradley/San Fernando. Calif. 91342/(213) 367·2161/TWX 910-496-1487 

Circle 43 on reader service card 43 
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How to select the best DVM 
in the medium price range: 

HP 3440 SERIES 

TO MEASURE DC VOLTS 

price $1295 

ranges 3 

overranging 5% 

accuracy-
24 hours .05% r. ± .01 % f.s. 

3-month stability .05% 

noise rejection 
common mode, 60 Hz 30 - 70 dB 

normal mode, 60 Hz 30 db 

input resistance-10-vo lt range 10.2 megohms 

TO MEASURE MILLIVOLTS 

price $1610 

accuracy- 100 mV .10% r. ± .05% f.s . 

3-month stability .05% 

input resistance ~ohms 
common mode noise rejection B 

autoranging - 100 mV to 1000 V [CEJ" 
TO MEASURE AC VOLTS (100 kHz) 

price $1775 

ranges 3 

basic accuracy .10% r. ± .02% f.s . 
auto ranging no 
common mode noise rejection not specified 

TO MEASURE OHMS 

price $1525 (inc l. 
mV and current) 

ranges 5 

basic accuracy @!j ± .01 % f.s. 

max. voltage across unknown v 

MULTIMETER CAPABILITY 

price -

functions -

source of data catalog-1968 

FAIRCHILD 7000 SERIES 

$1275 

~ 
20% 

-<§ r.± .. 01% fb 
noT specmea 

not specified 
30 dB 

~ 

-
-
-
-
-

-

$1725 
4 
.10% r. ± .02% f.s. 

yes 
not specified 

(§§) 

5 
.05% r. ± .02% f.s. 
1.2v 

$1895 
de, ac, mV, ohms, 
current 

#7000 - 8/67 
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NLS X2 SERIES 

$11 80 

3 
20% 

.02% r. ± .01 % f.s. 
not specified 

~ 
10 megohms 

$1630 (incl. ohms) 

.06% r. ± .05% f.s . 
not specified 

~ 
no 

$1480 
4 

~r.±.02~ 
yes 
not specified 

$1630 (incl. mV) 

5 
.02% r. ± .06% f.s. 

16v 

$2230 

current, ratio 

#002 - 6/67 
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DANA 4400 SERIES 

~ 
20% 

~ 
.10% r. ± .02% f.s. 

yes 

@D 

$1795 (incl. mV and ac) 

5 

~ 
1.2v 

~ 
~V,ohms 

catalog - 1968 

The rest of the series 4400 specs are in our new brochure along with those 

on all the Dana ovM's. A letterhead request will get you a copy. 

Dana Laboratories, Inc., 2401 Campus Drive, Irvine, California 92664. 

Circle 45 on reader service card 45 





25winners 
in our collection of op art 
nobody, but nobody makes more discrete op amps than Philbrick/Nexus 

Philbrick/Nexus is avant-garde in operational 
amplifiers. Covers the spectrum of op amp 
capabilities - from mini-cost to maxi-perform
ance. Standard products, as well as mixed 
products, match your needs economically. Use 
them. They'll color you bright. Op art master
pieces like these are but a few of the total 
Philbrick/Nexus exhibit : 

Economy Grade 
SQ-10A- MINI-PRICED, but a top performer 
in general purpose applications. Only $10.50 
each in hundred quantities. 
QFT-5 - LOWEST PRICED FET. General
purpose performance, low leakage. Only 
$15 each by the hundred. 
1009- LOW COST, HIGH PERFORMANCE 
FET. Input impedance 1012 ohms. Input bias 
current 5 pA. Priced at $20.50 each in quantities 
of 100. 

General Purpose 
CIA-2-LOW PROFILE, HIGH PERFORMANCE. 
Thick-film hybrid, 80,000 gain, ±5µ,V/°C input 
voltage offset. 

SQ16- HIGH PERFORMANCE. Gain 150,000, 
±5mA guaranteed minimum output at 
±11 volts. Low noise, 1µ,V rms broadband. 
Q102A- ULTRA-HIGH PERFORMANCE. Gain 
200,000, ±2µ,V/°C input voltage offset typical 
at -25 to +85°C. Internally trimmed to 
0.5mV max. 

QFT-2-TOP-GRADE PERFORMER. Gain 
200,000, slew rate 10V/µ,sec, 10 pA input 
bias current. 

Q103A-HIGH INPUT IMPEDANCE, LOW 
BIAS CURRENT. Input voltage offset ±2µ,V/0 C. 
Only $25.50 each by the hundred. 

Electronics I November 11, 1968 

High Reliability 
Q10A- ALL-PURPOSE TOP-GRADE. -55°C to 
100°C operating temperature range. 
P65A - PREMIUM GRADE. Wide application 
usage, proven performance, low broadband 
noise 1µ,V. 
CDA-3A - PROVEN PERFORMANCE. Input 
bias current 1 nA, differential input resistance 
2 megohms. 
Q25AH - WIDEBAND FET HYBRID. 600,000 
hours of operation with no failures. Small size 
T0-8 package, hermetically sealed. 

Wide Band 
PP45U -100 MHz BANDWIDTH. Slew rate 
200V/µ,sec. Excellent for broadband inverter 
applications. 
1016- FAST, HIGH POWER. fp>1 MHz. Full 
output of ±10V, ±100 mA to 1 MHz. CMRR 
100,000. Eo. T.C. is 10µ,V/0 C. Ao at 750,000. 
1011 - LOW PROFILE, FAST SETTLING TIME 
FET. 15 MHz bandwidth, slew rate 70V/µ,sec. 
Delivers ±11 .5Voutput. Settles in 1.5 µ,sec 
to .01 % , 0.4 inches high max. 

Universal 
ESL-1 - WIDE SUPPLY VOLT AGE RANGE, 
±8 to ±16V. CMRR 1,000,000:1, common 
mode input resistance 1.5 G ohms. 
USL-1C-HIGH STABILITY. Wide range of 
supply voltages from ±8 to ±26V. Input 
voltage offset ±1µ,V/0 C. Low drift. 

High Voltage 
MLF-100- ±100 VOLT OUTPUT at 10mA. 
FET input amplifier. Short circuit protected. 

Micro-Power I Low Voltage 
Q-200A- BATTERY OPERATED. ±50µ,A 
quiescent drain. Ideal for OEM battery oper
ated and airborne instrumentation. 
1402 - MICROCIRCUIT FET HYBRID. Bias 
current 5pA. Input impedance 1012 ohms. 
Output ±14V, ±5mA. Supply voltage from 
±4 to ±24V. Quiescent current ±0.5mA. In 
T0-8 case, hermetically sealed. 

High Performance 
1003- LOW-NOISE FET. 3,000,000:1 CMRR 
±1µ,V/°C input offset voltage +10°C to +60°C. 
Uses hermetically sealed active components. 
1700- LONG-TERM STABILITY. Input voltage 
offset ±0.15µ,V/0 C. Full output to 1.2 MHz. Gain 
10•. Long-term stabil ity .2µ,V per day. 

1018 - ULTRA-LOW DRIFT. Gain 1.5 meg Eo• 
0.5µ,V/°C and lb ; ... 02nA/°C. 

Monolithic IC's 
S-52 - LOW, LOW COST IC. Easy to stabilize. 
Dual in-line package. $5 each in quantity. 
T-52 -A REAL BUY. Same as S-52, but in 
T0-5 package. Same low price. 

Your Best-Of-Show selection brings with it, at 
no extra cost and available nowhere else -
unequalled integrity resulting from superb 
artistry in things analog. For other op amp 
prize winners, too numerous to mention, con
tact your Philbrick/Nexus sales representative 
for complete specifications, prices and applica
tions assistance. Or write, Philbrick/Nexus 
Research, 22 Allied Drive at Route 128, 
Dedham, Massachusetts 02026. 

PHILBRICK/NEXUS RESEARCH 

A TELEDYNE COMPANY 
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Everyone talks 
correed reliability, 



here's the way it looks. 

Switches under glass. 
The heart of every AE correed is a reed switch 

consisting of two overlapping blades. For protec
tion, we seal them inside a glass capsule. But only 
after we pull out all the dirty air and pump in a 
special, pure atmosphere. That way there's no 
chance of contact contamination or oxidation. Ever. 

Notice our terminals are one piece. A special 
machine delicately forms them to precision toler- , 
ances. It's a lot of work, but one-piece 
terminals have dis
tinct advantages over 
the two- and three
piece kind. 

For one thing, there's 
no extra joint so you're 
always assured of a positive 
contact. Also, one piece 
terminals are more reliable when the correed is 
used to switch low-level analog signals. That's be
cause thermal EMF is reduced to practically zero. 

A different kind of bobbin. 
Since we go through so much trouble with our 

correed capsules, we designed a special bobbin to 
protect them. 

It's molded of glass-filled nylon. (You know 
how plastic chips and cracks. ) Moisture and hu
midity have no effect on this stubborn material. 
No effect means no malfunctions for you to worry 
about. No current leakage, either. 

Running the full length of the bobbin are a 
series of slots. They pamper the capsules and keep 
them from getting damaged or jarred. 

And to help you remember which 
terminal is which, we mold the terminal · 
numbers into the end of the bobbin. You can 
read them at a glance. 

Little things mean a lot. 
Reliability means that we pay attention to the 

little things. Like the tiny pressure rods we use 
in every miniature correed. They're placed at 

each end of the .bobbin, across the one-piece ter-
. minals. What they do is prevent stresses from 
being transmitted from the terminals to the reed 
blades. This keeps the contact gap right on the 
button. All the time. 

The contacts are normally open. To provide 
them normally closed, we employ another little 
device-a tiny magnet. It's permanently tucked 
into a slot next to the reedcapsule. The magnetic 
action keeps the contacts normally closed. 

Coiled by computer. 
Once all the parts are secure in the bobbin, we 

cover them with protective insulation. Around 
this, we wind the coil. You can be sure the coil 

winding is correct. It was all figured out for 
us by computer. 

Our next step is to protect the coil. 
We do that with more protective 

insulation. 

A coat of iron. 
On top of the insulation goes a layer 

of annealed iron. It acts as a magnetic shield and 
minimizes interaction between coils. Also, it im
proves the sensitivity of the entire unit. A coat 
of iron is standard on all AE correeds. 

Finally comes super wrap. 
To wrap it all up, we use some very special stuff. 

A layer of mylar laminated material. 
It's so tough we guaran

tee it to withstand all 
cleaning solvents 

known to man. 

It's attention to detail that helps us keep our 
. miniature relays miniature. Now we're just wait
ing to show you how perfectly it measures up to 
your specifications. Automatic Electric Company, 
Northlake, Illinois 60164. 

AUTOMATIC ELECTRIC 
SUBSIDIARY OF GENERAL TELEPHONE & ELECTRONICS 



50 

Cimron's environmental 
multimeter is a pretty insensitive brute 
To abuse, that is! Not that we actually took a 
club to it, but no ordinary multimeter could take 
the punishment it has and still run, let alone pro
vide accurate measurements. Built to meet Yiil 
Spec T-21200F, Class 3, this instrument is rugged 
enough to give you lab precision anywhere from 
the arctic to the jungle. And it's the second gen
eration design. Over 300 first generation models 
are now in use in harsh environments around the 
world. Certified test data show it has an accuracy 
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of .001% ES.+ .005% of reading, can take a 15g shock, 
vibration up to 55 Hz, and run through extremes 
of temperature and humidity. 6 digits, including 
10% overrange. Solid state logic tracks as fast as 
the voltage changes; response time is faster than 
100 milliseconds. And with it goes all of Cimron's 
customer concern - the technical support that 
helps you get all the performance it can give. For 
details on Model E4600, write to Cimron®, Dept. 
C-114, 1152 Morena, San Diego, California 92110. 

LEAR S IEGLER, INC. 
CIMRON DIVISION 
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Go90-Watt 
Plastic In Your 
General Purpose, 
Silicon Power 
Designs! 

You can set new standards of economy and perform
ance in the power transistor portions of your system 
designs with the new, MJE3055 Thermopad* silicon 
power transistor - metal-spec'd but plastic-packaged 
version of the popular, general-purpose 2N3055. 

The 12 A, 60 V NPN device furnishes a full 90 watts 
of power through an exclusive, direct, chip-to-heat-sink 
thermal path of only 0.030" - first power transistor to 
break the higher-wattage, plastic-package barrier. Beta 
is spec'd at two points, too, affording the engineer a 
complete picture of its high-gain capabilities. 

For those wanting a fast, economical switch the 
MJE3055 offers high frequency response and good 
switching time. The unit is also ideal for series and 
shunt regulators and high fidelity amplifiers and 
exhibits excellent beta linearity over its entire operating 
temperature range. 

$1.00t buys the new MJE3055 . .. a call to your 
franchised Motorola distributor puts one on your proto
type workbench the same day! 

Eighteen other rugged and reliable Thermopad 
plastic power transistors - including the broadest line 
of NPN /PNP complementary pairs for cost-cutting, 
circuit-simplifying, direct-coupled designs - are also 
available from your Motorola distributor. Write Box 
20912, Phoenix, for data sheets on Motorola Thermopad 
plastic silicon power transistors - then design them in! 

90 W Power Dissipation 

le Ye,o hFE@ 
Type Polarity (Cont) (Sus) le 

A v (min) 

MJE3055 NPN 12 60 
20@ 4A 

5@ lOA 

40 W Power Dissipation 

2NSl90, 91 & 92 NPN 
4 40, 60 & 80 2S @ I.SA 2NS193, 94 & 9S PNP 

30 W Power Dissipation 

2N4918, 19 & 20 PNP 3 40, 60 & 80 20 @ O.SA 
2N4921, 22 & 23 NPN 

*Trademark Motorola Inc. 
tlOO-up 
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Yeer .. 11 fr @le 
(max) MHz 

1.1 @4A 2 

0.6@ I.SA 4 

0.6@ IA 3 
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Investigate 
Random or 
Periodic 
Processes 
with 
Correlation 
Function 
Computers 

CHANNEL 
a 

OV. LOAD 

,j 

GAIN 

Correlation functions occupy a cardinal position in 
modern information theory and are basic to the analysis 
of random or periodic processes and the complex sig
nals they produce. In many application areas, autocor
relation analysis allows noisy periodic or random signals 
to be defined, whereas crosscorrelation can determine 
the degree of conformity between two different noisy 
signals as a function of their mutual delay. 

PAR™ Models 100 or 101 Correlation Function Com
puters simultaneously compute 100 points of the auto
or crosscorrelation function in real tirne over delay 
spans from 100 microseconds to 10 seconds. The Model 
101 includes the capability for insertion of fixed delay 
increments ahead of the 100 computed points of the 
function, thereby providing greater resolution. The 
correlation function readout which may be obtained 
continuously as it is computed, is available at various 
rates consistent with the speed of the external readoul 
device, e.g. oscilloscope or X-Y recorder. 

Vibration analysis, radio astronomy, laser research, 
geophysics, radar, plasma physics, aero- and hydro
dynamics, and biophysics are only a few of the fields 
where correlation techniques are useful. 

Price of the Model 100 is $8,500. The Model 101 is 
priced at $9,500 to $12,900. Export prices are approxi
mately 5% higher (except Canada). 

For additional information , write Princeton Applied 
Research Corporation, Box 565, Princeton , New Jersey 
08540 or call 609-924-6835. 

PAR" CORRELATION FUNCTION COMPUTER 
MODEL 101 

COMPUTATION 
PERIOD T PRECOMPUTA TIO 

PERIOD 

POWER 

If A Dour 
coa IT ) ONt y IEAO 

T,o 

READOUT I 

~PRINCETON APPLIED RESEARCH CORPORATION 
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Integrated electronics 

High-voltage IC's 
Breakdown voltages in integrated 
circuits are generally limited to 
about 50 volts for two basic rea
sons. Positive charges in the sur
face oxide pull electrons toward 
the surface, reducing the resistivity 
of the internal silicon and thus low
ering its breakdown voltage. And a 
high-resistivity n epitaxial layer 
can be grown on a p substrate only 
with great difficulty; this makes 
high breakdown voltage hard to 
achieve even without the surface
charge problem. 

But the Signetics Corp. has 
found ways of circumventing these 
problems and has developed IC's 
that won't break down even at 300 
volts and more. 

The company will begin market-

ing its high-voltage circuits around 
June of next year as video ampli
fiers and deflection amplifiers. By 
the end of next year, the IC's will 

BASE EMITTER DEPLETION LAYER COLLECTOR Repulsion. Ionic 
charges in the Si02 
layer at the surface 
of a planar device 
(top) increase 

EMITTER DEPLETION LAYER COLLECTOR 
FIELD PLATE 

N 

N 

DIELECTRIC ISOLATION 
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the electron 
concentration there, 
resulting in low 
breakdown voltage. 
A metallic field 
plate, however, 
pushes the 
depletion layer 
deep into the 
device, where 
breakdown occurs 
at a much 
higher voltage. 

Selective. Signetics 
anisotropic etching 
process removes 
silicon selectively, 
along certain 
crystal planes. 

Starter. Signetics 
first high-voltage 
IC will be a video 
amplifier. In this 
development 
version the 
operating voltage 
is 150 volts and 
the gain is 50. The 
frequency response 
extends to 7 
megahertz, and the 
total power 
dissipation is 300 
milliwatts. The red 
indicates isolation 
channels . 

be offered as operational amplifiers 
and regulators. 

In the bulk. Signetics avoided 
the surface-charge problem by de
signing a "field plate" structure on 
the surface. The field plate is con
nected to the most negative poten
tial available to neutralize the posi
tive oxide charge. It therefore pre
vents electrons from accumulating 
at the surface; breakdown occurs 
in the bulk and at a much higher 
voltage. 

To get high-resistivity n material 
on a p substrate, Signetics adopted 
dielectric isolation. With this proc
ess, the collector region is formed 
from grown and refined silicon, 
rather than epitaxial material, so 
that it's possible to get an almost 
defect-free region of virtually any 
desired resistivity. 

The company uses an anisotropic 
etchant to isolate the components 
on the silicon chip; the widths and 
depths of the isolation . channels 
are precisely related to the widths 
in the mask pattern l:focause the 
etchant attacks the silicon only 
along certain crystal planes. 

Less power. The high-voltage 
IC' s will consume less than a third 
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the power of the discrete circuits 
they'll replace, according to Leon
ard Brown, marketing manager for 
linear !C's. 

The industrial and consumer 
markets will be the primary targets. 
Signetics attaches particular im
portance to color tv, a market IC's 
haven't been able to penetrate ex
tensively because of their voltage 
limitations. 

"Now," says Brown, "we can eco
nomically make high-voltage mon
olithic circuits with enough passive 
devices to get high-frequency per
formance." 

He sees as a suitable application 
any high-voltage display system 
in which the cost of discrete de
vices and a surfeit of external com
ponents have created insurmounta
ble design limitations. 

High-gain transistors 

If the emitter of a transistor on a 
monolithic integrated circuit is dif
fused d<;leply into the base, the 
transistor will have extremely high 
current gains, of around 5,000-
even at collector currents of less 
than 1 microamp. This is 10 times 
the gain of discrete transistors. But 
because the collector and the emit
ter are nearly shorted in this so
called "punch-through" transistor, 
it has a breakdown voltage as low 
as 5 volts. Designer Robert J. 
Widlar of National Semiconductor 
has devised a way of using the high 
current gain while sidestepping the 
low breakdown voltage. 

At the Northeast Electronics Re
search and Engineering Meeting 
(Nerem) in Boston last week, Wid-
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1966 1967 1968 

Segment of Sept. Aug. Sept. 
industry 1968 1968° 1967 

Consumer electronics .. 105.8 104.1 109.2 
Defense electronics . . . . . . . . . . . . ' 166.4 162.1 153.1 
Industrial-commercial electronics 121:1 121.6 118.5 
Total industry . . ..... . . . . . .. . ... 143.0 140.4 135.5 

Electronics production advanced 2.6 points in September from August 
and 7.5 points from September 1967. The largest gain was in defense 
electronics: for the month the gain was 4.3 points and for the year 13.3 
points. The consumer index advanced 1.7 points in the month but fell 
3.4 points in the year. The industrial-commercial index inched up 0.1 
point in September and rose 3.2 points from 1967. 

Indexes chart pace of production volume for total industry and each segment. 
The base period, equal to 100, is the average of 1965 monthly output for each 
of the three parts of the industry. Index numbers are expressed as a percentage 
of the base period. Data is seasonally adjusted. 
• Revised 

lar described an operational ampli
fier with four transistors in the in
put stage: two bootstrapped high
beta primaries, operated at zero 
volts, cascaded with two high
voltage secondaries. The technique 
takes advantage of the high gain 
of the input transistors and uses it 
to get a high voltage from the 
secondaries. 

Widlar says an op amp designed 
with this type of input stage could 
provide an input current two to 
three orders of magnitude lower 
than those of present designs. 

Low input. The point is to allow 
the op amp to operate at extremely 
low input currents, so as to mini
mize offset voltage in the differen
tial input stage, yet still produce 
sufficient current at the output. 

Junction field effect transistors, 
which have excellent current gains, 
are widely used in discrete op 
amps, but they are extremely diffi
cult to match on an IC chip. Bipolar 
transistors match very well, but 
they have low current gain at low 
currents. 

Widlar points out that bipolars 
can be made with high gains if one 
is willing to live with the low 
breakdown voltage. " It is interest
ing to note that transis tors that 
have been driven into punch
through exhibit less fall-off of cur
rent gain at low collector currents," 
he says. "This probably happens 
because there is a large difference 
between the emitter-base turn-on 
voltage in the bulk near the collec
tor-base junction and the tum-on 
voltage near the surface. A greater 
difference in these voltage reduces 
the collector current at which the 
fall-off occurs." 

Widlar has already designed a 
circuit using this design, and it has 
been marketed by National for 
nearly a year. This is the LM102, 
a high-impedance op amp designed 
for unity-gain voltage-follower ap
plications [Electronics, Jan. 22, 
p. 173]. But Widlar has not yet put 
the new input stage into a general
purpose op amp; the Nerem paper 
is the first clear indication that he 
intends to. 

Last month, National cut the 
price of the LMlOl, Widlar's im
proved version of his 709, by 50% . 
At the same time, the company in-
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traduced a new op amp, dubbed 
the LMlOlA; it sells for the same 
price as the old 101, but perform
ance over the entire military tem
perature range has been drastically 
improved. The 709 and the 101 
have input offset current of 500 
nanoamps, bias current of 1,500 
and offset voltage of 6 millivolts ; 
in the lOlA, the values will be 
20-na offset current, 100-na bias 
current, and 3-mv offset voltage. 

Sticky and tricky. "To go from 
the 709 to the lOlA was a matter 
of improving' the process," Widlar 
says. "But to do more merely by 
raising transistor current gains is 
sticky. You run very quickly into 
the tradeoff transistor current gain 
and breakdown voltage." 

Fabrication· of the chip requires 
an extra prqcessing step, since the 
transistors are made with separate 
emitter diffusions-one deeply dif
fused for high current gain and the 
other with a normal diffusion for 
breakdown voltages above 50 volts. 

However, Widlar points out, the 
processing itself is much less criti
cal than for a conventional design, 
since the diffusion need not be so 
closely controlled. Pushing current 
gains at the expense of breakdown 
voltage can lead to some very 
tricky diffusions , Widlar says, since 
there is a danger of going into 
nunch-through unwittingly. Eli
minating the tradeoff also eases 
the diffusion tolerances. 

National is mum on when a suc
cessor to the lOlA can b e expected, 
but in his Nerem paper, Widlar 
oredicted that the primary applica
tion of punch-through transistors 
in IC's would be in general-pur
pose op amps. 'i\Tith a year's experi
ence on the 102, National may not 
have to delay too long on the gen
eral-purpose circuit. 

Ion-implant serendipity 
A dash of serendipity went into 
the recipe that has put Hughes 
Aircraft within reach of using ion
implantation techniques to produce 
metal oxide semiconductor field ef
fect transistor arrays [Electronics , 
Oct. 14, p. 33]. 

The happy tale is told by Rob-
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MOS FET PRODUCED BY DIFFUSION ALONE 

SOURCE DRAIN 

CHANNEL (SIL I CON) 

MOS FET PRODUCED BY DIFFUSION PLUS ION IMPLANTATION 

BROAD BORON ION BEAM 

SOURCE CONTACT 
METAL! ZATION 

ert Bower, manager of the applied 
solid state research department at 
the Hughes research laboratories, 

ewport Beach, Calif. By coinci
dence, a strong effort to improve 
MOS FET and microwave devices 
was under way at the labs simul
taneously with an ion-implantation 
program. During the work the lab 
realized that MOS FET's happened to 
be a good vehicle for ion implan
tation because they have a single 
p-n junction. They don't require 
the complex dopant profile needed 
for double-junction devices such 
as bipolar h·ansistors. 

Barring breakdown. Bower says 
Hughes has overcome many of the 
problems that caused others to de
spair of mastering ion implanta
tion through a good silicon dioxide 
layer. These problems included im
planting at room temperature or 
below; damaging the oxide, caus
ing disturbed passivation charac
teristics; and charging the surface 
of the p-channel devices positively 
to a very high voltage, causing it 
to break down. 

Hughes implants boron ions at 
100,000 volts and temperatures of 
250° to 350°C, then anneals out 
any implantation damage in the 
silicon crystal structure by soaking 

DRAIN CONTACT 
METAL! ZATION 

wafers at 550°C for a few min
utes. "We also pin the surface po
tential-prevent it from charging 
positively-by showering the whole 
surface with low-energy electrons," 
Bower explains. Many more elec
trons than boron ions arrive at the 
surface, he notes. But the neatest 
trick-using the gate as the source
drain mask- is the step that en
sures full compatability with pro
duction techniques. 

Using diffusion alone, three 
masking operations are required to 
diffuse the P+ source and drain 
regions into the p-type silicon at 
high temperatures-about l ,100°C. 
Then the oxide layer is grown at 
a slightly lower temperature, and 
a fourth mask is used to form the 
gate that covers the p-type chan
nel between the source and drain. 
Bower notes that with conventional 
diffusion the aim is to keep the 
gate narrow enough (5 microns is 
recommended) to minimize stray 
capacitance between the gate and 
channel. 

Excess capacitance. But inter
mask tolerances are such that the 
gate must overlap the source and 
drain by 5 to 8 microns to be sure 
of covering the entire channel. As 
a result, parasitic capacitances 
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from gate to source and gate to 
drain are as great as that between 
the gate and channel. 

"You have three times the ca
pacitance needed, degrading de
vice performance," Bower says. 
"But things get worse. When you 
operate a three-terminal device, 
there's a voltage gain that multi
plies the capacitance between the 
gate and drain. This is the Miller 
effect, and the voltage gain on the 
average circuit is two, so that a 
typical high-quality MOS FET made 
by diffusion alone has five times 
the input capacitance needed," he 
says. 

In the Hughes method, the P+ 
regions that will form parts of the 
source and drain are diffused in, 
and the gate oxide is grown in the 
usual way, but the mask spaces 
the p+ regions 15 microns apart, 
instead of 5 as in MOS FET' s made 
by diffusion alone. The gate oxide 
is then selectively removed over 
parts of the diffused source and 
drain to allow formation of the 
gate electrode and source-drain 
metallic contacts, so that metaliza
tion takes place before implanta
tion. Although the gate is only 
about 5 microns wide, it acts as 
a mask, and when boron ions bom
bard the struch1re, they penetrate 
the exposed oxide region and form 
a p-n junction about 0.4 micron 
deep into the channel region. 

Faster devices. With ion implan
tation, there is virtually no lateral 
spread of the dopant as there is 
with diffusion. This means that the 
junction has the exact dimensions 
of the mask There is no overlap 
of the gate over the source and 
drain areas , and consequently no 
parasitic capacitance between 
source and gate and drain and 
gate. The source and drain are ex
tended during implantation beyond 
their diffused-in dimensions, but 
only to the edges of the gate act
ing as a mask 

By combining diffusion and ion 
implantation, then, Hughes can put 
the gate down before implantation 
and after all diffusion has taken 
place. This makes implantation and 
annealing the last steps before 
wafer passivation and dicing, and 
because implantation is done at 
low temperatures, a normal gate 
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metal, such as aluminum, can be 
used. 

The input capacitance is cut to 
a fifth of that occurring with sim
ple diffusion. Hughes' studies show 
that reducing parasitic capacitance 
will make MOS devices-shift reg
isters, large-scale integrated arrays, 
and commutator switches-three to 
five times faster than devices made 
with simple diffusion. About 100 
ion-implanted MOS FET wafers 
have been processed. Tests with 
an MOS integrated-circuit ring os
cillator showing average propaga
tion delays per stage of 4 to 4.5 
nanoseconds for diffused and ion
implanted devices-versus 20 to 25 
nanoseconds for devices made by 
diffusion alone-lead Bower to pro
ject a speed of 30 megahertz for a 
dual 25-bit, two-phase MOS shift 
register within six months. Today's 
best speed is about 10 Mhz. 

Bower says an ion-implantation 
machine costing $30,000 to $35,000 
that's much simpler than the en
gineering model in use now will 
put the Newport Beach facility into 
production with ion-implanted MOS 
circuits next year. 

Displays 

Controlling the view 
Almost four years ago, the Elec
tronic Systems division of Sylva
nia Electric Products got a con
tract from the Air Force's Rome 
Air Development Center for a flat
screen display. The model, using 

EL display. This 
1 % -inch-square, 
100-unit display 
may be the fore-

runner of 10-foot
square models. 
Larger displays 

could have as many 
as a million units. 

tiny electroluminescent panels, 
was to prove the feasibility of dis
plays 8 to 10 feet on a side [Elec
tronics, July 25, 1966, p. 144]. 

Now the Needham, Mass., oper
ation has delivered, and though 
the EL array is only about 11/4 inch 
square, Joseph L. Hallett, display 
and simulation laboratory section 
head, says it convinces his men 
that large displays could be made 
-perhaps at about 40 cents per 
glowing element. 

Diode drawbacks. The military 
is h·ying several routes toward 
large-screen display technology, 
among them laser, film, and cath
ode-ray-tube projection systems. 
According to Hallett, such systems 
are costly to operate and main
tain. And the space required for 
their projectors and projected 
beams, he says, makes them "just 
about impossible for airborne con
trol centers." 

"For alphanumeric data, a wall
screen, random-access, dot matrix 
display is most practical," says 
Hallett. This includes not only Syl
vania's EL scheme but also diode 
displays. Failures of light-emitting 
diodes, however, tend to be cata
strophic, while EL elements dim 
gradually, says Hallett. What's 
more, he points out, the high cur
rent densities diodes require make 
for interconnection problems, es
pecially if the display is to be 
built in an IC-like format. Finally, 
he adds, it's not always possible 
to get a desired color with diodes. 
"Some display schemes even use 
an image converter to change the 
diodes' output to visible radiation, 
and that's costly and inefficient," 
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"Ministic;' 
the high voltage 

silicon 
rectifier for 

the engineer 
who wants 

A new device technology developed at 
Semtech Corporation has revolutionized 
the multi-junction rectifier. This break
through has greatly improved reliability 
and lowered costs. 

Discrete multi-junction devices and sticks 
made up of such devices are now suited 
for previously impractical applications. 
They can compete directly with vacuum 
tubes and selenium sticks. 

Typical appl ications include focus recti 
fiers, rf power supplies, power supplies 
for CRT's and image tubes, and especially, 
state-of-the-art voltage multipl iers of all 
types . This breakthrough involves the 
i nterna I construction of mult i- junction 
rectifiers ai'lowing for a corona free pack
age with minimum voltage gradients. 

,) . 
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more of 
a good 
thing. 

J 
Enlarged unretouched photograph showing 
multi-chip junction construction . 

"Ministic" specifications include: 
Peak Inverse Voltages . . . 10 kV to 40 kV 
Average Rectified Current. . . . . . 5.0 mA 
One Cycle Surge Current. . . . . . 2 amps 
Reverse Current @ PIV . . . . . . . . 100 µA 
Forward Voltage@ 10 mA . . 30 V to 120 V 
Size . . . . . . 25" D x 1.125" to 4.275" L 
Available with 100 ns. reverse recovery time. 

"Ministic" incorporates junctions metal'urgi
cally bonded at high temperature producing 
a high-strength multi-junction unitary stack. 
This process allows Semtech to use the 
Suprataxial junction (liquid phase epitaxial) 
proven to be superior for high-voltage, fast
recovery devices. This is an extension of 
the technology employed in the Semtech 
"Ministac" avai lat ' ~ involtagesfrom3kVto 
7 kV. For more about "Ministac," get your 
copy of "Ministac - Design Freedom with 
New High Voltage-Low Current Rectifiers." 
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the Sylvania official adds. 
Sylvania's display has had prob

lems of its own. Most deal with 
control of the EL units-singling 
out one while keeping others off; 
making sure the display stays lit; 
switching the high voltages needed 
while minimizing leakage during 
the off state. 

Few connections. Sylvania tried 
five circuit designs before settling 
on one that met the criteria: the 
fewest external connections, the 
fewest power supplies, and the 
lowest power consumption. The 
final circuit (there are 100 in the 
model, one for each EL unit) has 
only four connections: two for ad
dress, one for B+ current, and one 
for the EL unit. Control and 
switching are handled by a pair 
of silicon controlled rectifiers-one 
high- and one low-voltage-plus 
four resistors and two zener di
odes. Making this circuit was the 
toughest problem; the 100-element 
panel was adapted from the com
pany's standard product line. 

The high-voltage SCR must have 
low leakage, because the EL units 
use about 250 volts a-c but only 
about 200 microamps in the on 
state. 

With such a small current re
quirement, leakage through the 
SCR would have let unused ele
ments glow, reducing contrast. 
Hallett' s group estimated that it 
could allow only 2 picofarads of 
leakage in the high-voltage switch. 

Good isolation. The engineers 
rejected diode isolation as having 

INCHES 

too much short-circuit potential. 
Oxide isolation would have re
quired moats on the chip 7 or 8 
mils deep and wide. They finally 
settled on beam leading for both 
the high-voltage SCR and the other 
circuitry. The beam-lead format 
resulted in good isolation and, by 
getting the SCR out of its package, 
reduced parasitic capacitances. 
"This is a unique SCR," says Hal
lett. "It has no commercial coun
terpart." 

The circuit that controls it is 
also beam-leaded. This time, break
down voltages of only 7 to 9 volts 
are enough, so all the other com
ponents of the circuit (zeners, Iow
voltage SCR, and so forth) can be 
put in one IC and assembled on an 
alumina substrate with the high
voltage switch to form the control 
circuit. 

This circuit depends on pulses 
of opposite polarity sent to the 
two address inputs of the IC. 
These pulses indicate the x and y 
coordinates of the EL panel to be 
lit. The control circuitry ignores 
any x pulse without a simultane
ous y pulse at the other input, so 
only the desired EL panel is lit. 

The x and y pulses' relative po
tential exceeds the zener voltage 
for the diode pair in the gate leg 
of the low-voltage SCR. This trig
gers the switch, which in turn trig
gers the high-voltage device. To 
keep from having to "refresh" the 
display, Sylvania used a latching 
arrangement. B+ current holds 
the high-voltage switch on until 

1 
In command. In the control circuitry for the electroluminescent display, beam· 

lead IC's and SCR's on this hybrid pick one of 10 EL units, switch on the high 
voltage needed to make it light up, and keep the display refreshed. 

two simultaneous erase pulses ap
pear at the address inputs to turn 
off the low-voltage SCR, and thus 
the high-voltage one. 

On view. Hallett's group had 
set goals of a 15-microsecond 
switching time ·and a display 
brightness of 20 foot-lamberts. The 
model exceeds both marks; switch
ing takes 3.6 microseconds at 
worst, while brightness is easily in 
the 35-to-40-foot-lambert range
enough for easy viewing in a 
lighted room. 

Part of Sylvania's task was price 
prediction for large displays, per
haps with a million EL units. Hal
lett figures that EL displays could 
be made for 40 cents per unit
including the control circuits. To 
reach this price, he would com
bine the control IC and the high
voltage SCR into a single beam
lead chip, and perhaps adapt the 
EL panel for duty as a hybrid sub
strate. Thus a future display might 
have EL units on one side of a 
single substrate and control cir
cuitry on the other. 

The Air Force, however, would 
like a cost of about IO cents per 
unit. Hallett doubts that any pres
ent technique can reach this level 
but says batch processing and 
monolithic fabrication are being 
studied to find out how much they 
would cut costs. 

Packaging 

Fairpak finale 
The new boss of integrated-circuit 
production at Fairchild Semicon
ductor is former Motorola executive 
Eugene Blanchette, and-in the 
Motorola tradition-he has already 
taken drastic steps to cut costs 
and boost volume. One of his first 
actions upon moving to Fairchild 
was to stop production of the Fair
pak, the flip-chip package that had 
defeated all cost-cutting attempts 
since the company introduced it 
nearly two years ago. Then last 
month, in an unrelated action, 
Blanchette hired John Rusher, an 
IC production specialist, away from 
Sprague Electric's semiconductor 
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King Radio needed: , 
capacitors that stay reliable even 

with extreme cold, humidity 
and vibration. 

So King Radio chose: capacitors 
. of ~R~-~~~ 

Strict aircraft safety standards require 
the most reliable navigation equipment 
available. That's why King Radio Cor
poration uses capacitors of MYLAR* 
for their Distance Measuring Equip
ment. MYLAR can take temperature 
extremes from -60° to +I 50°C; 
MYLAR remains constantly stable un
der humid conditions. 

•ou PONT'S REGISTERED TRAOEMARIC fOA ITS POLYESTER FILM. 
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But reliability 
isn't the only reason Kin·g Radio chose 
MYLAR. The extremely high dielectric 
strength of MYLAR permits its use in 
thinner film, thus helping King Radio 
to build the lightest and most com
pact distance measuring unit on the 
market. MYLAR is available in films as 
thin as 15 gauge. 

And another reason why you will 
want to investigate using capacitors 
of MYLAR: they usually cost no more 
than others. Write for complete tech
nical data to DuPont Company, Room 
4960A. Wi lmington, Delaware 19898. 
(In Canada, for information write 
Du Pont of Canada Ltd., Post Office 
Box 660, Montreal, Quebec.) 

~MYLAR® 
•n,, .,.,oo• 
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The First 
Authoritative 
Single-Volume 
I/C Reference 

... THE 
INTEGRATED 
CIRCUIT DATA BOOK 

Here is the industry's most complete 
data guide and the most comprehensive 
source of general I/C information. 

Nearly 1,000 fact-packed pages con
tain detailed specifications for all 
Motorola linear and digital integrated 
circuits, plus: 

e INTERCHANGEABILITY CROSS-REFERENCE 

e DIGITAL AND LINEAR 
. APPLICATION SELECTION GUIDES 

e SELECTED KEY APPLICATION NOTES 

e SUPPLEMENTS - UPDATING SERVICE 
SUBSC~IPTION RESERVATION 

e ALPHA-NUMERIC CIRCUIT 
IDENTIFICATION INDEX 

Individual sections of the book treat 
each of the Motorola I/C families: 
MECL, MHTL, MTTL, MDTL, 
mWMRTL and MRTL, MOS, Com
plex Arrays, and each of the linear 
types. No single I/C information source 
offers · so much toward the intelligent 
selection of the right device for the spe
cific job ... yet the price is only $3.95 
per copy. 

Integrated Circuit Data Book Coupon 
My check (payable to Motorola Inc.) is enclosed. 
($3.95 per copy) 

Name ___________ _ 

Company __________ _ 

Address ___________ _ 

City ____ state ___ ~ip __ 

II MOTOROLA 
Semiconductor Products Inc. 

P. 0 ~~0912 ~ PHOENI~ ARIZ . .J!.5_Q_3§_ 
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operation and put him in charge of 
a unique satellite operation at 
Fairchild's South Portland, Maine, 
facility. 

Blanchette had never been en
chanted by the Fairpak; shortly af
ter arriving at Fairchild he noted 
that "the metalized ceramic sub
strate puts it out of the ballpark 
for really low cost." 

The coup de grace for the pack
age may have been the develop
ment of a radically new kind of 
aluminum beam-lead device that's 
produced by a technique far 
simpler than Bell Laboratories' air
isolated, back-etch method for gold 
beam leads. Devices have already 
been assembled by this process 
and are undergoing reliability tests. 
Blanchette is closemouthed about 
how they're made or when they'll 
be introduced, but this aluminum 
beam-lead approach is the only one 
of four methods of one-shot bond
ing to which he has assigned a de
velopment task force. (The others 
under study at Fairchild are gold 
beam leads, spider bonding for 
plastic-packaged Hip-chips, and 
bumped chips for multichip pack-
ages.) · 

The Fairpak, the first commer
cially availablE\ flip-chip package 
[Electronics, Feb. 20, 1967, p. 49] , 
contains aluminum-bumped chips 
bonded face down on a metalized 
ceramic substrate and capped with 
a little glass-ceramic seal. Fairchild 
introduced it for four diode-tran
sistor-logic circuits, switched it 
over to its slow-selling transistor
transistor-logic line shortly there
after, and has resolutely refused to 
publicize it after the first splash. 
Blanchette says the company will 
still make it for anyone who in
sists. 

Independent. The South Port
land experiment will be the total 
responsibility of Rusher. The 
operation will do its own sched
uling, make its own masks, and 
fabricate !C's from the wafer level 
through packaging. 

In general, South Portland will 
produce the older lines of Fair
child IC's-DTL, CTL, and the 9000 
line of TTL. Mountain View, Calif., 
will concentrate on linear circuits, 
medium-scale integration, micro 
matrixes, computer-aided design, 

MOS, and memories. When Moun
tain View needs space to turn out 
new products, the older lines will 
be transferred to South Portland. 

"In 1971, the IC market will 
amount to $800 million," Blanchette 
says. "If Fairchild, as a leader, is 
to have a quarter of that market, 
there has to be another plant in 
which to make the circuits. And we 
also have to find a way to move the 
newer, more sophisicated products 
onto the market fast but without 
ignoring the volume lines." 

Rusher will become a director 
under Blanchette. He will be head
quartered at the parent plant in 
Mountain View and will have his 
own development group to pass 
research and development improve
ments on to the South Portland 
operation. Orders entering the 
company will be scheduled inde
pendently-"but in total visibility," 
as Blanchette puts it delicately
by Rusher. 

The move means a substantial 
increase in the engineering staff 
at South Portland. Blanchette says 
new-and presumably automated
assembly techniques will be in
troduced there in 1969. 

Industrial electronics 

Keeping in touch 
Municipal police forces may some
day have an easier time keeping 
track of their wayward "Car 54's." 
The Department of Housing and 
Urban Development is studying a 
program called Pulse (for public 
urban locator service) that would 
give dispatchers of public and com
mercial vehicles a constant picture 
of the vehicles' location. 

HUD would like to develop such 
a system as a nationwide public 
utility, ensuring coordinated plan
ning by requiring private and 
public customers to use the same 
service. 

To get an assessment of the pro
gram, the agency last month spon
sored a technical conference in 
Washington attended by 20 elec
tronics firms. Most of the engineers 
present agreed that such a system 
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Call or wire TODAY for 
complete new Trimmer data. 
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ERIE 

TECHNOLOGICAL 

PRODUCTS, INC . 

YOUR ERIE MAN HAS JUST THE RIGHT 

TRIMMER CAPACITOR••• 
AT JUST THE RIGHT TIME 
Your Erie Man won't sell you a particular type of trimmer capacitor ... 
but he will help you choose the..d.9.bLtrimmer from the world's most complete 

selection ... AIR, CERAMIC, GLASS, QUARTZ, and PLASTIC - more than 
1000 styles. With ERIE you save valuable time by talking with one expert rather 
than several representatives handling limited trimmer lines. And you know 
the trimmer you choose will be ideal for your application. So call in your 

ERIE man for your complete trimmer requirements. 

ERIE is qualified to MIL-C-81 and MIL-C-14409 

ERIE TECHNOLOGICAL PRODUCTS, INC. 
644WEST12th STREET • ERIE, PENNSYLVANIA 16512 • PHONE (814) 456-8592 
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'PIXIEPOT:~ 

LITTLE 
PRICE ~f BIG , 

FEATURES 

The biggest little $3.97 precision 
10-turn wirewound pot 

in the world! 

The Duncan "PIXIEPOT" potentiometer 
gives you the big features at a little 
price. It is the one and only precision 
10-turn miniature pot for under $4 
that has all these features: • Length : 
ONLY '14" • Diameter: ONLY %" • 
Linearity: ± 0.25% • Resistance Range: 
100 ohms to lOOK ohms • Power 
Rating: 2 watts @ +20°C • Tempera
ture Range: -25°C to +B5°C • Resolu
tion: Better than ANY wirewound pct 
TWICE its size • Slotted Stainless Steel 
Shaft/C ring • Now you can save big 
dollars on your instrument and system 
requirements. Specify Model 3253 
"PIXI EPOT" for as low as $3.97 each 
in production quantities and only $5.95 
each for 1·24 units. In-stock delivery, 
of course. Call, write or wire Duncan 
today for complete specifications. 

.,.~.~· 

DUNCAN electronics, inc. 
A DIVISION OF SYSTRON·OONNER CORPORATION 

2865 FAIRVIEW ROAD, 

62 

COSTA MESA, CALIFORNIA 92626 
Phone: (714) 545·8261 
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DATA LINK 

Traffic signals. System under study by the Government would keep track of 
vehicles and display their locations. 

was feasible. It was nuted, though, 
that the capital and installation 
costs might be prohibitive. 

Meeting of minds. Surprisingly, 
most of the companies at the meet
ing had independently arrived at 
similar conclusions as to the best 
technical approach to the system. 
Generally they suggest that the 
vehicles involved be equipped with 
inexpensive transponders that 
would pulse out short-range radio 
signals. Each vehicle would have 
its own code signal, and this would 
be picked up by receivers strate
gically spotted around the city. 
Hundreds of receivers might be 
necessary in a large city. The mes
sage from the receivers would be 
flashed via telephone lines or 
coaxial cables to a central com
puter, which would then calculate 
the location of the vehicle and store 
or display the data as needed. 

The hardware market created by 
a nationwide system would be 
tremendous-millions of vehicle 
transponders, thousands of location 
receivers, and possibly hundreds of 
computer-display complexes . 

One setup involving scattered re
mote receivers is now being built 
by Motorola for the Chicago Tran
sit Authority at a cost of $1.2 mil
lion. Two-way radios are being in-

stalled aboard 500 city buses under 
this system, which will monitor 
bus progress. 

Further study. Botl1 private and 
Federal officials concede that a na
tionwide program requires a great 
deal more study. Under a $200,000 
grant, HUD has hired two Wash
ington consulting firms-the In
stitute of Public Administration 
and Teknektron-to probe further 
into the system. 

With technical details so vague, 
few are willing to estimate what a 
nationwide system would cost. 
When pressed, industry and Gov
ernment officials put the cost "in 
the tens of billions of dollars." 
These figures give the program an 
unrealistic sound to many officials. 
But industry representatives see a 
tremendous market opening up 
even if the system is only partlv 
implemented. 

Military electronics 

Counterrevolution 
Most successful revolutions sooner 
or later have to struggle with coun
ter-revolutionary forces. And the 
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ACTUAL SIZE 

JAN and JAN TX-IN4942 Serles 

lo@ ss•c 1.0 Ade 

Surge 15 A 

JAN IN4942 200V 

JAN IN4944 400V 

JAN IN4946 &KJV 

Recovery Time 150 nsec 
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You can't tell 
from this picture that these are 

the only monolithic 
fused-in-glass 

JAN TX type 1 N4942 
fast recovery 

controlled avalanche 
rectifiers 

in the business. 

So take a look at this actual section 

Hard glass fused to all silicon 
and pin surfaces creates a\ 
voidless monolithic structure. 
Perfect seal against all mois· 
ture and contaminants. 

Temperature coefficient of_J 
glass and pins is matched to 
silicon. No degradation under 
severe thermal stress of high 
transients or repeated temper
ature shock even from 
- 19s°C to 300°C. 

Metallurg ical bond of pins to 
die faces at 1000°C allows ex
tremely high surge capability, 
low thermal resistance. Virtu
ally indestructible construction . 

i--controlled avalanche and 
permanently stable surface 
leakage characteristics. Hy
perclean silicon surface fused 
only in hard glass. No oxides, 
silicones , or varnish are used. 

And you can't tell by looking at the picture that Unitrode 
not only makes them, but has them on the shelf, ready to 
ship, no waiting, 3 ratings . So .. . 
If you ' re in a real hurry, why not call Dave Greene 
collect, at (617) 926-0404. 
If you're not in that much of a hurry, we 'll be glad to send 
you our data sheet, with all the specs. 
Samples anyone? Just call Compar or Daniel & Co . .. . 
or drop us a line. 

sao P'"""' s"'"· w"'"'""· M•"· 02112 (61~ 926-0404 ® [1W 
UNITRDDE 
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TRYGON 
HAS THE 
POWE 

to deliver wide slot 
range performance in 
ratings to fi-t every 
system ... from s11s. 
•Rack mounted and modular. 
• Meter and control options, 

integral. 
•All silicon design-precision 

performance. 
•Adjustable current limiting

optional overvoltage 
protection. 

• Remote sensing and 
programming. 

LIBERATORS from TRYGON ... the ulti
mate in IC and transistor system power 
in minimum size at lowest possible cost. 
Specs like 0.5mV ripple, 3mV P-P noise, 
MIL Spec. performance and overvoltage 
protection. 

FULL-RACK MODELS: voltages to160V; 
output currents up to 40 A (3Y2") and 70 A 
(5Y4 "), 0.005% regulation and 0.01 % sta
bility,plus load share automatic paralleling. 

SUB-RACK MODULAR MODELS: volt
ages to 160VDC, output currents from .25 
A to 25 amps, 0.01 % regulation and 
0.03% stability. Write today. 

TrRYGON POWER SUPPLIES 
111 Pleasant Avenue, Roosevelt, L.I., N.Y. 11575 
Trygon GmbH 8 Munchen 60, Haidelweg 20, Germany 
Write for Trygon 1968 Power Supply Handbook. 
Prices slightly higher in Europe. 
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"management revolution" led by 
former Defense Secretary McNa
mara is proving to be no excep
tion. The weapons commonality 
idea has been under fire [Elech·on
ics, Oct. 28, p. 70], and now Mc
Namara's firm fixed-price conh"act
ing policies are also under attack. 

The Aerospace Industries Asso
ciation recently complained to the 
Pentagon that too many fixed-price 
contracts were being used in major 
weapons systems development. 
Soon afterward, the department's 
own Armed Services Procurement 
Regulations (ASPR) Committee, in 
an apparently unrelated move, is
sued new rules that appear to meet 
some, but not all, of the objections. 
Both actions reflect growing suspi
cion that fixed-price contracts can 
impede technological advances and 
cut profits , especially in research 
and development efforts. 

Bad feeling. Initiated several 
years ago, the fixed-price conh·act
ing policies were basically intended 
to save the Pentagon money on 
production contracts. But many 
service R&D commands felt they 
had to comply also and used the 
policies on contract definition and 
the following research and engi
neering phases of a system's life 
cycle. 

Consequently, the AIA asserts 
that a contractor under a firm fixed
price or fixed-price incentive con
tract may see his profit decline 
when he has to solve one of the 
unforeseen technical problems 
common in the conh·act-definition 
phase. Often, too, subcontractors 
get saddled with rigid, unpleasant 
contracts. In every major weapons 
system development reviewed by 
the AJA, the company had to make 
substantial technical cl1anges to 
meet the contract specifications. 

Such fixed-price contracting oc
casionally led to bad feeling be
tween contractors and the service 
command and, within the com
mand, between the program officer 
who had the final say on selection 
of the type of contract and the 
technical and legal sections. 

Flexibility. The AIA suggests in
stead that the choice of the final 
conh·act type for engineering de
velopment be made after the con
tract-definition phase and that the 

conh·acts be made flexible to ac
commodate the degrees of technical 
difficulty involved in the system. 
The AIA, however, strongly op
poses "any return to older con
tract practices which rely upon 
cost-plus-fixed-fee contracting for 
major weapon systems develop
ment." 

Specifically, the AIA recommends 
that the Pentagon: 

• Choose the contract for each 
individual weapon system that is 
appropriate for the technical un
certainties involved. 

• Establish a board to review 
each contract. 

T11e new ASPR regulations make 
the contracting officer the final ar
biter of conh·act type, but he must 
make his decisions with the advice 
of the technical sections, discuss 
the types of contracts to be used 
with the conh"actors (who may of
fer alternate suggestions), and 
make a written report of his rea
sons for choosing a certain con
tract type. The ASPR changes don't 
satisfv the AIA desire for a central 
Penta'gon review board. The AIA 
thinks that the decisions on con
trnct type are made by middle 
managers who are hard to reach 
and whose decisions can't be ap
pealed. 

Unk unks. As the complexity and 
cost of programs increase, the AJA 

contends, the problems and uncer
tainties of contractors will multiply. 
Engineering development costs are 
currently from 60% to 70% of total 
development costs and from 10% 
to 30% of life-cycle costs, it notes. 

The chief cause of the indush"y's 
complaints are the "unk unks"
the unanticipated unknowns-that 
cannot be forecast on the basis of 
paper design and analytical stud
ies, the AIA says. These are con
trasted to the anticipated un
knowns, "the things you know you 
don't know." 

The AIA sees a trend of diminish
ing profits caused by more com
panies bidding on the fewer but 
bigger contracts available. The 
Pentagon discourages "buying in" 
(purposely bidding low to get in a 
favorable position to bid for the 
production conh·act), but the AIA 
says the current defense market is 
unintentionally producing a similar 
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New! Multi-Color 
Performance from 
RCA Single-Gun CRT's 
How many colors do you want in CRT read-out? RCA can give you 
two , and the shades between, from a single-gun CRT. What's more 
you have a choice of tube size for the display of all types of visual 
information -waveforms, alphanumeric, pictorial or any combina
tion of these three. 

Here's your answer to air-traffic control systems, military IFF 
systems, stock market quotation displays, airline and other trans
portation status boards. Utilize RCA's new capability in teaching 
machines, electronic test instruments, computer read-out equip
ment-anywhere a multi-color display makes understanding easier. 

The RCA multi-color CRT is made with two phosphor layers. The 
multi-color performance is obtained through the appl ication of 
different anode voltages. 

Whatever your choice of colors and display, the read-out is as 
sharp and bright as black and white. And the single electron gun 
means simple back-up circuitry. 

For more information on RCA multi-color CRT's and other RCA 
Display Devices, see your RCA Representative. For technical data, 
write: RCA Electronic Components, Commercial Engineering, 
Section No. K·19Q·l, Harrison, N. J. 07029. 

ncn 
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result. Companies may opt for a 
large profit on total business by 
stringing together tiny profits on 
many contracts. 

No official Pentagon reaction to 
these complaints is expected until 
the new Administration takes office 
in January. 

Advanced technology 

Beyond microwave IC's 
Even as microwave integrated cir
cuits gain their first large markets, 
researchers are trying to make them 
obsolete with the new technique 
called praetersonics. Using micro
wave-frequency sound waves inter
acting with piezoelectric and semi
conductor materials, they are al
ready building the first models of 
parts for praetersonic signal-proc
essing systems and other sections 
of radar and communications gear. 

Lately, schemes using waves 
propagating over the surface of 
such materials have come into 
vogue, replacing similar acoustic 
devices that use waves propagating 
through the bulk of the material. 
But a key part of any surface-wave 
system - a microwave-frequency 
amplifier - is still lacking. Surface
wave amplifiers have yet to oper
ate above about 300 to 500 mega
hertz because the transducers that 
convert electromagnetic energy to 
acoustic surface waves become so 
small that they are hard to make 
and performance is unrepeatable. 

Up, up. Now scientists at Ray
theon's Research division, Wal
tham, Mass., are developing what 
may be a high-frequency successor 
to such acoustic amplifiers. Using 
ferrite rather than piezoelectric 
substrates, scientific fellow Ernst 
F. Schlomann and senior research 
scientist Carl E. Patton have de
veloped an amplifier design that 
should work into the 3- to 4-giga
hertz region, and perhaps beyond. 

The ifirst version of the new am
plifier would use a slab of yttrium 
iron garnet about a millimeter thick 
and 1 by 1h centimeter long and 
wide. It is bathed in a constant 
magnetic field across its width. 

Lying flat. At either end of the 
flat surface of the garnet is a short 
stub antenna that allows micro
wave energy to be converted into 
magnetoelastic waves, which then 
propagate over the surface of the 
YIG. 

This in itself isn't enough to 
cause amplification, although ac
cording to Patton, the YIG is just 
about lossless. To amplify, an over
lay of high-mobility semiconductor 
such as indium antimonide is 
placed atop the slab in a layer as 
thin as 3,000 angstroms. A d-c 
pulse is applied to the ends of the 
semiconductor layer through ohmic 
contacts, with the direction of cur
rent flow the same as that of the 
magnetoelastic waves. 

Positive feedback. Now, as waves 
propagate through the YIG, ~e weak 
magnetic fields accompanying them 
will extend into the semiconductor 
and induce a current flow at right 
angles to the applied d-c. This new 
current will have a magnetic field 
of its own, which will augment the 
magnetoelastic waves. 

"It's a positive feedback sys
tem," says Schlomann, "since each 
of the two magnetic fields strength
ens the other. This is how we hope 
to achieve gain." 

The new device would be very 
small, since its size would be de
termined by the wavelength of 
microwave frequencies propagat
ing in solid materials. Other work
ers in the field of praetersonics 
would have said that by switching 
from waveguide to acoustical or 
magnetoelastic propagation it 
would be possible for a centimeter
long circuit to do the work of a 
mile of waveguide or coaxial cable. 

Unlike surface-wave amplifiers 
using piezoelectric materials rather 
than YIG, the Raytheon device 
would be tunable over a broad 
band. It would be tuned by varying 
the otherwise constant magnetic 
field applied across the width of 
the YIG slab: the stronger the ap
plied field, the higher the ampli
fier's center frequency. 

Schlomann and Patton hope to 
have their £rst model operating in 
late November or early December. 
In the meantime, Schlomann will 
detail the device and the theory 
behind it in a paper at the 14th 

Circle 67 on reader service card+ 



Ground station capacity 
in a portable recorder! 

Our new MTR-3500 should start a 
revolution in the hinterlands. It not only 
records 2.4 billion bits of di9ital data 
but does so with virtually no errors. Using 
a unique new design technigue called 
High Density Digital Recorcl 
patent pending), the 3500 pa 
per track inch on 2400 feet or 
14-track tape. And although 

an error rate of 1 x 108 , we've yet to drop a 
single bit with HDDR. 

The new 3500 is ideal for field use. Rigid 
construction permits operation in such rugge 
environmental conditions as 10g-11ms lh 
sine shock, 10g rms random vibration, and 
25g acceleration. It's compact (8.6" x 9.5" x 
20"), and weighs only 54 lbs. Best of all, the 
new MTR-3500 with HDDR is available now. 
For more complete information write Leach 
Corporation, Controls Division, Department E, 

LEACH 717 North Coney Ave., Azusa, 
Calif. 91702. (213) 334-8211. 
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International Conference on Mag
netism and Magnetic Materials in 
the New York Hilton Hotel Nov. 18 
to 21. 

Communications 

Opening up the spectrum 
In about three weeks, the Presi
dent's Task Force on Telecommuni
cations will report what everyone 
in the electronic business has known 
for a long time: there is no shortage 
of space on the frequency spec
trum, just an unfortunate lack of 
understanding about how to use it. 

The report, which isn't intended 
for public distribution until after 
the election, outlines a comprehen
sive plan for improving the utiliza
tion of frequency space [Electron
ics, Sept. 16, p. 67]. 

Not surprisingly, the Presidential 
panel will point to the Government 
itself as the leading culprit. It will 
charge that the Government has 
reserved too much of the micro
wave bands for potential satellite 
needs and is holding too much 
spectrum space for anticipated 
Federal law-enforcement needs. 

New agency. The far-ranging re
port will suggest that users pay a 
license fee based on the amount of 
frequency space used and the profit 
realized by using it. It will call for 
the establishment of a new agency 
with broad frequency-allocation 
powers, and will advocate the trans
fer of some spectrum now reserved 
for ultrahigh-frequency tv to land
mobile radio operations. 

Many of the recommendations 
aren't new, but the task force may 
succeed where others have failed 
in getting them implemented. How 
well it succeeds will be up to the 
new Congress and Administration. 

The task force, headed by Presi
dential adviser Eugene V. Rostow, 
has been working on the report 
since August 1967. Most members 
of the panel are officials of various 
Government agencies and none are 
engineers. The technical staff was 
drawn from Federal agencies. 

In brief, the group will urge the 
Government to: 

Make any frequency space avail
able to other users if the one to 
which it was allocated lets it lie 
dormant. 

_Establish and continuously up
date equipment standards and op
erating practices (including criteria 
for frequency sharing, channel 
loading, or both) to cut down on 
nonproductive "pollution" of the 
spectrum. 

Phase out point-to-point trunking 
with high-frequency bands (3-30 
megahertz) except as a backup to 
satellite and cable facilities , and 
use this space exclusively for mari
time and aeronautical mobile serv
ices. 

Allow present users of the 30 to 
1,000 megahertz range to con
tinue their use, but institute opera
tional constraints (such as power 
and frequency controls) and fre
quency-sharing to permit land-mo
bile use of the space. 

Set up new equipment and op
erating standards for land-mobile 
operators to ensure that the same 
frequencies can be used by base 
stations short distances apart. 

Encourage the development of 
common-user and common-carrier 
mobile radio systems with inter
mittent requirements by sanction
ing joint licensing arrangements. 

Auction land-mobile frequency 
space to the highest bidder when 
a dispute among applicants cannot 
be resolved on its merits. 

End the distinction between lo
cal and Federal police frequencies 
so the local forces can make use 
of the sparsely used Federal bands. 

Begin a broad, comprehensive 
study of the technical and eco
nomic feasibility of moving televi
sion broadcasting to higher-fre
quency bands-the microwave or 
millimeter-wave regions. 

Be prepared to consider ending 
tv broadcasts in the uhf bands 
when cable and other tv distribu
tion means become practical. 

Establish improved modulation 
and antenna directivity standards 
to permit greater frequency re-use 
in the microwave bands (1-10 giga
hertz). 

Continue sharing the 4- to 6-Ghz 
band behveen communications sat
ellite and radio relay systems until 
a domestic satellite system has been 
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fully worked out. 
Authorize the sharing of the 7-

and 8-Ghz bands, now allocated 
solely to Government (military) 
systems, by both domestic and mil
itary satellite systems. 

Encourage the trend among com
mon carriers toward low-noise sys
tems in the microwave bands. This 
involves the use of horn-reflector 
antennas, and of wide-deviation fre
quency-modulation and pulse-code 
modulation, for example. 

Create a new executive-branch 
agency to handle both Government 
and private allocations. (Under this 
plan the FCC would continue to 
parcel out specific frequency li
censes, but the block designations 
would be made by the new agency). 

Appoint regional coordinators to 
supervise allocations and assign
ments. 

Consolidate spectrum research 
and development in the new 
agency, except the mission-oriented 
research of other agencies. Sharply 
increase Federal funding for spec
trum R&D. 

Instruct the agency to take an 
interdisciplinary approach to spec
trum utilization by employing en
gineers, economists, lawyers, and 
social scientists. 

Components 

Up the ladder 
Until recently, prec1s10n resistor 
ladder nehvorks with an accuracy 
of 14 bits have been laboratory 
items, and the integrated-circuit 
digital-to-analog and analog-to
digital converters that rely on hy
brid or discrete resistor ladder net
works have been limited by ladder 
accuracy. But three new develop
ments from the microcircuits oper
ation at Beckman Instruments' 
Helipot division have just been in
corporated in the division's model 
811 hybrid thick-film cermet lad
der network, making 14-bit ladders 
available in quantity. 

The new developments are a 
cermet material that will yield 
typical resistor temperature-track
ing capabilities of 0.5 part per mil 

lion per degree C, tailoring equip
ment that will trim the ratio of 
each resistor to within 5 ppm of 
others in the network, and measur
ing equipment that can test lad
ders with accuracies up to 14 bits 
to within ±2 ppm of the desired 
ratio. It tests 200 to 300 of these an 
hour. 

Perfect tracking. William Kelly, 
materials supervisor in the micro
circuits operation and the man 
chiefly responsible for the new 
cermet material, says all resistors 
in a precision ladder network 
should have the same temperature 
coefficient. If they do, they are said 
to have perfect resistor-tempera
ture tracking. Kelly says Beck
man's best previous cermet mate
rials gave them typical resistor
temperature tracking of 2.5 ppm/ 
degree from -55° to +125°C. 

This kind of tracking allowed 
Beckman to produce many ladders 
with accuracies of 10 and 11 bits, 
and some with 12 bits. Commer
cially available materials (most of 
which are silver-palladium) that 
Beckman has tested show typical 
resistor-temperature tracking of 
10 ppm/ degree C. With them, 
Kelly says, a good m11ny 9.:bit lad
ders can be made, but only a few 
with accuracies of 10 and 11 bits. 

Details of the new Beckman cer
met are secret. Kelly says only that 
it is not silver-palladium and that 
it is produced by close control of 
three factors-particle-size distri
bution, thickness of the material 
to get an even deposition on the 
substrate, and firing temperature. 
"It's very important," he contin
ues, "that firing temperature be 
rigidly controlled so that each re
sistor in a network 'sees' the same 
temperature-because once they're 
formed, their stability and tempar
ature coefficient are locked in." 

Ratio tailoring. Beckman engi
neers are equally stingy with in
formation about their precision 
tailoring and measuring equip
ment. They point out, however, 
that they know of no other equip
ment that does ladder-nehvork ra
tio tailoring. Other trimmers ad
just to absolute resistance values. 
George Smith, supervisor of prod
uct design in the microcircuits op
eration, points out that commer-
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5 years ago DigiTec made a major breakthrough 
with the first low cost modular digital panel meter ... 

DigiTec continues to lead the industry with 
two new advances in low cost digital panel meters 

by UNITED SYSTEMS CDRPDRATIDN 

918 Woodley Road • Dayton, Ohio 45403 • (513) 254-6251 

Electronics I November 11, 1968 

Stocking Representatives 
Throughout the World 
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cially available trimming equip
ment is accurate to only 5,000 ppm 
absolute of the actual resistance 
value. 

The real key to Beckman's tail
oring equipment is the electronic 
system designed in-house to con
trol the air-abrasion trimmer. "We 
have to do everything possible to 
prevent harm to the cermet mate
rial," Kelly points out, "so we've 
designed control electronics that 
allow us to trim and measure the 
adjustment as rapidly as possible 
and not change the cermet proper
ties." 

Beckman engineers had to de
sign the final test equipment them
selves because they couldn't buy 
hardware that tested to the accu
racies they needed. The system, 
built outside, looks and works 
much like an IC tester. It has five 
wells containing liquid Freon at 
-55°, -20°, +25°, +80°, and 
+125°C. A socket accepts the fin
ished ladder network pins. For the 
rate of 200 to 300 per hour, an ana
log signal triggers a light bulb 
showing the ladder has an accu
racy of 9, 10, 11, 12, 13, or 14 bits. 

Print-out data. A printed tape 
similar to that fed out by desk cal
culators is produced by the tester 
if detailed information on a given 
ladder network is sought. For ex
ample, in testing a 12-bit ladder, 
the machine will print out a ratio 
error for each of three application 
resistors compared with the lad
der. This, in effect, tests the ladder 
in a circuit, with the applications 
resistors performing like feedback 
resistors, in an operational ampli
fier. The ratio printed out for the 
application resistors is the ratio of 
the feedback resistance to the 
Thevenin equivalent resistance of 
the ladder network. 

Then each of the 12 bits in the 
ladder is switched in and its ratio 
error in ppm is printed out. Fi
nally, the operator can push a but
ton and get a summation of the er
rors of each of the 12 bits. Smith 
says the summation is the informa
tion the man using the ladder 
wants to know, but Beckman gives 
him the application resistor print
out as well to give him an idea of 
how the ladder will work in a sys
tem. 

For the record 

Geiger gauge. The Lockheed
Georgia Co. has successfully dem
onstrated a nucleonic fuel-measur
ing system in its C-141 Starlifter 
and says it can be used in any type 
of aircraft. The system is simplic
ity itself: a radiation source sends 
gamma rays through a fuel tank 
and a Geiger Mueller tube on the 
other side of the container detects 
them; the amount of radiation 
reaching the detector is inversely 
proportional to the amount of fuel 
in the tank. For a plane the size of 
the giant C-5 transport, as many as 
six systems would be used for each 
of the 12 fuel tanks. 

Because this setup, unlike con
ventional fuel monitoring systems, 
requires no probes inside the tank, 
there's no need for safeguards 
against electrical arcing or for in
ternal maintenance. Lockheed says 
readings are unaffected by fuel 
densities, temperature fluctuations, 
or changes in aircraft attitude be
cause the system measures the 
mass of the fuel rather than sens
ing levels. 

The idea isn't new, but Lock
heed's will be the first operational 
system of this type. Giannini Con
trols (now Conrac) tried in 1964 to 
develop a similar system for the 
Apollo program but was unable to 
meet specifications. 

If at first . . . This week NASA 
will launch the second of four Or
biting Astronomical Observatories. 
The shot comes about 30 months 
after the first OAO achieved orbit 
but failed in its second day be
cause of malfunctions in the power 
supply and high-voltage arcing in 
the star-tracking apparatus. The 
second and more complex OAO has 
a completely redesigned battery
charging system. The star trackers 
have also been modified to prevent 
corona discharges and the high
voltage arcing. More sophisticated 
than previous U.S. unmanned sat
ellites, OAO carries 11 optical tele
scopes. 

Evasive action. Trying to avoid 
antitrust action, IBM has trans-
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$4.50 buys you the only zener 
that can give you these traces. 
At any of ten voltages from 5.6V 
down to 2.4V. Or all the way 
down to 2.2V, 2.0V and l.8V if 
you insist. And the voltage 
you choose will typically vary 
lSmV from 100/LA to lmA 
(or 125mV over its full 10/LA 
to lOmA range) . 

Ask for it by name-the LM103. 

National Semiconductor 
2975 San Ysidro Way, Santa Clara, Ca li fo rnia 95051. (408) 245-4320. 
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lILJ WITH~ ~ALL-
• "-- • SILICON 

MULTIFUNCTION 
VARIABLE FILTERS 
VDU GET MORE 
THAN HIGH-PA&a •nd LOW·PAaa 

PERFORMANCE 

MODEL 3202 provides continuously adjust
able high-pass, low-pass, bandpass and 
band-reject functions over frequency range 
of 20 Hz to 2 MHz. Twp.channel bench unit 
shown; 51f4"X 8!\ii" x 151/4"-rack units available. 

The unlimited flexibility of the K-H 
Multifunction Variable Filters is 
essential for complex frequency- or 
time-domain measurements. Don't 
settle for limited single-function 
capability when you can take advan
tage of K-H's two-channel Model 
3202 or the one-channel Model 
3200. See functions, below. 

These responses are fully adjustable 
and may be set independently. This 
performance typifies the extra value 
you get from modern Krohn-Hite 
electronic instruments. Other values 
increase user confidence further by 
providing simpler, faster and lower
cost operation. 
Functions: Low-pass - direct coupled 

with low drift. High-pass - upper 3 
db at 10 MHz. Bandpass - con
tinuously variable. Band rejection -
Variable Broad Band or Null. 

Two Response Characteristics: (1) fourth
order Butterworth or (2) simple R-C 
(transient free) 

Zero-db Insertion Loss: all-silicon ampli
fiers provide "lossless" passband 
response. Steep (24 or 48 db per 
octave) attenuation slopes extend to 
at least 80 db. 

90-db Dynamic Range: Low hum and 
noise (100 microvolts) eliminates 
costly preamplifiers. 

Output Impedance: 50 ohms, or lower. 
There's more in K-H Data Sheet 
3200/3202. Write for a copy. 

KH ~ES?F>tt,~::.1:1~I'5 
580 Massachusetts Avenue, Cambridge, Mass. 02139 

Ttltpllont: 617/491-3211 
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ferred its time-sharing subscriber 
services from the Data Processing 
division to its independently oper
ated subsidiary, the Service Bu
reau Corp. A 1956 antitrust con
sent decree prohibits IBM from op
erating a service bureau business 
as part of the parent company's 
operation. 

Early last month it was learned 
that the Justice Department was 
investigating the possibility of talc
ing legal action to force IBM out of 
the time-sharing business. Pos
sibly related to the move was the 
accusation by other time-sharing 
service companies that IBM's cen
ters got their computers at much 
lower prices. 

Roll 'em. The Kalvar Corp. has 
developed :a vesicular photo
graphic film that's said to be 10 
times faster than present counter
parts, although it's still much 
slower than conventional silver
halide films. Vesicular film does 
not use silver; it is exposed with 
ultraviolet light, and is processed 
by heat and light instead of chemi
cals. 

Dash dashed. When the Navy 
started its unmanned helicopter 
program, called Dash, it expected 
the drones to be able to hunt down 
and destroy submarines. But DOY!, 
some seven years later, the Navy 
admits that the program has been 
something less than a complete 
success; in fact, no more drones 
will be bought. So far, more than 
230 of the choppers have crashed, 
many after only a few hours of 
total flying time, at a cost of about 
$25 million. The crashes have been 
attributed to avionics problems. 
Often, says the Navy, the craft re
spond to spurious radio signals 
and end up in the drink. Other 
failures were laid to faulty gyro
scopes, altimeters, or decoding 
equipment. 

Laser in the field. Hughes Air
craft, which in 1960 became the 
first firm to demonstrate laser ac
tion, received a $2.7 million Army 
contract to produce laser range 
finders for the M-60 tank. Hughes 
says the devices will be the first 
completely militarized lasers. 

Vin automatique. That little ol' 
wine maker is remote controlled at 
the Pleasant Valley Wine Co. The 
Hammondsport, N.Y., winery has 
installed an electronic system to 
handle all processing from the time 
the grape juice leaves the presses. 
It controls temperatures, blending, 
fermentation, racking, clarification, 
filtering, storing, and bottling. The 
wine is sold under the trade name 
Great Wes tern. 

Comsat gains. The Communica
tion Satellite Corp. reported an 
earnings surge in the first three 
quarters of 1968 to $5 million, or 
50 cents a share, from $2.8 million, 
or 29 cents a share, in the year
earlier period. Operating revenue 
climbed to $22 million from $12 
million. 

Crystal growing. Tyco Labora
tories of Waltham, Mass., says that 
under an Air Force contract it has 
developed a technique for produc
ing single-crystal sapphire fila
ments as long as 100 feet. The 
filaments can be grown in a variety 
of shapes-thin and thick tubes, 
ribbons, rods, and T's. Because of 
sapphire's unique dielectric proper
ties, the processed crystal might be 
useful in lasers and fiber optics, and 
as a substrate for thin-film circuits 
or a base for the epitaxial over
growth of silicon for IC's. 

3-D in sequence. Holographic 
"movies" have been made at 
Hughes Aircraft's research labora
tories with a system that's said to 
have 10 times the energy output 
of previous stop-action holographic 
units . Hughes scientists use a gi
ant-pulse ruby-laser oscillator and 
amplifier that delivers 30-nanosec
ond pulses at up to 10 joules to 
produce a stream of images; the 
output is fully coherent at full 
pulse energy. The oscillator is a 
4-inch-long, %-inch-diameter ruby 
rod sandwiched between two linear 
flash lamps in a double elliptical 
cavity. A 12-inch-long ruby rod % 
inch in diameter and pumped by 
four linear fl.ash lamps makes up 
the amplifier. The system's maxi
mum peak power output is 300 
milliwatts. The oscillator has a 3-
milliwatt output. 
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From the leader in 

Epitaxial Reactors 
and Cold Wall Furnaces 

Only Hugle Industries offers you this large range of models, then makes them 
available in either semi-automated or fully automated modes. The automatic units 
feature our exclusive HI integrated circuit process controller. Soft-ware and 
installation are furnished free with these models. 

Choose the model and mode that suits your operation. 
HIER I 14-1" wafers or 4-2" wafers HIER IV 
HIER II 25-1 " wafers or 4-2" wafers HIER VI 
HIER Ill (Thin Film) 14-1 " wafers or 4-2" wafers HIER VII 

And Our Newest Addition . . . EPI GRANDE (Barrel) 

60-1 " wafers or 12-2" wafers 
85-1 " wafers or 18-2" wafers 

108-1 " wafers or 27-2" wafers 
140-1 " wafers or 40-2" wafers 

Other Hugle Industries' products include : Diffusion Doping Systems D100 Series Epitaxial Doping 
Systems Model 100 Infrared Microscope Model 1300 Ultrasonic Wire Bonder Model 1400 Beam 
Lead Bonder Model 2000 Flip Chip Bonder PC D Process Controller. 

Call Mr. Dave Davis, Marketing Manager, at (408) 738-1700 for further information. 

HUGLE Industries 
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complete 
' PC film masters 

direct from 
engineering sketch . .. 

FROM 
SKETCH 
TO ETCH 
IN 8 
HOURS 
or less ! The SLO-SYN Photo-Optical Positioner System 
slashes rs of manual preparation time .. . guarantees 
error-free negative or positive film masters up to 
12" x 18" . 

. . . positive control of every PC board production 
step is punched on tape . . . allowing duplicate film 
masters to be made at any time. 

Fast, accurate and versatile . . . this basic tape 
program is used to prepare tapes for drilling and 
even eyelet and component insertion. Positioning 
accuracies to -+- .001 " . 

Get all the facts on how this unique posit ioner system 
can drastically reduce PC board production time .. . 
and increase your profits! 

Call , write or wire : 

THE 

SUPERIOR ELECTRIC 
COMP.ANY 

405 Middle St re3t 
Bristol, Connecticut 0601 O 
Telephone: 203/ 582-9561 

Field Engineering offices in principal cities 

Circle 77 on reader service card~ 



These variable resistors and trimmers from 
PEC are the tough guys. Tough electrically. 
Tough mechanically. Actually exceed mil 
specs. Designed to take it. Tested to prove it. 

Insensitive to thermal shock and vibra
tion. PEC potentiometers are hot-molded by 
an exclusive process incorporating resistive 
element, insulator, and collector in a 
rugged integral unit. 

Heavy terminals, insulated support
ing base and a bridging contact brush 
of honed carbon resist mechanical 
damage, thus assuring circuit 
integrity. 

PEC's new metal ceramic trim
mers are made from a specially devel-
oped material guaranteeing excellent 
temperature coefficient characteristics and 
resetability. These multi-turn trimmers offer 
infinite resolution and are tough enough to 
stand extended cycling without degradation. 

If you're meeting tough specs with prod
ucts destined for a tough life . .. call on 
PEC for tough guys to help. 

From the passive innovators 
atPECLtd. 

AN AFFILIATE oF .AJnco Speer Electronic ComPOnents 

~ ~ ~ [ ~ I ~ I ~ ~ [ l [ ~ l ~ ~ ~ I ~ ~ ~ M ~ ~ ~ [ ~ l ~ l l ~ . , manufacturers of variable resistors and trimmer potentiometers. 
~ Bradford , Pa. 16701 (814) 362-5536; 19 Hafis Road, Toronto, Ontario (416) 241-4491 



20,000,000 customer-proven 
TI plastic I Cs 

are doing their job ... 

more are available now to do yours ... 
fromDEECO 

Molding compound adheres 
tightly to leads over temperature 
range of - 55° to +150°C ... 
preventing moisture intrusion 

Good heat conductivity of 
molding compound keeps 

temperature rise of package 
to 70°C per watt 

--------- Low mounting of circuit permits 
uphill bonding .. . preventing 

Stiff leads with 0.060" shoulders 
give strength and stability for 
automatic insertion and handling ---.,.--tt--r-1--. 

Pin shoulders support package ------9-'1111 

above PC board ... allowing free 
air circulation and preventing 
formation of moisture pockets 

If your plans call for economical, 
reliable plastic integrated circuits, 
don't settle for substitutes ... get 
TI plastic. We carry large stocks 
of TI plastic !Cs-TTL, DTL, and 
linear - so we can fill your orders 
promptly. 

You don't have to worry about 
reliability when specifying TI plas-

tic. Over 1500 customers have pur
chased more than 20 million cir
cuits in three years. This user ex
perience has been so satisfactory 
that TI plastic is the industry's 
fastest growing package design. 

Ideal for industrial/commercial 
applications and preferred for a 
growing number of military/avi-

DEEC0*1nc. 
DISTRIBUTORS - SERVING INDUSTRIALS EXCLUSIVELY 

internal shorts 

Solid molded package supports 
bonding wires ... giving maximum 

resistance to shock, vibration 
and acceleration 

Leads are firmly anchored in 
package for mechanical strength 

Mounting platform extends full 
length of package for up to 500 

mW heat dissipation 

onic projects, TI plastic ICs are 
stocked in depth for industrial and 
military temperature ranges. 

If you need prices or delivery in
formation, call us direct and get 
quick answers to your questions. 
For a documented report on plastic 
IC reliability, circle 230 on the 
reader service card. 

618 FIRST STREET N. W . • CEDAR RAPIDS, IOWA• PHONE 319 365-7751 
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Moving air is easy . .. controlling it takes an expert 

Clearing a path in traffic is seldom a problem for the trucker who has mastered 
the dock-wallopers whistle. Ear-splitting in its audibility, that shrill, sharp blast says 
" Move it Mac" with an authority few mortals would care to dispute. It figures. Any
one capable of channeling air with such finesse has little trouble communicating 
with even the most literal-minded audience. Take Torrington's team of engineers. 
When it comes to controlling the movement of air, they're experts at making them
selves understood . The language they talk is pure Crossflo<™>, centrifugal, vane
or tube-axial. Got a big or small air flow problem requiring straight interpretation? 
We've got the specialists to help you. The Torrington Manufacturing Company. 

United States: Torrington, Conn,/Van Nuys, Calif./Rochester, Ind. Canada: Oakville, Ont. England: Swindon, Wilts. Belglum: Nivelles Auatralla: Sydney 
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This card-edge printed circuit connector 
won 't singe your reputation. 

Made with GLASKYD 7100 FR, it's re
placing OAP for some mighty good rea
sons. Point 1-it provides comparable wet 
electrical properties at a much lower ma
terial cost. Point 2-it's economical in 
other ways, too. In slug form , its fast 
molding cycle increases production sig
nificantly. Point 3-it has low weight loss 
at elevated temperatures and permanent 
flame resistance exceeding normally ac
cepted requirements. So specify New 

GLASKYD 7100 FR alkyd molding com
pound over DAP for savings and quality 
right down the line. 

Among the many types of GLASKYD 
available, chances are there's a GLASKYD 
molding compound that will meet your 
needs . . . for flexural strength , impact 
strength, arc resistance, low water absorp
tion, flame resistance, heat resistance, di
mensional stability, and many more advan
tages. Write today for technical brochure 
to American Cyanamid Company, Plastics 
Division, Wallingford , Connecticut 06492. 

SALES OFFICES IN: CHARLOTTE • CHICAGO • CLEVELAND • DALLAS • DETROIT • LOS ANGELES • MINNEAPOLIS 
OAKLAND • PHILADELPHIA • TUKWILA. WASHINGTON • WOODBRIDGE, CONNECTICUT • ALSO AVAI LABLE IN CANADA. 
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You Supply the Light -
Central ab 

Optoelectronic Devices 
Will Control: 

object counters • punched tape 
readers • card readers • position 
indicators • object orienting 
equipment • liquid level indicators 

• optomechanical programmers • 
analog to digital converters • rec

ognition equipment • precision 
motor speed • film sound track 
pickups • automatic illumination 
• TV automatic brightness • expo
sure meter and aperture • burglar 
alarms and security systems • 

doors • infrared detectors • X-ray 
• ultraviolet • flame failure de
tectors • smoke and fire detectors 

Consult Centralab in the early stages of your design 
to see how photovoltaic, photoconductive and photo
emissive sensors can be used. You'll be assured of a 
degree of control not possible through other meth
ods. Centralab has experience in all the areas listed 
above and our devices feature advanced designs 
and fabrication techniques developed as the world's 
largest producer of solar cells. If Centralab is there 
during the planning stages, we can lighten your load. 

For more information and a comprehensive cat
alog on our optoelectronic devices, write 
Centralab Application Engineering Today. 

CENTRALAB 
Electronics 01v1 s1on 

GLOBE·UNION INC 

5757 NORTH GREEN BAY AVENUE 
MILWAUKEE. WISCONSIN 53201 

M-6829 
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What you can imagine .. .ITT Cannon provides. 
We've pioneered every important 
stage in connector design. 
Imaginative engineering 
that's unmatched in the industry 
distinguishes ITT Cannon 
connectors as the standard for 
reliability in space vehicles, 
ground support equipment, or any 
application where highly 
engineered connectors are 
paramount requirements. 

Backed by a rigorous reliability 
program, including identification 
and traceability when required, 
ITT Cannon offers the widest 
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selection of connectors available 
- for every application and 
environment- microminiature, 
subminiature, miniature, 
and standard to solve every 
conceivable connector problem 
such as hermetic sealing, 
heat, radiation, shock, vibration, 
non-outgassing. 

ITT Canno 11 is also the foremost 
supplier of special , highly engi
neered connectors for missiles 
and space vehicles, including 
breakaway-umbilicals, interstage 
disconnects, harnesses, 

and associated equipment. If you 
have a special requirement, 
contact ITT Cannon, the world 's 
most experienced and 
imaginative manufacturer of 
electrical connectors. 

Write for our " Connector 
Selection Guide." ITT Cannon 
Electric, 3208 Humboldt 
Street, Los Angeles, California 
90031 . A division of International 
Telephone 
and Telegraph ID\CAHOI' 
Corporation. \i:5'. PLUGS 

CANNON ITT 
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hatever direction 
your design takes ... 

Allen-Bradley 
thick film networks 

put you 
front in ... 

CN0129 

EC 885 

Packaging-Advanced manufacturing capability covers virtually 
every type and every configuration of resistive and/ or capacitive 
networks-single or dual in-line, as well as flat-packs, with or 
without hermetic sealing. 
Characteristics-Exclusive and patented formulations enable A-B 
to provide resistance values from 1 ohm to 5.0 megohm. Ratings to 
20 watts/ in2 at 85°C. Capacitance values from 10 pfd to 0.5 mfd 
with voltage ratings to 50 volts. Applications include precision 
tuned circuits. 
Performance-Standard resistance tolerance :!:10%. For critical 
circuitry, tolerances to :!:0.1 % can be furnished-with resistances 
and TC's matched. Temperature coefficient less than 250 ppm in 
all cases. Special units to 100 ppm or less. Load life stability of 1 % 
in 10,000 hours can be achieved. 

Reliability-Allen-Bradley has precise control over all 
raw materials and manufactures all basic components

glasses, organic materials, and substrates. Special 
machines-designed and built by A-B-assure uniform 

product quality-at a competitive price. 
Timing-Allen-Bradley has unique in-plant 

ceramic facilities. Prototype networks-with 
or without holes-can be prepared to meet 

your specific needs. Quickly. Economically. 
For more details, write Henry G. Rosenkranz, 

Allen-Bradley Co., 1315 S. First St., Milwaukee, 
Wis. 53204. In Canada: Allen-Bradley 

Canada Ltd. Export Office: 630 
Third Ave., New York, N. Y., 

U.S.A. 10017. 

ALLEN- BRADLEY 
QUALITY ELECTRONIC COMPONENTS 



The Electronics Group of The Bank of New York 
has only full time industry specialists. 

If your needs involve financing, corporate or product 
development, mergers, acquisitions, stockholder relations, options, 
pensions or other considerations, no one is better equipped than 
our full time "electronics bankers" to assist you in finding the 
solutions for continued growth and increasing profits . 

On a comprehensive, first-hand level , the officers in our Electronics 
Group, Special Industry Banking Division, have a unique ability to 
give your company the most experienced attention in the field. 

Ask yourself if you can afford to have your financial needs handled by 
other than a banker who concentrates exclusively in Electronics. 

.. . a specialist from The Bank of New York 

Write for our new Electronics Group booklet. 
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ELECTRONICS GROUP 
Special Industry Banking Division 

48 Wall Street • New York. New York 
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The advanced capabi · 
developed from years of m 
facturing Allen-Bradley Me 
resistors-are now applied to a 

kage 

line of resistor networks. This techno 
en~bles the production of complex resistive 
networks on a single substrate. 

Allen-Bradley's exclusive simultaneous deposition 
metliod. is. used to obtain the best resistance tolerance 
and temperature coefficient matching. The reliability of 
interconnections on the common resistance plane is incom
parable. Uniformity and quality are inherent in A-B networks. 
To illustrate, 2 PPM temperature tracking is normal. 

A-B Metal-Grid networks offer a wide range of values-with 
individual resistances as low as 25 ohms and as high as 2.0 
megohms. Both the inductance and capacitance are low, per
mitting efficient operation at high frequencies. 

A-B engineers will be pleased to cooperate in developing ne 
works for your specific need. For additional details, please write t 
Henry G. Rosenkranz, Allen-Bradley Co., 1315 S. First Street, M 
waukee, Wisconsin 53204. In Canada: Allen-Bradley Canada Ltd. 
Export Office: 630 Third Avenue, New York, N. Y., U.S.A. 10pt 7. 

BRIEF SPECIFICATIONS 
Resistor Networks 

Tolerances: ± 1.0% to ±0.01% 

Resistance Matching: to 0.005% 

Temperature Range: -65°C to 
+175°c 

Temp. Coef.: to ± 5 ppmf°C 

Load Life (Full load for 1000 hr 
(Q 125°C): 0.2% maximum change 

Ladder Networks 
Full Scale Accuracy: 10 bits or less, 
better than ± 1A least significant bit. More 
than 10 bits, better than ± Y2 least 
significant bit. 
Frequency Response: Less than 
100 nanosecond rise time or settling ti 
Temp. Coef.: Less than 10 ppm/°C 
Temperature Range: -65°C to +175 

ALLEN-BRADLEY 
QUALITY ELECTRONIC COMPONENTS 
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MICROWAVE IC 
PROGRESS 
REPORT#4 

PACT cuts losses in 
latching microstrip 
circulators SODfo 
in twelve months 
Engineers at work in Sperry's PACT (Progress in Advanced 
Component Technology) Program have announced outstanding 
success in an intensive 12-month campaign to cut insertion 
losses of external loop latching microstrip circulators. 

When the effort began, the loss figure was 2.5 db at X-band ; 
today, Sperry has built external loop latching circulators with 
insertion loss of only 0.5 db at the same frequency. 

PACT's latching circulator work actually began with an in
ternal loop configuration. VIG subtrates were prepared with 
loops of .005" and .01 O" platinum wire fired in place. Test data 
were taken at substrate thicknesses of .100", .075" and .055". 
Results showed that, while fixed bias performance improved as 
thickness decreased, other factors caused latching performance 
to deteriorate. 

INTERNAL LOOP X-BAND LATCHING CIRCULATOR 

Wh ile the test results obtained with the internal loop device 
were generally satisfactory, PACT eng ineers felt that the con
figuration had some inherent disadvantages. Among these were 
difficulty and expense of fabrication , and unsuitability for use 
in modu les. This led to extens ive investigation of the external 
loop design. 

PACT personnel found one immediate advantage : when 
working with external loop, they could consider the substrate 
and the latching plate independently. Intrinsic and physical 
properties of the substrate material could be chosen for good 

Sl..,C~Y 
MICROWAVE ELECTRONICS DIVISION 
CLEARWATER, FLORIDA 
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microwave performance, while latch ing plate des ign need only 
consider hysteresis and other switch ing parameters. 

EXTERNAL LOOP X-BAND LATCHING CIRCULATOR, WITH 
LATCHING PLATE AND SUBSTRATE SHOWN SEPARATELY 

Since temperature and high power stabil ity are prime design 
parameters, the program settled on a design using .482" square 
x .055" thick hybrid VIG substrate. Lith ium ferrite - a material 
with saturation magnetization of about 3500 gauss, a coercive 
field of 2.0 oe, and a very square hysteresis loop - was chosen 
for the latching plate . The switching loop was four turns of #24 
copper wire. 

Using this configuration , PACT engineers have achieved 
switching times of less than 1 microsecond, w ith performance 
as indicated in the accompanying curve. 
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For further information about PACT work on latch ing micro
strip circulators and their coming appl ication in microwave IC's, 
contact your Cain & Co. Representative , or write Sperry Micro
wave Electronics Division , Sperry Rand Corporation , Clearwater, 
Florida. 

For faster microwave progress, 
make a PACT with people 

who know microwaves. 

Electronics I November 11, 1968 



'McNamara line' 
probably had role 
in bombing halt ••• 

•.. and Army eyes 

new tactical radar 

Mariner-Mars may 

take on a new look 

Tacsatcom, DSCS 

may be consolidated 

Washington Newsletter 

November 11, 1968 

Electronics probably played a major role in President Johnson's decision 
to stop all bombing of North Vietnam. It appears that U.S. field com
manders went along with the halt because of the successful operation of 
the top-secret "McNamara line" -the electronic guard along the demili
tarized zone [Electronics, Sept. 18, 1967, p. 52]. The sensor network 
enables them to keep track of troop and supply movements into the south. 
The makeup of the network has been kept so secret that, according to 
one anti-intrusion radar manufacturer, "We don't even know what we're 
doing for it.'' Several code names are said to be used in procuring equip
ment. 

The system consists of many short links because most sensors operate 
best at short range. Sensors had to be operational last year when the 
go-ahead was received to build the top-priority line. An elaborate te
lemetry network links every sensor-many kinds are used in a random mix 
-to a conti:ol station. Sensors that were available for the net included 
active-infrared, seismic, pressure, magnetic-strip, acoustic, and simple 
breakwire devices [Electronics, Aug. 7, 1967, p. 46]. 

Though the "McNamara line" apparently is working well with existing 
sensors, the Army is moving toward a major procurement of new port
able tactical radars for battlefield surveillance and infiltration detection. 

Designated AN/PPS-9 and AN/PPS-10, the 10-pound radars are now 
being field-tested in Vietnam and are reported to be meeting military 
requirements. Both General Dynamics Electronics and RCA have deliv
ered units for the tests, but a half-dozen or more manufacturers will 
compete for production orders, estimated at $15 million or more in this 
fiscal year. 

NASA's 1973 Mariner-Mars missions appear to be undergoing significant 
changes in emphasis. The program fared so poorly in the fiscal 1969 
budget that space agency officials apparently feel that they might as 
well start again from scratch. 

As originally proposed, the probes were to have culminated in rough 
landers, but NASA's Langley Research Center has just been briefed by 
firms doing study work, and it's lmown that soft landers are being se
riously considered. 

The space agency would like to use Titan 3C boosters for these mis
sions and for other launches, including the ATS-F and G. It will try to 
get them by joining forces with the Air Force in the budget scramble; 
the rationale is that both will stand a better chance of success if they 
submit their requests for the rocket as a single volume order. 

Pentagon planners are now seriously considering combining the third
generation Defense Satellite Communications System (DSCS) and the 
next stage of the Tactical Satellite Communications program into a 
single global system. The DSCS was originally envisioned as a system 
of small satellites relaying strategic trunkline traffic to large ground sta
tions, while Tacsatcom plans call for a big satellite and small tactical 
ground terminals. But these distinctions have been blurred in second-
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Added Nimbus job 
proposed by IBM 

Army will choose 
PWI system soon 

Addenda 

88 

Washington Newsletter 

phase DSCS designs, which slate spacecraft about as powerful and 
complex as the Tacsatcom's [Electronics, July 8, p. 64]. 

Design of the next generation of Tacsatcom and DSCS satellites will 
begin early next year, or soon after the contract for the second-gener
ation DSCS is awarded. It's also possible that the Defense Department 
will simply add to DSCS-2 as the need arises, replace the entire system, 
go ahead and build two separate systems, or use the two for both tactical 
and strategic communications. 

The present timetable gives the Pentagon ample time to decide. The 
Air Force Space and Missile Systems Organization will receive contractor 
proposals for the DSCS-2 in two weeks. The $100 million-to-$200 million 
award, expected as early as February, will cover six stationary satellites, 
including backups. Delivery is expected 22 months after award. The 
experimental Hughes-built Tacsat is to be launched next year. 

An additional mission that could lead to more accurate weather forecasts 
has been proposed for the Nimbus program of experimental meteorologi
cal satellites. IBM gave NASA an unsolicited proposal to study the space 
hardware needed to chart cloud motion on a global basis. Such informa
tion could be used to make a worldwide index of wind velocity. Meteor
ologists say the index could improve forecast accuracy for periods up to 
two weeks. 

One problem, however, is that the plan would require four satellites. 
A NASA official points out that the Nimbus program is unlikely to have 
more than two spacecraft up at once, even though four launches are 
scheduled in the next four years. Other craft, such as future Applications 
Technology or ESSA satellites, would have to be used. 

Television cameras and infrared radiometers on the satellites would 
send data to the ground for analysis by a digital computer. IBM suggests 
low-orbiting craft but points out that synchronous types could be used. 

The Army expects to choose soon-possibly this month-between Bendix 
and Honeywell designs for a lightweight pilot warning indicator (PWI) 
for slow aircraft. Five firms originally submitted off-the-shelf units for 
evaluation at Ft. Rucker, Ala., but the Motorola, Goodyear, and Melpar 
entries washed out. 

Designed for use with the TH-13 training helicopter, the 8-to-10-pound 
PWfs use either vhf or doppler radar signals to give pilots both audio 
and visual warnings of other craft within 2,000 feet of them. The units 
could also be used in civilian aircraft. 

The Navy has received Pentagon permission to complete its Omega 
navigation system by adding four stations to four already in operation. 
The new very-low-frequency shore-based transmitters will be situated in 
the areas of the western Pacific, Tasmanian Sea, and Indian Ocean, and 
in southern South America; they should be operational by late 1972. The 
U.S. will receive some foreign financial support for the system, which 
could be used by commercial vessels as well as warships. . . . The Army 
is again considering Ryan Aeronautical's AN/ APN-182 doppler radar 
navigator. The set was bought by the Navy for ASW helicopters but has 
twice flunked Army tests. 
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New Sorensen High Power DCB's: 
The addition of 6 new models now brings the total number of 
Sorensen regulated, high power, high efficiency DCR's to 34-
the widest product line from the industry's leader in both DC and 
AC power supply technology and production. 
The OCR Series covers the voltage ranges of 0-20/0-40/0-60/ 
0-80/0-150/0-300/0-600/ and even up to6000Vdc at power levels 
of 400, 800, 1500, 2400, 5000, 10,000 and 20,000 watts. And -
Sorensen 's 25 years experience in design and manufacture makes 
it possible to offer these power supplies from stock at prices as 
low as 19¢/watt. 
The OCR Series offers all of the standard features found in state
of-the-art power supplies including Voltage/Current Regulat ion, 

for more data on this versatile instrument 
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Low Ripple, Remote Programming, Remote Sensing, Operating 
Temperatures to 71 °C and compliance with MIL-1-26600 and 
MIL-1-61810. 

FREE! An illustrated data package containing detailed electrical 
and mechanical specifications for each OCR power supply and 
a new CATALOG featuring 176 different Sorensen regulated DC 
and AC power supplies. 

Contact your local Sorensen representa
tive or Raytheon Company, Sorensen 
Operation , Richards Avenue, Norwalk, 
Connecticut 06856. TWX 710-468-2940 
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II you don't know the µA709 has been replaced, 
we have a little surprise lor you: The µA741. 

The µ A741 is the only monolithic operational amplifier that has 
frequency compensation built right on the chip. It's a pin-for
pin replacement for the µA709. 
An improvement in performance 
without an increase in price: 

Differe_ntial Input Voltage . . . . . . . . . . . .±30V min. 

Offset Current . . . . . . . . . . . . . . . . 200nA max. 

Offset Voltage . . . . . . . . . . . . . . . . .5mW max. 

Input Resistance . . . . . . . . . . . . . . . . 300k min. 

Output Swing . . . . . . . . . . . . . . . . .±12V min. 

Power Dissipation . . . . . . 5mW with ±5V supplies typ. 

No latch-up when the common mode range is exceeded. 

Package .............. .. .. hermetic DIP 

Order Number . . . . . . . . . . . . . . . U6E7741393 

Price . . . . . . . . . . . . . . . . . . $3.25 (100 up) 

The µ A741 is a key member of 
Fairchild's family of Second 
Generation linear integrated 
circuits. Basic building blocks 

uA741 
FR EDU ENCY 
COMPENSATED 
OPERATIONAL 
AMPLIFIER 
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for virtually any linear applica- --·-·----- - ---------·--
tion. New devices with better component matching, better 
specifications, increased chip size and higher complexities. 
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Other members of the 
family include the 
highly versatile l1A723 
Precision Voltage 
Regulator, l1A727 
Temperature-con-
trolled Differential 
Preamp, l1 A733 Wide 

•I ------
~ ~ "_., ... 

Band D ifferentia I Amp- Unity gain ampllf1er built with µA709. Unity gain amplifier built with µA741. 

lifier and the l1 A722 MSI Programmable D/A-A/D Converter 
Current Source. o Compare our Second Generation Li nears with 
any Linear ICs on the Market. You'll find there's a big difference 
between price/performance and price-per-product. o Write for 
detailed specs on the entire linear family. -----• 

FAIRCHILCJ 

Fairchild Semiconductor o A Division of sEM1coNoucToR 

Fairchild Camera and Instrument Corporation o 313 Fairchild Dr. 
Mountain View, CalH. 94040 0(415)962-5011DlWX:910-379-6435 
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Sealok: 
new Burndy micromodular 
• • 1nterconnect1on system 
is ultra-reliable 

withstands 
temperature, vibration, 
shocks, wire training, 
moisture and most 
fluids and gases. 

Whew! 

Developed to provide density for critical ap
plications, the new Burndy Sealok system elimi
nates current intermittencies and variations in 
millivolt drop. 

Designed so that they are unaffected by se
vere training of wires, modules are protected 
by a rigid outer shell. Exclusive with Burndy, this 
protects the sealing grommet and other in
ternal components and provides a guide for 

construction (illustrated far right) insures that 
every contact is held firmly against the bus 
bar. 

Sealok modules and contacts are available 
in sizes 20, 16 and 12, with one hybrid module 
which accommodates both 16 and 20. Con-
tacts cover a wire range of 24 thru 12 and 
are easily and quickly installed with standard 
tooling. Sealing plugs for unused positions are 

proper insertion and ex+rac- ~ 
+ion of contacts. The inner ~'7 ''~ BURN CV 

also available. Write for 
catalog giving full details. 

Norwalk, Connecticut 

IN TERNATIONAL SALES HEADQUARTERS ANO MANUFACTURING FACILITIES· 
CANAOAc Scarboro, Ontario/ ENGLAND: St. Helens, Lanes./ BELGIUM: Mechelen I MEXICO. Nauca1pan de Juarez I BRAZIL: Sao Paulo I JAPAN Tokyo I Sales Oll1ces in Olher Major Cities 
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(below) Plan view of Sealok modules shows dear 
identification of contacts and bussing arrangements. 
Different bussing arrangements available in eaeh module size. 

/! 
Track features I 
recessed mounting 
hardware so there is no interference with removal of modules. 
Two-piece end clamp construction permits insertion 
from ends or top anywhere along track. 

Extruded aluminum 
track is available , 

in 6-foot 
lengths or to 

specification. 
End clamps 

keep modules in 
track and 

provide 
mechanical 

rigidity. 





Specify TI multilayer boards 

.. mhether you need one 
in two weeks-or 

2,500 a week! 
When your needs are critical for 
fast delivery of high performance, 
reliable multilayer boards, specify 
Texas Instruments. Recently for 
one customer, TI went from sche
matic, through design, to delivered 
prototype of an automatrix multi
layer board in just two weeks. For 
another customer, TI is currently 
delivering 2,500 complex multilayer 
boards a week ! 

Whatever your program require
ments, call upon Texas Instruments 
for complete interconnection system 
support. Customer services avail
able include complete computer de
sign from schematic or data list 
level, computer generated artwork 
from your layouts, or manufacture 

Reliability assured - through 100 per· 
cent electrical test of every board. 

of boards from your artwork. 
Processes, production facilities, 

and manufacturing procedures meet 
military specifications. 

How about TI multilayer board 
reliability? Through 15 October we 
have recorded 400 million joint 
hours of operational testing with
out a single joint failure. 

When you need multilayer boards, 
many or just one fast prototype, 
and you require quick, accurate 
design and high reliability, call 
(2 14 ) 238-2903, or write: Ad
vanced Circuit Board Department, 
Texas Instruments In
corporated, P . 0. Box ~ 
5303, M.S. 979, Dallas, 
Texas 75222. 

TEXAS INSTRUMENTS 
INCORPORATED 
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Scotchpar's pro~ucer uses. more supporting players 
than anyotlier big name fllm producer. 

96 

3M Company has the largest sales 
force-all engineers and insulation . 
specialists calling exclusively on the 
electrical market-to make sure 
scoTCHPAR® polyester film turns in a 
stellar performance for its customers. 
They're supporting a great film. 
It's thin, tough, transparent, flexible 
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and durable. It also has high dielectric 
strength, great temperature stability, and 
resistance to moisture and solvents. 
O!!r men help capacitor manufacturers 
get the right kind of SCOTCHPAR film for 
their product-they can choose from 
a complete lineup of thin films down to 
.25 mils, plus SCOTCHPAK® film if they want 
heat sealable features . . 
They work equally hard for manufacturers 
who use SCOTCHPAR film as insulation iff 
transformers, motors, wire and cable. 
With all these men on the job, we still work 
harder than anybody else helping electrical 
men get the most out of polyester film. 
All because we want our scoTCHPAR film. 
to win over a very critical audience. 
3M Company, Film & Allied Products 
Division, 3M Center, St. Paul, Minnesota 
5510

1. §~giE~J:IP~Mr 3m 
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New "4th generation" 
digital frequency synthesizer achieves new level of 
perfection in signal generation 
with computer-aided design 
and 1-C construction. 

Monsanto's new Model 3100A Digital 
Frequency Synthesizer obsoletes just 
about every present concept of general 
purpose signal sources. 

Pick your frequency from 0.1 Hz 
to 1.3 MHz in 0.01 Hz steps. The result 
-signal purity you can get only from 
Monsanto, with a stability of one part 
in 1Q9 per day. 

Other refinements include: inter
nally supplied rapid or slow sweep and 
provision for external sweep; continuous 
control of output level over a 90 db 
range; provision for both amplitude 
modulation and frequency modulation or 
both, simultaneously; in the remotely 
programmable version, switching time 
is less than 20 microseconds. 

You can put this better way of 
signal generation to work for you for only 
$3950.00, FOB West Caldwell, N.J. 

For a demonstration, or for full 
technical details, call your local Mon
santo Field Engineer now or contact 
us directly at: Monsanto Company, 
Electronic Instruments, West Caldwell, 
New Jersey 07006, (201) 228-3800. 
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~ 
SIEMENS 

Do you have 
the question 
to this answer? 

The only limits to the questions answered by the Siemens 
Gas-filled Surge Voltage Protector are your needs, and your imagination. 

Tiny, lightweight, a handful can protect a ton of sensitive 
electronic equipment, especially supersensitive solid state circuits. 
They give you tailor-made protection in hundreds of places 
throughout circuitry. With current carrying capacities up to 5,000 
amps. With DC striking voltages from 90V to lOOOV. With reaction 
speeds in the nanosecond range. And with a cost of less than 
$1 in quantity. 

Lightning strokes, static charges, internal switching, 
short circuits-all these transient dangers are guarded against by 
these tiny, tireless sentries-Siemens Gas-filled Surge Voltage 
Protectors. If you've got a protection question, call Siemens America 
Incorporated for immediate protection delivery. 
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Send us your questions! 

SIEMENS AMERICA INCORPORATED 
350 Fifth Ave., New York, N.Y.10001 • (212) 564-7674 
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INSURE EQUIPMENT DEPENDABILITY 

Actual size 

Equipment design frequently involves problems of field maintenance or 
circuit updating. Cinch component sockets provide inexpensive and effec
tive solutions without compromising reliability. 
DIP sockets for 14 and 16 lead DIP's are typical of Cinch specialized 
miniature sockets. Available in GP black phenolic or SDGF diallyl phthalate, 
they have extremely high resistance to shock, vibration, humidity and 
corrosive atmospheres. Contacts are gold or cadmium plated beryllium 
copper with low contact resistance. 
IC sockets for 6, 8 and 10 pin T0-5 cased devices, miniature NIXIE Tube 
sockets and Subminiature relay sockets are just a few of the other com
ponent sockets Cinch manufactures. 
For information on DIP sockets and other Cinch interconnection devices, 
write to Cinch Manufacturing Company, 1501 Morse Avenue, Elk Grove 
Village, Illinois 60007. c -6818 

CINCH 

l
~-IR 0 I V I S I 0 N 0 F U N I T E 0 - C A R R 

THI CltK'H 
ELECTRONICS 

·. : ' CONSISTING OF CINCH MANUFACTURING COMPANY, CINCH-GRAPHIK, CINCH-MONADNOCK. CINCH-NULINE. UCINITE (ELECTRONICS) AND PLAXIAL CABLE DEPT. 
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Model LAT-100 
The $6,000* Resistor Trilllllling 

System. 

The number to call is 212-661-3320 fo.- a demonstration 
like this-and you can bring your wife along if you like. 

CALL us collect or write to 
arrange for a demonstra
tion of S. S. White's new 

LAT-100, the complete, low-cost 
resistor trimming system for R & D 
and prototyping. 

The LAT-100 automatically 
trims, monitors, and inspects PAF 
resistors to tolerances within I%. 
That's guaranteed. In tests, 0.5% is 
often achieved. A precise 4-wire 
Kelvin bridge·is integral to the sys
tem, which, with the optional 
plug-in decade box, permits the sys
tem to be programmed through five 
digits and three multipliers-from 0 
to IOK and from 0 to IM. Tolerances 
may be programmed from 0 to 
±11%. Panel controls permit 
operator to overide the automatic 
cycle at will. 

A holding fixture takes substrates 
up to 2x2 inches. A precise X-Y 
stage has 4" x4" movement. The 
frim slide has an automatic fast
return to place it exactly for the 
start of each trim. Tungsten carbide 
probes are mounted in a 14-posi
tion mounting ring. An efficient 
dust-removal system permits the 
LAT-100 to be operated in clean 
rooms. Installation requires a 110 
V AC outlet and a level spot. 

Without further detail, the. 
LAT-100 does everything it's bigger 
brothers the AT-701 and AT-704 do 
-a little less accurately, to be sure, 
and not nearly as fast-but what 
can you expect for a trifling $6,000? 

A step up from the LAT -100 is 
the AT-701, a no-nonsense pro
duction machine. The AT-701 can 
produce 600 trims per hour with 
guaranteed accuracy of 0.5% and 
attainable accuracy of 0.1 % when 

ModelAT-701 garners acco
lades at IEEE show-top 
scientist says "Gee whiz." 
things are going your way. The 
AT-701 with a decent amount of 
employment (say 1000 hours per 
year) produces trims at about %¢ 
each-including labor, materials, 
maintenance, and amortization. 
How about that? 

But say you;re big. Really big. 
We've got our big Bertha model for 
you, otherwise called the AT-704, 
which produces 4,000 trims per 
hour with accuracy and cost similar 
to those of the AT-701. 

S. S. White resistor trimming 
systems are based on the proven 
Airbrasive,. concept, controlled by 
precision electronics. TheAirbrasive 
method of removing resistance 
material produces neither heat nor 
shock, does not alter substrate
yields of 100% can be attained with 
any of the S. S. White resistor trim· 
ming systems at some sacrifice of 
speed and tolerance. Each of the 
systems trims and monitors simul· 
taneously and inspects after each 
trim. 

1 .. :..::: · 
~ ....... . . .. .-:: : 
I ...... ~. 
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Big Bertha: Model AT 704 
trims at 4,000/hour pace 
for high volume producers. 

Up to now we've been able to 
offer fast delivery on all systems; 
however the enthusiasm we've en
countered over the LAT-100 sug
gests that you'll be wise to place 
your order early for this model. 

Call us or write to arrange for a 
demonstration of the LAT-100, the 
AT-701, or (if you're really big) 
the AT-704. Or ask for bulletin 
RT-14-it's great to read on planes. 

Inquire, S.S. White Industrial, 
Dept. R, 201 East 42nd Street, 
New York, N.Y. 10017. Telephone 
212-661-3320. 

*Base price, $5,950.00 each. With optional decade 
box, illuminator, foot-switch operation, $6,350.00. S.S. WHITE INDUSTRIAL 

A DIVISION OF PENNSAL T CHEMICALS CORPORATION 
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If you buy any of Honeywell's 
standard Series 70 Taut-Band 
Meters, here's what you'll get: 

The Basics. 
A plain square case. 
A clear Plexiglas cover. 
Large, plain markings. (You 

can read them at arm's length 
without squinting. ) 

And the simplest meter mech
anism known to man: Honey
well's new Auto-Torque mecha
nism. (It has about 50% fewer 
parts than pivot-and-jewel.) 

This is a meter with no frills. 

D. C. MILLIAMPERES 

The options. 
However, frills are available: 
Fancy dials, with multiple 

scales and multi-colored sectors. 
(A fancy dial looks great on a 
plain meter.) 

Lighted dials. 
Mirrored scales. 
Behind-panel mounting with 

a bezel. (For 21h", 31h" and 
41h" meters.) 

Plus just about any other mod
ification you might have in mind. 

The specs. 
The taut-band mechanism is 

completely frictionless, so it re-

The 
Just Plain 
Meterfro01 
DoneyW'ell 

sponds to the slightest inputs. 
Hysteresis-free, so its repeatabil
ity is near perfect. 

And it costs less than pivot
and-jewel. 

Honeywell's Series 70 Meters 
come in 33 standard ranges. And 
5 sizes ( 1 lh", 21h", 31h", 41h" 
and 6"). 

We sell a lot of them. 
(We'd like to send you a cata

log. Write Honeywell Precision 
Meter Division, Manchester, 
New Hampshire 03105.) 

It takes all kinds of meters to make the Honeywell Une. 
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Automatic Trouble-shooter 

102 

Want to eliminate the costly confusion 
and tedious turmoil of trouble-shooting 
electronic circuitry to find manufacturing 
mistakes and faulty components? 

Use F· I· X· I·T - -Fault Isolation by Inspec
tion Testing. F-1-X·I·T automatically 
checks each circuit component individually, 
including IC's. Checks each connection 
and each lead. 

By visual display and print-out you'll 
know - -instantly- - exactly where the trouble 
is, what to repair or replace, and which 
production line operation needs correction. 
F·I·X·I·T turns trouble-shooting into 
an assembly-line function; saves space, time, 
manpower and money. Is universal to 
any electronic assembly. Can pay for itself 
in 90 days. 

And F-I-X-1-T is so ingenious, it even 
checks itself! 

For more information about how F·I·X·I·T 
will trouble-shoot automatically, improve 
product quality and increase your manufac
turing capability, write or phone ... 

Manufacturers of F+X+T, GUARDOHM®. Consultants in 
and manufacturers of electronic, mechanical and optical engi
neering products and systems. You name it; we'll automate it. 

Place circuit board on test block. Automatic 
vacuum control draws board down to make 

precise contact with spring-loaded pins . 
F+X+T tests entire board in seconds - - com-

ponent by component - - and gives you a separate 
print-out for each board ·tested. If no-go, each 
faulty component or mis-manufacture is identified 
by number and location. 
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Deluxe F+X+T provides up to 600 access 
points with which circuits containing up to 
1000 components can be checked. Checks 
IC's, too. 
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Goldilox built-in 
protection system 
gives DTLs 
high noise margin with 
Mil Spec reliability. 

And that's no 
fairy tale. 

wcz 261 
wcz 236 
WCZ226 
WCZ216 
WCZ266 
wcz 246 
WCZ298 
W.CZ220 
WCZ 275 

Dual NANO gate 
Triple NANO gate 
Triple NANO gate 
Triple NANO gate 
Quad NANO gate 
Quad NANO gate 
Monostable 
Dual driver 
Dual J.K flip flop 

$1.60 
1.65 
1.65 
1.65 
1.75 
1.75 
1.65 
1.65 
3.85 

Only from Westinghouse-the WCZ 200 
series of high threshold logic, with a 
noise margin of 5 Volts DC, and operat· 
ing on the popular 12 Volt power supply. 

This series of DTLs also has the ex· 
elusive Goldilox protection system that's 
built right into the product. Goldilox pro· 
tects ICs against current leakage, mois· 
tu re, and the interaction of different 
metals at the contact points. The WCZ 
200 series is capable of collectorOR·ing, 
is compatible with standard DTL devices, 
and comes in dual-in-line packaging. 

Look at these prices. Then you'll know 
why the WCZ 200 series with Goldilox 
protection is your best buy in high th res· 
hold logic. For full application data, call 
our local sales office, or Westinghouse 
Molecular Electronics Division, Elkridge, 
Maryland (301) 796-3666. J-0•1•0 

You can be sure ... if it's 

Westinghouse 



If you want to know 
what wire costs, 

don't look at a price list. 

104 

Ask people. 

Ask these London bobbies. Their 
mobile radios are smaller because 
the hookup wire is insulated with 
TEFLON, whose electrical properties 
permit thinner insulation. T 11is is 
"value-in-use". 
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ASKA DESIGNER ... He measures 
an insulation by what it lets him 
accomplish. Before you specify the 
insulation for your next design, 
make a value-in-use analysis of 
TEFLON* . 
ASK A PRODUCTION MAN ... 
He'll emphasize the cost savings 
that come from fast, trouble-free 
production. The resistance of 
TEFLON (TFE) to solder-iron heat 
speeds production, reduces re
jects and minimizes rework. 
ASK AN ACCOUNTANT ... He'll 
give you an estimate of the cost of 
an insulation failure-a cost you 
may avoid by using TEFLON. 
ASK YOUR SUPPLIER about the 
many wire and cable constructions 
insulated with TEFLON ... includ
ing composite constructions ... that 
offer extra value-in-use for your 
most exacting applications. For 
further information, write Du Pont 
Company, Room 6669.C, Wilmington, 
Delaware 19898. 
•Rt a. U. S. P•t. Off. for Du Pont tluoroc.,bon rtslnt tnd film~ 

TEFLON ••• the sure one 

~ 
At:G.U.,S,PA'tO''. 

Better things for better living 

... through chemistry 
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The five cost factors in 
... and the advantages to you of the 

The ultimate cost of precious metal electroplating 
is affected by a number of factors-
both within and outside your plant. 
Five of them are the keys to vendor selection. 
These factors are interrelated, and if 
not considered as a whole, there is a likelihood 
that your precious metal electroplating 
may cost you more than it should. 

1. The Process Itself 
The selection of the "right" precious metal plating process 

is not a casual matter. We work diligently with our customers 
to make sure that the processes they use give optimum 

results. With almost two dozen Sel-Rex gold-plating processes 
alone for industrial applications, there's no need to 

compromise on results. Equally important is a review 
of your needs from time to time, to verify optimum 

performance in light of current conditions. 

More companies use Sel-Rex precious metal electroplating 
processes than those of any other supplier in the world. 

Because of this, there's a greater likelihood we can meet your 
needs more precisely than anybody else. 

2. The Equipment 
The Meaker Company (a Sel-Rex subsidiary) specializes in 
equipment to meet the unique needs of the electronics 
manufacturing industry, watchcase and jewelry 
manufacturers, and others who demand absolute precision 
in plating. Not only does properly designed equipment 
facilitate the processing of your product, it also provides for 
efficient maintenance of plating baths and other solutions. 

Meaker manual and automatic equipment is designed not 
only with your present needs in mind , but also in keeping 
with the direction of your growth. Modular "packaged" 
equipment by Meaker has been a significant contribution to 
the field - saves time and money in setting up, in operating, 
and in modifying to meet changing needs. 



precious metal electroplating 
Sel-Rex "total approach" to your problem 

3. Technical Assistance 
We regard our relations with our customers as a partnership. 
To this end, the largest and finest technical service staff in 
the industry is committed to helping our customers obtain 
maximum benefits in their precious metal electroplating 
activities. Analytical and metallurgical laboratories, and 
modern prototype plating facilities are located not only at our 
central headquarters, but also in the field, to be closer to you. 

All in all, with Sel-Rex you have access to the greatest 
storehouse of technical experience in the precious metal 
plating field. You save down-time and gain work-time with 
this kind of service. 

4. Research Support 
Your ultimate costs may be more directly affected than you realize by the quality 

of research available to you from your supplier. Sel-Rex research can be a 
competitive advantage to you. Our long-range research has lead to such 

developments as the first bright gold, the first acid gold, and the first non-cyanide 
gold processes for industry. But we are also continually "researching" 

our present processes to make them work better for you. 

A constant interface between our research and technical service groups brings new 
developments to bear on your needs quickly and efficiently. By giving additional 
valuable characteristics to pure gold deposits. Sel-Rex research recently helped 

more than a few of our customers reduce costs substantially. Significant cost reduc
tions are also being obtained at a number of accounts with our new 18-Karat (75% 

gold alloy) deposits-suitable for both decorative and engineering applications. 

5. Recovery Service 
We want you to use our gold-not lose it. For plating lines, 
we have developed ion-exchange equipment that 
keeps precious metals from going down the drain. But our 
services wouldn't be complete without a concern for 
total precious metal accountability in your plant. 

We start with a review of scrap segregation and salvage 
procedures in your plant to insure minimum refinery 
handling charges. We utilize the latest techniques 
for sampling and assaying. Our first-of-its-kind published 
schedule lets you know the value of all forms of precious 
metal material. A recently expanded refinery devoted solely 
to precious metal recovery provides the capability 
to extract maximum value from your scrap. 
Another Sel-Rex factor in keeping your costs down. 

Save with Sel-Rex. We have listed five 
specific areas in which we can help you 
control costs. Together they make up our 
Total Approach to your precious metal 
electroplating needs. 





SPECIFICATION RATINGS: 
Vcex = 700V min 
Vceo(sus) = 400V min 
hFE = 15-60 @ 3 .0A 
Vce(sat) = 0.5V @ 3.0A 

Also available in 500 Volt Vcex versions, 
2N5466 and 2N5468; all other specifica
tions identical. 

v 
HIGH VOLTAGE 
N PN Silicon Power 
TRANSISTORS from 
E3olitron 

2N5467 

sow @ 1oo·c 
1.25°c per w 

2N5469 

40W @ 100°c 
2.5°C per w 

High voltage, triple-diffused silicon power tran
sistors are now available from Solitron, with Vcex 
up to 700 Volts. Typical applications include 
horizontal deflection circuits, ignition systems, 
CRT sweep systems , high voltage switching 
mode regulators, high voltage pulse amplifiers 
and high voltage pass series regulators. Priced 
low, they are available in T0-3 and T0-66 cases. 

TYPICAL GAINS AND SATURATION VOLTAGES 

IOO ...-
~ --~ 

°"c• •5.0 • 

~ 2N5466 
2N 5467 
2N5461 
2NS469 

50 

20 

10 
0.1 0.2 o.s 1.0 2.0 

COLLECTOR CURRENT .. AMPS 

Dial 1-800..327-3243 for a "No Charge" 
telephone call and further information 

~ Circle 108 on reader service card 

5.0 10 

0.6,....-----,,..------.----,-----,------,----. 
2N5466 L 2N5467 
2N5468 
2NS469 

O.Sf-----11------+---+---+----l--l----l 

~ 0 .41-----+--l-_.____..._

2
1---+------I 

- O.l>--t---t--+----+--v -+---+------< 
->' 

0.21-----11------+---+--"7"1-----l----l y 
0.11-----11-------t-=--"""''----t---t-----j-----j 

L----'1--~-----r-

0
0.1 0 .2 o.s 1.0 2.0 s.o 10 

CURRENT COLLECTOR IN AMPS 

~ 

0 1
•
1 
t ro n S EM IC 0 ND UC T 0 R DIVIS I 0 N 

L:.I DEVICES, INC. 
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• • • Illlcrocircm 
from the 

~·to 

source 
There's a reason why Burroughs is a preferred source for hybrid microc ircuits . It's TOTAL CAPABILITY. 
TOTAL CAPABILITY is the unique ingredient that keeps Burroughs ahead in hybrid circuit 
leadership and enables you to reduce system size with increased reliability. 

Burroughs now offers the entire circuit package • and its components - all designed 
and fabricated under the eyes of experts in one complete in-house operation, providing 
economy, high reliability, qual ity control and prompt delivery. 
• Hermetic Packaging • MSI Capability • Computer Test Facility • Fully Documented to 
MIL-Q-9858A and MIL-1-45208 
Buy your hybrid microcircuits NOW from Burroughs, and discover what 
Burroughs Total Capability can do for you . 

Call or write Burroughs Corporation, Electronic Components Division, 
P.O. Box 1226, Dept. H1, Plainfield, New Jersey 07061 . 
Tel. (201) 757-5000, or contact your nearest Burroughs 
representative or sales engineer. 

*Circuits are availab le in various 
configurations with resistors, 
capacitors, and discrete IC 
and MS! chips, mounted. 

Burroughs 
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Analyzing air pollution 
with inf rared and logic 

page 112 

Where things stand with 
cylindrical film memories 
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Taking shortcuts 
in color tv cameras 
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MOS multiplexer avoids 
high-frequency hazards 

page 152 

Faster IC 
chip connections 
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November 11, 1968 I Highlights of this issue 

Technical Articles 

Parallel active filtering and pattern-recog-
Electronics nition logic give a prototype pollution ana-

lyzer more versatility than conventional 
models. The electronics portion of the sys
tem takes over many functions usually per
formed by the optics, allowing the analyzer 
not only to detect polluting substances but 
to identify them, distinguishing among 
those with similar infrared spectra. The 

electronics carries out Fourier-transform spectroscopy and 
indicates whenever a contaminant exceeds an acceptable level. 

Cylindrical film memories are coming into their own. Authors 
from three companies specializing in these types have con
tributed articles to Electronics' continuing series on memory 
technology. Since commercially introducing plated wire two 
years ago, Univac is forging ahead with this technology, and 
its prospects are good. National Cash Register has gone all 
out with plated rods in its Century computer, unveiled earlier 
this year. And Librascope, a division of Singer-General Pre
cision, continues to develop woven-wire memories for aero
space applications. 

Highly stable solid state circuitry permits the elimination of 
many sophisticated trimming circuits in a new color tele
vision camera costing a quarter the price of conventional 
studio units. And even with such inexpensive optical com
ponents as vidicon pickup tubes and standard 35-millimeter 
lenses, the camera, when used with an image enhancer, pro
duces broadcast-quality pictures. 

When signal frequency goes much above 1 kilohertz, the 
performance of metal oxide semiconductor switches can de
teriorate seriously. The signal can feed through from an off 
channel to one that's on, it can be attenuated significantly, 
and the switching transients can become very large. Fortu
nately, however, mathematical analysis of these effects makes 
it possible to design circuits that are immune to them. 

Coming 
A wide-ranging look at various efforts to improve semicon
ductor chip mounting by such schemes as beam leads, spider 
bonding, and flip chips. 
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Industrial electronics 

Pattern-recognition logic 
analyzes infrared signals 

Prototype pollution detector uses an optical interferometer but can identify 

several contaminants because its logic and active parallel filters 

enable it to distinguish among those with similar spectra 

By Alan Bessen 
Ford Instrument Division, Sperry Rand Corp., Long Island City, N.Y. 

Long a junior partner to optics in infrared contam
ination analyzers, elech·onics assumes the senior 
role in a prototype unit with the addition of par
allel active filters and standard logic elements. 
This new analyzer not only detects several pol
lutants but identifies them accurately. The elec
tronic data-analyzer unit carries out Fourier-trans
formations and decision rules , and huns on a light 
when a given contaminant exceeds a threshold 
level. 

Most conventional instruments are designed to 
measure only one contaminant-sulfur dioxide, for 
example-at a time. When the environment contains 
several contaminants with similar spectral patterns, 
such instruments can't tell them apart and can thus 
produce erroneous readings. And the use of a bat
tery of analyzers, each responding to only one 
contaminant, may be very costly in such applica
tions as area surveys. While it's possible to use 
several conventional analyzers, with more sophisti
cated optical configurations to improve selectivity, 
doing so can sharply increase cost and mechanical 
complexity. 

The prototype analyzer, however, can handle 
several contaminants without changing optics be
cause its filtering and logic enable it to discriminate 
between those with similar spectra. An optional 
interferometer that periodically scans a wide range 
of the infrared spectrum detects traces of gases, 
vapors, and areosols that absorb energy in this 
region. The resulting signal is processed using 
Fourier-transform and decision-theory methods. 
The analyzer can be tuned to distinguish another 
set of pollutants by simply changing the logic 
cards. 

One data analyzing unit can handle several re-

112 

mote sensors, giving a readout from each location 
every second. Since its output signal ranges from 70 
to 100 hertz or some other frequency band in the 
audio range, the sensor can be connected to its 
central logic unit by fixed wiring or telephone lines. 

Infrared absorption spech·oscopy depends on the 
natural vibrations of atoms held together by chem
ical bonds within a molecule. These motions pro
duce a corresponding periodic change in the mole
cule's dipole moment, causing the oscillating dipoles 
to interact with radiant energy of the same fre
quency in a kind of resonance. The result of this 
phenomenon is that incident radiation is absorbed 
at these frequencies. Since the absorption frequen
cies are unique to the type of molecule involved, 
the resulting infrared spectrum identifies the sub-

AIR 

SPHERICAL 
MIRROR 

PLANE MIRROR 

SAMPLE CELL 

REFERENCE CELL 

..__---D---
OETECTOR 
AND 
AMPLIFIER 
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stance. Furthermore, the concentration is directly 
related to the amount of absorption at a given fre
quency and over a given path length. 

Many solid, liquid, and gaseous substances 
possess an infrared spech·um that can be detected 
under suitable conditions. Gases such as sulfur 
dioxide and carbon monoxide-most important in 
air-pollution studies-exhibit characteristic spectra 
in the intermediate infrared region. Others, like 
carbon dioxide and water, are relatively transparent 
in at least part of this region and won't interfere 
with measurements. Normal atmospheric constitu
ents such as nih·ogen and oxygen absorb no energy 
in the intermediate i-r band. 

In the sensor shown on the preceding page, an 
infrared source illuminates two absorption cells 
with beams of equal intensity. The cell containing 
the sample of air is continuously refilled. The other 
holds air that's free of the pollutants being sought; 
this air is used as a reference and is periodically 
changed. Normally, there's only negligible absorp
tion due to atmospheric constituents in the refer
ence cell. 

The outputs of the two cells go to the inter
ferometer, which measures the spectrum of the 
absorption difference between the two beams. The 
differential nature of the measurement makes the 
system relatively insensitive to such things as varia
tions in the intensity of the infrared source and 
changes in electronic-amplifier gain since these 

FILTERS VOLTAGE COMPARISON CIRCUITS 

AMPL-
IFIER 

AMPL- RECT-
IFIER IFIER 

factors affect both signals equally. And interfering 
"background" materials (dust particles, ozone) with 
absorption characteristics within the system's pass
band usually turn up in equal amounts in the sam
ple and reference cells so their effect is also largely 
cancelled out. 

All these effects would be taken care of by the 
discrimination capability of the logic anyway, of 
course, but the differential approach-equivalent 
to common-mode rejection-reduces the required 
dynamic range of the electronics. 

The changes in energy level resulting from radi
ation absorption are so small that the interferom
eter must have excellent sensitivity. The rapid-scan 
Michelson interferometer is thus better in this ap
plication than the conventional infrared spectrom
eter. 

Separating wavelengths 

Conventional spectrometers generally employ 
the dispersion provided by a prism or grating to 
separate the radiation into its spectral bands. The 
energy within a particular band of the dispersed 
radiation is selected by a narrow slit and measured 
by an i-r detector, while the energy in other bands 
is wasted. 

As the prism or grating rotates, the detector 
sees each band sequentially and measures its rela
tive intensity. To enhance the signal-to-noise ratio 
by data averaging, the detector should look at each 

LOGIC 
LIGHTS 

VOLTAGE 

0 COMPARATOR CONTAMINANT 
C1 

THRESHOLD 
ADJUST 

0 CONTAMINANf 
C2 

Discriminating. Because the filter and voltage-comparison circuit outputs can be connected to any channel 
(as indicated by colored arrows) the same logic packages can distinguish among many contaminants. 
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10 

Decisive. A reading above the decision rule means contaminant is present in the air sample. 

band for as long as possible. However, this limits 
the speed at which the optics rotates. 

For a given resolution, then, signal-to-noise ratio 
can be traded off for speed. Similar restrictions 
apply to a spectrum analyzer using the recently 
developed optical wedge filter, a thin-film inter
ference device with a narrow passband and a trans
mission wavelength that varies continuously over 
a range as the filter is rotated. 

The limitations of the conventional spectrometer 
are overcome by Fourier-transform spectroscopy, a 
technique that's based on the use of the rapid-scan 
Michelson interferometer and which permits, in 
effect, all wavelengths in the spectral range of 
interest to be measured simultaneously for the en
tire scan cycle. And since the Michelson interfer
ometer doesn't require a narrow slit, there's no 
loss of radiation-gathering power. 

Parallel filtering 

The use of an interferometer spectrometer intro
duces a problem in data analysis, though. The de
vice's output, called an interferogram, is a voltage 
that varies with time and whose frequency compo
nents represent the desired spectrum. Mathematic
ally, the interferogram is the Fourier transform of 
the power spectral density of the sensed radiation, 
but since it is not a spectrum, it can't be compared 
directly to the known spectra of contaminants. 

To reproduce the spectrum, the inverse Fourier 
transform of the interferogram must be obtained. 
This can be done by digital and analog computer 
processing, analysis by an audio-frequency wave 
analyzer, or other means. The computer processing 
techniques are expensive, though, and the wave
analyzer technique requires such a time-consuming 
tuning procedure that it's impractical for a real
time instrument system. 

A tunable-wave analyzer must be swept through 
its range and the speed at which this can be done 
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is limited by the transient response of the tuned 
circuit. Since the time constant of the tuned cir
cuit is inversely proportional to its bandwidth, high 
selectivity and fast tuning can't be achieved at 
the same time. 

In the prototype atmospheric-contamination de
tector, the interferometer's output is analyzed by 
a comb fllter, a paralleled set of highly selective 
electronic bandpass filters with fixed center fre
quencies as shown on page 113. The filters are 
active networks that use an RC combination in the 
feedback path of a linear amplifier to develop a 
sharp peak at the resonant frequency. The outputs 
give the same information as would the output of 
a wave analyzer tuned to the same frequencies. The 
more filters used, the more points at which the 
spectrum can be sampled, and the more contam
inants that can be identified. 

An important advantage of this technique over 
the sequentially operating wave analyzer is that 
all the comb filter outputs are available simul
taneously, making for rapid instrument response. 
After detection, the output of each £Iter is inte
grated by a low-pass filter to improve the signal
to-noise ratio. All £lter signals are used together 
in a spectrum-comparison procedure to identify 
contaminants. 

Conventionally, a substance is identified by com
paring the continuous shape or contour of its infra
red spectrum with one like it from a catalog of 
corresponding shapes for known substances. The 
Michelson interferometer, however, doesn't pro
duce a continuous spectrum; discrete measured 
data from the filters corresponds to sampled val
ues of the spech·um only at selected frequencies. 
There's some uncertainty about the data too. Elec
trical noise in the system and variations in the 
composition of the background cause a statistical 
distribution of the sampled spectral values so that 
they're represented by a circle or oval rather than 
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a point, as shown at the left. The pattern formed 
by the data denoting the presence or absence of a 
contaminant can be recognized by computer logic. 

To identify a contaminant and to distinguish it 
from similar interfering substances requires a dis
crimination test. One suitable test compares a 
linear combination of sampled spectral values with 
a decision level D: 

where S1 is the amplitude of the sampled spectrum 
at the ith wavelength and W; is a weighting factor 
for this wavelength. The particular linear combina
tion is called a decision rule. 

If the measured data meets or exceeds the deci
sion level for a particular case, the specified con
taminant is considered to be present; otherwise, it's 
considered absent. The weighting factors assigned 
to a given contaminant can accentuate the differ
ence between contaminant and interferent. Quali
tatively, this can be done by assigning a relatively 
large weighting factor at wavelengths where there 
is a large difference between the average spectra 
of the contaminant and of the class of possible 
interferents. Similarly, a relatively small weighting 
factor would be assigned where the statistical dis
persion in either spectrum is large. If the contam
inant is more absorbent than the interferent at one 
wavelength but less absorbent at another, the con
trast between the two substances can be increased 
by assigning weighting factors of opposite sign at 
these two wavelengths. 

Consider the illustration on page 114, which 
shows the distribution of sampled spectral values 
Sa and Sb for a contaminant C and interferent I at 
wavelengths a and b. The decision rule here is 
Sa - 3Sb:::::,,.. 10. In one set of measurements there's 

no ·overlap between the areas C and I, so the 
decision rule clearly separates the substances. 
There is an overlap, though, in another set of 
measurements. · The same decision rule will always 
identify the presence of the contaminant, but since 
the interferent may also appear to be a contaminant, 
it may register a false alarm, as indicated by the 
shaded area. 

The quantitative determination of the . best 
weighting factors for given criteria regarding the 
detection and false-alarm probabilities is a classic 
problem in statistical . decision theory. However, 
statistics on the spectra of contaminants and inter
ferents aren't readily available; so a simplified iden
tification technique-implemented by standard di
ode-transistor logic functions-was used in the 
prototype system. 

The difference between sampled spectral values 
at various pairs of selected wavelengths are deter
mined and compared with corresponding threshold 
decision levels. In the typical situation illustrated 
below, the particular contaminant is identified 
as being present if the differences in all four wave
length pairs exceed their corresponding thresholds. 
The thresholds were chosen to at least exceed the 
electrical noise level of the system. 

Furthermore, the wavelengths used for compari
son in each test were chosen so that spectra of 
other contaminants and selected interferents would 
fail to satisfy at least two of the tests and thus 
would not cause false alarms. In this manner, 
logical tests enhance the selectivity of the cpn- · 
tamination detection system. 

The spectral comparison technique depends on 
the relative intensities of absorption bands in a 
spectrum as well as the wavelengths at which these 
bands occur. The characteristics of the spectrom
eter system will, however, modify the shape of a 
measured spectrum. A detailed analysis of the 

RESPONSE OF OTHER SUBSTANCES 
LOGICAL TEST 

abcdefghij 
WAVE NUMBER 

FOR Ct 

St - Sd > Dtd 

S9- Sj > Dgj 

Sa - Sc > Dae 

S; - Sn > Din 

C2 C3 

PASS FAIL 

PASS PASS 

FAIL FAIL 

FAIL PASS 

It 12 I3 I4 

PASS FAIL FAIL PASS 

FAIL PASS FAIL FAIL 

FAIL PASS FAIL PASS 

PASS FAIL FAIL FAIL 

Making the grade. When pairs of spectral samples, left, are compared with their decision levels, and the four 
pairs pass their test, the complete logical test indicates the presence of contaminant 1. 
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system has been made to determine the precise na
ture of these spectral modifications; a mathematical 
model defining the pertinent characteristics of the 
spectrometer, infrared absorption cell, and data 
processing circuitry was developed and programed 
on a digital computer to simulate the operation. 

In the basic Michelson interferometer shown 
at the right, the incident radiation, a, is divided 
into transmitted, b, and reflected, c, components 
of equal intensity by the beam splitter. After re
flection by the stationary and moving mirrors, each 
component is again divided by the beam splitter. 
Part of the radiation in each component is trans
mitted to the detector in direct beam, d, and part 
is reflected back to the entrance window in a com
plementary beam, e. 

Consider only the direct beam, d, and assume a 
monochromatic input of radiant power E1 (v), where 
the wave number, v, is the reciprocal of the wave
length. The moving mirror's position is shifted 
along a straight line so that the difference in the 
optical path lengths of components b and c varies 
with a constant velocity, v. As a result, the relative 
phase between the components that combine to 
produce the direct beam varies linearly, causing al
ternate constructive and destructive interference. 
Specifically, En(v), the resulting power in the direct 
beam, varies according to 

Eo (ii) = ! E1 (v) (1 + cos 21l'vvt) 

The time-varying term in the above equation 

I(t) = Ei
2
(v) cos 27rvvt 

contains the information that results in an inter
ferogram. 

I
=> 
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:::> 
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The interferometer thus acts as a modulator; 

---..J.-i--i--""""'' 

TIME 

lnterferogram. Output of Michelson spectrometer is a 
time-varying signal, this one of a broadband i·r source. 
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for a monochromatic radiant-source input, the inter
ferogram is a cosine wave with an amplitude pro
portional to the intensity of the radiation, Ei, and 
frequency, f = vv proportional to its wave number. 
By proper choice of the moving mirror's velocity, 
the output frequency will lie in the audio range 
and may readily be sensed and converted to an 
electrical signal (70 to 100 hz) by an infrared de
tector such as a thermister bolometer bridge. 

Generally, though, the input radiation is not 
monochromatic, but has a continuous spectrum. 
For such an input source, the output is proportional 
to the integral of the above equation, so that the 
interferogram is 

I(t) = ! 1"" E1 (v) cos 211' ft df 

where E1( v) now represents the power spectral 
density of the input radiation. The interferogram 
for a Nernst-glower (a heated metal-oxide element) 
continuous-spectrum input is shown below. 

An interferogram contains the same basic infor
mation as the spectrum of the input radiation that 
generates it. In fact, the interferogram is the co
sine Fourier transform of the desired input power 
spectral density. As noted earlier, to reconstruct 
the input spectrum it's necessary to determine the 
inverse Fourier transform, which, for the ideal 
interferometer described above, is 

E1 (v) = 1"" I(t) cos 27rft dt 

Before describing the determination of the input 
spectrum, it's important to consider the generation 
of a difference spectrum. This could be found by 
measuring the spectra of the sample and reference 
cells individually-either with two interferometers 
or by time-sharing a single unit-and then sub
tracting one from the other electronically. However, 
it's simpler to do this subtraction optically within 
the interferometer itself by adaptation of the device 
involving the complementary beam. If a low-loss 
dielectric beam splitter is used, the complementary 
beam in the schematic on page 117 represents the 
difference between the input radiation and the 
radiation in the direct beam reaching the detector. 

Ee (v) = E1 (v) - Eo (11) 
= ! E1 (v) (1 - cos 27rft) 

To make differential spectral measurements, the 
conventional interferometer is modified to accept 
a second input, Ei'(v) , via a second entrance 
window and a small mirror, as shown on page 117. 
E( ( v) is incident on the beam splitter perpendicular 
to Ei{v). The second input is modulated in the 
same way as the first to produce direct and com
plementary beams, E'o(v) and E0 '(v). 

Output E' 0 appears at the first entrance window 
and output E0 ' at the detector. The spectral power 
sensed by the detector thus consists of the direct 
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SINGLE - INPUT 
INTERFEROMETER 

D 

o. 
E . 

D 

SM - STATIONARY MIRROR 
MM - MOVING MIRROR 

S - BEAM SPLITHR 
C P - COMPENSATING PLATE 
EW - ENTRANCE WINDOW 

0 

EW 

DUAL-INPUT 
INTERFEROMETER 

D 

D 

EW2 

EW1 - FIRST ENTRANCE WINDOW 
EW2 - SECOND ENTRAN.CE WINDOW 

D - DETECTOR 
FM - FOLDING MIRROR 

E' D 

Ee 

EWi 

Beam splitters. Basic Michelson interferometer, left, doesn't use the complementary beam, e put the dual-beam 
type at right does use it to optically subtract beams from the sensing cells. 

beam of the £rst input plus the complementary 
beam of the second. 

E0 (v) =En (v) + Ea' (v) 

= E;
2
(v) (1 + cos 27rft) + E;'

2 
(v) (1 - cos 27rft) 

In the detection system, the first interferometer 
input is the output of the sample cell and the sec
ond is the output of the reference cell. When .the 
cells are empty of air, the two inputs have the 
same spectral power and each is proportional to 
the spectral radiance of the source multiplied by 
the spectral reflections or transmittance of 
the various elements of the optical system. 

When the sample cell contains an absorbing 
material with spectral transmission T(v), the direct 
beam of the first input is attenuated by this factor. 
Assuming no absorption in the reference cell, the 
complementary beam of the second input remains 
unchanged. The time-varying component of the 
detected signal, the interferogram, is therefore 

E; (v) 
Eo (v) = - -

2
- a (v) COS 27rft 

where a (v) = 1 - 'T (v) 

is the spectral absorption coefficient of the sample. 
By optical subtraction, then, the amplitude is pro
portional to the difference between radiation inputs 
to the two windows at the corresponding wave 
number. 

Until now it has been assumed that the inter
ferometer mirror moves indefinitely and produces 
a nice continuous signal. But for practical rea-
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sons, this motion must be limited to a rather small 
excursion. As a result, the spectral content of the 
interferogram differs somewhat from that of the 
radiation to be measured. The mirror is driven by 
an electrically controlled actuator in a sawtooth 
fashion, as shown below. Each forward sweep of 
the mirror, which occurs at a constant velocity, gen
erates an interferogram, during each rapid-return 
sweep, the detector output is blanked. Therefore, 
for a monochromatic input at wave number v.,, the 
interferogram consists of a repeated sequence of 
cosine wave segments, as shown on page 118, 
rather than a continuous cosine wave. 

Since this waveform is periodic, its spectrum 
is given by the coefficients of a Fourier series ex
pansion rather than by the Fourier transform. Good 
approximations of these coefficients are 
Monochromatic source-

FORWARD 
SWEEP 
TIME,T1 

PERIOD, T 

REVERSE SWEEP TIME 

DEAD TIME 

Blackout. Moving mirror sweeps a limited distance, so 
a signal develops only during forward sweep. 
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Consider the source. A monochromatic i-p source would weld chunks of cosine waves (left). But interferograms for a 
broadband source looks like those at right. Discrete spectral amplitudes are shown at bottom. 

FILTER 

where .fn is the frequency corresponding to vn or 
(fa = Bvn/T1); fn is the nth harmonic frequency or 
(fn = n/T); and K is the proportionality constant. 

The resulting discrete spectrum, shown above, 
left, consists of harmonics at integral multiples 
of the repetition frequency, n/T. In practice, a 
monochromatic radiant source won't be used. The 
prototype contamination system needs a hetero
~hromatic-or broadband-input-source, the Nernst 
glower. 

For heterochromatic radiation, the interferometer 
output consists of a repeated sequence of inter
ferograms such as those above, right. The expres
sions for the spectral lines may be obtained by 
integrating the Fourier series coefficients over all 
frequencies present in the input spectrum. 
Heterochromatic source-

S _ j"" KE; (11) a (v) sin 7r T1 (fn - f) df 
n - 71" Ti (fn - f) 

0 

Again, the measured spectrum shown right, 
is discrete. Its envelope approximates the spectrum 
of the input radiation but exhibits a smearing be
cause of the constrained duration of each inter
ferogram. This smearing limits the measurement 
resolution - the ability to distinguish between 
closely spaced spectral lines in the input. 

Resolution is also affected by the electronics in 
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sin 7r T1 (fn - f) 
7r T1 (fn - f) 

the system. Since each filter analyzing the inter
ferometer output has a finite bandwidth around its 
center frequency, its output contains contributions 
from all interferogram frequencies in its bandwidth. 

This effect can be expressed quantitatively by 
considering the response of a bandpass filter rep
resented by a frequency response function, Y (jw); to 
a complex periodic waveform represented by the 
integrated Fourier series coefficients above. That 
is, the combined effect of the interferometer and 
filter can be found by considering the harmonic 
components of the interferometer output as the 
filter's input. The filter-output equation, without 
further mathematical development, is shown im
mediately above. 

This combined-effect equation, which represents 
a mathematical model of the system, was used in 
the computer simulation mentioned earlier to de
termine the identification logic. The simulation 
program took into account the effects of the infra
red source's emission spectrum, the reflection and 
transmission spectra of the optics, and the inter
ferometer and filter response functions. 

A given computer run yielded the response of 
each filter channel to the absorption spectrum of 
a specified substance. Using experimental data on 
the spectral characteristics of the system compo
nents and published data on the spectral properties 
of various contaminants and interferents, the sys
tem response to each substance was determined. 
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Circuit design 

Designer's casebook 
Synchronizing a camera 
with a flash tube 

By Robert C. Wenz 
Alpine Geophysical Associates Inc., Norwood, N.J. 

During the manufacture o.f underwater cameras 
the cam-actuated contacts for the flash unit must 
be synchronized with the shutter. With a 1/50-
second focal-plane shutter, the entire frame is 
open for only 2 or 3 milliseconds. It's during this 
short interval that a flash must be triggered to 
ensure that the entire frame is exposed. 

A simple, low-cost photoconductive cell can be 
used to adjust the synchronization. Cadmium sele
nide types are satisfactory and require no further 
amplification. 

A neon lamp such as the NE-51H is placed in 
front o.f the shutter and supplied with a I-kilohertz 
voltage source. The photocell is placed inside the 
camera behind the leading edge o.f the shutter 

curtain, with all ambient light excluded. A 6-volt 
d-c supply is used with a 4.7-kilohm load resistor 
in series with the cell. Finally, an oscilloscope with 
a triggered sweep is connected across the load re
sistance so the firing point can be determined. . 

As the shutter is released, the oscilloscope will 
display the series o.f timing pulse~ produced by 
the exposure o.f the photocell to the neon lamp for 
the duration o.f the shutter opening. Since ~e 
lamp is excited by a frequency o.f 1 khz, each 
pulse represents 1 msec. The flash unit is placed 
in front o.f the shutter so some o.f, its light will 
also enter .the camera. As the shutter is tripped, 
the series o.f pulses are displaced vertically on 
the scope at the in~tant the flash is detected. The 
exact time o.f the flash in relation to .the shutter 
opening is determined by counting the pulses up 
to the point o.f displacement. Measurement accu
racy can be increased by simply raising the fre
quency o.f the exciting voltage to the neon lamp. 

One o.f the advantages o.f this system is that 
the measurement is independent o.f the character
istics of all components, including the time base 
of the scope. 

~FLASHTUBE 

TO 1 HERTZ 
SOURCE 

,---------, 
I I 

I I 
I EXPOSURE AREA I 

I I 
I I L ________ J 
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High-current switch 
is driven by an IC 

By Lynn S. Bell 
Burr-Brown Research Corp., Tucson, Ariz. 

A complementary compound switch, operated by a 
buffer transistor, interfaces current loads as high 
as 20 amps with conventional digital integrated
circuit logic elements. 

OTL 
OR 
TTL 
INPUT 

Sv 

Differential amplifier 
uses two IC's 

By C.J. Ulrick 

Collins Radio Co., Cedar Rapids, Iowa 

C2 
2N3716 

Monolithic r-f amplifiers are often useful for func
tions other than those intended by their designer. 
The circuit shown, for example, uses two such r-f 
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Resistor R1 provides the base drive required to 
saturate the buffer transistor, Q1, when the input 
logic level is high. R2 sets enough Q2 base current 
to turn on Q3 • Transistors Q3 and Q4 saturate 
because of the current through R7, thus minimizing 
the circuit's power dissipation. 

Turn-off switching losses are reduced by supply
ing reverse base current to Q2, Q3, and Q4 by means 
of the voltage drop across R3, ~. R5, R6, and the 
load. If fast turn-off isn't required, R5 and R6 can 
be eliminated, further reducing dissipation. If this 
is done, Qa and Q4 must be matched to ensure 
that the load current is properly shared between 
them. 

C4 
2N3920 

amplifiers a~ a stable and reliable wideband differ
ential amplifier. The gain is set by a resistor ratio, 
as in an operational amplifier; in the circuit shown, 
the gain is RF/Rn;-in this case, 100. The gain can 
be varied by changing Rm. 

The rolloff capacitors, C1 and C2, may b e needed 
to hold the bandwidth down if there isn't enough 
inherent capacitance in the resistors used for RF. 
The capacitors must be chosen so that the gain is 
less than unity at the frequency where the ampli
fier's phase shift is 180°, or the amplifier will 
oscillate. 

Clamp diodes D1 and D2 are required when the 
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INPUT 

R1N 

147 7 

amplifier will be driven into overload by large dif
ferential inputs. The diodes cause the output to 
clip symmetrically and ensure fast recovery. 

The bias and load resistors are not critical, but 

Crystal gives precision 
to a stable multivibrator 

By Gordon W. Harrison 

Randwick, Australia 

A crystal-controlled squarewave oscillator was 
needed to drive a chain of synchronized divide by 
10 multivibrator stages for use in calibrating the 
time bases of precision oscilloscopes. An emitter
coupled multivibrator using a crystal instead of 
a timing capacitor makes an excellent pulse gen
erator. The circuit operates like any conventional 
multivibrator, except that the output of Q2 is used 
to excite the crystal instead of charging a capacitor. 
Because of this, the circuit is forced to oscillate 
at the crystal frequency and is thus more accurate. 
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OUTPUT 

they should be 1 % units so that the gain will 
stabilize at the desired value. For the values shown, 
the amplifier has a bandwidth of 20 megahertz 
and a delay time of 20 nanoseconds. 

2.2v 

4.7k OUTPUT 

Oz 
2N706 
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Current limiter 
improves power supply 

By Jan K. Studebaker 
Los Alamos Scientific Laboratory, Los Alamos, N.M. 

Simple additions to a variable transistor-regulated 
power supply results in better regulation, less 
ripple, and complete overload and short-circuit pro
tection, including a variable current limit. 

Th!=! added components, shown in red, replace a 
resistor that would normally be connected between 
points 1 and 2. The voltage between points 1 and 
2 varies with the power supply's output voltage
as the output decreases, there is a higher potential 
difference between 1 and 2 and thus more current 
Hows through Q1 • If the power-supply load is a 
high resistance, very little current Hows through Qi. 
But if the load resistance is lowered-by a short
circuit for example-the current increases, causing 
Qi to draw too much current. If the resistance be
tween points 1 and 2 were higher, the overconduc
tion of Qi could be eliminated, but the power 
supply would no longer regulate properly. 

The substitution of a current source between 
points 1 and 2 permits the power supply to regu
late over a wide range and restricts the short-cir
cuit current to a value determined by the current 
source and the equivalent beta of Qi and Q2• 

ln operation, R1 functions as a maximum cur
rent limit control. The higher the resistance in the 
emitter circuit of Q~, the lower the current from 
the current source. The variable high-resistance 

Zener triggers 
a-c alarm circuit 

By Willard L. Fadner 
Mankato State College, Mankato, Minn. 

A zener diode can fire and turn off an alarm circuit 
without backlash. And because of the zener's tem
perature stability, the firing point is constant over 
a wide temperature range. 

A current of up to 40 amperes flowing through 
the primary of Ti produces a voltage drop across 
Ri. A portion of this voltage is picked off by R2, 
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potentiometer R2 , in series with Ri, allows the 
maximum current limit of the supply to be low
ered, from the value preset by Ri to any smaller 
value. R3 should be large enough to prevent burn
out of Di, and small enough to ensure that the 
current through D 1 is at least 20 times the base 
current of Qa. 

which sets the firing point of the alarm, and is rec
tified and fed to the emitter follower, Qi. This stage 
is needed to limit the current through R2 and Di 
and thus limit the current that D2 draws. 

If e2 is greater than the zener voltage-3.3 volts 
here-the Schmitt trigger composed of Q2 and Q3 

is fired. As a result, e3 rises abruptly to the power
supply level, causing Q4 to conduct and triggering 
the SCR. The load, in this case an alarm buzzer, 
is Bred once every half cycle. Q4 is used to match 
the impedance between the SCR and Q3 • 

R3 is needed to prevent thermal runaway of Q2, 
but it's large enough to draw very little current 
through D2, D3 , D 4, R4, and Ci form the circuit's 
power supply. For proper operation, the secondary 
of T2 must be in phase with ei. 

The circuit can also be used for a d-c alarm 
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by eliminating T 1 and D1 . And part of the circuit 
-all components except T 1 , Ri. R2, D1, and the SCR 

Capacitor slows down 
stabilized power supply 

By A.G. Ogilvie 
Holstebro, Denmark · 

It's often desirable to turn on a high-voltage power 
supply slowly. For example, if the full supply volt
age is suddenly applied to a hi-fi amplifier, a loud 
pop is heard when the output capacitor charges 
up and the speaker may be damaged. With the 
addition of a capacitor, the series regulator circuit 
can be modified to turn on slowly. 

In a basic series regulator, the voltage at the 
base of Q1 rises exponentially as C charges through 
R; hence the output voltage gradually increases. 
To obtain a rise time of 3 seconds, for example, a 
400-microfarad capacitor is required. 

The same rise time can be obtained by connect
ing the capacitor in the manner indicated by the 
solid red line. Since the effective capacitance is 
(hte + l)C, a much smaller capacitor can be used. 
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Memories V 

Plated wire: a long shot 
that's paying off 

By George A. Fedde 
Univac division, Sperry Rand Corp., Blue Bell, Pa. 

Eighteen months ago, plated wire was described as 
"Univac's bet to replace toroidal ferrite cores." 
Well, Univac is still in the game, which now has 
many more players than it did then. The division 
has met its cost-performance goals and is reason
ably confident in predicting major improvements. 

Production of plated-wire memories is expanding 
at about six times as fast a rate as the over-all 
production of random-access memories in the U.S. 
This is partly due to the fact that the base rate 
is very small, but it also indicates that significant 
progress has been made overcoming production 
problems. Current annual output of plated wire is 
about 2.5% of the estimated total for all types of 
random-access memory this year, and most of this 
production is going on at Univac for the division's 
9000 series computers. 

By and large, plated-wire memories are being 
used in new products requiring higher speeds and 
lower costs than ferrite technology can provide. 
For example, the Univac 9000 series computers 
wouldn't operate at both the speed and cost that 
they do if they had ferrite-core memories. Plated 
wires aren't replacing ferrite-core ·memories, nor 
are they expected to replace them, in the sense of 
production changeovers. They're being applied in 
areas that core arrays haven't been able to pene
trate. 

But an evolutionary replacement of ferrite cores 
in the main memories of new computers is just 
starting. This period of profitable coexistence is 
expected to last at least through 1972, at which time 
plated-wire units may account for 10% to 20% of 
the production of random-access memories produc
tion. in the U.S. 

Bandwagon 

Univac's decision to develop and produce plated
wire memories has been followed recently by sim
ilar decisions at other firms. Thell- present 
substantial efforts, added to Univac's, are moving 
plated-wire technology at an accelerating pace. 
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This is the second installment in a series of arti
cles on memory technology. The first installment, 
which included articles on ferrite core memories 
and planar thin films, appeared in the October 28 
issue of Electronics. -W.B.R. 

For example, Honeywell Inc. is now building 
plated-wire memory stacks for Government-funded 
programs [see cover photo] and may soon offer 
them commercially. Toko Inc. of Japan and its 
licensee, the Librascope Group of Singer-General 
Precision Inc., also offer plated-wire memories and 
stacks [seep. 131] . The National Cash Register Co. 
has been producing plated wire with somewhat dif
ferent magnetic characteristics for some time [see 
p. 128], and the volume may soon increase substan
tially in the wake of the company's recent an
nouncements of new equipment using the wire. 

Other companies working on various aspects of 
the technology include the Electronics division of 
the Lockheed Aircraft Corp. ; Electronic Memories 
Inc.; RCA; the Autonetics division of the North 
American Rockwell Corp. ; the Stromberg-Carlson 
Corp., a subsidiary of the General Dynamics Corp.; 
the Indiana General Corp., the Ferroxcube Corp. 
of America; Philips' Gloeilampenfabrieken; Plessey, 
Ltd.; the Nippon Telephone & Telegraph Public 
Corp.; Siemens A.G. and government-supported 
laboratories in France and Japan. 

Definition 

Plated wire is a specially cleaned and prepared 
beryllium-copper wire 5 mils in diameter that's 
electroplated with a layer of magnetic alloy about 
30 microinches thick. The alloy is about 80% nickel 
and 20% iron, and, like most thin films ; is mag
netically anisotropic-it can be more easily magne
tized in one direction than in another. 

A current in the wire during the plating process 
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One-turn coil. A current in the word line tilts the vector magnetization from its rest position, shown in solid lines, 
toward the hard axis of magnetization, generating a pulse in the plated wire. 

establishes the magnetic easy axis circumferentially 
around the wire. Thus a particular spot on the wire 
can be magnetized either clockwise or counter
clockwise, corresponding to the l's and O's of binary 
data. The same current applied while the wire is 
heated in a reducing atmosphere at the end of the 
plating process anneals the wire and stabilizes the 
film so that it retains its magnetic properties in
definitely. Without this step the wire's character
istics would deteriorate too rapidly for practical 
a pplica ti on. 

The closed flux path offers significant advantages 
over the open path that is characteristic of single 
planar thin-film elements. With an open flux path, 
the element would tend to demagnetize itself unless 
it were made of a material with high coercive force 
-particularly if it were small. But with the closed 
path, the film thickness is not dictated by consider
a,tions of self-demagnetization. With no gaps in the 
path, the minimum bit current is obtained for a 
given material and path length. 

Twenty bits can be stored in each inch of the 
wire, which is plated, a,nnealed, and tested in a 
continuous process, and then cut into segments a 
foot or two long for incorporation into a memory 
system. 

The size and position of the bit storage cell is 
set by the interaction of the magnetic drive field 
generated by current in the word line, as shovm 
above, with digit write current in the wire. Each 
word line forms a solenoid of a few turns around 
all the parallel wires in a memory module, or one 
turn around 160 wires in Univac's 9000 series. · 

The plated wires are inserted in "tunnels" 30 
mils apart in a layer of plastic, and the word lines 
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are on printed-circuit boards on both sides of the 
plastic. An unplated dummy wire is inserted in 
intermediate tunnels at intervals as a noise source 
to cancel the common-mode noise in the plated 
wire, and six unconnected plated wires at each 
edge of the array provide the same magnetic en
vironment for the outermost connected wires as 
for wires in the center.' 

This storage element has a number of special 
characteristics that are particularly interesting 
when compared with those of conventional ferrite 
cores and planar thin films. Also, the single 
drive line in a plated-wire storage element 
is its own sense-digit line. Also, plated wire has 
an explicit output for a 0 readout. Cores ideally 
would have no output, but they always generate a 
little noise. Planar films have explicit 0 outputs, but 
in most versions, the signals for 1 and 0 are smaller 
than those in cylindrical films; the flux path of 
a single planar element is open, and that of two 
coupled planar elements has two air gaps in it. The 
one disadvantage of plated wire at the present state 
of the art is its relatively low bit density. 

Nondestructive readout 
But plated wire is capable of nondestructive 

readout, which isn't available with the mass-pro
duced versions of the other two types of memories. 
This NDRO capability reduces the amount, and 
therefore the cost, of the peripheral electronic cir
cuitry required by a two-dimensional memory, and 
permits an organization similar in some ways to 
the 2112-D ferrite core layout, which attains high 
speed at low cost even in small module sizes. 
Plated-wire memories are most economical when the 
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word drive current has the same amplitude for 
reading nondestructively as for writing. 

[The alert reader will note an apparent contra
diction between this statement and Al Bates' con
tention on page 115 of the October 28 issue that 
NDRO is more expensive than DRO. But both au
thors are correct, given their companies' ap
proaches. Burroughs would achieve NDRO by tick
ling the memory with a smaller current than is 
used for writing. This would require either separate 
circuits for reading and writing, or a more complex 
and expensive circuit capable of delivering two 
levels of current. Univac, on the other hand, uses 
equal word currents for reading and writing; the 
extra wallop to wipe out old data when new data is 
being written comes from the bit current. This 
means that new data can be written in only part of 
a word if necessary.] 

NDRO also reduces processing time in a com
puter by one-third, if, as is typically the case, 
the computer takes about four read cycles for each 
write cycle. With nondestructive readout, read 
instructions can be executed in half the time 
required by a ferrite-core or other DRO memory. 
Reading out a core clears, or destroys, the data 

in it, so a rewrite is necessary after every readout. 
And every write instruction must be preceded by 
a clearing out of the old data. Thus four reads 
an_d one write require 10 operations-five read
write pairs. The same instructions require only · 
six operations in this NDRO memory: four reads 
and one clear-write pair. 

Few rejects 
The production of plated wire at Univac has 

more than doubled over the past two years. Al
though this is partly due to an increase in the 
number of plating machines in the production line, 
it also reflects improvements in yield and quality 
control. 

The individual bit yield is now 99.61 %. With 
270 bits on a single length of wire, the wire yield 
is about (0.9961)270 or 0.445; actually it varies 
between 35% and 60%. 

Thus an average of one bit in every 256 is bad 
at the output of the plating process, where test
ing occurs. Most are eliminated then and there 
by cutting the wire as soon as a defective bit is 
located. A few slip through, and a few wires 
are found to have bad spots later on. Nevertheless, 

SELECTION CONTROL FOR 
MATRIX SWITCHES 
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Sixteen to one. One sense amplifier or bit current driver is connected to one of 16 plated wires and to one of two 
dummy wires through a matrix of switches that permit high-speed operation at low cost. 
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Competitors. Plated wire, like planar thin films, switches 10 to 30 times as fast as ferrite cores with perhaps 1/15 
the energy per element, and occupies about 1/100 the volume. Both plated wire and planar films have bipolar 
output signals, but the wire's output is about 10 times as large as the film's, and 1/4 as large as the core's. 

only about one in 10,000 bits is defective after the 
memory plane is assembled. 

It's become possible in the past year to measure 
and control the magnetostriction coefficient, a very 
important parameter, on the moving wire in the 
plating machine. 

The relative concentrations of nickel and iron 
in the plating bath are now being controlled con
tinuously. This maintains the optimum levels more 
closely than formerly, when discrete portions of 
each element were added as needed. 

The electronic circuits and the memory planes 
containing the plated wires are undergoing evolu
tionary changes, most of them represent at
tempts to improve the signal-to-noise ratio. They 
include a new low-gain preamplifier stage, layout 
changes in the sense amplifier and signal strobe 
circuits, and improved low-level switching circuits. 

These low-level switches connect one sense am
plifier or bit current driver to one of 16 sense
bit circuits, as shown at left, and to one of the 
two unplated dummy wires associated with the 16 
circuits. Write current passes along both wires. 
If a read operation is to ensue immediately, either 
both the plated wire being read and the selected 
dummy wire must have been used in writing, or 
neither of them. Otherwise, one of the wires would 
have a decaying voltage on it that the sense ampli
fier would see as noncommon-mode noise. 

Through any given cycle, 15 switches are off to 
prevent the unselected sense lines from reducing 
the sense signal available to the amplifier or from 
diverting bit current from the selected plated wire 
during a writing. 

Three goals 

Current research and development programs are 
giving special attention to semiconductor circuits 
in three particular areas. 

For one thing, if the plated-wire memory is 
to have a 100-nanosecond cycle time, it needs a 
new low-level switch. The present switch produces 
an offset voltage when it's on; a switch made with 
a field-effect transistor would have no offset volt-
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age, but wouldn't operate at cycle times much 
below a microsecond. The switch must also be 
capable of carrying the 40-milliampere digit drive 
current. The right combination of fast turn-on 
and turn-off times with low capacitance, resistance, 
and cost is being sought. 

All plated-wire memories require a magneto
motive force of 750 to 1200 ma-turns. When a one
turn word coil is used, the necessary current is 
easily carried by discrete or hybrid-chip semicon
ductors. To use monolithic integrated circuits in 
the drive circuits, the amount of current must be 
reduced to about 30% to 40% of its present value. 
Experiments indicate that low-reluctance paths for 
the word-line flux may make such a reduction pos
sible. Such paths can be established through a 
magnetic keeper-a layer of magnetic material on 
top of the word lines. 

Present plated-wire memories operating at 500-
nsec cycle times have a diode in series with each 
word line, permitting a very economical transistor 
switch matrix to select the word lines. These ma
trixes would be feasible down to about 150 nsec. 
An alternative scheme, which would work at both 
faster and slower speeds, would replace the diode 
with a transistor whose base and emitter are con
nected to switch matrixes. This method would 
be especially attractive with monolithic integrated 
circuits , and would reduce the noise coupled into 
the sense lines by permitting the grounding of 
one end of the word lines. 

Not that all research and development on the 
plated-wire element has come to a screeching halt. 
A whole new optinmm set of magnetic parameters 
will probably have to be worked out for tomorrow's 
high-speed sys tems, covering such things as film 
thickness, coercive force, and anisotrophy field. Co
ercive force is the minimum magnetic-field intensity 
required to remove the residual magnetism from 
a saturated material; anistropy field is a measure of 
the magnetic field that saturates an anistropic film 
in its hard direction. 

A thinner film would mean fewer milliampere
turns required in the word line, higher coercive 
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force, and a smaller change of flux coupled to the 
sense line during readout. The output signal would 
be smaller, but that would be compensated for, at 
least in part, by the fact that a very fast memory 
requires a short rise time on all input and output 
signals, which maintains the peak amplitude and 
shortens the signal duration. 

Some researchers are exploring the advantages 
of a thinner wire. For a given film thickness and 
bit length, a smaller diameter would reduce the flux 
coupled to the word drive line, without affecting 
the output signal's amplitude. Slimmer wires would 
also permit the word lines to be placed closer to
gether, reducing the fringing of the drive field 
to adjacent bits and possibly leading to a higher 
bit density. But the thinner wire would be harder 
to handle than the present variety, and would tend 
to increase signal attenuation because of its higher 
resistance. 

For all this, though, today's R&D efforts should 
produce memory systems in the not too distant 
future with module capacities of 100,000 to 1 mil
lion bits, cycle times of 100 nsec, and access times 
of 55 to 60 nsec-at a cost only slightly higher than 
that of present 500 to 600-nsec cycle memories. 
Plated wire is also attractive for very large mem
ories of up to 100 million bits. These memories 
were estimated early in 1967 to cost significantly 
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less than one cent per bit, but recent developments 
indicate that the estimate was quite conservative. 
However, until production capacity can catch up 
with demand, plated wires aren't likely to be used 
commercially in such sizes. 

The next step will probably be the production 
of larger modules with cycle times down to about 
200 nsec. The next three to five years should see 
the introduction of 100-nsec random-access mem
ories with capacities up to a million bits, and sub
microsecond memories in the 100-million-bit range. 

Bibliography 
W.O. Freitag. J.S. Mathias. and G. DiGuilio, "The Electrodeposition 
of Nickel-Iron-Phosphorus Thin Films for Computer Memory Use," 
Electro-chemical Society Journal, January 1964, p. 35. 

H.O. Leilich, "The Chain-A New Magnetic Film Memory Device," 
Journal of Applied Physics, March 1966, p. 1361. 

J.P. McCallister and C.F. Chong, "A 500-Nanosecond Main 
Computer Memory Utilizing Plated-Wire Elements," American 
Federation of Information Processing Societies, Conf. Proc .. vol . 
30 (Fall Joint Computer Conference). 1966, p. 305. 

G.A. Fedde, "Plated-wire memories: Univac's bet to replace 
toroidal ferrite cores," Electronics, May 15, 1967, p. 101. 

S. Waaben, "High-Speed Plated-Wire Memory System," IEEE 
Trans. on Electronic Computers, June 1967, p. 335 

J.R. Brown Jr., "Internal Memory Systems," Modern Data 
Systems, February 1968, p. 62. 

C.F. Chong and G.'A. Fedde, "Plated-Wire Memory, Present and 
Future," Proc .. International Conference on Magnetics, 1968. 

Rods look like wires, act like cores 

By Donal A. Meier 
National Cash Register Co., Hawthorne, Calif. 

Cylindrical, thin magnetic films plated on wire with 
axially oriented storage states have replaced ferrite 
cores as the storage medium in high-performance 
digital computer memories at the National Cash 
Register Co. Unlike those used in other forms of 
plated-wire and thin-film memories, these films are 
isotropic and are made of a material with a high 
coercive force. 

These two film characteristics give the wires, 
or rods, a number of advantages. Like cores, the 
films retain their magnetic characteristics indef
initely without annealing even though the flux path 
is open. This is true whether they are repeatedly 
switched back and forth or made to retain a fixed 
magnetic state for a long period of time. 

128 

Also, the plating process can be relatively speedy 
-much faster than the plating of wires with a cir
cumferential anisoh·opic film. Finally, problems of 
magnetostriction, skew and dispersion, which 
plague designers of planar thin-film memories and 
plated wires with circumferential storage states, 
are avoided here. [An article on skew and disper
sion problems will appear in a future issue of Elec
tronics.] 

Magnetic rods, which are organized in arrays 
like cores, have been used in many experimental 
and commercial memories. Of these, the most prac
tical have been the two-dimensional organization 
in NCR's 315 RMC computer, the 21/2-D form in the 
company's new Century series computers, and a 
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structure with two rod elements per bit. This set
up, analogous to the two-core-per-bit arrangement, 
was used in an experimental memory that achieved 
100-nanosecond cycle times. 

First of its kind 

Rods were introduced in the 315 RMC (for rod 
memory computer) machine, the first commercial 
computer with an all-thin-film memory. The 315, 
brought out in 1965, is being phased out of produc
tion, having been superseded by the recently an
nounced Century series. 

In the rods, the axially oriented magnetization 
reverses its direction by 180° when switching be
tween binary l's and O's, as shown at right. The con
tinuous plating, an alloy of 98% iron and 2% nickel, 
switches when subjected to a magnetizing force 
greater than 16 oersteds. [The corresponding 
energy is about 2 X 10-10 joule; compare this with 
the plated-wire figure of 1 X 10-10 joules.] 

The rods used in the RMC processor are made 
from a continuous length of beryllium-copper wire 
10 mils in diameter. This wire is passed at a 
speed of 15 feet per minute through a series of 
baths that deposit the plating material on it. When 
the wire emerges from the last bath it is immedi
ately and continuously tested, helically wound with 
a copper ribbon, and cut into pieces seven inches 
long. 

Fine wires wound on these lengths of wire estab
lish the bit cells, typically 10 of them per linear inch 
of rod. The windings are interconnected between 
bit cells and between rods in a two-dimensional 
arrangement, as shown below. 'Vord windings are 
machine-wound solenoids of 10 turns over a dis
tance of 50 to 60 mils along the wire; digit-sense 
windings are continuous machine-wound helixes of 
about 95 turns along the entire 7-inch rod. The 
solenoid's intersection with the helix defines a stor
age cell. Yield for the whole 7-inch length has been 
greater than 85% during the four years in which 
this RMC memory has been in production. 

New whiskers 

The newer Century series computers contain rod 
memories of a different design suitable to semi
automatic fabrication in large batches without the 
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Reversal. Magnetized thin film on a rod is oriented 
parallel to the rod's axis, in opposite directions 
corresponding to binary l's and O's. 
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yield problems usually associated with batch fabri-
cation. · 

In the Century, the memory is assembled from 
modules of approximately 16,000 bytes. Each mod
ule contains 32 planes of 4,608 bits in a 64-by-72 
array. Each bit is stored in a separate length of rod, 
or "whisker," about 1/ 10 inch long and 6.5 mils in 
diameter, with its own set of windings. 

Whiskers are made in essentially the same way 
as rods except for the on-line cutting. Following a 
testing step primarily aimed at monitoring the plat
ing process, the wire is coated with 0.2-mil layer 
of plastic to keep the iron from oxidizing. It is then 
baked and wound on a take-up spool. In a separate 
off-line process, the wire is tested again and cut 
mechanically into whiskers at a rate of 1,000 per 
minute. 

The solenoid array in which the whiskers are 
mounted is made in a frame by a machine that 
winds interlinked 10-term solenoids in each of two 
perpendicular directions (page 130, top). A sheet 
of plastic is then vacuum-formed across one side 
of the array to establish a "bottom." The rods are 
automatically dropped into place in the interlinked 
solenoids, using a mask and an alternating mag
netic field. The mask is placed over the solenoid 
array, an oversupply of whiskers is poured on it, 
and the whole is placed in the magnetic field. The 
field causes the whiskers to stand upright and 
dance about; when the array is tilted, the whiskers 
march across the surface and fall into the individual 

Double helix. Two windings over a section of a seven-inch rod define a bit cell on the rod. One of the windings is 
continuous along the full length of the rod; the other is about 1/10 inch long and connects with coils on other rods. 
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Interlinked. Two solenoid windings are interlaced in a 

special machine that winds them both at the same time, in 

a pattern for the whole plane that resembles a chain link 

fence. One whisker fits in each solenoid (photo, right). 

solenoids through holes in the mask, as shown at 
right. Surplus whiskers pile up at the edge of the 
array, and are lifted off with the mask. Another 
layer of plastic is formed over the top to encapsu
late the array, which is then tested as a unit. If a 
bad whisker happens to find its way into the array, 
it can be removed individually and replaced by 
another without endangering the array in any way. 

Familiar pattern 

Modules made from this standard array are laid 
out in a two-wire, 2%-D organization for good per
formance at low cost. The interconnections and 
operation are essentially the same as those in the 
two-wire, 2%-D ferrite-core array. This causes 
the delta noise, induced in the sense winding by 
half the whiskers, to cancel that induced by the 
other half. As a result, superimposed oscilloscope 
traces of all 4,608 bits in a single plane are re
markably similar to the oscilloscope trace for a 
single bit. 

Memory cycle time in the Century series is 800 
nanoseconds. In the case of the experimental 2-D, 
two-element-per-bit experimental organization that 
attained a cycle time of 100 nsec, the rods were 
only partially switched-that is, only part of the 
film under each winding was axially magnetized. 
The part that was magnetized was nevertheless 
saturated. This is possible because, just as a core 
switches first around the hole and then in con
centric rings outward, a rod switches first at its 
midpoint and then in both directions toward its 
ends. 

The two elements for each bit must be electri
cally and magnetically identical, a requirement met 
by arranging the elements adjacent to one another 
on the same rod a few hundredths of an inch apart. 
The wiring is basically the same as in the 315 RMC 
memory, except that the roles of the digit and word 
lines are interchanged and two digit lines are se
lected for each bit instead of one. The two ele-

130 

TWO SETS OF INTERLINKED SOLENOIDS 

On the march. An alternating magnetic field set up under 
the large horizontal pole piece stands the whiskers on end 
and marches them across the plane. One whisker drops 
through each tiny hole into a pair of linked solenoids 
beneath the plane. Surplus whiskers accumulate at 
the edge of the plane and are lifted off with the mask. 
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ments store complementary bits; when writing, the 
noise from these bits, which doesn't decay until 
well into the subsequent read cycle, appears at the 
sense amplifier as common-mode noise, and is 
therefore rejected. Because the sense amplifier can 
recover quickly from this noise, the memory can 
operate at high speed. 

The experimental 100-nsec rod memory contained 
10 bits per linear inch of rod, even with the dou
bled-up windings. With further research and de-
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velopment, strip lines could be substituted for the 
digit solenoids to produce a large-capacity, high
performance rod memory. 
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Weaving wires for aerospace jobs 

By Richard A. Flores 
Librascope Group, Singer-General Precision Inc., Glendale, Calif. 

Woven plated-wire memories have demonstrated 
their mechanical and electrical integrity when oper
ated in a simulated aerospace environment. They 
dissipate very little power and potentially can be 
manufactured very economically. 

The Librascope group of Singer-General Preci
sion Inc. has since 1964 devoted a research and 
development program to devising woven-wire 
memories capable of nondestructive readout and 
producible at low cost. This effort has produced a 
line of NDRO memory products for use in severe 
aerospace and military environments. They're made 
from wide-tolerance plated wire by a weaving proc
ess that reduces the number of connections re
quired by other manufacturing techniques. 

Librascope's work is carried out under terms of 
a license from Toko Inc. The Japanese firm has 
continued developing the process for commercial 
applications, and recently announced arrangements 
for the use of the woven memories in a Japanese 
version of Univac's 9000 series computers [Elec
tronics, Sept. 16, p. 236]. 

Warp and woof 

In the first step of the manufacturing operation, 
the wire is plated, tested, and cut to length. [This 
much of the process is basically similar to Uni
vac's, described on page 124.] The wires are then 
inserted in tunnels in a mat woven on an auto
matic loom. These mats, typically 4 inches square, 
consist of straight wires 5 to 8 mils in diameter
what tex1:ile weavers call the woof-with smaller 
wires-the warp-woven across them in an over
and-under pattern. \Vhen the larger wires are 
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pulled out of the mat, they leave tunnels into which 
the plated wires can be inserted. The mat can be 
woven directly on the plated wires, but at some 
risk of putting kinks in them that would affect their 
magnetic properties. 

Wherever the smaller wire crosses the plated 
wire, it defines a bit cell on the plated wire. These 
smaller wires are spaced typically 40 to the inch 
along tl1e plated wire, although their exact spacing 
depends on the intended application. 

A particular advantage of the weaving technique 
is that it can produce rather complex multiturn 
coils that require lower word currents and less ex
pensive electronics than single-turn coils, and dis
sipate less power. 

For example, in the word-line pattern shown on 
page 132, an individual line weaves across the array 
of plated wires in an over-and-under fashion and 
returns in an under-and-over pattern. The result 
is that every plated wire has a current loop around 
it with exactly one turn, and the turns around 
adjacent wires are in opposite directions. That line 
can be the word line by itself if the application re
quires it, or it can be connected in series with other 
word lines to produce coils of as many turns as 
desired; tl1e diagram shows a two-turn coil. Altera
tions in the weaving process produce different num
bers of turns and different directional patterns in a 
practically infinite variety. 

Two other important features of the weaving 
technique appear in the diagram. First, some of the 
warp wires are left unconnected to provide spacing 
within and between the word coils. Because of this, 
the field can be shaped for optimal operation in a 
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Woven plane. Word lines passing among plated wires in an over-and-under pattern make coils that can be 
interconnected to produce any of a wide variety of field patterns (color) in the plated wire. 

specific application and for reduced interaction be
tween coils. 

Second, adjacent coils can have opposite mag
netic polarity so that the magnetic fields are closed 
through them rather than between them. Thus, cur
rent entering a terminal A and passing over the 
flrst plated wire, returns under it to point B. But 
this is connected to C, from whence the current 
passes under the wire and returns over it to ter
minal D. The polarity reversal reduces the line's 
self-inductance, so that low-voltage constant-cur
rent drive circuits can be used. These circuits fur
ther cut electronic costs and power dissipation. 

Besides the spacer wires and coils, the mat con-

Over the hurdles 
The computer industry has been rife with rumors 
about Librascope' s difficulties with the woven-wire 
memory. The company has indeed had problems, 
but it seems to have largely overcome them. 

One of the biggest cropped up a year or so ago 
when Librascope built an 8,000-bit breadboard 
model for an aerospace customer. The breadboard 
worked well and Librascope was asked to build a 
larger version, but the customer's funds were cur
tailed. So, under a cooperative compromise, Libra
scope built two more stacks and the customer built 
the associated electronic circuitry. Unfortunately, 
these memories didn't turn out too well; the weaving 
technique still had some bugs in it, and the cus
tomer's electronics didn't mate properly to the stacks. 
But the customer had to accept the memories be
cause both his money and time were running out. 

Along with these woes, some of Librascope's key 
people chose that moment to seek greener pastures. 
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tains a magnetic keeper wire plated with permalloy 
in somewhat the same way as is the main plated 
wire. It increases the homogeneity of the drive neld 
and reduces creep between bits-a characteristic 
of fllms that under certain conditions can destroy 
the data in a particular bit cell when the adjacent 
cell is repeatedly cycled. The keeper wire is essenti
ally a low-reluctance path between word coils on 
a single word line, as at top right. 

When adjacent word coils are opposite in po
larity, these low-reluctance paths between them 
permit each coil to produce a larger field without 
disturbing the bits under adjacent coils. And the 
coils produce a sufficient neld with word currents 

Nevertheless, development has continued; the 
company has set up a pilot production line and 
landed three contracts that could lead to substantial 
production rates later on. Based on the 64,000-bit 
module it announced last summer [Electronics, July 
8, p. 176], Librascope can turn out perhaps 100 
stacks a year with its present equipment and people. 
The company considers that module its basic build
ing block; it is now concentrating on cost reductions. 

Librascope's disk memories, made by the same 
division that handles woven wires, have been so 
successful that they've been rewarded with more 
R&D money than woven wire. But the latter isn't 
quite a poor relation. When the Singer Co. acquired 
Librascope's parent, General Precision, Inc., last 
spring, it took a hard look at the woven-wire opera
tion and seems convinced of the technique's utility 
and potential market. 

-Lawrence Curran, Wallace B. Riley 
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WORD 
CURRENT 

Keepers. Plated wires woven into the mat along with 
the word lines improve memory operation. 

SEVERANCE POINTS WORD WIRES 

Continuous. A single wire woven into the mat can be 
cut afterward, simplifying interconnections. 

that are reduced 25% by the use of a keeper. Like
wise, output voltages are increased by a similar 
percentage because the field is homogeneous. 

The effect of the keeper is localized-it does not 
load all the word coils, as a continuous ferrite 
keeper would. The latter -is a sheet of magnetic 
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material laid down over the mat or array of wires, 
also to provide a low-reluctance path; some experi
menters have tried it. 

The weaving operation takes place on a con
verted textile loom, which can weave any number 
of configurations and has two significant features: 

• It can weave word line coils as one continuous 
strand with terminals at the ends of each coil. This 
minimizes the number of interconnections, thus re
ducing fabrication costs and increasing the reli
ability of the woven mats. In the most common 
pattern for a random-access plane, the wires are 
cut after weaving at points between word coils, as 
shown at bottom left. 

• It has a Jacquard head, allowing individual 
control of each wire, and of the weave pattern, by 
either punched paper tape or punched cards. With 
this control, woven-wire mats can be fabricated 
with the data permanently and unalterably woven 
into the matrix, a capability unique to woven-wire 
technology. The loom controls the way a word coil 
intersects a digit line, thus producing special pat
terns automatically. The polarity of each bit loca
tion within a word coil is established when the 
weave goes over or under that particular location. 

Weaving for read-only 

For example, an adjacent pair of plated digit 
wires can be connected in series and segmented in 
<Y s and l's, depending on whether the word-coil 
pattern is over-and-under or under-and-over at a 
particular bit cell. If the word pulse current travels 
under the first digit wire and over the second, the 
bit stored will be a I. If the converse is true, it 
will be a 0. 

These permanently woven read-only memories 
provide nondestructive readout storage that cannot 
be altered and is unsurpassed for holding repetitive 
data such as tables, fixed programs, or reference 
information. 

Using this basic technology, Librascope has 
demonstrated fully operational stacks at the shock, 
acceleration, and vibration levels called for by the 
appropriate military specifications. 

A full memory system has been breadboarded 
and tested over a temperature range from -20° to 
+85° C. This system, weighing less than 41/4 
pounds and displacing less than 40 cubic inches, 
stores 4,096 words of 20 bits each and dissipates 
250 milliwatts of power when cycling at 100 kilo
hertz. Its standby dissipation is only 5 mw. 

The cost advantage of woven-wire batch fabrica
tion has yet to be demonstrated. However, fully 
automating the processes of wire fabrication and 
testing will reduce the basic costs of a woven 
plated-wire memory. The weaving process is inex
pensive. Soldering mat connections to the printed
circuit board that supports it could be done quite 
rapidly, and inserting the plated wire into the woven 
mat and connecting the wire to the circuit board 
could be greatly speeded by inexpensive tooling. 
It therefore appears quite feasible to build a low
cost aerospace memory on a production-line basis. 
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Broadcasting 

Shortcuts in tv camera design 
make for big cuts in price 

Elimination of some controls and expensive trimming circuits results 

in a vidicon color unit for studio use that weighs but 65 pounds 

and costs 75% less than the average broadcast camera 

By Frederick J. Haines 
International Video Corp., Mountain View, Calif. 

"The first thing broadcasters ask us about our 
newly acquired IVC color camera is 'what's miss
ing?'," says Ron Renaud, chief engineer at WWJ-TV, 
NBC's associate station in Detroit. The reason, he 
explains, is the camera's low price-about one
quarter the cost of other studio cameras-and the 
mistaken belief that vidicon tubes can't be used 
to produce good color pictures at normal studio 
lighting levels. 

Sharp contrast 

Color tv pictures generally lack the sharpness of 
the black-and-white variety. They have a ten
dency to become soft, and the colors reproduced 
aren't always of the right shade. Studio engineers 
attribute this problem at least partly to the wide 
use of Plumbicon tubes, which have low reso
lution and limited spectral response. This has 
caused camera designers to make compromises 
that result in color errors. 

A new technique called image enhancement 
has been introduced within the past year to 
correct the problem. The method essentially 
improves resolution and color fidelity by rearrang
ing the elements of a color picture. 

Developed at CBS Laboratories, the image-en
hancement circuit takes a single line of video 
and compares it, element by element, with the 
lines preceding and following it. Any differences 
are added to the original signal in the proper 
phase to reinforce the difference between the 
lines compared, thereby enhancing the picture 
outlines and contrast. 

John D. Drummond 
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Admittedly, a 65-pound, self-contained vidicon 
camera that requires only a power cord for full 
operation and a single coaxial cable to carry the 
output NTSC-encoded color signal can't have all 
the niceties of the higher-pri<'.:ed 130-to-400-pound 
units equipped with image orthicon or Plumbicon 
tubes. 

But not a single essential performance feature 
has been sacrificed. We've simply taken advantage 
of the high stability of solid state circuitry and 
eliminated a number of costly and sophisticated 
trimming circuits. And we've reduced the number 
of controls on the remote control panel to about 
one-third the normal complement. Controls that 
have been dropped include SKEW, normally used 
to eliminate registration distortion; SHADING, used 
to compensate for color shifts; and GAMMA, 
for trimming gray scale response. 

A major cost reduction has been achieved by 
eliminating the camera control unit, which normally 
houses the video processing circuitry and power 
supply. With these circuits built right into the 
camera unit, the number of conductors linking 
the camera to the outside world has been reduced 
from 80 to 50. 

Innovations 

Because the vidicon target drive voltage had to 
be reduced considerably-typically to 15 volts from 
40 to 60 volts-to reduce the tube's inherent lag, or 
persistence characteristics, it was necessary to 
design special low-noise, high-gain preamplifiers. 

And a number of important innovations have 
been made in the optical system to allow more 
light to reach the image tubes. Standard silver
surfaced reflecting mirrors have been replaced by 
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dichroic mirrors with a thin-film coating. The 
chemical formula for this coating was calculated 
with the aid of a computer, which factored in the 
dispersion of the materials. By using expensive 
precision tooling to achieve extremely close man-

CAMERA N0.1 

CAMERA N0.2 

ENCODER AND 
SYNC GEN RACK 

Hookup. In a broadcast application, the cameras are 
linked to standard studio equipment without interfaces. 
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Self-contained. Equipped with three 
separate mesh vidicons, the camera 
includes 6:1 zoom lens, external 
color encoder, studio junction box, 
and remote controls. 

ufacturing tolerances, it was possible to set the 
mirrors in slots in the base casting and then seal 
them in place permanently with epoxy, eliminating 
any need for adjustments. 

The net result is a camera that can be used with 
the CBS image enhancer-standard gear in most 
tv studios-to produce quality color pictures in
distinguishable from those turned out by the more 
expensive studio cameras. And the price of the 
new camera is only $18,500, compared with an 
average of about $75,000 for most studio units. 

Despite its compactness, the International Video 
Corp.'s camera is quite versatile. For closed-circuit 
tv, it can produce an NTSC-type picture for dis
play on a monitor or for recording on a video tape 
recorder. It's also compatible with standard studio 
cabling, junction boxes, remote-control panels, ex
ternal encoders, and master sync generators, as 
shown at left. All remote controls are on its control 
panel, including master gain, master pedestal, cen
tering trims, and red-green-blue targets and pedes
tals. 

Getting a boost 

Special low-noise preamplifiers are needed to 
boost the low-level red, green, and blue signals 
from the vidicons to a usable level-typically 200 
to 300 millivolts. 

The over-all signal-to-noise ratio of the camera 
is effectively determined by the signal-to-noise 
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Video preamplifier. Low-level signals from the red, gre~n. and blue vidicon tubes are boosted to desired levels by the 
preamplifiers, which feature a hybrid cascode input stage for low signal-to-noise ratio. 

ratio of the pickup tubes' preamplifiers. Since 
transistors act as noise generators at lower fre
quencies, a hybrid Nuvistor-transistor stage is used 
at the amplifier input, as shown in the simplified 
schematic diagram above. The cascoded input stage 
is emitter-coupled to a voltage gain amplifier fol
lowed by a common-base amplifier and another 
emitter-follower stage. The output goes to the 
video processing amplifier. The hi-peaker capacitor 
allows trimming of the amplifier frequency re-

IR FILTER 

BLUE 
REFLECTOR 

RED 
REFLECTOR 

D 
VIEWFINDER 

VIDEO 

VIDEO 

RED VIDICON 

VIDEO 

RED 
GREEN 

sponse to correct for the high-frequency rolloff 
produced by stray capacitance, which shunts the 
high output impedance of the vidicon tube. 

The processing amplifiers provide video gain 
control for the respective channels, as well as a 
line-by-line clamping to restore low-frequency re
sponse. They also add system blanking and remove 
voltage spikes and other irregularities that might 
be introduced into the video signal by the image 
pickup tubes. 

GREEN 
OUT 

'INY-{j 

RED 
OUT 

SYNC TO PROCESSING 
BURST FLAG CAMERA } AMPLIFIER ------
SYNC, COMPOSITE BLANKING ~~:NKING POWER SUPPLY 
H. DRIVE SWEEP /SYNC SYSTEM ADDER AND 
V. DRIVE GENERATOR BLANKING CLAMP . 
SU BCARRI ER (REGISTRATION t-__;;S..;;.W.;:.;E E:..:.P....:L::.::O..::.S S::....:...:PR.;.::O;,..:.T=.EC:::..:Tc..:..I O::.:.N:....____. 

CONTROLS) 

OPTIONAL { 
EXT. DRIVES 

0SYNC OUT TO JUNCTION BOX 
BURST FLAG 
COMPOSITE SYNC 
SYSTEM BLANKING 

BLUE GREEN RED 
IN IN IN 

ENCODER NTSC 
ENCODED 
VIDEO 
OUTPUT 

Data flow. The information from the vidicon tubes is fed to red, green, and blue inputs on the internal encoder circuit 
board. The encoder combines these signals to produce an NTSC-compatible video. 
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Processing amplifier. In addition to gain and pedestal control, this circuit restores low-frequency response, adds 
the system blanking, and provides black and white video clipping to limit overshoot of the video signal peaks. 

As the schematic shown above indicates, the 
amplifier also includes circuits to limit peak video 
signals to preset black and white levels. The video 
output is either applied to the encoder and the 
viewfinder switching matrix, or fed to an external 
studio encoder. 

Simplified encoder 

The encoder accepts separate outputs from the 
processing amplifiers' red, green, and blue chan
nels and combines them into a compatible NTSC 
color signal. As the most complex circuit in the 
camera system, it represents a major cost factor. 

Since a decision was made at the outset of de
velopment to eliminate the camera control unit, 
it was necessary to devise an encoder circuit small 
enough to fit into the camera package. The result 
is an encoder mounted on a double-sided printed
circuit board measuring 6 by 7 inches. 

In a standard broadcast encoder, the 'T' signal 
channel, which handles colors ranging from cyan 
to orange, has a 1.5-megahertz bandpass; the "Q" 
channel, which produces colors from yellowish 
green to purple, is given only a 0.5-Mhz bandpass. 
Because of its wider bandpass, the I signal has a 
shorter delay than the Q, and a delay line has 
to be inserted in the I channel to provide time 
compensation. The problem with the delay line 
is that it introduces a phase difference that must 
be canceled out by additional circuitry. 

The IVC encoder circuit doesn't operate that 
way, however. Instead of working with I and Q 
signals, it matrixes the red, green, and blue signals 
into R - Y and B - Y chrominance signals. This 
scheme greatly simplifies the circuit since the band
pass of both channels can be identical, eliminating 
any need for a delay line and compensating cir
cuits. In the new process, the burst-flag signal is 
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added to the B - Y signal before band limiting 
is effected; hence, the R - Y and B - Y signals 
are in phase and no special burst-flag delay or 
color-burst phase control is required. 

In operation, the R - Y and B - Y signals 
directly modulate the subcarrier in a quadrature 
relationship-the phase of the subcarrier being 
modulated by the B - Y signal lags behind the 
R - Y-modulated subcarrier by 90°. The color 
subcarrier is essentially invisible even at close 
viewing distances, and therefore needn't be locked 
to the scanning frequencies. This feature permits 
the use of a sync generator independent of the 
color subcarrier, which is produced by a free
running crystal oscillator in the encoder. However, 
the encoder can also accept an external color 
subcarrier and can therefore encode a signal with 
locked color if that is desired. 

Surprisingly, the greatly simplified encoder cir
cuitry doesn't in any way cause a degradation of 
the reproduced color information since all avail
able viewing devices, including studio monitors 
and home receivers, employs R - Y, B - Y, or 
equivalent bandwidth decoders, and the higher 
potential resolution promised by the I-Q system 
is never fully achieved in practice. 

Luminance signal 

To derive the Y (luminance) signal, the red, 
green, and blue information is added or matrixed 
in proper proportions, and the combined signal is 
amplified and inverted. 

The luminance signal is processed in an aper
ture-correction network that enhances the higher
frequency information attenuated by the camera 
pickup components. However, the aperture correc
tion may be turned off, if desired. After aperture 
correction, the luminance is band-limited, delayed, 
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Horizontal sweep. Multiple secondary transformer windings effectively isolate all d-c components, permitting 
horizontal centering of each channel without interaction. Linearity and size controls are also shown. 

and combined in correct time and phase with the 
chroma signal to create the composite color video 
signal. Sync is then added to this signal at the 
output of the encoder. 

A separate optical channel has been provided 
so that green can be used as luminance, but the 
two chrominance signals are still created as pre
viously described and the composite color video 
output signal is entirely compatible with the NTSC 
signal. Use of the optional "luminance-from-green" 
circuit provides a measure of horizontal image 
enhancement, though it does introduce slight errors 
in color saturation. 

An optional self-contained EIA synchronizing 
generator gives frequency interlace and equalizing 
pulses during the vertical blanking interval. The 
time base jitter of this sync generator is in the 
order of 8 to 10 nanoseconds, against typical fig
ures of 30 to 80 nanoseconds for other systems. 
This level is achieved largely through a countdown 
originating from 14.32 Mhz, rather than the usual 
3.58 Mhz. 

For use in closed-circuit tv, where NTSC stand
ards need not be followed, the camera is provided 
with a built-in, 2:1 interlace sync generator that 
produces all the pulses needed for sweep, blank
ing, color burst, and synchronization; these are 
added to the eµcoder video signal. A 31.47-kilohertz 
crystal is used to drive a binary countdown circuit 
that produces the '59.94-hertz color vertical-drive 
frequency. In broadcast generators, the countdown 
from 31.47 khz is initiated from the 3.58-Mhz color 
subcarrier oscillator or from some multiple of 3.58 
Mhz. 

In the IVC camera, as noted earlier, the 3.58-Mhz 
color subcarrier is produced on the encoder board 
by a crystal oscillator whose frequency is unrelated 
to the horizontal or vertical drives in the sync gen-
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erator. During closed-circuit operation, therefore, 
the IVC camera isn't color-locked (frequency inter
laced) with the sync generator. It's color-locked 
only when it's under control of the built-in EIA 
generator or an external studio sync generator. 
But regardless of how the camera is used, the 
color produced by the built-in generator is indis
tinguishable on a color monitor from that produced 
by the color-locked generator. 

Besides the binary countdown circuitry the gen
erator uses integrated-circuit logic to produce the 
horizontal-drive, vertical-drive, mixed blanking 
and sync, and burst-flag pulses. 

Deflection 

For purposes of economy and ease of operation, 
a simple yet stable deflection system has been 
developed for the vidicon. Vertical and horizontal 
deflection for each yoke are controlled by a com
mon generator. As shown in the simplified sche
matic, the horizontal coils are effectively paralleled 
by multiple secondary windings of the transformer. 
This feature serves to isolate the d-c components so 
that a current-bridge technique can be used for cen
tering. 

Because the voltage waveform across the trans
former primary is closely controlled by feedback, 
the deflection currents can be set by the yoke in
ductances. The sweep circuit provides individual 
size, linearity, and centering controls for the hori
zontal system. In operation, it accepts horizontal
drive pulses from the sync generator and from them 
generates new pulses with controlled rise times 
and durations. The reconstituted pulses are then 
used to apply a high-voltage pulse across the pri
mary of the horizontal sweep transformer. 

Any ringing is eliminated by a damper diode and 
RC network. A significant feature of the circuit is 
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Vertical deflection. The deflection yokes are driven by the complementary-symmetry transistor pair in the output 
stage. The diode and RC network in the base circuit ensure against crossover distortion. 

that the driver transistor is cut off during the 4-
microsecond retrace period and serves as a highly 
stable feedback ampli£er during horizontal scan. 
With separate transformer secondaries, d-c center
ing currents can be injected without interaction. 

In the vertical deflection circuit shown above, 
the yokes are driven in parallel by a transistor pair 
arranged in complementary symmetry and operat
ing in series for d-c components. The diode and RC 
network in the base circuit correct for crossover 
distortion, which would show up as a black hori
zontal line near the center of the picture. Like its 
horizontal counterpart, the vertical circuit is de
signed with carefully chosen feedback values to 
ensure the best possible sweep stability. Changes 
in the centering currents are sensed and compen-

ZOOM TAKING LENS FIELD 
LENS 

RED 
REFLECTOR 

sated for. 
During camera operation, the horizontal and 

vertical waveforms are monitored to protect the 
vidicon target layers from the effects of sweep
circuit failure. 

Optical system 

The innovations introduced in the optical system 
are aimed essentially at cutting the cost of the 
package without seriously degrading the over-all 
performance of the camera. For example, rather 
than adopt the widely used and costly 40-millimeter 
image orthicon taking lens, the engineers specified 
a standard 35-mm single-lens-reflex-format design 
that can be purchased off the shelf. These lenses, 
with an image diagonal of about 43 mm-are very 

RELAY 
LENS 

RELAY 
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RELAY 
LENS 

RED VIDICON TUBE 

GREEN VIDICON TUBE 

BLUE VIDICON TUBE 

Optics. The image created by the taking lens is focused through a field lens on dichroic beam·splitters. The red, 
blue, and green particles of the scene are directed to the vidicon tubes through relay lenses. 
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similar to the broadcast variety but, because of 
volume production, a lot less expensive. 

The exact lens employed is an Auto-Nikkon 
fl 4.5, 50-to-300-mm zoom lens, the type used in 
Nikkon F photographic cameras. The relatively 
slow speed of this lens is effectively increased to 
f / 1.9 by using relay lenses as on page 139, to in
crease the back focus of the taking lens. 

The relay lenses also demagnify the effective 
zoom range to between 18.5 and llO mm. The ratio 
of the image diagonal of the 43-mm taking lens 
to the image diagonal of the vidicon tube's face
plate, which measures 15.88 mm, is approximately 
2.73:1. Therefore, both the f stop and the zoom 
range are altered by that factor, in the direction 
of improved performance, by demagnification of 
the image size. 

The first color cameras with image orthicon 
tubes had optical systems designed for a 1 to 1 
ratio between the size of the image on the taking 
lens and the one on the pickup tube. This was a 
quite costly scheme because of the difficulty of 
producing relay lenses with unit magnification. In 
order to achieve an f/2, for example, the lens has 
to be capable of f/l at infinity in one direction 
while being able to project a sharp image onto 
the target or film at close range in the other direc
tion. In other words, fast lenses are designed to 
operate best at infinite distances, but still quite 
well at ranges of m;ily a few feet. 

Because of limited demand and high cost, lenses 
designed for 1:1 magnification are seldom avail
able commercially a:nd must be made up as re
quired. But with the 2.73:1 demagnification of 
the IVC color camera system, a standard f / 1.4 
lens can be operated as a relay element with an 
aperture equivalent to f/1.9. This is an important 
consideration because the effective aperture of the 
relay lens is the factor that determines the speed 
of a camera. 

Passing the light 

The optical paths from the zoom lens to the 
vidicons have been greatly simplified to ensure 
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Easy access. Sync/sweep panel 
on left side of camera swings 
out for easy maintenance. The 
dichroic optical subassembly 
is at the left and the vidicon 
pickup tubes are at the right. 

that all of the available light from the scene 
reaches the tubes' target surface. To this end, the 
usual color trimming filters and the neutral density 
filters for the red and green channels have been 
left out. But this doesn't degrade the camera per
formance in any way. Highly efficient dichroic 
trimming reflectors are used with the main dichroic 
beam-splitters to shape the red and blue light
transmission characteristics. And because more 
light can pass through to the target, over-all sensi
tivity is greatly improved. 

The bottom surface of the first dichroic beam 
splitter reflects the red light onto the red reflector, 
which in turn directs it through a relay lens to the 
red vidicon. The blue and green elements of the 
spectrum pass through to the second dichroic beam
splitter. The blue elements are reflected to the 
blue reflector, which directs them to the blue 
pickup tube; the green light elements aren't re
flected and pass through to the green pickup tube. 

A field lens mounted on the taking lens in an 
adapter tube ensures that all the light ·leaving the 
taking lens is directed to the relay lenses, thereby 
avoiding any "port-holing" -an effect that makes 
the center of the screen appear brighter than the 
periphery. 

Besides the 6:1 Nikkon zoom lens, lenses with 
fixed focal lengths are available. Where a 10:1 
zoom lens is required, the lower-cost image orthi
con variety can be used. In fact, the camera can 
be operated with lenses as slow as f/5.3 and still 
provide a vidicon equivalent aperture of f/1.9, as 
described earlier. 

During assembly, the relay lenses are set pre
cisely and permanently locked in place. The three 
image-tube yoke assemblies are likewise aligned 
and locked into position. The entire optical system 
is held in the camera by dowel pins and can be 
removed in a matter of seconds for replacement 
of the vidicons. After a tube is replaced, the op
tics are reinstalled with the aid of the indexing 
pins to achieve exact realignment. And, unlike other 
systems which must be realigned on occasion, it 
needs no further adjustment. 
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solution to the 
LSI test dilemma: 

the 
new 

n.a.e.s. 
LSI test console 

large programmable word generator, 
supported by: 

word level converter panel; 
adjustable four-phase clock generator; 
comparator, error detector; 
interchangeable array holders. 

offers many features not found on 
costly computer-driven testers, 

yet without the programming 
and maintenance problems. 
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The N.A.E.S. Lar·ge Scale Integration Tester offers a practical and economi
cal solution to the testing dilemma of designers who are plagued with short 
runs of different circuits, each requiring special word drivers. It is specifi
cally designed for use where different arrays will be tested . It can be pro
grammed in 15 minutes for almost any array, without punched cards, paper 
tape or magnetic tape. With a 40-100 Word Generator, several different test
ing programs may be stored at one time. 

This LSI Tester is rugged enough for factory testing as well as engineering 
evaluations, and may be used at both MOS wafer probe and final test sta
tions. For testing PC cards containing many integrated circuits or MSI , this 
machine is ideal because the word outputs prior to the converter circuits 
are directly at DTL levels. 

Modular construction permits you to order only those panels in the size 
and complexity you require for your arrays. This building block concept 
provides for easy, economical expansion if more complex testing is required 
in the future, greatly reducing the possibility of obsolescence. 

The N.A.E.S. Tester has no moving parts and requires virtually no mainte
nance. All solid state design, with plug-in integrated circuits, insures com
plete reliability in performance, yet permits easy replacement of parts if 
necessary. No special cooling or air conditioning is required. Normal de
livery within 60 days. 

For complete information, write or telephone: 

North American Electronic Systems 
DIVISION OF EDUCATIONAL COMPUTER CORPORATION 

Sicklerville, N.J. 08081 Phone: 609-629-4141 

Circle 141 on reader service card 141 



Laser V 

Liquid lasers: promising solutions 

Problems of cost, optical damage, and low average power may dissolve 

when these organic and inorganic devices emerge from the laboratories 

By Harold Samelson 
General Telephone & Electronics Laboratories, Bayside, N.Y. 

Intense luminescence-the basis of laser action
occurs in solutions of many organic and inorganic 
compounds when they're excited by light. Harness
ing this luminescence has produced a new kind of 
laser that may become competitive with solid state 
and gaseous types. 

Though liquid lasers are only at an early stage 
of development-comparable to that of solid state 
lasers five years ago-they're already cheaper to 
build, and their potential for high average powers 
is impressive. Already inorganic lasers using solu
tions of neodymium ions put out up to 40 joules 
in a 200-microsecond pulse-a pulse of 200 kilo-
watts. · 

At high power levels, circulation of the active 
liquid medium helps remove heat. The recent de
velopment of a lower-viscosity solvent has opened 
the way to using simpler circulating pumps, thus 
greatly simplifying the liquid laser. Both the 
inorganic and organic types now operate in the 
pulsed mode only, but researchers predict that a 
properly designed circulating pump will make it 
possible for inorganic liquid lasers to emit con
tinuously. 

Organic lasers won't be able to do this, because 
their transitions are so fast that an inordinate 
amount of energy would have to be pumped in and 
because their energy states aren't of the right type. 
However, they have one important advantage: they 
emit light over an enormously wide range of the 
spectrum-from about 4,000 to 11,000 angstroms. 
Their frequencies can be changed by simply chang
ing the compound or its concentration in the 
solution. 

Organic lasers can be adjusted to emit anything 
from virtually monochromatic light to light spread 
over wavelengths of 400A. Inorganic liquid lasers 
also can be made monochromatic, but their band
widths are considerably narrower-between 15 and 
30 A. Both types can be mode-locked [Electronics, 
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Sept. 16, p. 112] to produce short, high peak power 
pulses, about 10 megawatts for the organic and up 
to a gigawatt for the inorganic. Pumping the or
ganic laser with a mode-locked laser produces a 
mode-locked output, so picosecond pulses can be 
generated throughout the visible spectrum. 

The liquid laser is being studied in this country 
and in France, Japan, and the Soviet Union. Gen
eral Telephone & Electronics Laboratories, for in
stance, is seeking to develop the inorganic type for 
use both as an oscillator and an amplifier. 

Caged light 

The first liquid laser, developed in 1963, was a 
fusion of the present organic and inorganic types. 
Called a chelate laser, it consisted of a solution of 
organic, cage-like molecules surrounding a euro
pium ion. 

Then-as now-the trick was finding a way of 
dissolving the active materials and protecting them 
from elements with a low atomic weight, such as 
hydrogen, in the solvent. The energy levels of these 
elements are such that they tend to absorb energy 
emitted from the excited materials. Thus, the rare
earth ion could give up its energy to a hydrogen
containing mofocule if it were not shielded, and 
laser action wouldn't take place. 

However, the organic molecule in the chelate 
laser keeps the solvent from contacting the rare
earth ion, preventing the hydrogen-containing 
molecule from removing the excitation energy. In 
addition, the organic compound acts as a very effi
cient absorber of pump energy, which it then 
transfers to the europium ion. 

The energy-transfer mechanism in this early 
liquid laser was based on the fact that electrons 
in the organic molecule can exist in either a singlet 
state (two electrons spinning in opposite direc
tions) or a triplet state (two elech·ons spinning in 
the same direction). The ground state-that is, the 
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LASER 

DAMPER 

Keeping cool. In 
GT&E inorganic 
laser, the liquid is 
pumped past a coil, 
that removes heat, 
easing cooling prob
lems at high average 
powers. With a 
properly designed 
circulating pump, 
c-w operation should 
be possible. 

PUMP 

Circulation. Damper smoothes out pulsations of the 
diaphragm pump used in GT&E's circulating liquid laser. 
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one with the lowest energy-is a singlet in almost 
all molecules. Many rotational and vibrational 
states, each with its own discrete energy level, are 
associated with both the singlet and triplet states. 
The standard notation is S0 ••• S11 for the singlet 
and T1 ••• T.n for the triplet. 

Normally, electrons can absorb or give up energy 
in transition from one state to another within either 
a singlet or triplet, but can't change from the 
singlet to the triplet state or back. However, sub
stituting a rare-earth element in the molecule, as 
in the chelate laser, makes such transitions pos
sible by perturbing the electronic structure. In this 
type of liquid laser such a crossover transition is 
an essential step. 

The organic part of the chelate laser thus absorbs 
the pump energy, and the electrons are excited to 
one of the higher singlet states. Transitions Lack 
to the S1 singlet are very rapid, taking about 10- 12 

second. Then energy in the S1 state is transferred 
to the T1 (metastable) h·iplet state of the organic 
compound. If the energy level of the state, 1\, is 
located properly with respect to one of the excited 
states of the europium ion, it transfers its energy 
to the ion, which then returns to the ground state, 
giving up its energy as radiation. 

Too much of a good thing 

Researchers discovered a number of organic com
pounds and many solvents in which the europium 
ion ultimately was excited to the 5D 0 state and 
gave off a large number of photons in making 
transitions to the 7F 2 state. (These standard clas
sifications descrrbe such properties as angular mo
mentum and spin.) 

Ho.wever, the intense singlet absorption of the 
organic molecule-so desirable for efficient pump
ing-created a problem. In the cylindrical laser cell, 
the liquid closest to the glass container absorbed 
a great deal of energy, blocking absorption by the 
rest of the liquid. This problem was solved by using 
a very thin cell, but it held so little liquid that the 
energy output was extremely low. And researchers 
found that only a few rare-earth ions could be made 
to radiate light. The organic cage doesn't protect 
most rare earths from the hydrogen atoms in the 
solvent. 

Researchers then took two different approaches 
to liquid lasers. At GT&E Adam Heller developed 
a solvent, SeOCb, that would dissolve the Nd +3 
ion. Since the solvent didn't contain hydrogen, the 
ion required no shielding and Heller could dispense 
with the organic molecule. At about the same time, 
Peter Sorokin at IBM got laser emission from a 
purely organic dye. 

Colors of the rainbow 

A distinct advantage of the organic liquid laser 
over the inorganic type is the wide range of com
pounds that can be used. Various classes, such as 
phthalocyanines and carbocyanines or polymethine 
dyes, have enabled the organic laser to span all 
of the visible as well as the near-infrared parts 
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These types of lasers generate high peak-power 
pulses either with a wide bandwidth of frequen
cies or with essentially a single frequency. And 
they can generate either one pulse or a repetitive 
mode-locked h·ain. They should be of great value 
in spectroscopy and photochemistry. 

When these lasers are pumped they are excited 
to the higher states of the singlet system and 
make transitions from them to the lowest excited 
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Pumping. In this typical experimental arrangement, an 
organic laser is pumped transversally by a high-powered 
pulsed laser. A frequency-doubling crystal can be inserted 
between the giant pulse laser and the liquid laser if 
pumping with the second harmonic is desired. 
Ruby-pumped organic lasers put out 6 megawatts of peak 
power with conversion efficiencies of 25%. 

state in about 10-120 second. At this point, one of 
two things can happen. The molecule can give up 
its energy radiatively or nonradiatively from S1 to 
S0 in about 10-9 second, nonradiatively from S1 to 
one of the triplet states in about 10·7 second, and 
then radiatively or nonradiatively from the lowest 
excited triplet state to the singlet ground state in 
about 10·3 to 10·6. second. 

The emission spectra of organic lasers generally 
consists of a number of broad bands resulting from 
transitions from the lowest excited singlet to the 
various vibrational states of the ground singlet. 
There's a shift in distances between the various 
nuclei of the organic compound for the excited 
and ground states. As a result, absorption and 
emission bands overlap somewhat. This can be 
put to good advantage by varying the concentra
tion of the organic dye, changing the balance of 
absorption and emission in a given frequency 
range. Thus, the organic lasers can be tuned to 
a particular frequency or frequencies. 

The x;apid transition rate between S1 and S0 re
quires that this laser be pumped with a short
duration pulse. The organic compound must be 
excited with enough power for population inver
sion to take place. An upper limit on the length of 
the pumping pulse is set by the probability of 
transitions to the triplet state. Selection of the 
organic compound is also vital. If there's any 
significant overlap between the triplet absorption 
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and either the pump bands or singlet em1ss10n 
states, laser action won't take place or will be very 
weak. 

Beginnings 

Initially, Sorokin used a high-power pulsed ruby 
laser to pump a solution of chloroaluminumphthalo
cyanine. Since it is possible to double the fre
quency of ruby and neodymium-doped lasers with 
reasonable conversion efficiency, a number of other 
organic compounds became candidates. But it's 
only in the past year that flashlamp-excited organic 
lasers have been developed. This not only made 
these lasers simpler and cheaper but also extended 
the list of possible organic compounds and in
creased the number of available output frequen
cies. 

Outputs of the organic lasers depend on both 
the material and the pump. When a Q-switched 
laser pump or flashlamp pump is used with mode 
locking, the pulses are short-anywhere from 10 
microseconds down to picoseconds-and the peak 
powers are high. A ruby-pumped organic laser, for 
instance, puts out 6 megawatts of peak power and 
has a conversion efficiency of 25%. Flashlamp
pumped organic lasers have peak powers of 0.1 
megawatt and efficiencies close to 1 %. Their 
energy output is about 0.2 joule. Their beam diver
gences are excellent-about 0.5 milliradian in a 
suitable cavity. Pulse repetition rates of about one 
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Light output. The ion's emission intensity in liquid 
(color) is much greater than it is in glass. 

per second have been achieved. 
As better flashlamps are developed, efficiencies 

and energy outputs of these lasers should climb. 
But the presence of the various triplet states makes 
continuous operation unlikely. 

The problems precluding c-w operation in or
ganic lasers-high pump powers and the triplet 
system-aren't present in inorganic lasers so that 
it should eventually be possible to operate the lat
ter type continuously. In this laser, energy is 
pumped in to excite the Nd+3 ion from the 41912 

ground state to the 4F 312 excited state and states 
above it. Laser emission takes place in the ·transi
tion from the 4F 312 to the 411112 energy state. The 
neodymium ion ~bsorbs less energy than does the 
organic compound ill the other type of liquid laser, 
but absorption is .far from negligible. Properties of 
the inorganic laser are similar to those of crystal 
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Organic Laser Compounds 
Laser 
Wave· 

Compound Solvent length Pump 

chloro·aluminum 
phthalocyanlne 

3, 3' diethyl thla TC iodide 

acrldine red 

rhodamine 6G 

eosin 

fluoresceln 

acridone 

3, 3' diethyl TC bromide 

1, l' diethyl -r nitro 4, 4' DC 
tetrafluoroborate 

1, l' diethyl -r acetoxy 2, 2' 
DC tetrafluoroborate 

ethyl alcohol 

ethyl alcohol 

ethyl alcohol 

ethyl alcohol 

ethyl alcohol 

ethyl alcohol 

ethyl alcohol 

water 

water 

water 

ethyl alcohol 

methyl alcohol 

ethyl alcohol 

methyl alcohol 

1, l' diethyl 2, 2' DC iodide glycerol 

1, l' diethyl 4 , 4' C iodide glycerol 

3 ethyl aminopyrene5, 8, 10 water 
trlsulfonlc acid (sodium salt) 

7550 L 

8030 L 

5800 L, F 

5500 L, F 

5650 L 

5400 L 

5270 L, F 

5270 L 

5390 L, F 

5350 L 

4370 L 

8130 L 

8050 L 

7970 L 

7700 L 

7450 L 

4410 L 

2, 4, 6 trlphenyl pyrlllum 
fluoroborate 

methyl alcohol 4850 L 

rhodamlne B ethyl alcohol 

3, 3' diethyl oxa DC Iodide methyl alcohol 

acriflavln hydrochloride ethyl alcohol 

rhodamlne B ethyl alcohol 

rhodamlne G ethyl alcohol 

4 methyl umbelliferone water 

3, 3' diethyl 2, 2' (5, 6, 5', 6' acetone 
tetramethoxy) th ia TC iodide 

3, 3' diethyl 2, 2' (4, 5, 4' , 5' acetone 
dlbenzo) thia TC iodide 

3, 3' diethyl 10 chloro 2, 2' acetone 
(4, 5, 4', 5' dibenzo) thia 
DC Iodide 

3, 3' diethyl 10 chloro 2, 2' acetone 
(5, 6, 5', 6' dibenzo) thia 
DC Iodide 

1, l' dimethyl 4, 4' QC iodide glycerine 

1, l' diethyl 4, 4' QC bromide glycerine 

1, l' diethyl 2, 2' QTC iodide acetone 

1, l' diethyl 4, 4' QTC iodide acetone 

1, l' diethyl 11 bromo 2, 2' glycerine 
QDC Iodide 

1, l' dimethyl 11 bro mo 2, 2' glycerine 
QDC Iodide 

l, l' diethyl 11 bromo 4, 4' methanol 
QDC Iodide 

3, 3' diethyl 2, 2' oxa TC acetone 
iodide 

3 , 3' dimethyl 2, 2' oxa acetone 
TC iodide 

1, 3 , 3, l', 3, 3 ' hexamethyl acetone 
2, 2' indo TC iodide 

3, 3 ' diethyl 2 , 2' 
selena·TC iodide 

3, 3 diethyl 2, 2' (5, 5' 
dimethyl) thiazolino TC 
iodide 

acetone 

glycerine 

Abbreviations used in this table are as follows: 

Tricarbocyanine TC 
Dicarbocyanine DC 
Carbocyanine C 
Quinocarbocyanine QC 
Quinotricarbocyanine QTC 
Quinodicarbocyanine QDC 

6080 L, F 

6580 L 

5100 L 

5770 L 

5850 L 

4540 F 

8530 L 

8600 L 

7740 L 

7140 L 

7490 L 

7540 L 

8980 L 

10000 L 

8150 L 

7450 L 

8300 L 

7420 L 

7440 L 

8190 L 

8260 L 

7170 L 

I 
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and glass lasers, since the emission mechanisms 
are similar. 

It wasn't until recently that scientists realized 
why fluorescence in liquids was so weak. They had 
been puzzled because the spectroscopy of solu
tions of rare earth ions suggested that their energy 
level structure was similar to that of the same 
ions in solid materials. Then it was realized that 
proton- or hydrogen-containing species in the sol
vent can deactivate rare-earth ions and quench 
fluorescent emission. 

Based on this reasoning, Heller produced the first 
solvent that didn't contain hydrogen and could dis
solve Nd+ 3 in high concentrations. However, this 
solvent, a mixture of selenium oxychloride and tin 
tetrachloride, was highly corrosive and toxic. To 
get around this difficulty, quartz and Teflon-both 
essentially unaffected by the solvent-were used 
to fabricate components in the inorganic laser. 
However, care had to be taken to guard against 
leakage of the toxic solvent. 

Then, in the last few months, researchers devel
oped a phosphorous oxychloride (POCl3 ) solvent 
that is less corrosive and considerably less toxic. 
They found at first that they couldn't make a solu
tion of dry phosphorous oxychloride and tin tetra
chloride. However, by adding water and then care
fully distilling it away, they got a stable solution. 
They suspect that the water reacts with the phos
phorous oxychloride to form another phosphorous 
compound, stabilizing the solution. 

Evaluations of this new solvent are by no means 
complete, but spectroscopic studies indicate that 
the potential power and efficiency of neodymium 
liquid lasers using this solvent would equal those 
of glass and yttrium-aluminum-garnet types. 

For example, absorption spectra of neodymium
doped glass and neodymium-doped SeOCI2 are 
quite comparable. Emission from the neodymium
doped solution is significantly greater than that 
from glass and laser emission is limited to many 
fewer wavelengths. Actually, the gain of the liquid 
neodymium laser lies between those of the glass 
and yag lasers. 

Most experiments have been performed with 
noncirculating inorganic lasers. In the GT&E ver-
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Static laser. Most 
experiments with inorganic 

liquid lasers at GT&E have 
been done with 
noncirculating types such 
as this one. The data 
provides a reference for 
work with the newer 
circulating lasers. 

sion of these devices, the cell holding the liquid is 
a hollow quartz or Pyrex cylinder mechanically and 
optically finished so that its ends are flat, parallel, 
and normal to the axis. End windows can be fas
tened into place in a variety of ways, and the seal 
between the window and cell is made with a 
Teflon-coated rubber 0-ring. The energy output 
depends upon length; for example, a 6-inch cell 
puts out 10 joules with a slope efficiency of about 
1 %, and a 20-inch cell puts out more than 30 joules 
with even greater slope efficiencies. 

The inorganic lasers can also be Q-switched and 
mode-locked by conventional techniques to produce 
up to gigawatt peak powers. They have an un
usual property similar to one observed only in ruby 
lasers. If their cavity Q is adjusted to be low-that 
is, if the mirror reflectivity is decreased-their out
put consists of giant spikes. No additional active or 
passive element is required to produce the effect. 

The reason isn't clearly understood, but this 
self Q-switching appears to be related to stimu
lated Brillouin scattering in the solution. A model 
has been suggested in which the laser cavity inter
acts with some highly polarizable component of 
the solution. As a result, there is a pronounced 
back scattering of the radiation-in effect, the light 
is reflected backward. Since the cavity has been 
adjusted to have low feedback, the sudden increase 
in reflectivity leads to a giant pulse. 

Mobile medium 

The real future of inorganic lasers, however, lies 
with the circulating system. The circulation not 
only cools the liquid but also compensates for any 
local inhomogenieties in the refractive index. Opti
cal damage from high-powered laser beams doesn't 
occur, as it does in some solid state lasers. If a 
volume of a few hundred cubic centimeters of the 
liquid is used, circulation alone is sufficient to 
cool the laser-even at high pulse repetition rates. 

The development of POCl3 suggests that sol
vents that can dissolve other rare-earth ions may 
be developed. Researchers would like, for exam
ple, to make use of the europium ion. To date, 
however, they've been unable to get it to emit 
coherent light except in the chelate environment. 
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Design theory 

Calculating Gunn-diode output 

Use of equal-area analysis and Fourier transforms provides a simple 

and straightforward method of predicting generated microwave power 

By Mohammed N. Al-Moufti, Stanley V. Jaskolski, and T. Koryu Ishii 
Department of Electrical Engineering, Marquette University, Milwaukee 

The recent marketing of Gunn-effect microwave 
diodes is a prime example of the surprising speed 
with which devices based on new principles are 
moving from research lab to engineering bench. 
At the same time, the devices themselves ex
emplify how engineering techniques often lag be
hind technological innovations. For despite all the 
work that's been done on the domain physics of 
Gunn diodes, until recently there was no simple 
way to calculate the output of these power sources. 

There is one now, based on an equal-area analy
sis of a curve relating the average carrier velocity 
to voltage. From this , the portion of the applied 
voltage absorbed by the moving high-field domain 
can be found. The generated r-f voltage can then 
be determined hy a Fomier analysis of the saw
tooth waveform assumed for the domain voltage, 
and with this, the output power can be calculated. 

Earlier techniques were no more quantitative 
and a great deal more complicated. J.R. Gunn, the 
device's inventor, devised a method of determining 
the current waveform from a sample voltage, and 
a more general theory of the diode's efficiency 
was presented by W. Heinle, who employed a 
drift-velocity, field-strength characteristic to de
scribe the device's dynamic behavior. But the new 
tec~nique provides a far more straightforward way 
of computing absolute output power. 

Domain propagation 

During Gunn oscillations, a high-field domain 
forms at the cathode of the bulk-effect device and 
propagates through the bulk semiconductor sample 
to the anode where it vanishes. Another domain 
then forms and starts the process over again. The 
voltage absorbed by this domain is related to the 
generated microwave voltage, v,f, and the micro
wave output power is equal to V,t2/2ZL, where ZL 
is the microwave load impedance. 

Part of the external bias voltage, V, applied 
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across the diode is absorbed by the high-field do
main, whose voltage is V 0 . The remaining bulk 
sample voltage (outside the high-field domain), 
VL, is low. Thus: 

To find Vr,, a graph of the average carrier drift 
velocity as a function of the bias voltage can be 
constructed using 

- ( l + QF) 
v = VoXo l+F 

where 
v = average carrier drift velocity 
V0 = product of lower valley mobility and the 

sample threshold field = µ.r. Epook 
Xo = ratio of the applied electric field to the 

threshold field, = E/Epeak 
Q = ratio of the upper to lower valley mobility 

=µ.u/ UL 
F = ratio of the upper to the lower valley car

rier density 

F _ ( V )B ( l ) 
- Vpeak B - l 

l B = -,------
1 - h 

Jv being the peak current density and u0 the con
ductivity of the sample. 

With equal-area analysis, the low-field voltage, 
Vr,, can be obtained from a plot of the average car
rier drive velocity versus bias voltage. 

As an example, consider a Texas Instruments 
Gunn diode (the TI-G) whose typical value of elec
tron upper-valley mobility, µ.u, is 50 cm2 per volt-
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second, and whose electron lower-valley mobility, 
uL, is 6,200 cm2/volt-sec. For this diode, therefore, 
Q = 8.06 x 10·3• 

Now, Epeak = Vpeak/ l, where Vpenk is the d-c bias 
voltage that produces the peak current in the volt
ampere characteristic curve and 1 is the sample 
length. In the case of the Tl-G diode, Vpeak is 3.8 
volts and 1 is 10·3 cm. Therefore, Epeak is 3,800 
volts/cm and 

Vo= µLEpeak = 2.36 X 107 cm/ sec 

Also, 

X=~=~ 0 Epeak 3.8 

The peak current, Ip, of the TI-G diode is 160 milli
amperes . With a cross-sectional area of 34 x 10·6 

cm2, the current density is thus JP = Ip/ A, or 0.471 
x 104 amp/cm2• 

The low-field conductivity can be calculated from 

where n is the free carrier concentration and e is 
the charge of an electron. For the TI-G, n is 2.5 x 
1015 electrons/ cm3 , and a0 is therefore 2.48 mho/ 
cm. Thus, with data for Epeak, an, and Jp, B can be 
calculated to be equal to about 2. 

Then, 

The average carrier drift velocity v as a function 
of the bias voltage V is thus 

( v ) :! 
_ 

7 
V 1+8.06Xl0-3 3.8 

v=2:36X 10 3.8 ( V ) 2 

i+ 3.8 

If this equation is plotted for V ranging from 0 to 8 
volts, the curve at the right is obtained. 

Once this volt-ampere characteristic curve is 
plotted, the minimum low-field voltage VL can be 
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obtained using the equal-area analysis, done as 
follows: 

In the average carrier-drift-velocity-versus-sam
ple-electric-field characteristic, a horizontal line is 
drawn to intersect the curve through a bias field 
point Pn. If the area surrounded by the curve and 

r-s--+-~--1--+--1---+---l-___,T 
VRF 

Sawtooth. The voltage 
across the high-field 
domain is assumed to 
rise linearly with time 
and then drop sharply in 
sawtooth fashion. Its 
fundamental sinusoidal 
component determines 
the microwave power. 

· 2T 
TIME 
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the horizontal line, Area 1, is made equal to the 
area between the horizontal line and the curve, 
Area 2, as illustrated, the readings of the intersect
ing points on the abscissa-EL and En, respectively 
-represent the minimum low electric field in the 
sample and the maximum high electric field in the 
sample's traveling domain. These electric field 
values can be converted to voltages by multiplying 
them by the active length of the diode. 

Knowing the bias voltage and low-field voltage, 
VL, we can now establish the voltage absorbed by 
the domain-their difference. 

As the high-field domain drifts across the semi
conductor, the absorbed domain voltage increases. 
Let's assume for simplicity that its waveform is ap
proximately a linear sawtooth with period T, as 
on page 149 and reaches a maximum value, Vn, just 
before it discharges at the anode. 

Resolving this into its Fourier components, we 
find the fundamental component, Vrr, to be ap
proximately the generated fundamental microwave 
signal. The power output, P, of the microwave os
cillation is then simply: 

p =-· (-1 ) v,.r2 
2ZL 

where ZL is the load impedance of the Gunn device. 

Comparison of results 

To illustrate this method, its results will be com
pared with t.hose obtained experimentally. 

At bias voltages of 6.8, 6.9, 7.0, 7.3, and 7.5 volts, 
the corresponding low-field voltages are determined 
graphically from plots of the average carrier drift 
velocity as a function of bias voltage. VD is estab
lished in this way, and this leads to a determina
tion of Vrr· 

The fundamental component of the sawtooth 
wave with peak value is 

Vn 
sin (J)t 

so its maximum value is Vn/1r. Therefore, 

Vn 
Vrr =--

1' 

With VL and Vrr known, and with ZL equal to 
the characteristic impedance, Z0 , of the waveguide 
where 

1 2b 
Zo = 377 ---------

a ~ 1 _ (~) 2 

five values for the diode's microwave output are 
calculated using a = waveguide width, 0.9 inch; 
b = waveguide height, 0.4 inch; and A. = operating 
wavelength, 3 cm (f0 = 10 Ghz). 

These theoretical values are plotted along with 
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Close enough. The theoretical and experimental values 
for a typical Gunn diode are within 6 db of one another. 

7.6 

the experimentally obtained output power meas
urements, as shown above. The difference be
tween the theoretical and experimental values is 
well within ± 3 decibels (or 6 db peak to peak). 
Given the present state of the art in the field, this 
discrepancy, though not insignificant, is quite ac
ceptable. 

The discrepancies between the observed results 
and theoretical predictions stem from the fact that 
the shape of the high-field domain absorbed volt
age isn't exactly sawtooth, that the circuit interpre
tation is oversimplified, and that the definition of 
waveguide characteristic impedance is somewhat 
ambiguous. 
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MEMO FROM: 

FAIRCHIL-0 

TO A\\ µA7 22 users 

FOR Optimum µA722 performance 

Vishay Resistance Network 
310474 in a\\ A-0 and 0-A 
conversion applications. 

~~ 

~ IOOW oorn~~ FAIRCHILD oo~~rn11~~00 voo~~ 
a a VISHAY OO~~~~Tiro~~~ ~~Til~OOIB~ 

" 0 
p, 

Because this network ... and only this 
network ... offers this spec combination: 
•TC Tracking: ± 1.5ppmj°C. (using Vishay 
Resistors externally) • Absolute TC: 
0±1ppmj°C. • Shelf Stability: 25ppm/yr. 
•Noise: Non-measurable. •Other specs 
include- Rise Time: <10 ns .... Settling 
Time: <100 ns .... Non-inductive (no 
ringing.) 

Cost, speed, size and reliability of A-D and D-A con
version are all improved dramatically with Fairchild 's 
new µ.A722 Converter Current source. And for 
optimum performance in any of these applications 
(conversion, function generation, multiplication, divi
sion, etc.), Fairchild recommends the Vishay 310474 
network. Put the two together in any circuit you're 
planning . .. for long, low cost, reliable operation. 

For full spec data on this network and the complete 
line of Vishay Precision Resistor Networks, write Vishay 
today. For µ.A722 data, contact Fairchild Semicon
ductor or any Fairchild distributor. 

a div ision of Vishay Intert echno logy, Inc. 

64 Lincoln Highway• Malvern, Pa. 19355 
(215) 644-1300 •TWX: 510-668-8944 
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MOS multiplexer switches 
can do wel~ at high frequencies 

Signal feedthrough, frequency limitations, and transients can become serious 

above 1 kilohertz, but mathematical models make it possible to design 

circuits whose performance isn't marred by these difficulties 

By Per Mogensen and Wallace Chan 
Fairchild Semiconductor, Mountain View, Calif. 

The no-moving-part version of the relay, the metal 
oxide semiconductor multiplexer switch, is so su
perior that it has virtually replaced its mechanical 
counterpart in industrial and military applications. 
In equipment such as analog-to-digital converters, 
telemeters, multichannel data transmission and con
trol systems, and computer input-output circuits, 
it has no peer. However, certain pitfalls can make 
the MOS switch less useful than the -relay. 

When MOS multiplexer switches are operated at 
signal frequencies above 1 kilohertz, capacitance 
effects become significant and can be serious if 
they are not allowed for in the design. These 
effects are: 

• Signal feedthrough. A signal can feed capaci
tively through a channel that's off, causing an 
erroneous reading in another on channel. In a 
well shielded system, this coupling between input 
and output is mainly due to the capacitance of the 
multiplexer switch itself. 

• Frequency limitations. The maximum signal 
frequency that the switch can transmit depends on 
how fast the signal source can charge the capaci
tance of the channel and external load through the 
channel on resistance and the source resistance. 
This maximum is usually expressed as the 3-deci
bel frequency. 

• Transients. The capacitive coupling between 
gate and channel gives rise to a voltage transient 
on the signal output each time a channel is 
switched. 

Mathematical models are available for each of 
these effects and can be used to predict high-fre
quency performance. The models described here 
are for a simple two-channel switch in an single 
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package, but they can easily be extended to cover 
any number of channels in single or multiple pack
aging schemes. 

Finding feedthrough 

Signal feedthrough-the ratio of output voltage 
Vout to the voltage V s1 at the input of the off 
transistor in the two-channel multiplexer shown 
on opposite page-is essentially a function of the 
resistance and capacitance of the combined circuits. 

The equivalent circuit shown below the actual cir
cuit applies when Rs2> > R00 or Rs2< <R0 n. °From 

Symbols 
Vs1 Signal voltage in channel 1 
v., Signal voltage in channel 2 
Rs1 Signal resistance in channel 1 
Rs, Signal resistance in channel 2 
Cs1 Wiring capacitance in channel 1 
Cs, Wiring capacitance in channel 2 
Css Source-to-bulk capacitance 
CsG Source-to-gate capacitance 
Cns Common-drain-to-bulk capacitance 
CnG Common-drain-to-gate capacitance 
Csn Source-to-common-drain capacitance 
Co MOS-channel-to-bulk (and gate metal) 

capacitance 
Ron MOS-channel on resistance 
RL Load resistor (generally > >Ron) 
CL Load capacitance, including wiring 
C1n Multiplexer switch input capacitance 
c •• , = Multiplexer switch output capacitance 
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SIGNAL 
INPUT 

GATE 

CHANNEL 1 

+v,----0-----1 BODY 

SIGNAL ~~ 
INPUT ~-

Vs2 

CHANNEL 2 

GATE 

able today, R00 is between 100 and 1,000 ohms, and 
Rs1 and Rs2 range from 0 to 10 kilohms. 

Ordinarily, in a well shielded system, C80 is 
between one and three orders of magnitude smaller 
than C1 and C2, so the expressions for w1 and w2 

aren't nearly as formidable as they appear. They 
reduce to an equation in which w1 and w2 each as
sumes one of two values 

1 

1 

where w1 is the smaller of the two quantities on 
the right. 

The maximum signal feedthrough, from equation 
1, is 

VVout = 20 log(~) decibels 
Sl W3 

C1 needs further explanation. It is the input 
wiring capacitance in parallel with the source-to
bulk capacitance and the source-to-gate capaci
tance. For practical purposes, C1 equals the wiring 
capacitance in parallel with the channel input ca
pacitance (the latter measured with the gate at 
ground). 

Cso 
Vour For Rs~< < Rou, c~ is approximately equal to the 

I 
-=- -=-

Vs1 '] 
-=- -=-

Multiplexer. Voltages on gates switch channels on and 
off to connect alternate signals to the load. Equivalent 
circuit at bottom is for feedthrough equations. 

this circuit, the signal feedthrough can be calcu
lated from 

. w 
J -

W3 

(1) 

if w1 , "'2. and w3 are defined as shown on next page; 
w without a subscript represents the radial fre
quency of V 81. In most multiplexer switches avail-
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multiplexer output capacitance in parallel with the 
load capacitance 

C2 =Con+ Cr.+ 2Coa +!Ca 
= Cout +CL 

And when Rs2> >R""' it's necessary to add the ca
pacitance from the input node of the on channel: 

One needn't use equation 1 to construct a con
tinuous curve of feedthrough versus frequency. A 
simpler procedure yields fairly accurate results: 
calculate the maximum V00t1Vs1 from equation 1, 
construct a line corresponding to this value between 
w1 and w2, then draw lines dropping off at 20 db 
per decade on both sides. 

An example: Fairchild's 3701 six-channel multi
plexer switch has C1 = 5 picofarads, C2 = 25 pf, 
and C80 = 0.02 pf. Assume that the system param
eters Rs1 and R82 are 10 kilohms. Then wi, w2, and 
w3, expressed in cycles per second (hertz) instead 
of radians per seconds, are 0.64, 3.2 and 800 mega
hertz, respectively. The maximum V00t1Vs1 is -62 
db. Feedthrough can now be plotted as a function 
of frequency with the simplified construction. The 
result is acceptably close to the measured curve, as 
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at top of page 155. 
A multiplexer is ordinarily operated below w1. 

In this range the feedthrough depends on the prod
uct CsnR2-the smaller this product is, the less 
feedthrough. 

can be calculated from 

1 

(2) 

The 3-db frequency 

To find the maximum signal frequency, the 
equivalent circuit can be simplified even further, 
as on page 155. The transfer function-from which 
the 3-dl> frequency can be found-for this circuit 

if w1 and w2 are defined as shown in box below. It 
turns out that w1 and w2 are points at which the 
plot of transfer function versus frequency changes 
slope. And w1 is, in fact, the frequency at which 
the transfer function is 3 db down from its low 

Feedthrough definitions 

(Csn+C1)Rs1 + (Csn+C2)~- °"[(Csn+C1) Rs1 + (Csn+C2) ~]2-4 [Csn(C1 +C2) +C1C2] Rs1~ 
wi= 2 [Csn(C1+C2)+C1C2] Rs1 ~ 

(Csn+C1)Rs1 + (Csn+C2)~+ °"[(Csn+C1) Rs1 + (Csn+C2) ~]2-4 [Csn(C1 +C2) +C1C2] Rs1~ 
w2 = 2 [Csn (C1+C2)+C1C2] Rs1 ~ 

1 
wa = Cao~ 

The basic equation for feedthrough, from the equiv-alent circuit, is 

Yout jwCsn ~ 
V s1 = (jw)2 [Osn (01 + 02) + 01 02] Rs1 ~ + jw [(Osn + 01) Rs1 + (Osn + C2) ~] + 1 

which reduces to equation 1 when w1, w2 , and w3 aredefined as shown. 

Three-db definitions 

Rs2 (C1 + C2) +Ron C2 - ""[Rs2 (C1 + C2) +Ron C2J2 - 4 Rs2 Ron 01 02 
2Rs2 Ron C1 C2 

Rs2 (C1 + C2) +Ron C2 + ""[Rs2 (01 + C2) +Ron C2J2 - 4 Rs2 Ron C1 C2 
2Rs2 Ron C1 C2 

The transfer function, from the equivalent circuit, is 

Yout 1 
V s2 = (jw)2 Rs2 Ron C1 C2 + jw [Rs2 (C1 + C2) + Ron ~] + 1 

This simplifies to equation 2 when w1 and w2 aredefined as shown. 

Time constants 
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frequency value. As before, the frequency response 
curve can be approximated by straight Hnes con
nected at the critical frequencies, as befow left. 

If the signal source resistance R82 is smaller 
than Ron, then 

1 

On the other hand, if R82 is much larger than the on 

ID 
"O 

-60 

:;I v. -10 
~> 

1.0 
FREQUENCY, MHZ 

Close. The dashed line approximates the measured 
feedthrough well enough for practical purposes. 

Rs2 

10 

Ron 

± 
~ 

I 
'VV'\, 

I 
.,...____, ______ , Voul 

rc
1 

rc2 

c, = Cs2 + Css + CsG + l/2CG ~ Cs2 + Cin 

C2 = CL+ Cos +2CoG+ Cso +112CG ,,,,. CL+ Cout 

RL » Ron + Rs2 

Another equivalent. A simplified version of the circuit 
is used for 3-db point and transient calculations. 

20 LOGIY2ii!...I 
Vs2 

--------ii-----...... ~------.-------LOGw 

Graphic. A simple construction approximates the 
attenuation of signal with frequency. 
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resistance 

1 
wi = "'R""s-2~(~C~1-+~C~2.,---) 

In other words, increasing the signal resistance 
rapidly degrades switch performance because the 
3-db frequency [fsdb = (1/271") wi] is inversely pro
portional to R82 when Rs2> >Ron· 

In the 3701, for example, Ron is 300 ohms. Assume 
that C1 = Cs2 + C1n = 5 pf and C2 = CL + Cout 
= 20' pf. If the signal resistance is large, say R82 = 
10 kilohms 

1 1 
f1 = 2;"" lOk (5pf + 20pf) = 0.64 Mhz 

In contrast, when Rs2 = 0 

1 1 
f1 = 271' . 300·20pf = 27 Mhz 

Transient events 

When one channel is switched off and another is 
switched on, the transient voltages at the gates 
feed through the drain-to-gate capacitance to the 
output. The sequence of events is shown in figure 
below; to make things clearer, the control voltages 
are staggered so that both channels are off simul
taneously for a short time. 

The drain-gate capacitance and the capacitance 
between output and ground form a capacitive volt
age divider, making the voltage change (i.e., the 

---1Vs 
Vs1 - -------------.-.-

V52-- -------------.. -... -- - ... -

r 
CHANNEL 1 
TURN-OFF 

CHANNEL 2 
V51-- -;...;;.;=---- -- - --TURN=-0N-
V52--1----~·~-

CHANNEL2 CHANNELi 
TURN-OFF TURN-ON 

Sequence of events. Transient voltages occur when a 
channel is turned on while the other is off. 

... t 

,. t 

.. t 
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transient) at the output 

Cno Vo 
dVout = Cnn +CL+ 2Cno 

Cno Vo 
= 

Cout +CL 

(3) 

In this equation, it's assumed that the capacitors 
are voltage-independent, just as it was assumed 
that the capacitors and resistors were constant in 
the previous equations. This isn't true, of course; 
all capacitances and the channel resistance in MOS 
devices are voltage-dependent. But taking the de
pendency into account would make the analysis 
too complicated. Fortunately, the equations are 
accurate enough for practical purposes even if the 
yoltage dependence is ignored. 

_r-,v 

+ t 11 
If t 

t 
+ -I 

·-V 
_J_ 

-
_+-

+... 
+- \.._[ 

! 
-15V 

Trace. Oscilloscope shows switching transients for 
3701. Horizontal scale is 2 ,usec per large division. 

v 

Vs1 -Vs2 --------------------

------------,,,,..,,...- .... -
/ 

/ 
::." 

Turned on. The rise in output voltage after a new channel 
is turned on is a function of the time constants. 
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It has also been assumed that the time constants 
of the control circuits are small compared to the 
time constants of the multiplexer switch. This is 
always true when both channels are off; the output 
voltage is almost constant because the load is large 
-usually 100 kilohms or more. But as soon as a 
channel is turned on, the load is charged through 
the relatively small channel resistance. This re
duces the multiplexer-switch time constant, but the 
time constants in the control circuits still must be 
much smaller for the ~ Vout expression to be correct. 

The time constants are important for another 
reason, too-they indicate how of ten the multiplexer 
can switch from one channel to another. This maxi
mum switching speed depends on how long it takes 
the output to settle to the signal voltage each time 
a new channel is turned on. The settling time, in 
turn, is a function of the switch's time constants. 

The time constants associated with the change 
from both channels off to one channel on can be 
calculated from the equivalent circuit on page 155. 
For an abrupt change from V s2 to V s1 

Vout = (Vs1 - Vs2) X 

[
1 + 1 e-t/,, - (i + 1 ) e-t/,,J 

ri/r2- l ri/r2- l 

The time constants are defined in the box on page 
154. When R 81 is much smaller or larger than Ron, 
the time constants reduce to simple expressions. 
For Rs1 < <Rou 

T1 = Ron Ci 

T2 = 0 

and for Rs1 > >Ron 

(4) 

(5) 

Imagine 30 volts on the gates of a 3701 multi
plexer switch, with Cno = 1 pf, C2 = Cout + CL 
= 20 pf, C1 = Cs1 + C 1n = 5 pf, and Rs1 = 5.1 
kilohms. R81 is much larger than the Ron of 300 
ohms. Then the change in output voltage as channel 
1 is switched on, with channel 2 remaining off, is 

( 
lpf) dVout = 20pf 30v = 1.5 volt 

according to equation 3. The time constants, from 
equations 4 and 5, are r 1 = 124 nsec and r2 = 
1 nsec. 

These calculated values compare fairly well with 
those from an oscilloscope trace, reproduced left, 
in which~ Vout is about 2 volts, r 1 is about 200 nano
seconds, and r 2 is too small to read. The voltage 
changes aren't usually as abrupt, but when they are 
it's a good idea to allow a brief interval, as shown, 
between changes of state to prevent a short-circuit 
between the two signal voltages. 

Electronics I November 11, 1968 



Atlast,an 
IC tester that 
even a company 
president 
can use. 

-
-

It's the new Signetics Model 1100 Integrated 
Circuit tester series. Never before have such 
simple-to-use machines performed such complex 
functions in the hands of a totally unskilled 
operator (company presidents do forget). In fact , 
the l lOO's were designed to be the most compact, 
comprehensive, inexpensive, easy to use, 
production-oriented IC testers on the market. 
And that's just what they are. 
You simply select and insert a single program 
board, plug in the IC and punch the test button . 
Instantly, you get complete "go-no·go" assurance, 
including AC performance capability. With just 

a few minutes training , incoming inspection 
or production personnel can test 5 to 10,000 
IC's per day (that's over 2 million per year) . On 
the other hand, engineers can completely test 
single IC's in seconds. Pr ices start at $3,795 . 
See below for information or a demonstration. 
And if you're a company president, we'll 
throw in a box of cigars. 

For detailed information or a demonstration write Signetics, Measurement/ Data, 811 E. Arques Ave., Sunnyvale, Calif. 94086, or contact one of the following: 

AUTHORIZED SIGNETICS REPRESENTATIVES (MeHurement/D•I•) 0 Al•bema and Tennusu Col· Ins -Co., lnc, Huntsville (205) 539·1771 CJ Celilornle Land M Enginee1:ng, Inc., Inglewood (213) 678-5409; Santa Clara {408) 243-6661 CJ 

Connecllcut Datectl Associates, Inc, New Ha.,.en (203) 624-7291 CJ District ol Columbia (see 511.,.er Spring, Maryland) CJ Florida Col-lns.-Co, Inc_, Orlando (305) 423-7615 CJ Georgia Col-lns.-Co., Inc., Marietta (404) 422-8327 C llllnol1 Carter 

Elecllonlcs, Inc, Chicago (312) 776-1601 C lndl•n• Carter Electronics. Inc, Indianapolis (317) 293·0696 C M1tyl1nd OED Electronics, Inc .• Silver Spting {301) 588·8134 D M1111chu11!11 Datech Associates. Inc, Newtonville (617) 527·5394 D 

MlnnHol• Carter Elecllonics. Inc, Minneapolis (612) 869·3261 C Mi11l11lppl / Loul1l1n1 Col-lns.-Co., Inc, St. Louis (504) 833-1116 D N•w J111ey OED Electronics. Inc, Camden (215) 925·8711 D N1w York OED Electronics. Inc, Mt Vernon 

(914) 968·2200 D J. A Reagan Co, Inc, Albany (518) 489-4777, Binghamton (607) 723-9661: Ne.,., burgh (914) 561·4510; Syracuse (315) 471-7274; Ut ica (315) 732-3775; Rochester (716) 473-2115 C Nor1h C1rolln1 Col-Ins ·Co, Inc, 

W1ns1on-Salem (919) 765-3650 C Ohio WKM Associates, lnc, Cleveland (216) 885·5616. Dayton (573) ,i34.7500 a Penn1ylvanl1 WKM Associates, Inc, Pittsburgh (412) 892-2953 0 Mlchlg1n WKM Associates. Inc., Del ro!t (313) 892·2500 C 
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If you're building any computer 
except a Computer, you need CT,u.L. 

CT,u.L integrated circuits will give 
you more speed for less money than 
any other I Cs. They're perfect for 
process control systems, test instru
mentation, central processing units, 
computer peripheral equipment
just about anything short of an 
airborne computer. 

Keep it in the family. 
You can build a complete digital 
logic system with Fairchild's family 
of CT,u.L devices. We have gates, 
flip-flops, inverters and memory cir
cuits. A dozen different devices that 
make a computer easy to package. 
And, you'll need only about 80 per
cent as many packages as required 
with TTL. 

You get out of it 
what you put into it. 
The key CT,u.L characteristic is non
saturating logic. That means you get 
fast gate propagation delay (typi
cally 3nsec) with slow rise and fall 
times (typically 6nsec) . So, there's 
no need for transmission lines or 
complex packaging. You can build an 
entire computer with normal two
sided circuit boards. Also, CT,u.L can 
handle signal swings as large as 3V. 
It also provides typical noise 
immunity of 500mV. 

What we'll do for an encore: 

MSI CT,u.L will be out before the 
year ends. CT,u.L-II will be out even 
sooner, offering improvements like 
gate propagation delay of 1.5nsec. 
(typical, loaded) and a buffer and 

The world's largest manufacturer 
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inverter with propagation delays of 
5nsec, compared with 12nsec in 
standard CTtJ.L. And, the new MSI 
and CTµ,L-II circuitry will interface 
beautifully with all these standard 
CTµ,L devices: 

Device Price ( 100-999) 

9952 Dual NOR Gate . . . . . . . . . . . . . $1.25 
9953 Triple AND Gate . . . . . . . . . . . . 1.25 
9954 Dual Four-input 

AND Gate . . . . . . . . . . . . . . . . . . 1.25 
9955 Eight-input AND Gate . . . . . . . 1.25 
9956 Dual Buffer . . . . . . . . . . . . . . . . . 1.25 
9957 Dual-rank Flip-flop . . . . . . . . . . 2.00 
9964 Dual Th~ee-input and 

Single-input 
AND Gates.... . .... ..... . .. 1.25 

9965 Quad Single-input 
AND Gate . . . . . . . . . . . . . . . . . . 1.25 

9966 Quad Two-input 
AND Gates, one pair 
with OR-tie . . . . . . . . . . . . . . . . . 1.25 

9967 JK Flip-flop . . . . . . . . . . . . . . . . 2.00 
9968 Dual Latch . . . . . . . . . . . . . . . . . 2.00 
9971 Quad Two-input 

AND Gates with 
OR-tied pairs . . . . . . . . . . . . . . . . 1.25 

9972 Quad Two-input 
AND Gates, one pair 
with OR-tie . . . . . . . . . . . . . . . . . 1.25 

If you want CTµ,L-II in sample 
quantities, call Fairchild. If you 
want standard CT,uLinproduction 
quantities, call a Fairchild distribu
tor. He has everything you need 
to build any computer. 
Even a Computer. 

FAIRCHILCJ 

SE MICON D UCTOR 

F a irchild S em iconductor / A Division of Fairch ild Camera 
and Instrument Corporation/ 313 Fairch ild D rive, Moun
tain View, Calif. 94040 (415) 962-5011 / TWX: 910-379-6435 

of LSI admits there's another way: 
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(ONLY $3981) 
That isn't a mis-print. For less than $400 you can buy a 
Blue M Stabil-Therm Electric Utility Oven equipped with 
the new POWER-0-MATIC 70TM Solid-State Proportioning 
Control System - and get performance that you would 
expect only from instrumentation costing hundreds of 
dollars more. 

Compact and extremely simple, patented POWER-0-
MATIC 70 has an adjustable range to +300°C. (the range 
of the unit shown is + 260°C.). It provides control tolerance 
of ± 0.2°C. with extremely fast response to temperature 
changes. Features such as ambient temperature compensa
tion and line voltage compensation are built in. Now 
laboratory personnel with limited budgets can select 
equipment with truly remarkable performance capabilities 
at a price competitive with inefficient, unreliable on-off 
controls. 

160 Circle 160 on reader service card 

POWER-0-MATIC 70 is now available on a number of 
Blue M chambers - Ovens, Incubators, Sterilizers, Temper
ature/Humidity Cabinets - dozens of units in all. Most 
have overtemperature protection built-in, and all provide 
the same fine performance and marked economy typified 
by the Stabil-Therm Oven shown here. It has stainless in
side, baked-on enamel steel exterior, and measures 19" 
W. x 15" D. x 18" H. l.D. One of six models, including 
all-stainless units. Comes complete with shelves and ther
mometer. 

If you're in the market for a temperature controlled 
chamber combining quality, performance and economy, it 
will pay you to investigate the new POWER-0-MATIC 70 
chambers. You'll get your money's worth - and more! 

SEND FOR FULL INFORMATION 

BLUE M ewJAit;~ 
Corporate Headquarters: BLUE ISLAND, ILLINOIS 60406 
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The wrapped 
tubular 

explosion! 

When you think of wrapped 
mylar capacitors, you naturally 
think of Cornell-Dubilier. Over the 
years, our type WMF has become 
an industry standard. 

But our wrapped mylars are 
just a small part of the biggest se
lection of wrapped tubular capac
itors made. The COE line also in
cludes type MFP pressed mylars, 
military grade type CTM mylars, 
type MMW metallized mylars and 

two brand new types. WCR poly
carbonates and MCR metallized 
polycarbonates. 

All are SPRINT stock stand
ards. All are available through 
CDE's Authorized Industrial 
Distributors. 

l!l!ll!ICORNELL
-DUBILIER 



nRE/Opt1m1ty U /in control 

lowest profile-smallest over-all 
mercury-wetted contact relay 

The Clare HGSR (only .33 cu. in.) puts 
more switching capacity on a board 
than ever before possible with long life 
mercury-wetted contacts. 

It's fast and tough-serves most process 
control operations ... provides over 22 
billion operations without fail or fals
ing. And like the widely recognized 
Clare HGM and half-size HGSM, it pro
vides a combination of high speed and 
low contact noise generation ... thE! 
elimination of contact bounce and chat
ter and resulting false signalling. Ad
vanced circuits can be designed with 
power gain up to 5000 ... sensitivities 
as low as 20 mw. For solid state buffer
ing, you get built-in input/output iso
lation ... for measurement circuitry, 
minimal contact resistance, constant 
over billions of operations. 
For complete information, circle reader 
service number -ask Clare for Data 
Sheet 855C ... Write Group 11N8 
C. P. Clare&Co.,Chicago, Illinois 60645 
... and worldwide. 

a GENERAL INSTRUMENT company 

• Life : 22 x 1 09 operations-with 
no maintenance 

• Low, constant contact resistance 
- no mechanical wear or electrical erosion 

• No contact bounce 

• Switching speeds to 1 ms 

• Versatile contact load capabilities 
-low level to 250 va 

• High power gain-to 5000 with no noise 
sensitivity 

• Sensitivities as low as 20 mw 

CLARE MERCURY-WETTED CONTACT RELAYS 
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for input analog switching, output power conversion switching, 
solid state input and output buffering 
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We solve problems 
you never knew you had. 

Any good custom fabricator can solve 
problems he can see. 

It's the ones you can't see that cause all 

the trouble. 

Like parts that stick in the mold. 

Or too much flash on the edges. 

Or production delays and extra charges 

for special die changes. 

Well, at Sylvania, we don't take 

chances. When you turn out 50 million 

precision parts a day, you have to solve 

problems before they exist. 

So the First thing we do is analyze your 

part's design and its function in the Finished 

product. You'd be surprised at how many 

problems we solve here. 

Then our diemakers look into it. They 

know what a tool can and can't do. They 

solve problems you never knew existed. 

Finally, our production engineers get 

into the act. It's one thing to design a part; 

it's another to produce it economically. 

Sometimes, this means designing a whole 

new piece of equipment. Other times, it 

calls for modifying your design. 

Either way, it means you get the parts 

you want, the way you want them, when 

you want them-probably at lower cost 
than you could do it for yourself. 

And we've got nine plants, the most 

advanced equipment and the best die

makers and engineers around. We've been 

doing it for 17 years. On transistor leads, 

computer memory core frames, connectors, 

pen caps, aerosol spray tips, razor blade 

dispensers, integrated circuit frames. You 
name it. 

So the next time you need a custom fab

ricated precision part, let us solve your 

problems . Especially the ones you don't 

even know you have. 

Sylvania Meta Is & Chemica Is, Parts Div., 
Warren, Pa.16365. 

SYLVANIA 
GENERAL TELEPHONE & ELECTRONICS 



New CORNING® 
C3 Resistor. 

16 transistors 
8 capacitors 

52 C3 resistors 
Actual size 

16 transistors 
8 capacitors 

52 RL07 resistors 
Actual size 

Now you can get 1/8 watt in a clean lead length of .150" and 
diameter of .066" maximum. That means a 353 reduction 
in board size for these eight Schmitt trigger circuits. Plus 
the proven stability of glass tin oxide film construction. 

Put more circuit in the same space. 
Or put the same circuit on a smaller board. 

For specs and samples, write to Corning Glass Works, 
Electronic Products Division, Corning, N. Y. 14830. 

CORNING 
ELECTRONICS 



Very few capital equipment requests can be accompanied 
with a 1112 year payback expectation. If your firm 
constantly strives to reduce its overhead and increase the 
quality and efficiency of its operation, be sure your drafting 
department has evaluated the Mergenthaler DIAGRAMMER
an automated push-button drafting system. Users have 
experienced increased output of better than 4 to 1 over 
manual methods-30 to 1 when drawing data is 
furnished in digitized form- plus receiving superior, 
"better-than-inked" quality that is geared 
to the requirements of today and tomorrow's 
information storage, retrieval and data 
transmission systems. For DIAGRAMMER details 
and user payback testimonials, contact Automated 
Drafting Systems, Mergenthaler Linotype Co., 
a Division of ELTRA Corporation, 
300 East 42 Street, New York, N.Y. 10017. 
Tel.: 212-661-5615; TWX 710-581-3385 . 

•••••••••••••••••••••••••••••••••••••••• • • 
: Please send me DIAGRAMMER details ( 

: Please call me soon ( ) Phone No .. _ _ _____ _ 
: Name. __________ _ Title ___ _ 

: Fir"--------------------
: Add res . .._ ______________ _ 

: City/ State/ Zip _____________ _ 

• • Mergenthaler Linotype Co., 300 East 42 Street, New York, N.Y. 10017 

• ••••••••••••••••••••••••••••••••••••••• 

-

Tt-IE C> I A.. G RA.. IVI IVI E R byl ..___ M_e_rg_e_nt_ha_le___Jr I ~~~ai 
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graphi c arts 
company 
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If you have speed 

control or detection 

problems check out 

these versatile 

ELECTRO Magnetic Pickups • • • 

Take a look at the list at the right. It covers 
just a few of the many applications in which 
ELECTRO'S magnetic pickups are being used. 
What's your problem? Positioning? Speed de
tection? Speed control? Timing pulses? 

Maybe you can do it better-more econom
ically with a magnetic pickup. Our electronic 
engineering specialists will help you determine 
if an ELECTRO magnetic pickup can supply 
an economical solution. 

Write for a magnetic pickup data portfolio. 

Model 3080 world's smallest standard 
magnet ic pickup. 10-32 thread x 1/2" long, 
weighs only .05 oz. Up to lOV p- p output. 

ACTUAL SIZE 

CJ 
<:): 

• 

. -

• As a substitute for standard tachometer generator 

• High speed printer roll sync and servo control 

• Up-to-speed indication for drum memory 

• Sector sync signal for disk memory 

• Machine gun performance 

• Analog electromechanical computer test probe 

• Speed control servo for message tape recorder 

• Remote water meter indicator and control 

• Aircraft generator bearing check 

• Diesel engine speed control 

• Differential speed measurement 

• Tapping machine control 

• Molding machine speed indication 

Speed Control on Diesel Pumping Engine: 
Contact tachometers proved inadequate pri · 
marily because there are so few places to con· 
nect them . A magnetic pickup and Electro-tach 
(with the addition of a 73.163 Pulse Adaptor) 
sensing a series of holes on the rim of the 
flywheel, proved to be the solution. 

Differential Speed Detection: Needed was a 
close check on the speed differential of two 
sections of a textile machine-to assure the 
proper stretch to the yarn . Magnetic pickups 
mounted to sense a gear in each section pro
vided a direct reading of the difference in rpm 
and a percent of the speed differential. 

Precise Position Control: A computer for desk 
top use demanded exceptional ingenuity in 
space saving simplification . A magnetic pick
up sensing a ferrous set screw on a rotating 
20-character print wheel provided a simple 
logical control of its position and eliminated 
the need for complex positioning apparatus. 

166 

Pioneers in Electronic 
Sensing and Control. 
Electronic Tachometers
Dynamic Micrometers
DC Power Supplies
Magnetic Pickups. 
Proximity Switches. 

TR 
MAGNETIC PICKUPS 

ELECTRO PRODUCTS LABORATORIES 1 INC. 
6125-Y Howard, Chicago, Illinois 60648 • 312/775-5220 
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They choose an on-time, precision-planning, 
big-capacity van line. 

Allied Van Lines safely moves more 
computers (with long memories) than any 
other mover. 

Call the confident Allied Agent 
in your area. 

ALLIED VAN UNES 
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At laat - an IC chip that outperrorm• 
many d/acrete op amp• 

Zin= 10 megohms 
lalAS = 10 nanoamps 
loFFSET = 2 nanoamps 
VoFFSET = 2 millivolts 

OTHER LINEAR IC's AVAILABLE ..• 
Standard 1709, 1710 and 1711 series, plus a sense 
amplifier series and a high sink current dual output 
1711, fully compatible with HLTTL drive requirements. 

* TOA7809 available with l ;, guaranteed as high as 50 megohms. 

Circle 168 on reader service card 

You know the 709-type amplifier. Dependable. Versatile. A regular 
chip-of-all-trades. 

You also know its limitations. 
Even while designing it into a circuit, you have probably found 

yourself thinking, a bit wistfully, of the input characteristics pro· 
vided by a few of the more expensive discrete op amps on the 
market. 

Now, you can get premium "discrete" performance in a 709-
type chip, at a 709-type price. Here . . . today ... on our shelves is 
the TOA7709 - eminently suited to direct, plug-in replacement 
of standard 709-type units - but with unprecedented input char
acteristics which can greatly simplify new-circuit design. A 
Darlington-connected input provides an impedance of 10 meg
ohms, and offset and bias currents of 2 and 10 nanoamps respec
tively. 

A commercial version, the TOA8709, provides a 3-megohm im
pedance, with offset and bias currents of 6 and 30 nanoamps -
still a whale of a lot better than any other IC op amp around. Either 
unit is available in the 8-pin T0-5, 10-lead flat pack or 14-lead dual 
in-line package. 

• !1!:!i'a~Si!!~i~ 
168 Albion Street, Wakefield, Massachusetts 01881 
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Packaging Sales. The Dow Chemical Company, Midland. Michigan 48640. 

Try this on your fragile parts. 
Pelaspan-Pac® loose fill packing. It weighs 3 to 6 times less 
than most other dunnage. It won't absorb water. It cuts ship
ping losses. Because it's highly shock-resistant, and it inter
locks to prevent settling. It cuts cleanup, too. Because it's 
clean, nondusting and noncorrosive. Write for details. 

~ 
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Throw away your insulation handbook. 
All you need is Nomex: 

Nomex':' nylon paper is the one in
sulation you can use for just about 
every application. It won 't melt or sup
port combustion-it's UL-rated at 
220°c. and it complies with MIL+ 
24204. Durable "Nomex" paper won't 
crack when creased or bent and does 
not flake. It can be easily sl it . or 
punched for close tolerance and can 
be used in automated operations. 

•Du Pont registered trademark. 

Circle 170 on reader service card 

"Nomex" is compatible with all major 
resins, varnishes and enamels. It is 
relatively unaffected by moisture, and 
there are no shelf-life problems. 

"Nomex" is available in a wide va
riety of fabricated forms designed to 
fit any application. So look to one ma
terial-"Nomex" -for all your insula
tion needs. 

To get more information, write: 

Du Pont Company, Nomex Marketing, 
Room J-10,Wilmington, Delaware 
19898. In Canada, write Du Pont of 
Canada Ltd. In Europe, Du Pont de 
Nemours Int., S.A., 81, Route de I' Aire, 
Geneva, Switzerland. 

@J!DHP NOMEX® 
•tc.usP.u Of' NYL.QN 
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NEED A 
SOLENOID 

·WITH REAL 
/tllJSCLE 

••• ORONE WITH 
I/ERV LITTLE 

PIJLL1 

Guardian solenoids come in all shapes and sizes (Guardian had the most 
complete line even before we added eleven new tubular solenoids) and 
meet just about every electro-mechanical requirement. Need a pull of 50 
pounds or just a fraction of an ounce? We've got them. AC or DC ... we've 
got them. Intermittent or continuous duty ... we've got them. Pull or push 
... we've got them. Write for bulletin G2-TS. 

BIG STRONG BRAWNY ONES . .. LITTLE BITTY ONES . .. GUARDIAN'S GOT 'EM ALL 

~.~~c!~u!~!!.@1s~~~-~=~~~ 
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When your IC bugs out, chances are the heat's on! 

172 

Devices packaged in Dow Corning® silicone mold
ing compound are physically and electrically stable 
- even after long term exposure to both high heat 
and humidity. Derating, a practice common with 
organic packaging, is not necessary. In fact, you 
can design for high device and component density 
by using silicone molding compound. One manu
facturer of glass package power diodes reduced 
the part to 1 /30th of its former volume. Sizes from 
1 /5th to 1 /3rd smaller can be obtained by using 
silicone molding compound in place of other 
plastics. 

Little moisture absorption. Silicone molding 
compounds when exposed for 1000 hours to 93% 
RH at 70 C showed an average weight increase of 
0.32% with the greatest increase being 0.5% and 
the least being 0.17%. Five organic plastics had 
average weight increases ranging from 1.0 to 2.1% 
-an average of nearly five times greater than sili
cone molding compounds under the same test 
conditions. 

No cracking. Unlike other thermal setting plastics, 
Dow Corning silicone molding compounds are 
virtually unaffected by thermal shock. For example, 
a power resistor molded in Dow Corning® 307 
compound was cycled repeatedly from -65 to 
350 C without damaging the packaging material 
or the component. 

Will not burn. Silicone molding compounds are 

Circle 172 on reader service card 

inherently nonburning. Thus, components and de
vices packaged in silicone molding compound do 
not constitute a fire hazard. No flame snuffers are 
used-a source of ionic contamination for devices 
packaged in organic materials. 

Corrosion free. These silicone molding com
pounds are free of ionic contaminants which may 
contribute to metallic corrosion when operating 
in high humidity and influenced by voltage bias. 

Competitive price. Costing only a fraction of a 
cent per device, Dow Corning silicone molding 
compounds enjoy a substantial price advantage 
over metal cans ... glass packages. 

Manufacturing economies. Transfer molding 
enables manufacturers to package devices and 
components with a minimum of manual labor and 
supervision. Good mold release and minimum 
flash assure high production rates ... reduced 
deflashing costs. These manufacturing advantages 
make silicone molding compounds totally com
petitive with organic plastics. 

So why be bugged by device failures because of 
a cheap plastic package? Specify Dow Corning® 
brand silicone molding compound; and get the 
best package protection in your electronic equip
ment ... lets you keep your cool. For technical 
data, write: Dept. A-8472, Dow Corning Corpora
tion, Midland, Michigan 48640. 

DOW CORNING FiiiiFi!MH 
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Write or phone for further Information 

COAXIAL CABLE - Chester Cable Corp. offers a complet e 
line of coaxial cable for military and commercial applications. 
Manufactured in accordance with MIL-C-17, JAN-C-17 and 
commercial specifications. Constructions include solid, air
spaced and foam dielectrics with conventional braid shields or 
flat copper tape shields, having PVC or polyethylene jackets. 
Custom designed constructions of triaxial cable and high 
frequency-high voltage cable are also available. 

I.Tl-CO DUCTOR CABLE - Wide range of custom 
designs available, manufactured in accordance with such 
industry standards as MIL specs., U/L, CSA, IPCEA, EIA, 
IMSA, ASTM, etc. 

Chester Cable Corp. is a preferred source for quality elec
tronic and electrical cable, insulated and jacketed with ther
moplastic materials such as polyvinylchloride, polyethylene 
and nylon. Custom designs of shielded or unshielded cable in
clude: Control Cable · TV Camera Cable · Missile Cable • In
tercom Cable • Computer Cable · Special Hi-Voltage Cable 
and Parallel Bonded Ribbon Cable. 

11.-SPEC IRE - Made in accordance with specifications 
MIL-W-16878 (Types B, C & D), MIL-W-76B (Types LW, 
MW & HW) and MIL-W-5086A for electronic systems. Avail
able in single or multiple constructions, shielded or un
shielded, with or without nylon or PVC jackets. 

WIRE A D CORD FOR THE APPLI CE I DUSTRY -
U/ L and CSA approved, 60°C - 80°C - 90°C - 105°C 
appliance wiring material - SVT, SJT, ST cord, SJTO & 
STO oil-resistant cord, SJT & ST oil-proof cord, SPT cord 
with or without individually insulated ground wire. Used for 
washers, dryers, refrigerating, air conditioning, vending, 
heating, X-ray and other electrical and electronic equipment. 

RADIO AND TV CIRCUIT WIRE AND CABl.E - U / Land 
CSA approved, 60°C - 80°C - 90°C - 105°C appliance and 
radio circuit wire, microphone cable, shielded and unshielded 
audio circuit wire, twin lead antenna wire, phonograph cable, 
parallel-bonded color convergence ckt. cable, braided hook-up 
wire, hi-anode wire, hot chassis lead, balun-coil wire, shielded 
constructions with spiral, braided, aluminum-Mylar tape and 
conductive materials; all available in Thrif-T-Bond® tinned 
over-coated conductors. 

ISCELLA EOUS IRE AND C BLE-Machine Tool Wire 
·Bus Drop Cable· Flexible Test Lead Wire· Municipal Signal 
Cable · Low Energy Circuit Control Cable • Station Control 
Cable · Inter-Office Communication and Signaling Cable 
·Deep-Well Submersible Water Pump Cable· Gas Tube Sign 
and Oil Burner Ignition Cable · Intercom Cable · Gasoline 
and Oil Resistant Wire • Computer Cable · Uninsulated Bus 
Wire · Parallel and Jacketed Cord · Braided Ground Strap, 
and special custom designed cable for your applications. 

CHESTER CABLE CO., Division Tennessee Corporation, CHESTER, NEW YORK 10918 
A Subsidiary of Cities Service Company 
Phone: 914-469-2141 • TWX: 914-469-7011 Printed in U. S. A. 



... good things come in small packages 

A 10 mfd 50 volt type X483 
capacitor measures a scant .670" 
x 11K6". It's hermetic;ally sealed 
and provides outstanding temper
ature stability and electrical prop
erties. Meets all MIL-C-18312 and 
MIL-C-19978 requirements. 
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Type X483 are advanced tech
nology capacitors tailor-made for 
advanced technology applications. 
Values from .001 to 10 mfd, 50, 
100, 200 and 400 volt. 

Contact TRW Capacitor Divi
sion, Box 1000, Ogallala, Neb. 

Phone: (308) 284-3611. TWX: 
910-620-0321. 

TRW 
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Another announcement in the 
STRUTHERS-DUNN 

YEAR OF RELAY DEVELOPMENTS 
in which we ·bring you word of 

new Struthers-Dunn relays 
and relay refinements. 

Well ... well ... well! 
Struthers-Dunn now has "open" reed relays 

. . . and the reason isn't 
• • • 

what you might think! 

No, we aren't introducing our first "open" reed relays 
because we couldn't design any before. 

Or because no one wanted the sophisticated enclosed 
reed relays for which we're famous. 

It's because many customers for our other relays want 
open reed relays, too. And since we have the world's 
largest relay line, we don't intend to have customers 
pointing out any relays we don't have! 

So, here are the details. Two types: miniature and 
standard. "Miniatures" in twelve l-to-4 pole models 
with various combinations of Form A, Form B, and Form C 
miniature dry reed switches. Contacts rated from low 
level to 12 volt-amperes. 11/e" long by 3/s" above the 
mounting board. Mercury-wetted reed switch available 
in 1%{' wide single-pole package. 

"Standard" sizes in seven 1-to-4 pole contact configura
tions, rated from low level to 15 volt-amperes. Width 
varies with number of poles, but other dimensions are 
standard at 21/2" long by •)(4" above P/C board. 

Both series have snap-on metal covers for magnetic 
shielding. Most models in both series interchangeable 
with many corresponding competitive models. 

So, Struthers-Dunn customers, here are your open reed 
relays! New customers, check the low cost, long life, 
other details. 

See data listing at right. 

Find your ideal relay faster ... in the world's largest line! 

New idea in protected reed re· 
lays. New plastic seal ing tech
nique opens way to completely 
protected reed relays at just a 
shade higher than cost of open 
types. Series MRRK reed relays 
save t ime, cut cost of mounting, 
soldering, cleaning. Nine of the 
most popular 1 to 3 switch con
tact combinations ava i lable in 
four coi I voltages. See data 
listing below. 

Zero in on a commercial relay 
fast! You'll find thousands here. 
Power, con t rol , sensit i ve , 
latch, sequence, instrument-con
trolled, timers and special pur
pose relays! Thousands of modi
fications, too. Yes, even the 
old standbys that have stood 
the test of time for dependa
bil ity and economy • • • and 
definitely all the very newest in 
relay designs for all appl ica
tions. See listing at right. 

Don't "settle" on a motor con
trol ••• select from the varied 
line at Struthers-Dunn! General 
purpose AC contactors and 
motor starters for single phase 
and polyphase service to 600 
volts, sizes O to 4. Definite
pu rpose reversing and non
reversin g contactors for one to 
three horsepower applications. 
New catalog just out. See data 
l isting below. 

SEND FOR THIS 
REFERENCE DATA! 
Check these numbers on 
Reader Service Card for any 
or all reference material 
listed below. 

.#515 New open reed relays 

#516 Sealed reed relays 

#517 Motor controls 

#518 Commercial relays 

STRUTHERS-DUNN, INC. 
PITMAN, NEW JERSEY 08071 

Canada: Struthers-Dunn Relay Div., Renfrew Electric Co., Ltd. 
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INJECTION MOLDED 

CERAMICS 
The injection molding process makes it prac
tical to produce certain complex designs in 
volume and at a practical cost. Some com
plex designs cannot presently be produced 
by any other method. The flow of material is 
controlled so that the injection molded ce
~amic has exceptional uniformity and density 
throughout. This o.ffers special advantages 
for thin walls and edges. 

In the past, some complex designs have been 
made by a combination of dry pressing or 
extruding and machining. If the machining is 
complex, it severely limits the quantity which 
can be produced and is also a costly opera
tion. But the complex precision part some
times can be produced complete in one stroke 
by injection molding. This can quickly absorb 
the die costs, remove the ceiling on quantity 
and, after the die cost is absorbed, it can re
sult in marked production economies. On es
pecially long runs, multiple cavity dies offer 
still further savings . 

Compound curves and intricate internal de
tail such as threads are practical by injec
tion molding. Inspection procedures are sim
plified because statistical sampling normally 
provides adequate control. Injection molded 
parts are remarkably uniform from part to 
part and from one run to the next. "As fired" 
surface finish can be controlled within rea
sonable limits. 

The typical injection molded AISiMag ceramic 
parts shown here are used in electronic, elec
trical, mechanical, chemical and metal work
ing applications . Special ceramic composi
tions have been developed for special re
quirements. Example: precision leachable ce
ramic cores for investment castings. 

If you have a design for a ceramic which has 
been considered impossible, let our produc
tion men check it over and offer suggestions. 
Or if you could replace two or more parts 
with one precision ceramic, perhaps it could 
improve performance and give you lower as
sembly costs. Our engineers with specialized 
ceramic experience will be glad to make sug
gestions. Send your blue print and operating 
requirements. 

::::· :.:·,, CHATTANDOGA~~~·n ~Seu~~.~~~ 3m 
.... ..... ...... MerlcM}IMa ................. om- .. ......... ,...... wl ............ c:..,., ....... ...... 
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New York encl Cenede1 Phoenix, N. Y. • Orange, C:-. • Phlledelphle, Penn. • Roenob, Va. • St. Loul11 lee'• Summit, Mo. 
So. Sin Fnncllco, c.llf. • 3M ~Ii c/o AIMflcen I.we Corporetlon, Chettlnooga, Tenn. 37«>5, U.5.A., 615/2654411. 
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Excuse our memory .. . what is it, 5 years 
now since anyone designed a new device 
classifier? Seems like only yesterday. 

But a lot has changed , hasn 't it, especially 
semiconductors . Mechanical handlers and 
dice probers have speeded up. QC stan
dards are tighter now. 

And we've been busy designing 
modern classifiers for modern 
transistors, diodes, rectifiers, and 
Zeners . The new systems are 
built to stay ahead of high speed 
handlers by many milliseconds and 
ahead of semiconductor develop
ments by many years. 
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Take speed: 20,000 transistors an hour 
typical , 1 O diode PRV categories in 24 milli
seconds. Take versatility : you can change 
any basic test funct ion in one minute with 
pluggable modules. Take reliability : solid 
state switching in all repetitive circuits. 

Well , best wishes. After the cele
bration drop us a line. There's so 
much news we've had it printed 
up. Burns & Towne Inc., Systems 
Division, 18-36 Granite St. , Haver-
hill , Mass. 01830 

BURNS & TOWNE INC. 
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You could build mountains 
out of our logic cards . .. if you had to 

We've got that many. And you could build different kinds of mountains, too. 
We've got just that product line versatility . Build T2L SUHL I mountains, 

or T2L SUHL II mountains , or DTL mountains, or 7 400 T2L mountains. We can 
supply enough for you to go as high as you want. And bu ilding mountains 

is a nice way to look at how our micrologic circu it cards are applied . But if you 
don 't want to think in terms of mountains , you can build mole hills, too. 

m For more information , write or call: 
%ONTAOL LOG1C.1Nc. 3 Strathmore Road 
Natick, Massachusetts 01760 I Tel : (617) 235-1865 
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It's nice to have 
enough money to retire on. 

It's also nice to be around 
when it's time to retire. 

You want to save a nest egg to retire on? Fine. 
All we suggest is that you be here to enjoy it. 
What to do? See your doctor for a thorough health 
checkup once a year, including a procto. And for 
women, also a Pap test. In short, the works. 

Because most cancers are curable if spotted in time. 
But your doctor won't be able to spot anything
unless you give him the chance. 

If you do, you'll improve your chances of enjoying 
your retirement. To a ripe old age. 

+.
amerlcan 
cancer 
society 

8 
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The world's largest communications satellite -- a two-story-high, 1600-pound 
experimental giant designed to provide tactical communications among military 
units in the field, aircraft, and ships at sea -- is being built under direc
tion of the U.S. Air Force for the Department of Defense by Hughes. 

Satellite will carry a cluster of antennas whose powerful signals can be picked 
up by all types of terminals, including those with antennas as small as one 
foot in diameter. Satellite's communications capacity is comparable to 10,000 
two-way telephone channels. 

The Army's TOW missile is under consideration by the U.S. Marines as a result 
of combat-style tests they recently gave the wire-guided antitank weapon. A 
Marine unit at the Twentynine Palms Marine Base fired 20 TOW missiles, blast
ing concrete fortifications, sandbag bunkers,. tank hulls, and moving targets. 

All a TOW gunner has to do is hold the crosshair of the telescopic sight on a 
target; the missile fs automatically steered to impact on that point. After a 
half-hour of instruction, Marines scored bullseyes on small, distant targets. 

A new radar unit to aid ballistic missile defense has been installed on Kwaja
lein Atoll in the Marshall Islands. The experimental system, designed to help 
the Defense Department develop technology for protection against ballistic mis
sile and satellite attack, will make high-resolution measurements of various 
targets, both in outer space and during reentry into the atmosphere. System's 
40-foot-diameter parabolic antenna and microwave subsystem were built by Hughes. 

Environmental testing is now available to component subcontractors at the six
story, 17,000-square-foot Hughes test center used for Surveyor spacecraft, In
telsat and ATS satellites, and Phoenix and TOW missiles. Eight thermal vacuum 
chambers, ranging in size from 18x20 inches to 15x36 feet, can duplicate the 
radiation of sunlight in deep space and the temperatures of lunar day and night. 
Vibration tests are performed on two 28,000-force-pound shakers, each equipped 
with a separate control console. 

The 30-foot parabolic antenna atop the 12-story Hughes space systems division 
building adjacent to Los Angeles International Airport is converting signals 
from two Applications Technology Satellites into pictures of cloud formations 
and jet streams. Photos are received ~s part of a research program Hughes is 
conducting for the Environmental Science Services Administration. 

The spin-scan cameras aboard the ATS satellites take a picture of Earth every 
20 minutes when weather scientists want to track a storm. Of particular inter
est to them have been the ATS-3 photos of the Midwest during the 1968 tornado 
watch. The ATS satellites were built by Hughes, their cameras by Santa Barbara 
Research Center, a Hughes subsidiary. 

Creating a new world with electronics r------------------, 
I I 

: HUGHES: 
I I 

L------------------J 
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Gudebrod's 
Special, Longer 
Case H a rdened Pins 

® T.M. -UNION SPECIAL 
MACHINE CO. 

[~UDEBRDD 
~~~ 

Fot high speed. hru-nessi.ng 

witli, con:tinuous loci.ng ••• 

HERE IS THE WORK SPEEDING - MONEY SAVING -

GUDEBRDD SYSTEM 11C11 

GUDEBROD FLAT TAPE BOBBINS-This special packaging 
of Gudebrod Flat Braided Lacing Tape is highly popular in 
the harness shop. Whether used in all hand tying or with the 
Cable-Lacer (for which it was designed) the bobbin makes con
veniently available, high quality Gudebrod Tape in most of its 
many types-all engineered to lie fl.at, tie tight. 

GUDEBROD CABLE-LACER®-This unique harnessing hand 
tool has proved a production speeder and harness improver. 
Makes up to 30 knots per minute. While making firmer harnesses 
with tighter, more uniform knots, it eliminates wear and tear on 
operator's hands because special brake takes strain of knot 
setting. Holds bobbin of Gudebrod Tape in handle. 

LONGER WIRE HOLDING PINS-They make wire thread
ing much easier, quicker (no repeated wire redressing between 
pins). In harness tying they preserve the layout while using the 
Gudebrod Cable-Lacer. Special case hardened pins, nail better, 
stay straight, no nailheads. 

GUDEBROD SWIVEL-TILT HARNESS BOARD MOUNT 
-Two dimensional balanced mobility puts every section of the 
cabling within easy, natural reach of the operator. Work done 
in this unstrained manner goes faster, is better, all day through. 

There it is, the Gudebrod System " C" solving the cable making 
problems in a speedy, economical, profit improving way. Ask 
about System "C" (If you use intermittent tying, ask about 
Gudebrod System "S"). 

Gudebrod Swivel-Tilt Harness 
Board Mounts available 
in several sizes 

GUDEBROD BROS. SILK CO., INC. Founded 1870, 12 South 12th Street, Philadelphia, Pa. 19107 
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Automate Your Measurements . • • 

product report 
digital instruments 

. . . with these NEW Tektronix products. 

Digital Oscilloscope 
The Type 568/230 Digital Oscilloscope System p~o
vides digital readout of measurements that are dis
played in analog form on the CRT. They enable the 
engineer, technician or production worker to make 
dynamic switching-time measure.ll'!ents wl~h gre~ter 
speed, convenience and repeatability than 1s possible 
by making measurements directly from the cathc_>de-ray 
oscilloscope display. Typical measurements include 
pulse voltages, risetime, falltime, delay time, st.o.r
age time, pulse width and many other spec1f1c 
measurements. 

With the NEW programmable plug-in units and Sam
pling Heads, all of the measurement functions of the 
Type 568/230 can be externally programmed for use 
in high-speed automated measurement syster:ris. The 
Type 568/230 can make more than 100 dynamic meas
urements per second, and data output connectors pro
vide measurement results in convenient BCD code. 
Programming is easily accomplished with the use of 
new Tektronix Program Units. 

Type 568/230/3T6/3S6/S-1 /S-1 $7340 

Automatic Measurements 

NEW Type 241 

Add the NEW Type 241 Program
mer to the Type 568/230 Digital 
Oscilloscope and obtain up to 15 
automatic measurements. The Type 
241 will automatically sequence 
through 15 programs, stopping on 
out-of-limit measurements. Pro
grams are e as y to set u p and 
change, enabling a person having 
minimum training to program the 
Type 241. 

Type 241 ..... ... ........ . ... $1950 

ij 

0 -=·n 0 
0 
0 

• I~ --~ 

NEW Type 240 

The NEW Type 240 Program Control 
Unit and NEW Disc Memory pro
gram the Type 568/230 at speeds 
up to 100 measurements per second 
and provide local storage of 1600 
independent measurements. Sort
ing, classifying and diagnostic test 
routines are also obtained using the 
Disc Memory. A Punched Tape 
Reader is used with the Type 240 in 
low - speed systems, providing a 
maximum of 6 measurements per 
second. 

Type R240 . . . . . . . . . . . . . . . . . . $3800 
Disc Memory . . . . . . . . . . . . . . . . $6600 
Punched Tape Reader ...... . . $1250 

----- • 
" 

NEW Type R250 

The NEW Type R250 Auxiliary Pro
gram Unit adds additional program
ming capabilities to the Type 240 
and provides programming and buf
fering for pulse generators, power 
supplies and other equipment. Sys
tem engineering and design is re
quired with the Type R250. The 
NEW Type R116 MOD 703L and 
Type R293 MOD 703M Program
mable Pulse Generators are de
signed specifically for use with the 
Type R250 in automated systems. 

Type R250 ........ .. ........ $1400 
6 Shift-Register Cards .. . .. .. . $ 420 
Type R116 MOD 703L . . . . . . . . . $2775 
Type R293 MOD 703M ... ..... $1300 

U.S. Sales Prices FOB Beaverton , Oregon 

-------------· NEW Tektronix Measurement Systems ------------•~ 



Ma~ng ~e Me§ureme~ Tektronix Measurement Systems 

Tektronix Measurement Systems use Tektronix Catalog products 
and additional equipment such as programmable power supplies, 
test stations, equipment racks and other equipment. Tektronix 
does the systems engineering and supplies a digital measurement 
system ready to do your measurement job. Your requirements to 
test integrated circuits, transistors, circuit boards and subassem
blies can be met with a Tektronix dynamic measurement system. 

NEW 

Type S-3120 
Switching-Time Measurements 

The Type S-3120 is designed to verify 
the switching-time performance of trans
istors, diodes and IC's. The Type 
S-3120 is intended for use where power 
supply voltages and pulse parameters 
do not require programming. Program 
branching with the Type S-3120 permits 
sorting and classifying of semi-conduc
tors. For example, when making a rise
time measurement, a within - limits 
measurement will continue the normal 
measurement sequence ; an above-limit 
measurement (slow risetime) can stop 
the sequence to reject the component ; 
and a below-limit measurement (fast 
risetime) can branch to a new measure
ment sequence for reclassifying the 
transistor. 

Type S-3120 ....... . ........ $28,000 

For a demonstration, call your local 
Tektronix field engineer or write: 
Tektronix, Inc., P. 0. Box 500, 
Beaverton, Oregon 97005. 

Type S-3110 Pulse Testing 
The Type S-3110 provides up to 15 
measurement programs and eliminates 
operator interpretation and error when 
testing pulse generators and other pulse 
sources. Programmable measurements 
provide consistent GO, NO-GO readings 
with the speed and repeatability re
quired for production testing and QC. 
Measure pulse period, pulse width, 
risetime, falltime, pulse amplitude, over
shoot, DC offset and many other spe
cific pulse parameters. Sampling Heads 
provide a choice of system measure
ment capabilities. Select the measure
ment performance you need today and 
update your performance with future 
Sampling Heads. 

Type S-3110 .. .... .. ....... $11,500 

NEW 

Type S-3130 Integrated Circuit Testing 

Tektronix Type S-3130 Digital Measurement System makes 100% dynamic testing 
feasible for incoming inspection of IC's. Dynamic testing now can check the 
performance of your IC's under simulated operating conditions at a low cost per 
unit tested. Measurement speeds of 100 measurements per second with local 
storage of 1600 independent measurements provides the flexibility and versatility 
required of a dynamic IC tester. Measurement programs change power supply 
and pulse generator parameters over a wide range; extra program lines from the 
Type R250 can be used to switch test point and operating and load conditions. 

Type S-3130 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $41,000 
U.S. Sales Prices FOB Beaverton , Oregon 

Tektronix, Inc. 
committed to progress in waveform measurement 
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Probing the News 
Electronics abroad 

Maflana is today in Mexico 
An amalgam of local and foreign interests, the nation's electronic industry 

enjoys excellent prospects in domestic markets and Latin American outlets 

By Gerald Parkinson 
Mexico City News Bureau 

Mexico's electronics industry, with 
a big assist from Olympics-in
spired communications projects, 
has established an excellent base 
for future growth. Right now, the 
field is still small by U.S. standards 
-1968 factory sales are estimated 
at $260 million, against $224 mil
lion last year-and most of its out
put is consumer goods. But the in
dustry is 90% self-sufficient; tele
vision broadcasters have been 
transmitting in color for almost two 
years; the Latin American Free 
Trade Association (Lafta), of 
which Mexico is a member, has 
tremendous long-term potential as 
a market; and by the end of 1970, 
the country will have probably the 
best communications network 
south of the border [Electronics, 
April 1, p. 95]. 

The over-all outlook is for an
nual gains in the 10%-to-12% 
range during the period ahead as 
Mexico-based firms exploit not only 
relatively untapped domestic out
lets but Lafta markets. Progress 
in computers, industrial products, 
and instrumentation will probably 
be slower than in other sectors be
cause of the comparatively small 
local market and the high level of 
technology involved. 

"The new communications and 
microwave network alone is bound 
to provide impetus for the elec
tronics industry," says a local 
source. "There'll be a greater de
mand for skilled people and re
placement parts that will upgrade 
education at all levels." The net is 
having other salutary effects. For 
one thing, a number of contractors, 
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including Germany's Siemens AG, 
are studying the possibility of set
ting up plants in Mexico. For an
other, hitherto remote sections of 
the country are being opened up 
to telephone, television, and related 
communications services. 

Consuming interest. Mexico's 
consumer electronics concerns, 
particularly tv set makers, are 
thriving. This year's output of tele
vision sets will probably reach 
240,000-a 30% jump from the 1967 
figure. Radio production will be 
around 1.15 million units, a 7% 
gain from last year's level, and 
some 125,000 hi-fi stereo sets will 
be made and sold, for a year-to
year gain of 10%. 

One big reason for the dramatic 
growth in tv set sales is that cus
tomers had deferred purchases un
til color receivers came to market 
late in 1967. And Olympic Games 
broadcasts were also undoubtedly 
a factor. Finally, Mexico is the 
only Latin American nation pro
ducing color cathode-ray tubes. 
Sylvania set up shop there more 
than a year ago, and Electronica 
S.A., an affiliate of Holland's 
Philips, got started just recently. 
RCA and Mexico's Majestic Group 
also plan to open tube plants. 

Their present output represents 
quite an improvement in set 
makers' fortunes. As recently as 
1960, they were operating at an 
annual rate of under 100,000. But 
around that time, the Mexican 
government began to take an active 
interest in fostering the industry's 
development. 

The government has several 

ways of protecting the interests of 
fields it would like to see flourish. 
When, for example, an established 
firm wants to make, say, a certain 
component, imports of that item 
are prohibited by the Ministry of 
Industry and Commerce. "As soon 
as someone starts a new operation 
here, he gets protection whether 
or not he asks for it," says an ex
perienced local manufacturer of in
dustrial goods. 

The ministry also publishes 

Cityscape. Microwave antennas top 
communications tower at Ministry of 
Communications in Mexico City. 
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periodic lists of products it feels 
should be produced in Mexico. 
The most recent compilation totals 
500, including 34 electronic, elec
tric, communications, and instru
mentation items. The ministry of
fers incentives-tax exemptions, for 
example-to entrepreneurs invest
ing in ventures to produce goods 
on the list. 

In general, the government wel-
. comes foreign investment. Certain 
industries are state-owned, others 
are 100% controlled by Mexican 
interests, and still others ~re en
couraged to have at least majority 
control of the companies in the 
hands of nationals. So far, there 
are no hard-and-fast rules for elec
tronics enterprises; each case is 
judged on its individual merits. 
Generally, however, the govern
ment enforces the policy of 51 % 
Mexican ownership. 

There is, however, no all-em
bracing Mexicanization law, or 
even a rigid policy. Most U.S. 
businessmen prefer it that way be
cause it gives them bargaining 
room. One observer, familiar with 
the situation, says, "Mexicanization 
is a mixture of laws, decrees , and 
policies-shot through with ex
ceptions-that's administered prag
matically." 

Borderline cases. Another way 
in which the Mexican government 
encourages foreign investment is 
through its border industries pro
gram. This is not a way to develop 
industry integral to the economy; 
it's simply an arrangement 
whereby U.S. and other foreign 
companies can establish assembly 
plants on the Mexican side of the 
border. Many U.S. electronics 
firms have taken advantage of this 
program, under which parts are 
shipped across the border in bond, 
put together in the Mexican plant, 
then shipped out, usually as sub
assemblies. The output of these 
plants may not be sold in Mexico. 

The advantage of this arrange
ment, from Mexico's viewpoint, is 
that it provides much-needed em
ployment; for U.S. companies, it 
offers low-cost hand labor. In gen
eral, Mexicans are happy with the 
program. But Roberto Perez Rodri
quez, general manager of the Na
tional Chamber of the Electronics 
and Electrical Communications In
dustry has some doubts. Perez 
points out that firms put plants on 
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Key element. Carrier signal center in 
communications tower is an integral 
part of Mexico's new microwave net. 

the border largely because labor 
costs are low. If wages rise or con
ditions change, he feels, they are 
likely to move the plant elsewhere 
-perhaps to Taiwan-leaving the 
Mexican workers without jobs. "I 
think it would be more convenient 
for Mexico if these companies were 
to integrate more into the eco
nomy," he says. "Perhaps they 
could use some Mexican materials 
instead of importing everything." 

The Burroughs Corp., for one, 
has already integrated an in-bond 
operation. At the same time it has 
built an assembly plant well away 
from the border in Guadalajara 
partly because labor costs on the 
border are now higher. 

Burroughs may have started a 
trend by establishing an in-bond 
plant in the interior. Motorola Inc. , 
which has one in Nogales, is now 
setting up another in Guadalajara. 

Home cooking 

Frontier plants are not exclu
sively U.S. operations. One all
Mexican group doing a lively com
ponents-assembly trade in Mexi
cali is the Majestic Group, one of 
Mexico's largest and most diversi
fied organizations. Its border oper
ation, Semiconductores California, 
is making integrated circuits for 
the Raytheon Co. and the Hughes 
Aircraft Co., cold cathode display 
tubes for the Raytheon Co., printed
circuit boards for Anaconda Elec
tronics, and transistors for National 
Semiconductor. 

Semiconductores California sup
plies these U.S. firms on a piece
work basis. It also makes tran
sistors for Majestic's Mexican 
plants and exports low-cost elec-

trolytic condensers to the U.S. 
Majestic, which started life as 

a radio assembly plant in 1947, 
now numbers 57 companies 
divided into three groups-com
ponents, assembly, and distribu
tion. The group accounts for about 
60% of Mexico's total radio pro
duction and turns out some 6,000 
tv sets monthly. The current ratio 
is five black-and-white units for 
every color set, but this will nar
row to two to one early next year, 
according to Victor Rivero, presi
dent. Annual sales are around $32 
million-comparatively large for a 
Mexican company. The company's 
tv production puts it up among 
the leading producers in Mexico, 
with Philips, GE, Philco, and Ad
miral. 

Slow start. Majestic exports com
ponents to Lafta countries, but the 
trade association has been slow to 
get moving as far as the elec
tronics industry is concerned. Re
presentatives failed to ratify two 
proposed complementary agree
ments for electronic products at a 
recent meeting in Montevideo. 
Complementary agreements pro
vide for tariff reductions on listed 
products in certain industries. The 
industries of Colombia, Peru, 
Chile, and Uruguay suggested a 
pact on 68 products, while Mexico 
and Brazil pushed one with 17 4. 

The main reason for the break
down in negotiations, according to 
a Mexican official, was that there 
was no consensus on how to deal 
with the "national origin" of ma
terials used in listed products. In 
other words, a country might im
port all components at a low price 
from, say, Japan, then export at a 
low tariff rate to Lafta country 
where the same item is made and 
sold at a higher cost because local 
raw materials are used. The offi
cial says this problem is now be
ing studied by member countries 
so that a formula can be devised. 

Nevertheless, some Mexican
based companies are doing good 
business in Lafta countries through 
national lists of assorted products. 
Complementary agreements cover 
only one industry, but each Lafta 
country has a national list of al
lowable imports from other nations 
at agreed tariff rates. Mexico now 
is trading in about 60 or 70 "na
tional list" electronics products. 
In fact, between a quarter and one-

Electronics I November 11, 1968 



third of Mexico's semiconductor 
production is now exported to 
Lafta lands. 

Another Mexican firm doing a 
brisk trade in the Lafta sphere is 
Electronica, 40% owned by 
Philips. The company is Mexico's 
largest semiconductor producer, 
making more than a million units a 
month. Most of this output is sold 
to companies outside the Philips 
orbit, but the firm does export to 
parent-company operations in 
Brazil and Argentina. 

Something borrowed 

In common with other Mexican 
electronics firms, Electronica im
ports most of its technology under 
licensing agreements-in this case 
from Philips-and does little or no 
research and development work. 
Such activities are largely con
fined to applications technology. 

Juliano Carrillo, technical man
ager at Electronica, points out that 
the company can't apply Philips 
technology directly because Mexi
can tv set specifications and mate
rials differ from those in Europe. In 
addition, the effective radiated 
power of broadcasting stations is 
much higher there than in Europe 
_:_by as much as 100 kilowatts. 

Electronica pioneered a practice 
that other firms have since adopted 
-an applications laboratory to help 
develop new products for the mar
ket. Originally, the idea was to 

Tops. Mexico uses this antenna for 
satellite communications; it is the 
largest commercial dish in the world. 
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MICROMINIATURE CERAMIC VARIABLE CAPACITORS 
Widest t.Cs, highest stability and 
smallest size. 

Modutrim microminiature ceramic 
variable capacitors offer micromod· 
ule and hybrid circuit designers a 
choice of wide t.Cs in extremely 
small and stable units. 

A unique rotor design utilizing a 
special proprietary ceramic material 
in a monolithic structure gives ex· 
cellent stability. Q is in excess of 
500 measured at 1 MC for those 
values under 50.0 pf. 

MT 100 Series' design is specifi· 
cally for channel-mount and cord
wood applications, as well as many 
other micromodule packages. 

MT 200 Series offers still further 
miniaturization as an ideal answer to 
high component density problems 
and various LC networks packaged in 
T0-5 cans. 

MT 300 Series' 4 terminal lead 
configuration provides optimum me
chanical support and is specifically 
designed for printed, microminiature 

and module circuits. 

MT 400 Series is designed for 
cordwood and module applications. 
This configuration has 8 termina· 
tions for easy connection above and 
below the capacitor substrate. 

MT 500 Series' two terminal lead 
configuration is designed to fit .100 
grid spaced PC Boards. 

MT 100 ~ ~ 
MT200 R ~ 
MT300 ~ c:: 
MT400 m ijrn 

MT500 ~ c 
Write for catalogs MT-67-A and 

MT-500-68. 

"TODAY'S COMPONENTS BUILT FOR TOMORROW'S CHALLENGES" 

0 

J'~DJFD ELECTRONICS CO. I COMPONENTS DIVISION 
r- ~ 15th Ave. at 62nd St. • Brooklyn, N.Y. 11219. / Phone 212-331-1000 

Offices and subsidiaries in principal cities, world-wide. 

"SEE US AT THE NEC SHOW BOOTH #305 and the NEREM SHOW BOOTH #2E22." 
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GLASS ENCLOSED 
Thermostatic 

DELAY RELAYS 
Off er true hermetic sealing. 
Assure maximum stability 

and life. 

Delays: 2 to 180 seconds 
Actuated by a heater, they operate 
on A.G., D.C., or Pulsating Current 
... Being hermetically sealed, they 
are not affected by altitude, mois
ture, or climate changes ... SPST 
only - normally open or normally 
closed . . , Compensated for am
bient temperature changes from 
- 55• to + 80°C. . . . Heaters 
consume approximately 2 W. and · 
may be operated continuously. The 
units are rugged, explosion-proof, 
long-lived, and inexpensive! 

TYPES: Standard Radio Octal and 
9-Pin Miniature .... List Price, $4. 

Amperite Delay Relays are ©'JJ!!'~ " 
approved for all voltages • UL · 
up to and including 115Y 
under the component reg· · 
ulations of Underwriters' Laboratories, 
Inc. 
PROBLEM? Send for Bulletin No. TR-81. 

Hermetically sea I e d, 
they are not affected 
by changes in altitude, 
ambient temperature 
( - so· to + 10· C.l. 
or humidity ... Rugged, 
light, compact, most 
inexpensive. 

List Price, $3.00 
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Assembly. Electronics S.A., a Mexican affiliate of M.V. Philips, 
turns out semiconductor devices at this modern plant in Toluca. 

help the components field. Thus, 
the company fostered outlets for 
stereos by designing a solid state 
unit and giving 20 away to manu
facturers. "Before we did that, we 
were selling only small quantities 
of one of our power transistors, but 
now we have increased the market 
for that unit 20 times," Carillo says. 

Fairchild Mexicana S.A. is an
other components firm with an 
applications lab. "We've had it for 
about a year," says Manuel Cha
con, marketing manager. "It's a big 
help in sales. We consider our
selves a market-penetration facility 
as much as a component maker." 

Outside outlets. The company, 
which started production in mid-
1966, now makes about 500,000 
transistors monthly and perhaps 
one-third that many diodes, accord
ing to Chacon. It expects to double 
production by the end of next year, 
with about half that increase going 
to domestic outlets and the balance 
to Lafta markets. 

Mexican subsidiaries give their 
U.S. parent concerns an edge in 
Latin American markets. The tariff 
advantage for Fairchild in ship
ping, say, to Brazil is only 5%-a 
10% impost on Mexican shipments 
as opposed to 15% on U.S. exports 
-but Both Fairchild and Electron
ica say the edge is sufficient. Car
rillo of Elech·onica says his firm's 
prices are around 10% above inter
national levels on average. In cer
tain cases, however, they are be
low. "For example, we could beat 
any price in the world on carbon 
resistors and profit," he asserts. 

Integrated circuits are still used 
sparingly in Mexico. But Chacon 

feels they should start to appear in 
quantity in a few years-perhaps 
as i-f strips for tv and radio sets. 

Instrumental theme 

The market for test and measure
ment equipment in Mexico is still 
small-around $1.5 million to $2 
millio.n a year. But the field was 
practically nonexistent a few years 
ago. 'Tve been here since 1961, 
and when I started I had to sell 
components to rriake my living," 
says David Fredin, who represents 
Tektronix Inc. and the General 
Radio Co. His best prospects now, 
though, pa,rticularly for oscillo
scopes, are tv manufacturers, re
search houses, owners of computer 
systems, and industrial houses. 

The biggest share of the instru
ment market is held by Hewlett
Packard Mexicana S.A. The firm's 
largest sales are attributable to the 
Communications Ministry's new 
microwave system. 

Vicente Garcia Aracil, general 
manager at H-P Mexicana, feels it 
will be a long time before the par
ent company's products can be 
made in Mexico. The reasons, he 
says, are a small market and the 
amount of technology required. At 
present, the quality of local com
ponents is inadequate for precision 
instruments. And instruments be
come obsolete about every five 
years, a situation necessitating 
large investments in R&D. 

Receptions. Despite Garcia's pes
simism, a few firms are making a 
go of it. Perkin-Elmer de Mexico 
S.A., which started manufacturing 
inexpensive Coleman meters a few 
years ago, expects sales of $150,000 
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in 1968. The firm has already ex
panded into ultraviolet spectrom
eters, power supplies, and flame 
photometers, and it will be adding 
more expensive spectrophotome
ters latter on. Manuel Maya, man
ager of operations, says his main 
outlet is Mexico's big and fast
growing chemical industry. Maya 
expects a 20% sales increase next 
year and sees a good future. 

Local light. Instrumentos Elec
tronicos de Mexico S.A., an inde
pendent national firm in Mexico 
City, turns out iron-core transform
ers for the radio, tv, and communi
cations industries, power supplies, 
battery chargers, telephone gear, 
and specialized electronics for con
trol systems to pinpoint equipment 
failures. The eight-year-old firm 
anticipates sales of about $750,000 
this year. 

Honeywell S.A. assembles poten
tiometers and electronic flame-fail
ure safeguards for boilers, among 
other things. R.J. Holt, the general 
manager, estimates the industrial 
market's growth at an annual rate 
of 20%. 

Computer markets 

By year-end, as many as 240 
computers will have been installed 
in Mexico, up from 200 in 1967. 
IBM, which-naturally-has the 
lion's share of the bu~iness, esti
mates that the market is growing 
by about 15% a year. Government 
agencies are the biggest users, says 
Duncan Howard, the company's 
promotional programs manager for 
the Caribbean area. Only about 
5% of the installed systems are 
purchased, Howard says, with the 
rest being leased. Customers want 
the latest available equipment. 

IBM is now installing what it 
claims is the first large-scale, di
rect digital control system in Mex
ico. This setup at the steel firm of 
Hojalata y Lamina S.A. in Monter
rey will ride herd on the power 
consumption of blast furnaces. 

Schooling. IBM has a training 
center in Cuernavaca for its own 
personnel and for customers. The 
company estimates that more than 
1,500 programers, systems analysts, 
and operators have been trained 
there in the past three years. 

Mexico's National Commission 
of Outer Space, created in 1962, 
plans to map Mexico's natural re
sources from an instrumented DC-6 
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Beckman recorders solve 
difficult measurement problems. 
From the heartbeat of an insect to the pulse of a nuclear power plant, 
the measurement is simply a push-in for any of the Beckman input signal 
conditioners. • Each channel of the standard Dynograph® recorder 
is tailored to your application by selecting one or more of the many 
versatile 9800 Series input couplers. No need to purchase expensive 
preamplifiers; no need for additional complex auxiliary equipment. The 
standard Dynograph recorder is a complete measurement recording 
system. To change the measurement, simply change the coupler ... a 
matter of a few minutes and only a few dollars. • What is your mea
surement problem .. . direct recording of temperature, strain, pressure, 
flow, force, torque, displacement, velocity, or a more complex measure
ment involving computation such as rate, integration, or differentiation? 
• Dynograph recorders write out answers directly, accurately, depend
ably, and economically. • For complete details, contact your local 
Beckman office, sales representative or the factory direct. 

The Electronic Instruments Division develops and manufactures precision electronic mea
surement and test instrumentation for science and industry. Major product lines include: 
electronic counters, IC testers, oscillographic recorders, panel meters, system components, 
signal sources, time standards, and data acquisition systems. 

Beckman INSTRUMENTS, INC. 

ELECTRONIC INSTRUMENTS DIVISION 

SCHILLER PARK, ILLINOIS• 60176 

INTERNATION AL SU BSIDIA RIES : GENEVA; MUNICH; GLENAOTHES, SCOTL AND; 
TOKYO; PARIS; CAPETOWN ; LONDON; MEXICO CITY; STOCKHOLM; VIENNA 
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aircraft it recently purchased. The 
work will start about mid-1969 and 
involve a variety of instruments, 
including an infrared radiometer, 
microwave equipment, multispec
tral cameras, and possibly side
looking radar. All this gear will be 
imported. 

A team of 11 engineers from the 
commission and other national 
agencies attended a course in re
mote sensing techniques at NASA's 
Manned Space Flight Center in 
Houston. Under commission au
spices, these engineers are now 
giving a special course to other 
Mexicans from concerned organiza
tions. 

Joint venture 
The Mexican commission has 

also been testing its own rock
ets, which it will use to take me
teorological soundings with NASA 
and agencies in Argentina and 
Brazil. Under this program, the 
four countries will make tests more 
or less simultaneously, track para
chuted payloads by radar as they 
come down for wind profiles, and 
pick up temperature readings by 
telemetry. Each country's data will 
then be compared. The project is 
scheduled for the end of 1969. 
Seven Mexican engineers are now 
at Wallops Island, Va., training 
with the radar NASA will lend Mex
ico for the program. 

The Ministry of Communications 
and Transport' s commission for 
meteorology and telecommunica
tions is installing automatic me
teorological stations around the 
country at a cost of $5.28 million. 
Meteorological information will be 
supplied to airports, the Mexican 
navy, and anyone who requests it. 
This data will complement the out
put of a system currently operated 
for airports , and will be combined 
with information supplied by the 
Ministry of Agriculture, which runs 
a network of 800 manned stations. 

The meteorology commission has 
ordered equipment for the first 20 
automatic stations from a French 
firm, but plans to subsequently in
stall equipment of its own design. 
Solid state systems will digitize 
data from meteorological instru
ments and convert it to teletype 
code. The gear will be programed 
to transmit autom~tically every 5 
minutes via telephone, telegraph, 
or the new microwave network. 
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Can your present counter 
(without the use of additional test equipment) 
• show your operator when he makes mistakes? 
• determine the zero crossover of a symmetrical wave form, either ac 

or de coupled and with or without a de bias? 
• see if there is an input signal? 
• display the correct attenuator setting? 
• make timing measurements with 10 ns resolution? 
• measure the pulse width of a single wave form? 
• measure the separation between pulses? 
• perform two-channel timing measurements without the aid of a plug-in? 
• be used as an error expander with a resolution of 1 part in 1010? 
• be spared for less than $100.00? 
• give you reliability-MTBF above 60,000 hours? 
BECKMAN'S Model 6148 can .. . DEPENDABLY! ... in addition to 
making all the conventional frequency, period, multiple period, ratio, 
time interval, scaling measurements. 
For complete information on what the Model 6148 can do for you, con
tact your local Beckman office, sales representative or the factory direct. 
The Electronic Instruments Division develops and manufactures precision electronic mea
surement and test instrumentation for science and industry. Major product lines include: 
.electronic counters, IC testers, oscillographic recorders, panel meters, system components, 
signal sources, time standards, and data acquisition systems. 

Beckman · INSTRUMENTS, INC. 

ELECTRONIC INSTRUMENTS DIVISION 

RICHMOND, CALIFORNIA• 94804 

INTERNATI ONA L SUBS IDIAR I ES: GENEVA; MUNICH; GLEN ROT HES , SCOTLAND; 
TOKYO ; PARI S; CAP ETO WN; LONDON; MEX ICO CITY; STOCK H OL M; VIENN -" 
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Frequency VSWR Power Model Frequency Isolation VSWR Model 
Ge Max. Kw Peak W. Ave. Number Ge db Min. Max. Number 

2.6 . 3.95 15 1.0 1.15 20 20 Sl02LI 0.5· 1.0 10 1.5 1.25 UlOP 
2 .6 3.95 20 1.0 1.15 20 20 Sl03LI 1.0· 2.0 10 1.0 1.15 LlOP 
2.6 . 3.95 30 1.7 1.15 20 20 Sl04LI tl.O- 2.0 15 1.0 1.15 L20PS 
3 .3 . 4.9 25 1.0 1.15 5 5 CSllOLI 1.0- 4.0 12 1.3 1.25 LSlOP 
3 .95- 5.85 30 1.0 1.10"' 20 20 C876LI 2.0- 4 .0 12 1.0 1.18 SlOP 
3.95- 5.85 30 1.2 1.15 '~ 20 20 CllOLIA 2.0- 4.0 20 1.0 1.20 SllP 
3 .95· 5.85 40 1.0 1.15 '~ 20 20 Clllll t2.0- 4.0 20 1.0 1.20 SllPS 
5.85- 8.2 30 1.0 1.10 '~ 20 20 Xb951LI 3.8·11.7 10 1.2 1.30 SCXlOP 
5.85- 8 .2 30 1.0 1.15 ~' 20 20 4.0- 8.0 10 1.0 1.25 Cl OP 
5.85· 8 .2 40 1.2 1.15 '' 20 20 Xb910LI t4.0- 8.0 15 1.0 1.20 C20PS 
7.05-10.0 30 1.0 1.10"' 10 40 XL920LI 4.0·11.0 10 1.0 1.25 CXlOP 
7.05-10.0 30 1.0 1.15* 5 20 XL103LIA 7.0-11.0 15 1.0 1.25 CXllP 

7.05·10.0 35 1.0 1.15* 5 20 XL910LI 7.0·11.0 15 1.0 1.25 CX20PS 

7.05·10.0 40 1.2 1.15* 5 20 XL911LI 
8.2 -12.4 30 1.0 1.10* 10 40 X956LI 
8.2 ·12.4 30 1.0 1.10* 5 20 XllOLIA 
8 .2 ·12.4 40 1.0 1.10 5 20 X910LI 

10.0 ·15.0 25 1.0 1.15 10 10 MllOLI 
·15.0 30 1.0 1.15* 10 10 Mlllll 
·18.0 30 l.d 1.10* 10 20 Ku915LI 

30 1.0 1.15* 10 10. KullOLI 
35 1.0 1.15* 10 10 Ku910LI 

12.4 -18.0 40 1.2 10 10 Ku911LI 
18.0 -26.5 5 5 KllOLI 



Advanced technology 

Laser safety issue burning bright 
Industry and the military are attempting to establish self-regulatory standards 

as Federal agencies and state governments come up with more restrictive measures 

By Paul A. Dickson and William F. Arnold 
Washington regional editors 

Safety was the number one topic 
at the Laser Industries Associa
tion's annual meeting in Washing
ton late last month. Everybody's 
for it, of course, but there's no 
real consensus among the various 
interest groups-industrial, mili
tary, and medical-about the best 
way to set up guidelines. To fur
ther complicate matters, the Fed
eral Government and the states are 
getting into the act, passing po
tentially restrictive legislation. 

In general, the industry professes 
to see no particular problems re
garding laser safety. Malcolm L. 
Stitch, who recently joined the Ko
rad department at the Union Car
bide Corp. as assistant general 
manager, says that during his eight 
years with the Hughes Aircraft 
Co. he heard of no laser-connected 
accidents. "I am not convinced 
that a need exists for wide-ranging 
laser regulations so long as sys
tems use is restricted to industrial 
and military applications,'' says 
Stitch, who heads the Electronics 
Industries Association's laser sub
division. 

Similarly, Colin Bowness, mana
ger of microwave devices opera
tions at the Raytheon Co., says: 
"The dangers of lasers are vastly 
overrated. There have been rumors 
about people being badly hurt, but 
in the eight years since the inven
tion of the ruby laser, I haven't 
run across any recorded examples. 
And I've talked to many doctors." 

Rebuttal. As it happens, how
ever, the Public Health Service is 
set to issue a three-state survey 
of 200 organizations using lasers ; 
seven cases of eye damage were 
found, five of which were perma
nent. The report, which covers 
groups in Massachusetts, New Jer
sey, and California, will also point 
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out 20 other laser-associated acci
dents, including electrical shock 
and explosions. 

And many scientists and re
searchers investigating laser haz
ards warned at the LIA meeting 
that the dangers could not be min
imized until more is known about 
long-term effects. Moreover, what 
constitutes "safe" radiation levels 
is still a very moot point. 

Preventive maintenance 

If only to protect its best inter
ests, the laser industry is driving 
hard for self-regulation. Graham 
W. Flint, who heads the laser de
vices section at the Martin-Mari
etta Corp.'s Orlando, Fla., divi
sion, says the EIA' s laser safety 
committee, which he heads, is 

drafting instructions for various 
classes and powers of laser sys
tems. "These are designed to take 
the onus off the industry and man
ufacturers should an accident oc
cur," Flint says. "A company 
would be liable only if damage oc
curred within the confines of the 
operating instructions." 

"We're also trying to develop a 
closer relationship with Dr. Sam 
Fine, who heads the LIA' s safety 
committee," Flint says. He hopes 
the two groups will be able to 
bring out a single document. "If 
we get a unified document, we can 
have some influence on legisla
tion," he says. "And the guy who 
knows nothing about a laser's 
safety will have more confidence 
in proposals approved by both 

Ounce of prevention. Upcoming Army-Navy guidelines suggest laser operators 
wear protective goggles though they're effective only in certain situations. 
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of our groups." 
However, other guidelines are 

being issued. The American Con
ference of Governmental Industrial 
Hygienists, for example, has just 
published some. Among other 
things, the report distipguishes be
tween laser radiation and ionizing 
radiation from gamma and X rays. 

Corporate scene. Most compa
nies that use lasers have safety 
guidelines, but the first to publi
cize its activities was Martin-Ma
rietta. In 1965, it published a 24-
page pamphlet with nine general 
safety rules for laboratory person
nel and formulas for calculating 
safe operating conditions. 

At IBM's Communications and 
Engineering Sciences Center, Ger
ald I. Farmer, a staff physicist, 
says ·all personnel working with 
lasers must take certain precau
tions. Goggles must be worn; pe
riodic checkups with an ophthal
mologist are required, and inten
sive training is given in the safe 
use of lasers. Farmer says that a 
guide is now being produced for 
internal use, which will borrow 
from the work done by Martin-Ma
rietta and the hygienists. 

Military maneuvers 

The armed forces , as prospec
tive volume users of laser systems 
for range-finding, target illumina
tion, station-keeping, and related 
applications, are also concerned 
with safety. As it happens, the 
three services can't agree on just 
what constitutes hazard-free oper
ation. The main reason for the ap
parent impasse is similar to that 
in the civilian world-lack of data. 
"We know a great deal about the 
eyes of rabbits and monkeys, but 
we don't know very much about 
those of human beings," says 
Cmdr. Charles F. Tedford, head 
of the radiation safety branch of 
the Submarine and Radiation divi
sion at the Navy's Bureau of Medi
cine and Surgery. 

In establishing safe thresholds 
for eyes, the Army is the most 
cautious, the Air Force the most 
liberal, the Navy in between. The 
Air Force measures energy at the 
cornea, the Army at the retina. 
Since the eye magnifies light five 
or six times between the cornea 
and the retina, the Air Force ap
proves considerably higher levels. 
The disparity between the two ap-
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Further fallout? 
While most of the concern about 
laser hazards centers on damage 
to the human eyes and skin, there 
are probably other dangers. For 
example, Edward Klein, who is 
investigating laser safety at the 
Roswell Memorial Institute in Buf
falo, N.Y. says the possibilities in
clude "scattering of bacteria and 
side effects which might increase 
the virulence of microorganisms." 
James Terrill, director of the Na
tional Center for Radiological 
Health, is concerned about pos
sible "synergistic effects with other 
forms of radiation." 

Perhaps the longest list has been 
compiled by William McCullough, 
a Canadian labor official. At the 
National Safety Council meeting 
in Chicago last month he ticked 
off such potential hazards as: ex
plosions set off by laser beams; 
atmospheric contamination from 
vaporized material resulting from 
laser welding or cutting; contam
ination from gas lasers or byprod
ucts of laser reaction; ultraviolet 
radiation from lasers or associated 
flash tubes; and fire and electrical 
dangers involved with high-energy 
voltage. 

proaches stems partly from differ
ences in mission; the Air Force 
rarely has to worry about ground 
troops in the field. 

In addition, the two services use 
divergent samples. The top Army 
research organization is the Medi
cal College of Virginia. The Air 
Force relies largely on the Stan
ford Research Institute, where "we 
used monkeys in lieu of rabbits," 
says Lt. Col. Herbert E. Bell, Bio
medical Sciences Corps. "They're 
far better test animals than rab
bits as far as the human eye is 
concerned. Nothing has shown up 
on any of the animals." The SRI 
experiments also included seven 
staff volunteers, some of whom 
were exposed to dosages above the 
thresholds with no damage appar
ent so far. 

But perhaps the biggest factor 
is an honest difference of medical 
opinion. "Low levels of radiation 
exposure previously thought to be 
safe may be hazardous," says Col. 
Robert W. Niedlinger, chief of 
laser biology research for the 
Army's Medical Research and De-

velopment Command. "The Air 
Force has set its figures for the 
extreme cfr.cumstances, the excep
tions ," he says, "but systems may 
come along f ~r which those values 
are no good. 

Acknowledging that "there is a 
considerable area of disagree
ment" and that "we're consider
ably more liberal than the Army," 
Col. Alvin M. Burner of the Air 
Force's Aerospace Medical divi
sion replies: "We feel our levels 
are realistic for our types of oper
ation." 

Upshot. There will probably be 
no triservice laser document for 
some time. The Army and the 
Navy will shortly issue a joint 
guideline [Electronics, Aug. 5, p. 
62] treating the laser as if it were 
a rifle and suggesting that laser 
operat<;>rs wear goggles even 
though they are only effective at 
certain wavelengths and can shat
ter at high power levels. 

Truly effective eye protection 
against lasers is a long way off, 
so the guidelines will also pre
scribe eye checkups for men about 
to enter laser work and periodic 
exams every six months or so. Men 
believed to have been accidentally 
exposed to a laser beam would be 
given immediate exams. 

In this respect, the two services 
are tentatively following what's 
been standard Air Force practice 
for almost two years. 

Unknowns 

For all the interservice contro
versy, caution marks the military's 
approach to establishing threshold 
values. "You can never call a num
ber safe if it damages one rod or 
cone," says Tedford. "You're born 
with a certain number and you 
don' t get any more." 

With lasers, permanent eye 
damage is always a threat because 
the eye is a million times more 
susceptible to laser bums than the 
skin. There is no specific treat
ment for such eye damage. "The 
only thing we can do is to reduce 
the inHammation with cortisone
type preparations," says Tedford. 
And though no one knows for sure, 
at least one researcher suggests 
that laser ionization can produce 
cancerous tissue over an extended 
period. "Some of us are scared of 
the long-term effects," he says. 

And the Army's values, says Da-
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Jack-in-the-box 
HF antenna. 
Goes up in 2 hours. 
Transport it by air ... or store it for emergency standby. 
You'll have reliable performance even after repeated field use. 
Granger's 747 CA antenna comes out of storage and sets up fast as a O-to-2000 
mile communications back-up if a hurricane knocks out a fixed antenna. 
Or, move it by air or surface wherever you need quick communiCations. The 
747 CA is a compact package, and five men can set it up in 2 hours. With ga_in 
of up to 13 db from 4to 30 MHz, VSWR under 2.1:1, and no lobe splitting, it 
performs as well as a permanent installation. A Delta extension kit adds 
omnidirectional coverage from 2 to 4 MHz for close-in communication.* 
The 747 CA antenna withstands harsh environments ... winds up to 100 mph. 
Its rigid, nested tower and all materials are corrosion resistant. Available in 
models from 1to20 kw average (2 to40 kw PEP), this high-performance 
portable or stowable antenna is a good package deal. Write for complete data. 

*The Delta Kit is included with antenna Model 747 CB. 
The Kit is also available as a retrofit for 747 CA's. 
CA/ CB models are available for fixed installation. 
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Our films 
really get to you 

We deliver metal alloy and metal ox
ide film resistors fast. You get a full 
range of precision and semi-preci
sion types when you want them. 
Mallory precision MAF in VsW and 
%W; semi-precision MAL in %W; 

metal oxide MOL's in 2W to 7W. Values ranging from 30.1 ohms to 
499K. All are 100% inspected. Get prompt delivery from Mallory. For 
details, write or call Mallory Controls Company. 

MALLORY MALLORY CONTROLS COMPANY 
a division of P. R. MALLORY & CO. INC. 
Box 231. Frankfort. Indiana 46041 
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vid H. Sliney, a researcher with 
the service's Environmental Hy· 
giene Agency, are at least 10 times 
under dangerous levels. Tedford 
predicts: "We might be able to 
relax the figures in time. But get
ting guidelines to put out to peo
ple is more important than the 
threshold values we're quibbling 
over." The services may be taking 
such action none too soon. Says 
Niedlinger: "We're starting to get 
proposals for experiments with 
provisions to expose a human eye 
directly to a laser. And they're 
often based on the wrong num
bers." 

Legislating lasers 

Laser safety has in recent months 
gone beyond the domains of in
dustry and the military to become 
a public issue. Four states-Illinois, 
Massachusetts, Pennsylvania, and 
Louisiana-have laser laws, and the 
legislatures of New Jersey and Cal
ifornia are studying bills. The Fed
eral Radiation Control for Health 
and Safety Act, passed last month, 
empowers the Secretary of Health, 
Education and Welfare to establish 
a control program that will include 
performance standards. He'll also 
conduct research and report back 
to Congress before January 1970 
with a recommendation for stronger 
legislation. It hasn't been an
nounced officially, but there's no 
doubt that the job of setting stand
ards will be assigned to the Na
tional Center for Radiological 
Health. 

Arthur E. Jones, a Honeywell 
Inc. laser expert who heads the 
LIA's legislative committee, says: 
"At this point it does not appear 
that the provisions of the Federal 
act are going to be hard for in
dustry to live with." He points out, 
however, that some state laws are 
another question. The recently 
passed Louisiana law, he contends, 
may be the hardest, since it's es
sentially a rewrite of a nuclear ra
diation law and imposes nuclear 
reactor strictures on lasers. Jones, 
who has contacted 49 states to see 
what is happening in laser legis
lation, says that quite a few legis
latures are thinking of such laws. 
He is worried about especially 
stringent bills, like the one defeated 
in the New York senate that would 
have made it difficult for anyone 
without a graduate degree to own 
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or use a laser. 
Best case. According to Jones, 

the most realistic of the laws is 
the one in Massachusetts; he con
siders the Illinois law relatively 
stiff. The recently passed Massa
chusetts act allows the state to 
adopt regulations to protect the 
public from hazards. Says Ronald 
C. MacKenzie, the senator who 
proposed the bill: "I had heard of 
the Illinois bill, which is very re
strictive. The more I learned about 
lasers, the more I realized that the 
law should only be regulatory." 

The Illinois law calls for the 
registration of all lasers, mandatory 
reporting of all accidents, in-plant 
inspection by the state, and the re
jection by the state of the regis
tration of systems it does not deem 
safe. Illinois officials concede that 
the law has thus far had little ef
fect-primarily because another 
bill that was to have provided funds 
for enforcement was defeated. 

The National Center for Radio
logical Health, the organization 
which will have the greatest im
pact on the laser field, was work
ing in the safety field long before 
the radiation bill was passed. With 
its new powers, it can be expected 
to launch a major effort. In the next 
few weeks the center will issue 
a publication entitled "Biological 
Aspects of Laser Radiation," and 
an official at the center says that 
there is talk of a possible survey of 
lasers soon that would be much 
like the center's controversial check 
of color tv receivers. 

James Terrill, the center's direc
tor, indicates that the forthcoming 
regulations will be tough. Terrill 
is clearly disturbed by the sale of 
lasers to schools and their use in 
industrial displays open to the pub
lic. He warns the industry that a 
black eye now could hamper the 
long-term success of laser applica
tions. 

Terrill's strong cautiousness may 
seem a bit severe to some in the 
industry, but he does have the 
backing of experts. A.M. Clark, a 
member of the team studying laser 
dangers at the Medical College of 
Virginia, shares Terrill's views on 
lasers in the classroom. Clark says, 
"Students and teachers approach 
us to check out laser science proj
ects and it's very frightening. 
Some proposed experiments I have 
seen are very, very dangerous." 
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NEW ... 
now available! 
2-32 MHz ISO-AMP 
an HF Isolator with over 20 db 
output to input isolation 

The AMP AR ISO-AMP is a compact solid state device 
specifically designed for high dynamic range systems where 
high front-to-back isolation and low VSWR are required . 
Features are : 

Broadband Frequency 
Insertion Loss 
Noise Figure 
Maximum Input Signal 
VSWR 
Input Isolation 

2-32 MHz 
0.75 dB 
1.0 dB 
0.5 watts 
1.2: I , 2 ports 
20 dB 

The IHF-22 is avai lable in several connector types and 
impedances. 

Application note available upon request. 
For detai led information and assistance in 
solving your problem, call (61 7) 899-3145, 
39 Green Street, Waltham, Massachusetts. 

AMPAR 
D ivision of Adam s-Ru ssell 

PACESETTERS IN ADVANCED ACTIVE RF TECHNOLOGY 
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EUROPE'S STRONGEST GROUP 
IN SOLID STATE DE N 
DELIVER THESE 
IC'S RIGHT NOW 
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LINEAR INTEGRATED 
CIRCUITS FOR AUDIO 

Meet the wide Philips range of linear 
integrated circuits for audio applica
tions. Designed in the light of all 
Philips' experience in the audio field, 
they are being used in tape recorders, 
pocket radios, car radios, television 
sets, microphones, hearing-aids, and 
industrial equipment. 

Our application laboratories are ready to 
assist you 

Philips are developing more integrated circuits for 
audio applications. Why not ask us about the AF 
integrated circuits you want to use? We may have 
designed them already! 

PHILIPS ADVANCED RANGE OF /C'S 
FOR TV 

The Philips Group also offers the most advanced 
range of circuits for television, incl.uding so1.1nd IF, 
signal processing , synchronous demodulation, and 
RGB matrix circuits. A number of circuits for com
munication and instrumentation are also available. 

PHILIPS 
PHILIPS ELECTRONIC COMPONENTS 
AND MATERIALS DIVISION 
EINDHOVEN. THE NETHERLANDS 

PRE-AMPLIFIERS 
T AA263 and T AA293 are two easy-to-use three-stage pre
amplifiers with about 80 dB gain which you can use almost 
anywhere. 
The T AA3 I 0 is a pre-amplifier with I 00 dB open-loop gain 
which can be reduced by selective feedback to provide a 
typical recording and playback amplifier function. 
The TAA320 is a circuit combining a MOS FET input 
transistor with a bi-polar output. Its input impedance is at 
least I 00 GQ, which makes the circuit ideal for all kinds of 
industrial sensing functions as well. 
The T AA435 is a pre-amplifier capable of driving a 4 W 
push-pull pair of output lransistors. Its supply voltage is 
14 V, which makes it particularly useful in car radios and 
record players. 

OUTPUT AMPLIFIER 
The T AA300 is a unique I W class-B output amplifier, which 
requires only 10 mV drive for full output. Its current drain 
is only 8 mA from a 9 V battery, and it works with less than 
I 0 % distortion, even over a battery voltage range of 2 : I. 

HEARING-AID AMPLIFIERS 
The OM200, tiniest IC in the world, gives 0.2 mW of audio 
when powered by a 1.3 V battery. The TAA370, in a 10-lead 
flat pack, gives I mW of audio with the same battery voltage. 
Both circuits have a typical noise figure of 4 dB. 

MICROPHONE AMPLIFIER 

The T AA500 is an original audio amplifier with common 
output and supply line, providing a constant voltage gain of 
300 for a power supply current range from 20 to I 00 mA. 
The circuit can be used with ceramic or with dynamic micro
phones. 

distributed and sold in the U.S. by: AMPEREX ELECTRONIC CORPORATION Providence Pike, SLATERSVILLE, Rhode Island 

230 Duffy Avenue, HICKSVILLE, New York 11802 o 801 E'. Charleston Avenue, PALO ALTO, California 94303 o 360 E. North Avenue, NORTHLAJ<.E , Illinois 60164 . 
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Industrial technology 

Fluidics stays barely above water 

Interface problems, cut-and-try designing, and a lack of systems experience 

and standards are a drag on this field as it struggles to win market acceptance 

It's beginning to look as if fluidics 
is another one of those bright ideas 
that just won't pan out-at least not 
as a significant technological threat 
to electronics . Despite the involve
ment of big-time concerns-Cor
ning, Pitney-Bowes, Bendix, Gen
eral Electric, Honeywell-the field 
is still short on accomplishment. As 
a matter of fact, the gains that 
have been made during the 10 
years or so fluidics has been around 
are largely promotional in nature. 

Drum-beaters have managed to 
assemble a fat ·portfolio of press 
clippings and even gain recognition 
of sorts . There was, for example, a 
session on fluidics at Wescon this 
summer [Electronics, Aug. 5, 
p. 137], and "the industry" is 
staging a road show of its own later 
this month in Chicago. 

But a number of problems re
main to be overcome if fluidics is 
ever to secure a foothold in the 
marketplace. Among them are high 
costs, a lack of standards and sys
tems experience, customer disin
terest, and cut-and-try designs. 

Catch phrases. Fluidic devices 
are built from ceramic material, 
etched and bonded to provide 
channels through which a "fluid" 
power input-usually clean, dry air, 
though water and process liquids 
are sometimes used-can flow to 
perform a function. The general at
traction of fluidic systems is rug
gedness and reliability. The litany 
of advantages includes no moving 
parts; unaffected by temperature 
extremes, radiation, corrosion, or 
vibration; spark-free; and operative 
even in grimy environments. 

Richard A. O'Brien, manager of 
the Corning Glass Works' fluidic 
products department, likens the 
technology to a "practical applica
tion of a textbook explanation for 
electricity." In other words, the 
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Listening post. Ear arrangement from Pitney-Bowes is fluidic counterpart 
of an electric eye; company claims it can sense even translucent objects. 

passage of fluids through tubing or 
pipe is often used as an analogy 
for the flow of electrons through 
wire. By controlling the direction 
and velocity of a liquid or gas 
through interconnected channels, 
O'Brien says, devices can be made 
to do almost anything of a control 
nature that electrical gear does. 

Beyond the fact that both fields 
use much the same jargon-Hip
flops , resistance, AND, NAND, OR, 
and NOR gates, and the like
fluidics and electronics part com
pany. Fluidic devices work on two 
basic principles far removed from 
electronics: the Coanda effect-the 
tendency of a moving fluid to ad
here to an adjacent smooth surface 
-and momentum transfer, by 
which fluid mainsh·eams change 
course in a controlled manner. 

In addition, there's a tremendous 

speed differential between the two 
technologies. Electronic devices 
are limited only by their size and 
the speed of light, but fluidic as
semblies operate at the slower 
speed of sound. As a result, such 
devices can't begin to keep pace in 
nanosecond computer systems. In 
theory, however, they can perform 
decision-making jobs in control 
seh1ps where speed isn't critical. 
And this is precisely the area that 
fluidics enthusiasts have staked out 
for themselves. 

Where it's at 

Officials at the Bowles Engineer
ing Corp., one of the relatively few 
firms making only fluidic devices , 
identify controls for machine tools 
as their principal commercial mar
ket. "We're after the guy who 
wants to automate 100 drill presses 
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Clinging. Warm-table demonstration 
illustrates wall-attachment tendency 
of fluid stream in a Bowles flip-flop. 

in his shop," says Edwin M. Dex
ter, vice president for industrial 
controls. "He already has the air 
available, so investment costs are 
low. Electronics can't compete at 
this volume, and electromechanical 
devices are clumsy by compari
son." Dexter denies, however, that 
fluidics is after electronics markets 
as such. "Our competition is with 
the relay people," he says. "And 
there's a slight possibility we might 
infringe on liquid-level controls." 

John A. Enright, product man
ager at the Johnson Service Co., 
agrees that fluidics' niche is some
where between electronic and me
chanical controls. "But the field is 
in an evaluation stage," he says. 
"We're still trying to get our prod
ucts into users' hands so they 
can judge what they have to gain." 

Among the comparatively few 
commercially available pieces of 
equipment incorporating fluidic 
controls is an air-gaging system 
used in the machining of automo
bile blocks. This apparatus is now 
being marketed in Europe by Im
perial-RN, a joint venture of the 
I-T-E Imperial Corp.'s Fluidonics 
division and Italy's RN-SKF. An
other entry, an aerosol-can filler 
made by the JG Machine Works, 
incorporates B.uidic control modules 
produced by Coming. 

In a more exotic vein, the Howie 
Corp. of Norristown, Pa., makes a 
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fluidic sensing device called a tur
bulence amplifier. Along with in
terface and input-output hardware, 
this assembly has been successfully 
used in control systems for pack
aging equipment and machine 
tools. So far, however, the com
pany has come a cropper trying to 
apply it in a setup that sizes chick
ens before they're packaged for 
market. According to Kenneth 
Howie Jr. , a vice president, the 
pervasive chicken dung in the proc
essing plants hardens to a cement
like consistency, clogging ports and 
generally fouling up the works. 

Edge of anxiety. Fluidics pro
ponents agree that their technology 
has at least a psychological ad
vantage over electronics in in
dustrial outlets. "Among machin
ists, there's a fear-whether real or 
imaginary-of electrical shocks and 
worse when electronics is in
volved," explains one source. "In 
addition, maintenance must be con
sidered. It's more expensive with 
electronics." 

On the other side of the ledger, 
says Howie, is the fact that in some 
union shops where hybrid control 
systems incorporating fluidics and 
electronics are used, there's a 
problem when breakdowns occur. 
"You wind up having to have men 
from two unions in on the repairs." 
As a result, he claims, most pros
pects prefer a purely fluidic sys
tem-if for no other reason than to 
avoid labor difficulties. 

Aerospace markets follow in
dustrial outlets on fluidics' list of 
targets. The Bendix Corp.' s re
search laboratories in Southfield, 
Mich., for example, have been 
working on fluidic flight controls 
for general aviation applications 
under a contract from the National 
Aeronautics and Space Administra-

· tion. Walter F. Datwiler, who 
heads fluidic research at the labs, 
notes that most of his organiza
tion's military and aerospace ef
forts involve interfacing with elec
tronics, a situation that poses 
potential problems. 

"Where size isn't critical and 
pulse-rate requirements don't ex
ceed 100 per second, electropneu
matic transducers can be used. But 
size is critical in spacecraft, and 
while miniaturization is possible, 
there are practical limits," says 
Datwiler. "Where space and re
sponse are at a premium, an elec
tromagnetic system with a flapper 
nozzle in a pneumatic arrangement 
won't work. A piezoelectric-type 
driver circuit is necessary." More
over, he continues, fuel consump
tion and purification are pretty 
sticky problems in aerospace ap
plications. If a system requires 
hundreds of elements, fuel pressure 
becomes a problem since it must 
be kept low. 

Off the ground. Honeywell Inc.' s 
Aerospace division has come up 
with a fluidic Hight-control system 
for helicopters that's now being 

Air brush. Fluidic circuit modules from Corning replace pneumatic 
lpgic in this aerosol-can filler produced by the JG Machine Works. 
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tested by the Navy. Powered by 
bleed air from the craft's jet engine 
compressor, the system controls the 
yaw, roll, and pitch axes. The 
craft's attitude rates are picked up 
by three fluidic sensors, shaped by 
fluidic networks, and fed as dif
ferential pressures to fluidic ampli
fiers. According to Walter S. Rob
inson, the division's director of 
aircraft flight systems, the pres
sures are then converted to drive 
hydrofluidic servos. 

Before the system was shipped 
to the testing site this summer, it 
was flown aboard a Navy tandem
rotor CH-46A at the Minneapolis
St. Paul International Airport, 
where its performance was rated 
by the test pilot as on a par with 
that of electromechanical systems. 

Rx for growth? 

Although fluidics' potential ap
pears to lie largely in industrial 
and aerospace applications, there's 
increasing interest in the bio
medical field. Bendix, for example, 
is doing research with fluidics for 
artificial hearts. Another organiza
tion that's even more involved in 
this area is Fluidonics' medical in
strumentation department in Salt 
Lake City. 

"We're looking into the full spec
trum," says Gale Thorne, who 
heads the department. "This 
ranges from basic assist devices 
through implanted artificial hearts." 
Some of the research is being 
funded by the National Heart In
stitute, but most of the work is 
financed by the company. "The 
body itself is a fluid system," says 
Thorne, "with blood flowing from 
organ to organ and the heart acting 
as a pump. What we're attempting 
to do is wed the electrical opera
tion-the heartbeat-with fluidics." 

Thus far, after more than 15 
months of intensive research, the 
marriage has proved far from fruit
ful. The greatest difficulty still en
countered by the fluidonics re
searchers is in the area of sensors. 
"The problem is to correctly match 
circuit functions with the physio
logical functions of the human 
body," says Thorne. Also unan
swered is the question of how to 
power assist devices or artificial 
hearts over a period of, say, 20 
years or so. "We're using glucose 
fuel cells," says Thorne. "But the 
answer will probably be in nuclear 

Electronics I November 11, 1968 

Crisp Bacon 
in 90 Seconds 
with INTERNATIONAL'S 

MICROWAVE OVEN 

The culinary wonder of space age cooking moves to your 
kitchen with this new International countertop oven that 
cooks with radar-spawned microwave power. 

People on the go will welcome an oven that makes cooking 
chores a pleasure. Imagine a "piping hot" TV dinner (frozen) 
in 3112 minutes* instead of 20 to 50 minutes. Bake a potato 
in 5 minutes instead of 60 minutes. Warm a chilled baby 
bottle in 60 seconds. Fry crisp bacon in 90 seconds on a 
paper plate. Great for those leftovers. 

International Microwave Oven is truly remarkable. No more 
waiting for the oven to reach cooking temperature. 

Countertop designed for the home, mobile home, or the 
galley on your boat. No special wiring required. Works on 
115 vac house circuit. Comes in baked vinyl white with 
attractive trim. $545.00 

Available direct from International or through your local appliance dealer. 

* Times listed are approximate and vary with size of item. 

Write for folder 

~ 
INTERNATIONAL 

'"~ l;:y 
""C· ··- ~ 

CRYSTAL MFG. CO., INC. 
10 NO. LEE e OKLA. CITY, OKLA. 73102 
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NEW 

SOLID STATE 
POWER 
PACKS 

fo r 

regulated 
low voltage 
applications 

from 

Plastic Capacitor's new LV Series 
Power Packs, ranging from 12 to 100 
volts DC, offer an improved solution to 
today's system requirements. Models 
available with DC output voltages of 
12, 24, 28, 36, 48, and 1 DO volts with 
power ratings of approximately 25, 50, 
100 & 150 watts. 

FEATURES INCLUDE: 
• 0.01 % LINE REGULATION 

• 0.05% LOAD REGULATION 

• 3MV PEAK TO PEAK RIPPLE AND NOISE 

• NEGATIVE 0.015%!°C TEMPERATURE 
COEFFICIENT 

• LESS THAN 0.2 OHMS OUTPUT 
IMPEDANCE 

• TEMPERATURE OPERATING RANGE OF 
O'C TO 55'C 

For positive proof that good things 
come in small packages ... check your 
power pack needs with Plastic Capaci
tors. Write for full engineering data 

~ eai>odlmA 
INC. 

202 

2620 N. Clybourn Chicago, Ill. 60614 

Tel : C312J 346 3735 
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power. Battery sources are un
likely." 

Animation. Fluidonics' medical 
researchers have developed a small 
respirator for animals. The flujdic 
unit helps an animal to absorb 
oxygen into his system and give off 
carbon dioxide and water. 

Thorne remains optimistic about 
the long-range potential of fluidics 
in biomedical applications. Besides 
respirators and artificial hearts , he 
predicts inroads in surgical tools 
and instrumentation as the tech
nology progresses. "Even intra
venous feeding as we know it will 
probably change," says Thorne. 

For all this talk of potential mar
ket, though, fluidics is still, as 
Johnson Service's Enright sug
gests, "little more than a curiosity." 
And already there's been at least 
one prominent drop-out-the Con
rac Corp. Thomas Harriman, vice 
president for engineering and mar
keting there, says: "You might al
most say fluidics is too late. Elec
tronic and even mechanical sys
tems have reached a point of re
finement and sophistication where 
there's little left to conquer." Har
riman dismisses the industry's 
brnited digital logic devices as 

A hose by any other name 
For a comparatively young tech
nology, Huidics has undergone a 
number of name changes. Ten 
years ago, when the first ex
perimental devices were being 
developed, the Government 
used the term fluid ampliflca
tion. The Martin-Marietta Corp. 
is generally credited with coin
ing the word Huidics to describe 
work done at its Orlando, Fla., 
division. In 1965, the National 
Fluid Power Association put its 
stamp of approval on the term. 

But that same year, the Gov
ernment's Fuidics Coordinating 
Group decided another word 
was necessary to delineate the 
technology. Thus, Huidics, in 
Federal parlance at least, covers 
the field right up through such 
peripheral equipment as me
chanical air pumps. The word 
Huerics is used to designate ac
tual devices within a system. 
This distinction is the basis for 
the new Defense Department 
standard on Huidics [Electron
ics, Oct. 28, p. 70]. 

"nuts and bolts," adding "you can't 
expect to make a living off them." 
He does believe a few firms can 
make out eventually, but says 
there won't be any bonanza. 

Device oriented. One of the prin
cipal reasons that fluidics has 
made so little real headway is the 
preoccupation of producers with 
devices rather than systems. "A 
good 50% of our sales are in bread
boarding hardware for prospective 
customers to try out," says Bowles' 
Dexter. Not that there aren' t ex
tremely interesting assemblies 
available. Pitney-Bowes Inc., for 
example, offers a line of digital 
logic devices, input-output items, 
and power supplies; only occasion
ally, though, does the company do 
systems work. Among the more 
intriguing items in its catalog is a 
fluidic ear, a digital output device 
that's analogous to an electric eye; 
it transmits a 50-kilohertz sound 
wave to a sound-sensitive fluidic 
amplifier, replacing electric eyes 
in hostile environments. 

Similarly, other big-name con
cerns in the field are long on 
discrete devices. Corning, which 
produces Fotoceram, the basic ma
terial for much of the industry's 
output, offers 50 separate items in
cluding NOR gates, Schmitt trig
gers , binary counters, and pulse 
limiters. Only recently, however, 
has the company begun packaging 
systems for prospective customers. 
Corning is pointing toward an off
the-shelf capability in binary sys
tems, says Thomas Dincher, sales 
manager for fluidic products. 

Handicap. In the opinion of 
many observers, the industry's 
fascination with devices has im
peded progress. "There's no sys
tems approach to circuit design," 
says one source. "There's not going 
to be any real gains until pro
ducers do this and are able to 
predict performance, as can be 
done in electronics." This individ
ual believes that the field's pre
dilection for cut-and-try ap
proaches, particularly in digital 
fluidics misses the point. "Devices 
aren't consistent enough for com
plex circuits," he asserts. 

Arthur E. Maine, director of en
gineering at Aviation Electric Ltd., 
a Canadian affiliate of Bendix, 
agrees that output should be ap
plications oriented. "The fluidics 
field has failed to address itself 
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Upbeat. Honeywell developed a fluidic 
control system for Navy helicopters. 

adequately to the applications en
gineers whose task is to convert 
the technology into effective and 
reliable hardware," he says. "All 
too often a logic diagram defining 
the required functions has been 
promptly converted into a bread
board lashup. Once the required 
circuit operation is obtained, the 
system is unceremoniously trans
ferred to a box and put on a factory 
floor to do the job for which it was 
intended. The rationale for expect
ing success is that if it works in 
the lab, why not in the actual ap
plication? This enthusiastic but 
primitive approach has been in
strumental in putting fluidics in a 
poor light." 

Incompatibility 

Further complicating the prob
lem has been a lack of industry
wide standards, including terms, 
symbols, operating characteristics, 
curves, air filters, power supplies 
and interfaces. As long as a user 
sticks with a single manufacturer 
he won't encounter too many dif
ficulties on this score. But the mo
ment he decides to switch vendors 
or use more than one, he'll have his 
hands full. 

The standardization problem was 
partially solved earlier this year 
when the National Fluid Power As
sociation (NFPA) in Thiensville, 
Wis., published a compilation of 
recommended symbols and terms. 
These standards haven't yet been 
adopted on an industrywide basis, 
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The coherent 
liUhlbUlb 

A new concept in He-Ne continuous gas 
lasers for systems and OEM users. 
The Lasertron "" He-Ne plasma tube is 
a Jightbulb. A coherent one. Operate it 
without a housing. Even under water. 
And it is avail able as an individual com
ponent or as a complete laser instrument 
with a separate, detachable, low-ripple 
solid-state power supply . 

The Lasertron tube needs no adjust
ment, alignment, or maintenance. Sim
ply switch it on and off. Nothing more. 
Its resonator mirrors are permanently 
aligned inside a rigid coax ial pyrex enve
lope. Collimation is built in ; al ignment 
stability is guaranteed. Dust, humidity, 
vibration , temperature extremes, and 
ageing will not affect it. 

Lasertron tu bes are avail able in a vari 
ety of geometries for systems and OEM 
users. Power outputs range from I 0 mW 
to 0.6 mW in TEM.,., mode, at a wave-

1 length of 6328 Angstroms. 

Lasertron tubes and complete instru
ments are guaranteed for one full year, 
with no restriction on operating hours. 

For applications assistance and prod
uct literature, please return coupon or 
contact University Laboratories, 733 
Allston Way, Berkeley. California 94710 
( 415) 848-0491. 

i Universib Laboratories 
733 ALLSTON WAY, BERKELEY, C ALIF. 947 10 

D Please send new brochu re with complete specifications 
on He-Ne laser instruments and accessories. 

D Please send informat ion on Lascrt rontm Plasma Tubes. 

My interest is D current O for futu re reference. 

Organization _________ __ _ 

Dept .. Mail Stat ion _________ _ 

Address ___________ _ _ 

City, State, Zip __________ _ 
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Sine Wave? 

Desigh ... 
with Sola 

CV Transformers in mind 
So la constant vo ltage transformers are ava ilable in des igns w ith har
moni c neutrali zed (CVS) and no rm al harmoni c (CVN ) wave shape out
puts. Our CVS transformers contain less than 3% to tal rms harm oni c 
content in the o utput and are recommended for all AC appli cati ons 
where harmoni cs can affec t operati o n. Regulation is ±1% fo r an input 
range of ±15% of nominal voltage. CVS transformers are patented 
by Sola. 

CVN transformers provide the same ±1 % regul ation and contain an 
average of 20% rm s harmo ni c content. They're recommended fo r elec
tri ca l loads no t affected by harmonics, such as so leno ids, relays and 
f ilaments, and w here rectification to DC is required. 

Sola CV transformers also are avai lable in elect roni c-power com
ponent types providing a regul ated source of plate and filament voltages 
(CVE and CVF). 

Give your equipment design the best chance of operating at peak 
effic iency, without the damaging effects of vo ltage dips and surges. 
Contact Sola today for mo re in fo rm ati on on how our transformers can 
f it yo ur line. SOLA ELECTRIC, 1717 Busse Rd ., Elk Grove Village, Jllino is. 

SUPPLIERS OF CONFIDENCE 
TO THE INDUSTRIES 

WE SERVE 

SOLA ELECTRIC 

DIVISION OF SOLA CIASIC INDU&TAI&& 

IN CANADA : SOLA BASIC LTD., 3;77 EVANS AVENUE , TORONTO 18, ONTARIO 

DIVISIONS: ANCHOR ELECTRIC• ENGINEERED CERAMICS• HEVl-DUTY ELECTRIC 

LINDBERG HEVl - DUTY • NELSON ELECTRIC • SIERRA ELECTRIC • SOLA ELECTRIC 
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but Theodore Pearce, the NFPA's 
executive secretary, is confident 
they will be. "There's no question 
as to the need," he says, "if the in
dustry is going to avoid the chaos 
that the electronics field endured 
in its early years." 

One of the main aims of stand
ardization is to enhance education 
programs, which play a leading 
role in sales programs. The market 
isn't particularly receptive since, 
according to an estimate by a 
Corning official, there are less than 
200 engineers in all of the U.S., 
who are skilled in applying fluidics 
technology. As a result, concerns 
are hawking their wares vigorously 
to overcome customers' inexperi
ence and inertia. 

Fluidonics and the Brown & 
Sharp Co.'s Double A Products 
division, for example, have devel
oped multipurpose kits to familiar
ize prospective users with fluidic 
technology and application. Both 
kits are of the do-it-yourself 
variety, including technical man
uals, circuit blocks, and hardware, 
as well as the necessary tubing for 
the assembly of Huidic circuits. 

Sales pitch. Besides employing 
the kits as educational tools, both 
companies use them as sales aids. 
The kits are proof-positive, they 
feel, of the safety involved in 
fluidics and the ease with which 
controls can be maintained. Un
like electronics, a wrong connection 
in fluidics will only result in the 
system's failure to work-not a 
short. This, say spokesmen, cashes 
in on the psychological advantage 
fluidics holds over electronics. 

But the point, as far as Aviation 
Electric' s Maine is concerned, is 
that fluidics is not a panacea. "Un
less we're absolutely positive an 
application lends itself to fluidics , 
we won't tackle it." He points out 
that during the field's formative 
years, enthusiasts rushed about 
proclaiming that "pure fluidics" 
was a cure-all and that other con
trol technologies need not be con
sidered at all. That was, and still 
is, pure nonsense, he says, "and is 
the reason why there is so little ap
plications data, even today." 

"Fluidics isn't a glamorous new 
technique to other technologies," 
he says. "Instead, it is a versatile 
new tool with which a control en
gineer can supplement the tradi
tional tools at his command." 
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EMC CONTROL 
5 SOLUTIONS TO MAGNETIC SHIELDING PROBLEMS 
1. · Use flexible Netic Co-Netic Foil. It can be cut 
easily with ordina..Y scissors and shaped quickly 
to any desired configuration. One or more layers 
may be used as needed. Stock delivery in any 
required length. Widths: 4~, 15" and 19W. Other 
widths available. Several convenientthicknesses. 

Netic Co-Netic Foil Adhesive-Backed Foll 

2. Order Netic Co-Netic Sheet Stock for fabrica
tion in your plant into any desired configuration. 
Conveniently available in lengths of 15", 30", 
60" and 120" in widths of 24", 26" and 30" 
and in thicknesses from .095 to .014. 

3. Specify Netic Co-Netic fabricated component 
shields made to your exact specification by our 
magnetic shielding specialists. 

Miniature Component Shielding Transformer Cans 

Electronics I November 11, 1968 

4. Protect your vital programming records by 
storing and transporting them in specially designed 
rugged Netic containers. 

. 
Stock Items Multiple Stacked 

Tape Storage Cabinets 

5. To reduce magnetic field pickup or radiation 
in vital wires or cables, select Unique lnter-8 
Weave Cables. 
Available in 
plain, copper 
shielded or Co
Netic shielded. 

YOURS FOR 
THE ASKING: 
The most complete 
literature available 
on magnetic 
shielding. 

West Coast Stocking Reps 
Tech Rep Distributor Co. 
10606 W. Pico Blvd. 
Los Angeles, Calif. 90064 
213, 836-6806 
213. 871-0055 

Frauman Associates 
P.O. Box 969 
Menlo Park, Calif. 94026 
415,322-8461 

~ 

lnter-8 Weave Cable-Plain, Copper 
Shielded, or Co-Nelie Shielded 

I 
I 
G 
I 
[ ELECTROMAGNmc 
l / SHIELDING DATA FOR 
C / ENGINEERING AND PROCUREMENT 

!l ~ ~ 
I 

MAGNETIC SHIELD DIVISION !Ii 
'--· ""' ...... , _ .. ,, -·- · ,, ..... , . .., 
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Dual Differential Amplifiers

DC to 120 MHz: 
RCA - CA3026 @ $1.25 (1,000 units) 

Here-from RCA-is another Integrated Circuit " building block" 
-two differential amplifiers on a single substrate with uncom
mitted bases and collectors. Use them as differential and/ or 
cascode amplifiers, IF amplifiers , limiters , video amplifiers, 
doubly-balanced modulators and demodulators. CA3026 
brings the advantages of monolithic IC devices to a more com
prehensive range of solid-state circuit applications. 

Ask your RCA Representative for details or see your RCA 
Distributor for his price and delivery. For technical defails, 
write RCA Electronic Components,Commercial Engineering, 
Section No. IC·N·ll·l, Harrison, N.J. 07029. 

Matched differential amplifiers with: 
Independent inputs and outputs 
Max. input offset voltage ± 5 mV 
Max. collector to emitter voltage (V ceo> 15 V 
Max. collector current (Id 50 mA 
Dynamic forward current transfer ratio 

(hfe} (typ} 110 
Operating temperature range - 55°C to + 125°C 

RGll ln_teg~ated C1rcu1ts 

New Linear IC "Building Block" 
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ANO CASE 
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Magic . .. Acopian style! 
We ship any of our 62,000 different AC to DC plug-in power supplies in just 3 days! 

Next time you need power supplies in a hurry, contact Acopian. We offer 
62,000 different AC to DC plug-in power supplies, any of which will be 
shipped to you in just three days! Choose the exact DC output you need. 
Singles or duals. Regulated or unregulated. Whether you need one power 
supply or several, your order will be shipped in just three days! That's our 
promise. For your copy of our latest catalog, con
tact your local Acopian rep, call us at (215) 258-
5441, or write to Acopian Corp., Easton, Pa. 18042. 
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Today ••• the switch Is to TECH lABS 
For high quality, precision switches designed for long service life, industry turns to 
Tech Labs. All Tech Lab switches are manufactured for rugged service and exact
ing performance. They meet all applicable Military Specifications and are available 
in a wide range of sizes and types to fit your most demanding designs. 

HEAVY DUTY 
CONTROL SWITCHES 
We manufacture a line of heavy duty con
trol switches in various sizes, which are 
extremely flexible in the combinations 
available. These switches are particularly 
useful where a large number of poles are 
required. 

THUMBWHEEL SWITCHES 
A compact, molded, printed-circuit wafer switch for limited 
space and in line readout. Modular type for either front or 
back of panel mounting: Modules lh" between center lines, 
height 2". Single or double pole, 10 position, binary or 
complementary codes, standard. Other codes available on 
request. Available with adjustable stops. 

Type 2A: An instrument control switch of the high
est quality possible with a reasonable price. This 
switch is a must for all applications where the rating 
and requirements are high. Rating 5 amp carrying. 
Size H'4" by 21/4". Available in all combinations with 
up to 26 decks and 2 to 26 positions. Has adjustable 
$top. Solenoid operated if required. 

Type 3A: A molded miniature switch used in military and 
commercial applications where space is a premium and 
a superior switch is required. Can be furnished with up 
to 8 decks, 12 positions per deck single pole, or 6 posi
tions double pole, adjustable stop. Rating is 5 amps car
rying and it can be solenoid operated and hermetically 
seilled. Only 11/4" diameter. 

TAP SWITCHES 

ATTENUATORS 
We also manufacture a complete line of attenu
ators, both audio and RF. These include poten
tiometers, ladders, T-pads, H-pads, etc., in many 
varieties of sizes. Our attenuators are approved 
by the most particular users in this country . 

• 
9

---.. ~TEPPING SWITCHES 

SPECIAL SWITCHES 
When standard switches will not meet the re
quirement, we design and manufacture spe
cia I switches to order. Send us your specs. 

Al I our switches can be fitted with 
a stepping mechanism and can· be 
furnished HERMETICALLY SEALED, 
EXPLOSION FROOF, if desired. We 
have built stepping i;witches with 
500 positions per deck. 

FREE! 
Send today 
for our 
24 page 
Switch 
Catalog 

Telephone: 201-944-2221 •TWX: 201·947"4730 

TECH LABORATORIES, INC., Palisades Park, N.J. 
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28 volts ... 33% efficiency ... stripline design 

A 5 watt 2 GHz microwave transis
tor in a hermetically sealed ultra
ceramic stripline package! 

The new TRW 2N5483 provides 
4 db gain at 2 GHz with 33%effi
ciency in simple, straightforward 
Circuits. Two new companion tran
sistors for input and driver stages 
deliver 1 watt at 6dB and 2.5 watts 

Electronics I November 11, 1968 

at 5 dB. All operate from a 28V 
source. 

Delivery is immediate ... in pro
duction quantities. Order from the 
factory or any TRW distributor. 

For complete information and 
applications assistance contact 
TRW Semiconductors, 14520 Avi
ation Blvd., Lawndale, California 

90260. Phone: (213) 679-4561. 
TWX: 910-325-6206. TRW Semi
conductors Inc. is a subsidiary of 
TRW INC. 

TRW 
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Tips on cooling 
off hot transistors 
See how circuit designers use IERC heat dissipaters to protect 
semiconductors ... improve circuit performance and life. 

Fan-top dissipators for T0-5 and T0-18 cases drop temperatures 
dramatically; cost just pennies. T-shape adds almost nothing to 
board height; allows components to snuggle close to tran
sistors. Spring fingers provide fast, press-on installation. 

To cool off low-to-medium power transistors in T0-5 and T0-18 cases, use 
IERC's efficient LP's. Patented, staggered-finger design maximizes radia
tion and convection efficiency, radiates heat directly to ambient. Available 
in single or dual mounting for thermal mating of matched transistors. 

IERC Therma-Link Retainers provide efficient thermal links 
between transistors and chassis or heat sinks. (Also, excel
lent dissipation when used on p-c boards.) Integral BeO 
washers reduce capacitance up to 2/3. Fast, no-snap in
stallation; transistors are firmly held. 

New! Dissipators and retainers for 
plastic and epoxy transistors. 3 new 
series for R0-97 A, R0-97 and 
X-20's. Permit a jump of 10% to 33% 
in operating power . 

• 

Free 8-page short form catalog discusses 
IERC's complete line of dissipators, re
tainers and tube shields. Gives specifi
cations, prices, how to order. Send for 
your copy today. 

Special insulating coating - Insulube 448, a special non-hygroscopic 
finish developed by IERC, combines excellent dielectric properties, 
50 K megs insulation resistance, and high heat emissivity. Also pro
tects against salt spray, fungus, etc. 

Tough heat dissipating problem? IERC engineers welcome your letter
head inquiry for specific information or assistance in selecting heat 
dissipators. 

1erc 
SEMICONDUCTOR 
HEAT DISSIPATORS 

INT ERMA TIONAL ELECTRONIC RESEARCH CORPORATION •A corporate division of Dynamics Corporation of America ~ 135 West Magnolia Ave. • Burbank, Calif. 91502 

210 Circle 210 on reader service card Circle 211 on reader service card-+-



Repeat 
Cycle 
Timer 

Time 
Delay 
Relay 

Time 
Totalizer Potentiometer 

Drive 

HSI 3rd Generation Timers 
MADE POSSIBLE BY HSl'S MINIATURIZED COMPONENTS: 
These new type timers are smaller, lighter in weight and more 
versatile than other units heretofore available - without sac
rifice in performance or increased cost. 

After years of development, timers like these finally became 
possible by using HSl 's BIG INCH™ motors. No other timing 
motor has ever been built that is so small yet so precise ... 
so powerful ... so efficient and so low in cost. 

HS l 's 3rd Generation Timers, which open up a wide new range 
of applications, will initially be custom-engineered for spe
cific OEM applications. Designers may obtain basic data by 
writing or call ing Mr. G. 0 . Hoffmann at HSI , Inc. 1500 Meriden 
Rd ., Waterbury, Conn., Tel. (203) 756-7441. 

... BIG INCH™ Motors 

... Compact, Interchangeable 
Gear Trains 

... Advanced Switches 
and Counters 

HAYDON SWITCH & INSTRUMENT, INC. 
The Innovators in 3rd Generation Timers 
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Litton Electron Tubes 
MAGNETRONS for radar , nav igat ion and 
gui dance , fire control , countermeasures, bea
cons, missile fuzes , transponders, and micro
wave heating and cooking . From one watt 
CW to 300 kilowatts pulse ; 350 to 34,900 
M Hz. Frequency agility and dither modes . 
Vane and strap and coaxial types. 
M-TYPE BACKWARD WAVE OSCILLATORS 
for electro n ic countermeasures p o wer 
sources , high power sweep oscil lators, and 
FM or A M transmitters. From 500 to 11 ,000 
MHz; 100 to 500 watts . CW and Pulse modes. 
Standard and miniature families . 
CROSSED FIELD FORWARD WAVE AMPLI
FIERS inc luding the se lf-modulated DEMA
TRON crossed field amplifier. For electronic 
countermeasures , CW and Pulse multi -mode 
radar, phased array radar, and multi-channel 
wide-band communications. 
AMPLIFIER KLYSTRONS for long-range 
search radar, missi le and satellite tracking, 
part icle accelerators , phased array radar and 
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radar ast ronomy. From 400 to 11 ,000 MHz. 20 
KW to greater than 30 Mw, pulsed ; 5 W to 
50kW, CW. 
TRAVELING WAVE TUBES as drivers for high 
power microwave transmitters, missile guid
an ce and control, electronic countermeas
ures, space commun ications, telemetry and 
phased array radar. From L-band through Ku
band ; 10 mW CW to 5 kW pulse. Small signal 
gains from 33 to 70 db. Low noise TWT's. 
CATHODE RAY TU BES for airborne radar dis
pl ay, flying spot scann ing , infra-red recording 
and photographic encoding. High resolution 
and high brightness tubes. Electrostatic 
printing tubes, fiber optic CRT's and CRT op
erat ional accessories. 
INTEGRATED SU B-SYSTE MS AND TUBE
RELATED EQUIPMENT to complement our 
tube line in many of the above applications. 
Microwave power sources , transitions, 
sockets, solid state TWT power supplies and 
flying spot scanners. 

ADVANCED DEVICES. Electrostatically 
focused klystrons , BIMATRON ® injected 
beam crossed field amplifiers, low noise re
search , acoustic delay lines, pulse compres
sion filters , low light level camera tubes, etc. 
INFORMATION. For information on the entire 
Electron Tube product line, send for the com
prehensive 48-page broch u re and cata log. 
Contact Electron Tube Division, 960 Indus
trial Road , San Carlos, California 94070. 
Products illustrated: (A) L-3989 Particle Accel
erator Klystron ; (B) L-4238 Ultra-High Resolution 
CRT; (C) L-5111 DEMATRON Crossed Field Am
plifier; (0) L-5182 Electrostatically Focused Kly
stron; (E ) Miniature M-BWO; (F) L-5049 Coaxial 
Pulse Magnetron ; (G) Model 484 Power Supp ly; 
(H) L-5117 TWT. 

rn LITTON INDUSTRIES 
ELECTRON TUBE DIVISION 
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CORNING® Glass-K Capacitors provide both. 
Needs vary with circuit function. 

A filter can stand some slop. You buy for size and plain reliability. 

But in timing or tuning, a capacitance change may not only foul up 
your signal, but the result may be more damaging than a total stop. 

CORNING Glass-K answers both needs. 1.2so"I 

From 270 to 100,000 pf, just .250" long. ·140
" Ill 

Stability? Choose from three characteristics, 
with 6 C with life as low as 23 max., at 125° C. 
Reliability? Check Apollo, Centaur, Poseidon. 
Get size, stability, sureness. Get the figures on Glass-K Capacitors. 
Write: Corning Glass Works, Electronic Products Division, 
Corning, N. Y. 14830 

CORNING 
ELECTRONICS 
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Savings across the board 
just took a ne\N turn 
DAYSTROM Commercial Squaretrim® potentiometers now include single-turn types. New models 504 
and 505 are fully adjustable with just one turn. Models 501 and 502 are 15-turn types. They all clear up to 
80% more PC board space-at no extra cost. But the trim .02 cubic inch size is only one reason why 
these commercial 500 Series pots are proving so popular. They also feature Weston's exclusive 
wire-in-the-groove design, and all these performance extras: 

Convenience 5 different configurations with adjusting screw on top, side or end• Tolerance ±5% • 
Adjustability 15 turns or single turn •Slip Clutch eliminates wiper damage, cuts production delays• 
Suregard™ Terminations for better protection against vibration, shock and humidity-no pressure taps• 
Superior Resolution 0.125% or less• Wide Range ton to 20K (higher values on request)• High Power 
0.6 watt in still air at 70°C •Wide Temperature Range -55°C to 150°C • Low Temperature Coefficient 
70 ppm max.• Low Noise 100n max. ENR •Small Size 7'16" x o/i6" x ¥16" •Low Cost $2.10 each for 
501 /502 in 500 lot quantity, $1.95 each for 504/ 505 in 500 lot quantity. 

Daystrom potentiometers are another product of: 

Weston Components Division, Weston-Archbald, Archbald, Pennsylvania 18403, a Schlumberger company 

WESTON® prime source for precision ... since 1888 
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Isn't it great to get paid 
for working in a year-round 
vacationland? 

~~~~~....----...~ 

. 
411111 1 

Arkansas Industrial Development Commission State Capitol Little Rock 72201 AC 501 376-1961 
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ermanent magnets 
up to 13,500 auss 

-00 s ••• 

... from a production capability of a 
million magnets a week 

Mullard can supply permanent magnets with rem
anent flux densities up to 13,500 Gauss or intrinsic field 
strengths up to 4,400 Oersteds, and they can be produced 
quickly to your specification. Mullard manufactures two 
main magnetic materials-

Ceramic 'Magnadur' offers exceptionally high 
coercive force and electrical resistivity (ideal for d.c. motors 
and generators). 

Metal 'Ticonal' is a high efficiency metallic perm
anent magnet material offering a wide range of performance 
characteristics. 

From these basic materials Mullard produces a range 
of variants to meet every magnet requirement in appli
cations from meters to motors. Leading automobile manu
facturers in the USA, for example, are using Mullard Mag
nadur segments in d.c. motors. Production capacity at the 
Mullard magnet factory is around a million magnets a week. 

Every designer should obtain the Mullard technical 
information on permanent magnets. Also ask to be put on 
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the mailing list of the Mul!ard Bulletin-a regular publica
tion which gives details of new components and applications 
... the result of extensive research and development 
programmes in the Mullard laboratories in England. 
Mullard employs 1,000 qualified scientists and engineers 
and has six major plants, with over 3 million square feet of 
floor space. 

Write today for information on Mullard permanent 
magnets and for the name of your local Representative 

Mullard Limited, Mullard House, Torrington Place, 
London WCI, England. 

USA enquiries to Mullard Inc., 100 Finn Court, 
Farmingdale, Long Island, New York 11735, USA. Tele
phone: (516) 694 8989 Telex: 961455. 

Mullard 
MOL52 
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New, more versatile scribing ... identical operation 
Changes have been made in the new Model "C." Tempress price. The only option for which you pay extra is a binocular 
Automatic Scribing Machine, but only where they matter optical system. Th i rd generat ion of the mach ine that 
... to increase operating flexibility and to incorporate im· brought low-cost, automatic scribing to the semiconductor 
proved components where they will contribute to the effi· industry, the new Model " C" meets the Tempress Standard 
ciency, dependability, or longevity of the machine. Follow of Excellence, your assurance of precision when you pur-
the same set-up procedures; press " actuate," and you are chase any member of the growing family of Tempress 
scribing any rectan gular or triangular pattern from .001" miniature assembly tools and production machines. 
to .399" , with incremental resolution to .001" . How [}] 
versatile? Choose a model to scribe either l1h " or TEM PRESS 
2 " wafers, decimal or metric indexing, extended 
range, 50 or 60 cycle operation, without affecting Temoress Research Co .. 566 San Xavier Ave., Sunnyvale, Calif. 94086 
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Ceramic substrates 
in less time, for less money. 
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Hole-patterned ceramic substrates in quantities 
up to 250 are now available from Coors at prices 
much lower than ever before. 
Parts shipments are faster too - two weeks max
imum after receipt of order. 
Substrates % to 17 square inches in size. 10 to 
35 mils thick, can be obtained with any practical 
number of holes in practically any pattern. 
Tolerances on hole locations and substrate 
length and width dimensions can be held to 
± ~% (not less than ±0.003") if required. Sub
strate thickness and hole diameters can be kept 
within ±10%. 
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Materials are Coors famous-quality 96% and 
99.5% alumina ceramics. 
Turn breadboards into prototypes. prototypes 
into finished circuits quicker. cheaper. 
Mail or phone your substrate specifications to 
Coors Custom Products Division - today. Coors 
Porcelain Company, 600 Ninth Street Golden. 
Colorado 80401, (303) 279-6565. 
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No other manufacturer offers as 
large a selection: hundreds of 
standard types of control knobs, 
more than 2,000 "specials". Al
most every type, style and color 
combination is promptly avail
able to you from local distrib
utors and large factory stocks. 

Turn to color with the new 
PANELRAMA knobs shown be
low ... mix or match caps and 
body colors in almost any com
bination ... to harmonize or con
trast with every panel decor. 

Or, you can choose elegantly-

styled Designer Series knobs 
with spun-aluminum caps on 
body colors of black; light, me
dium, or dark grays; and off
white. When you need a solid 
color, select from the nine deco
rative colors in our 400 series. 

For military applications, spec
ify Standard Series control knobs 
-thousands of quality knobs that 
meet MS91528. Or, specify the 
new self-locking push-to-turn 
knobs and Microverniers ... for 
accurate, precision control set
tings. And when you need custom-

Here's why Raytheon knobs 
control more settings 
than any other brand. 

made knobs, call Raytheon first 
. .. to get the advantages of 
Raytheon quality and fast 
delivery. 

For a catalog, call your distrib
utor or nearest Raytheon re
gional sales office. Or send the 
reader service card. Raytheon 
Company, Industrial Compo
nents Operation, Quincy, Massa
chusetts 02169. 

[RAYTHEON] 



-
by 
AIR PAX 
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Exacting customer specifications are met by 

the quality, glass insulated terminals manufac

tured by Airpax. 

A wide variety of terminal designs are producible 

and glass can be color coded for identification. 

(We like blue, one reason is that blue is supposed 

to be difficult.) 

Leads can be kovar, or sleeved solid copper, or 

tubular. A large choice of standardized pins and 

lugs permits quick delivery to your specific 

needs. A 90 page catalog giving technical details 

is yours for the asking. 

AIRPAX ELECTRONICS 
CAMBRIDGE DIVISION, CAMBRIDGE, MARYLAND 21613 

Phone 301-228-4600 
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New Products 
Data handling 

TTL enters a numbers game 
Digitizer made of these fast IC's is smaller and cheaper 

than other systems and has much more noise immunity 

By Owen Doyle 
Assistant editor 

Like most fast operators, TTL 
keeps getting into new things. Its 
latest venture is a numbers game, 
but a respectable one. 

The game is actually a digitizer 
that also displays the data and 
passes it on to a computer or re
corder. Called a reversible scaler, 
the Micrometric Corp. device is 
built almost entirely with transis
tor-transistor-logic integrated cir
cuits. 

According to Victor Elischer, a 
consultant who helped design the 
new scaler, using TTL enabled 
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Micrometric to build a device that 
costs less than its older system, 
has a much higher counting speed 
-5 megahertz instead of 30 kilo
hertz-is one-third the size, and has 
three times the noise immunity. 

And, Elischer says, things will 
be getting even better. "With the 
multifunction medium-scale-inte
gration logic that's becoming avail
able, we'll be able to reduce the 
number of components in the cir
cuits by another 30%." 

The unit, selling for $4,500, can 
take position data from up to three 

encoders (x, y, and z axes). The 
reversible counters can go up to 
10°, and the three sets of Nixie
tube displays have six digits each. 
The older scaler handles only two 
axes, counts up to 105, and costs 
$6,000. 

The main parts of the new sys
tem are three types of printed
circuit boards, for input, scaling, 
and display. 

Each of the three inputs comes 
in on two lines containing a quad
rature pair of square waves. These 
waves pass through single-shot 

Down the line. A 
two-axis version of 
the scaler can be 
used for laying out 
the artwork during 
the design of an 
integrated circuit. 
In this application, 
the system has an 
accuracy of 2 mils. 

Digitized data 
from the scaler can 
be fed to the IBM 
526 card punch (in 
picture) or other 
recorder. 
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On the board. The system's seven p-c boards-one of which is shown 
(above) being made-contain a total of 264 IC's. 

multivibrators on the input board 
that fire on both the rising and fall
ing edge of the waves, converting 
them to pulses. The quadrature 
waves gate the pulses to produce 
negative addition or subtraction 
pulses. These pulses toggle ADD
SUB flip-flops and feed through a 
gate to supply count pulses to the 
scaler board. 

The rise time of the square waves 
can't be more than 2 microseconds. 
The normal pulse amplitude is 6 
volts, but the input board can take 
almost any amplitude as long as 
the current drawn never exceeds 
50 milliamps. 

The input board also feeds reset 
and display pulses to the scaler 
boards and anode-gating signals 
to the display board. The scaler 
boards send cathode-drive signals 
to the display boards and other 
signals to the output board which 
interfaces with a recorder. 

Tooling along. The Micrometric 
scaler can also be used as part of 
a larger system to control tools. 
However, the 5-Mhz speed is most 
important when the system is used 
as a digitizer, because it allows the 
instrument to work on the fly. 

pen changes direction. 
The digitizer could be used, for 

example, with an interferometer or 
to handle topographical or bubble
chamber data. 

And Micrometric predicts that 
designers of IC's will be interested 

in the system since it can measure 
artwork with an accuracy of 2 mils. 

Independent trio 

The input board, called the 
SlOOl, has three independent sets 
of logic, for the control of direction, 
scaler reset, and up to 18 Nixie 
tubes. This display control is han
dled by a ring counter and decode 
logic. The 9-by-16-inch board has 
39 Texas Instruments TIL IC's and 

· a few discrete components. 
The scaler board, called the 

SlOOO, is a one-to-six-decade unit 
complete with buffer registers. The 
9-by-16-inch board has 72 TIL 
IC' s. Separate decimal, binary
coded decimal, octal, and binary 
outputs are available as options. 

Time sharing. Six time-sharing 
Nixie tubes, six anode drivers, and 
10 cathode drivers are mounted on 
each of the display boards, called 
S1004's. Micrometric says it's the 
first to use this type of Nixie tube 
in a commercial system. 

The cathodes of all the tubes 
are wired in parallel according to 
digit; all "O" cathodes are tied 
together, all "1" cathodes are tied 
together, and so on. The time-shar
ing control energizes the anode of 
the first display tube for about a 
millisecond and simultaneously 

A user tracing out a curve 
needn't stop at discrete points to 
allow the scaler to catch up with 
the tracing pen, or worry about 
the scaler catching up when the 

With the system. Victor Elischer, who helped design the scaler, examines 
the display portion, which uses time-shared Nixie tubes. 
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.•. different output p·c boards 

for different recorders ... 

strobes the cathodes. All other an
odes are held at 0 volts. After the 
millisecond, the control logic ener
gizes the anode of the second tube 
and strobes its cathodes. This se
quence continues through all tubes 
and then repeats continuously. To 
the eye, the tubes seem to be al
ways on. 

The time-sharing plan, devised 
by the Burroughs Corp., reduces 
the number of circuits and con
nections in a display. 

Each Sl004 needs between 200 
and 300 volts and draws a maxi
mum of 60 milliamps. 

Mating games 

Signals from the scaler boards 
pass through circuit boards spe
cifically designed to interface the 
system with a particular output 
device. For example, one board, · 
which Micrometric calls the Sl002, 
links the system with the IBM 526 
card punch. Other available boards 
mate the scaler system with mag
netic-tape decks, computers, and 
paper-tape punches. 

Elischer, elaborating on the 
scaler's advantages, says, "This is 
the first time anyone has put six
decade 5-Mhz buffered and re~ 
versible scalers in such a compact 
system." The new unit is also 
lighter-25 pounds against 80 for 
the old one. 

It hurts here. Since the new sys
tem has fewer parts and inter
connections, it's more reliable. But 
if something does go wrong, the 
system itself will often tell the op
erator where to look for the source 
of trouble. 

If the circuits associated with a 
decade display go bad, two digits 
are displayed simultaneously in 
that decade. Most malfunctions of 
this type can be pinpointed with a 
d-c voltmeter; otherwise, the oper
ator just replaces the offending 
card. 

Scaler malfunctions cause the 
transfer of superimposed data to 
the recording device, and the re
sulting gibberish sticks out like a 
sore digit. Buffer breakdowns tum 
on front-panel lights. 

Micrometric Corp., Box 956, Berkeley, 
Calif. 94701 [338] 
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. .. our new breed of 
solid state picoammeters 

These pacesetters measure and 
amplify signals as low as 3 x 10-13 
ampere f .s. With stabilities better 
than 0.5% per week. They're great 
things to have going for you when 
measuring semiconductor leakages, 
photomultiplier outputs, photocell 
currents and extent or changes in 
radioactivity. Or when used as 
amplifiers in monitoring and control 
systems. Now you can simplify your 
low level signal search by selecting 
the picoammeter performance you 
need .. . 

For Sensitivity, Choose Our 
Model 41 OA. Twenty ranges span 
1 o-3 ampere f.s. to 3 x 10-13 ampere. 
With stability better than %%/week. 
It features 1000 volt overload 
protection, almost instantaneous 
recovery. Operates with 3 simple 
controls. And it's yours for $495. 

For Versatility, Use the Model 
414S. Sensitive from 10-2 ampere 

f.s . to 10-1 o ampere the 414S adds 
current suppression to the features 
offered by the 41 OA. Current sup
pression up to 100 times full scale 
lets you observe changes as small 
as 1 % in steady state signals. Buy 
this performer for only $425. 
For Economy, Save With Our 
Model 414A. It's an identical twin 
to the 414S in all respects but one. 
Without a current suppression fea
ture, its price is a low $325. 

Extra capability for these pico
ammeters is offered by our Model 
4104 Electronic Trip. Only $185 in
stalled. And a 300 volt Mode I 41 09 
Bias Supply for $95. Call your 
Keithley Field Sales Engineer for 
details. Or contact Keithley Instru
ments, Inc., 28775 Aurora Road, 
Cleveland, Ohio 44139. In Europe: 
14, Ave . Villardin. 1009 Pully, 
Suisse. Prices slightly m 
higher outside the 
U. S. A. and Canada. 

KE IT::E-:I:LEY 
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New Components Review 

Low-drift metal film resistor is 
for high-accuracy test probes. 
The 1/4 watt model PME-64 is 
rated at 2,500 v with a resist
ance range of 500 ohms mini
mum to 20 megohms maximum. 
It measures 0.97 x 0.1 in. 
Standard temperature coefficients 
include ±25, ±so, and ±100 
ppm/'C. This low TC helps 
eliminate drit. Pyrofilm Resistor 
Co., Cedar Knolls, N.J. [341] 

Rectangular trimmer type 900-
20 is free from catastrophic 
termination failures. This is guar
anteed by silver-brazed termina
tions. Unit is available in a resist
ance range from 10 ohms to 20 
kilohms at a tolerance of ±10%. 
It has a power rating of 1 w at 
4o•c, derated to o at 125°C. 
Trimmer measures 3/4 x 0.16 in. 
!RC, Div. of TRW Inc., 401 N. 
Broad St., Philadelphia. [345] 

New components 

Miniature, high ohm thick film 
resistor GElO is a high-stability, 
molded device for applications 
such as resistor networks, FET 
circuits, operational amplifiers 
and other circuits where a high 
impedance is characteristic. 
Maximum voltage rating is 200 
v and resistance range is 499 
kilohms to 20 megohms. Mepco 
Inc., Columbia Rd., Morristown, 
N.J. [342] 

Infrared sensitive Vidicon TH9890 
differs from similar tube types 
sensitive in the visible range, 
only by its photoconductive layer, 
the threshold spectral sensitivity 
extending far above 2 microns. Its 
length is 6.25 in. and its diam
eter 1 in. Heater consumption is 
150 ma under 6.3 v. The high 
voltage is about 300 v. Thom
son Electric Co., 50 Rockefeller 
Plaza, N.Y. [346] 

Lumped-constant delay lines 
series 100 are compatible with 
dual in-line !C's. Sizes are from 
0.385 x 0.700 in. for the 10 
nsec line to 1.400 x 1.600 for 
the 100 nsec line. The units, at 
100-ohm impedance, are de
signed for 125 Mhz cut-off, have 
typical rise times of 4 to 8 
nsec, and taps are each 2 .5 
nsec. Engineered Components Co., 
Gardena, Calif. [343] 

Screw-driver-adjust TT-75 and 
TT-120 Tiny Trim delay lines are 
variable to 75 nsec and 120 nsec 
and are designed to permit a wide 
adjustment range in a compact 
space with a delay resolution of 
1/4 nsec. Units measure 1.75 x 
0.545 x 0.275 in. Price is $15 
or less in quantity; delivery, from 
stock. Kappa Networks Inc., 165 
Roosevelt Ave., Carteret, N .J. 
07008. [347] 

Deflection yokes type YB are 
designed to fill the need for a 
high Q yoke with high sensitivity 
while maintaining reasonable re
sidual magnetism and resolu
tion. The yokes have a d-c to 
over 4 Mhz bandwidth and a 100 
nsec stroke capability. They may 
be used in direct drive, random 
positioning alphanumeric applica
tions. Availability is 3 weeks. 
Celco, Mahwah, N.J. [344] 

High-voltage vacuum relay HVS-
10/ S8, for medical electronic 
uses, has broad applications in 
other areas where high reliability, 
high-voltage switching is required. 
It can switch up to 500 w-sec 
of pulse energy. The relay will 
switch up to 17 kv peak. It 
operates on a 40-v d-c coil. Price 
Cl-9) is $65. High Vacuum Elec
tronics Inc., 538 Mission St., S. 
Pasadena, Calif. [348] 

lium-copper dynodes. 

Photomultiplier dynode gives gain of 30 
Designated the C31000D, the 

new tube will be a replacement 
for the widely used Type 8575, 
which has a gain of only 5 at its 
first stage. Gain in this context is 
the secondary-emission ratio-the 
number of electrons emitted by the 
dynode for each electron coming 
from the photocathode. With an 
applied field of 600 volts, the new 
tube's first dynode will emit 30 
secondary electrons for each pri
mary electron. 

Cesium-doped gallium phosphide is used in first stage 

of a tube that can distinguish a single-electron event 

The leap from invention to produc
tion has rarely been as dramatic 
as in the case of a new photomul
tiplier tube built by RCA' s Indus
trial Tube division. 

The discovery that properly 
doped gallium phosphide makes a 
superior secondary emitter was 
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made in July; three months later, 
tubes with first-stage dynodes 
made of GaP were being produced 
in evaluation quantities. That dy
node has a gain of 30, representing 
the most significant advance in this 
type of tube since 1934. The other 
11 stages in the tube have beryl-

The radically improved tube is 
designed to detect and measure 
low light levels, to handle such 
jobs as photon and low-energy scin-
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Rotary switches come in 5 series 
with 30, 36, 45, 60 and 90° 
angle of throw in 1-in.-diameter 
totally enclosed construction. 
Features include l to 4 poles/ 
deck, 2 to 12 position/pole, and 
up ' to 12 decks per switch. Units 
are rated to switch l to 3 amps 
115 v a-c and carry 10 amps. 
Life expectancy Is 25,000 cycles. 
The ASM Corp., P.O. Box 860, 
Smithfield, N.C. [349] 

Subminiature relay type AR is a 
spdt electromagnetic unit for use 
in applications such as amplifier 
control, low impedance coaxial 
switching, integration and h-f/ 
1-f switching. Nominal coil voltage 
is 6 v d-c. Despite its small size 
C0.4 x 0.48 in. case length), it 
accurately switches 0.150 amp 
resistive at 28 v 'd-c, 60 or 400 
hz. Airpax Electronics Inc., Cam
bridge, Md. [353] 

Delay trimmer model DV1446 i~ 
designed for p-c board mounting 
and offers a low profile of 0 .31 
x 0.62 x 3.5 in. Impedance is 
2,000 ohms and ripple is held to 
5 % or less. Delay is adjustable 
from 5 to 100 nsec and output 
rise time is 20 nsec max. Resolu
tion is 100 psec per turn of the 
adjusting lead screw. Computer 
Devices Corp., 63 Austin Blvd., 
Commack, N.Y. [350] 

Voltage controlled crystal oscil
lator VC0-501A provides ±0.2% 
deviation at any fixed frequency 
from 5 to 25 Mhz with better 
than 2% linearity. Input circuit 
needs are simplified because the 
unit's high impedance, direct 
coupled input accepts a wide band 
of modulating frequencies. Stand
ard input voltage is 26 v d-c. 
Hallicrafters Co., 600 Hicks Rd., 
Rolling Meadows, Ill. [354] 
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Frequency responsive switch called 
Fritch is preset to operate at any 
specified frequency between 40 
hz and 50 khz. It must operate 
within ±2 % of the selected 
frequency and will not operate 
beyond ±5 % of it. Response 
time is 15 msec. Operating tem
perature is -40° to +65°C. Units 
are 11/2 x 11/2 x 23/4 in. Doug
las Randall Inc., 6 Pawcatuck 
Ave., Westerly, R.I. [351] 

Metalized polyester-film capacitor 
439P is for current-limiting or 
phase correction service in gen
eral purpose 60 hz a-c applica
tions. Capacitance ratings are 
available from 0.047 µ,f to 15 
µ,f, Typical applications for the 
capacitors include fan motors, 
tape recorder drive units, and 
recharging supplies for nickel 
cadmium cells. Sprague Electric 
Co., North Adams, Mass. [355] 

Relay style 228 comes in a wide 
range of contact and coil options 
for use in a variety of industrial 
and commercial control functions. 
Contact rating is 3 amp resistive 
at 28 v d-c. Contact resistance is 
0.10 ohm max., and contact 
bounce is 5 msec max. Operate 
time is 10 msec; release time, 5 
msec. Price (l,000 lots) is 90 
cents. Price Electric Corp., Fred
erick, Md. [352] 

Transistorized time delay relays 
series TOR are of the adjustable 
type, designed to overcome many 
of the inherent deficiencies of 
mechanical, pneumatic, and ther
mal timers. They delay on pull-in 
and are available in time ranges 
from 1 to 60 sec. Repeat accuracy 
is ±5%; reset time, 100 msec. 
Price is $8.68. Syracuse Elec
tronics Corp., P.O. Box 566, 
Syracuse, N.Y. [356] 

tillation counting. The high sec
ondary-emission ratio gives a 
pulse-height resolving capability 
that permits discrimination of sin
gle-and double-electron events. 

increase the capability of laser 
range-Onders and improve the per
formance of receivers in laser com
munications systems. 

of the conduction band in the bulk 
of the material. Under these con
ditions, secondary electrons ther
malized in the condl,lction band 
have enough energy for emission 
into the vacuum. Big help. RCA says this resolv

ing capability could significantly 
advance research work in high
energy physics, astronomy, and bio
chemistry. The tube may help bio
chemists map the structure of the 
DNA molecule and astronomers de
tect light from radio stars, or be 
used by nuclear physicists to probe 
more deeply into atomic events. 
The device, first publicly demon
strated at last month's Nuclear 
Symposium in Montreal, may also 
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Key to the six-fold improvement 
in first-dynode gain is cesium
doped GaP deposited by vapor 
phase growth. Work at RCA's Da
vid Sarnoff Research Center 
showed that extremely high gain 
factors could be obtained with 
highly doped, p-type single crys
tals of GaP activated with a sur
face film of cesium in such a way 
that "negative electron affinity" is 
produced. As a result of band 
bending near the surface, the vac
uum level lies below the bottom 

Other dynode materials-beryl
lium-copper, magnesium-silver, and 
cesium antimonide, for example
apparently present a substantial 
barrier to secondary electron emis
sion and limit the gain per stage 
to from 4 to 6. 

Less uncertainty. The high ratio 
of the first dynode in the new tube 
decreases the noise induced in a 
signal current by 18%. A photo
cathode itself produces a certain 
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If your electronics 
problems are ... 
PEOPLE, 
PRODUCTION, 
and PROFITS 

UTAH has 
the answers 

Utah offers you GUARANTEED BRAINPOWER . . . an inven
tory of more than 4000 hard-to-find specialists, experienced 
people of all kinds, eager to work for you in Utah. 

An adequate and stable labor force of women and 
trainable people with the vocational training facilities to 
prepare them to meet YOUR needs . 

One major electronics firm now in Utah reports: 
Increased productivity 2.5 to 3 times. 
Decreased labor turnover 213 to %. 
... and that spells PROFITS ... 

That is why such firms as Univac, Litton , Sperry, General 
Instrument, Signetics, and others are sold on the fact that 
"This Is the Place" for profitable electronics operations. 

In addition to an unlimited source of low cost raw 
materials, Utah offers you: 

• Many trained people in the electronics field. • An 
outstanding and stable labor supply at reasonable wages. 
• Training aid and research help. • Low-cost plant sites. 
• Favorable freight rates. • Freeport-Export Exemption laws. 
• An ideal distribution location in the middle of a market of 
30 million. • Recreation, culture, scenery ... a wonderful 
place to live and work. 

Win the WE$T •• from 

UTBH! 

----------------------------------------
• For information write: 

UTAH INDUSTRIAL PROMOTION BOARD 
167 Social Hall Avenue, 
Salt Lake City, Utah 84111 Dept. 119 

Name 

Company 

Type of Business 

Address 

City 

State Zip 
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Sharp-eyed. Photomultiplier can detect 
a light-producing nuclear event that 
generates only a single electron. 

amount of noise, or statistical un
certainty about the occurrence of 
an electron event. Conventional 
tubes add to this uncertainty be
cause their low secondary-emis
sion ratios make it impossible to 
distinguish signals representing the 
emission of one or two photoelec
trons from the photocathode. But 
the resolving capability of the new 
tube is such that a pulse-height 
analyzer can easily distinguish the 
electron-event peaks from the noise 
peaks, which occur even when no 
light impinges on the photocathode. 
The old tubes peak at a secondary
emission ratio of 7, and the curve 
rolls off with an increase of ap
plied voltage. RCA engineers say 
the performance of the new tube 
is linear with increasing voltage. 

There are 10 to 12 dynodes in a 
standard photomultiplier. But RCA 
is beginning work on multistage 
tubes with all dynodes made of 
gallium phosphide, and the result
ing high gains may make it possible 
to reduce the number of stages. 
This would mean a shorter path 
for the electrons to traverse in the 
amplification process, which in turn 
would result in a shorter rise time. 
Rise time in the C31000D is 2 
nanoseconds, but this might be re
duced to around 0.5 nsec in a tube 
with all stages made of GaP. 

Evaluation quantities of the 
C31000D are available, with the 
tubes priced at $600 each, about 
21h times the cost of conventional 
devices. RCA predicts that this type 
tube will account for a big share of 
the $10-million-per-year photomul
tiplier market. 

RCA Industrial Tube Division, Lancaster, 
Pa. [357] 
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In the newest CORNING® Low Cost Digital 
Memory Modules for serial storage. 

Each bit costs 2~ cents, for 4096 bits 
@ 16 MHz, in the 1000-module bracket. 

More modules-less cost. And even for 
100 units, your total cost is less than 
a nickel per bit. 

CORNING modules plug in. 
TTL interface circuitry has been done for 
you. The medium is proven zero-TC 
glass from Corning. Stable. 
Rugged. 

These modules are avail
able now, off the shelf. 

Specials on request. 

For specs and to see a 
sample, write Corning 
Glass Works, Electronic 
Products Division, Advanced 
Products Dept., Raleigh, N.C. 27604. 
Telephone (919) 828-0511, Ext. 262. 

Available Delay Time 

Available 
64 µ,sec. 128 µ,sec . 256 µ.s ec . Frequencies 

4 MHz 256 bits 512 bits 1 024 bits 

8 MHz 512 bits 1 024 bits 2048 bits 

16 MHz 1024 bits 2048 bits 4096 bits 

CORNING 
ELECTRONICS 
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Computer Performance; 
Calculator Price. 

WANG 380 
640 Program Steps 

24 Storage Registers 
LOG 9 X, ex, X 2

, vx, ~' +, X, + 
Performs Subroutines, Loops, 
Branches, Makes Decisions. 

$3795. 
No special programming language needed. The 
Wang 380 learns programs directly from keyboard 
operations and stores them on plug-in magnetic tape 
cartridges. 
You can tailor system capability to your exact needs 
with compatible accessories including: 
Output Writer, CRT Display, additional Data Storage, 
Teletype, Trig Pack, and On-line Interface. 
There is nothing comparable, anywhere. 

Dept. 7H, 836 North St., Tewksbury, Massachusetts 01876 • Tel. 617 851-7311 

Call today for immediate trial: 
(201) 241-0250 (216) 333-6611 (313) 278-4744 (416) 364-0327 
(203) 223-7588 (301) 588-3711 (314) 727-0256 (504) 729-6858 
(205) 595-0694 (301) 821-8212 (317) 631-0909 (505) 255-9042 
(206) 622-2466 (303) 364-7361 (403) 266-1804 (512) 454-4324 
(212) 682-5921 (304) 344-9431 (404) 457-6441 (513) 531-2729 
(213) 278-3232 (305) 564-3785 (405) 842-7882 (514) 482-0737 
(214) 361-4351 (305) 841-3691 (412) 366-1906 (518) 463-8877 
(215) 642-4321 (312) 889-2254 (415) 454-4140 (602) 265-8747 
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(703) 931-7878 
(604) 685-2835 (713) 668-0275 
(612) 881-5324 (714) 234-5651 
(613) 224-4554 (716) 381-5440 
(614) 488-9753 (717) 397-3212 
(615) 588-5731 (805) 962-6112 
(617) 851-7311 (901) 272-7488 
(702) 322-4692 (916) 489-7326 
(703) 877-5535 (919) 288-1695 

New components 

Graphite coatings 
are hard and porous 

They won't out-gas or flake 

when used on inner surface 

of color television tubes 

"Conductors" and "wire" have be
come almost synonymous, but other 
things besides strips of metal can 
carry electrons from one point to 
another. For example, there are the 
conductive coatings made by the 
Acheson Colloids Co. These sus
pensions of graphite or precious 
metal can be applied by brushing, 
dipping, spraying or screening. 

The newest coatings developed 
by Acheson go on the insides of 
cathode-ray tubes, particularly the 
picture tubes of color television 
sets. The company says these coat
ings improve both performance and 
reliability. 

Heat caused by electron bomb
ardment is a problem in all crt's. 
The outside of a black-and-white 
picture tube is usually coated with 
a suspension of graphite in sodium 
silicate, and the inside with alumi
num. The electrons striking the in
side of the tube generate a cur
rent that Hows through the alumi
num to an anode button, and 
through the anode on out to the 
graphite, where heat is dissipated. 

But a color tube runs so hot, 
that heat must be dissipated inside 
it. Color-tube makers first at
tempted to coo1 things off by 
putting a graphite coating inside 
the tube. This does keep the heat 
down and prevents a lot of the elec
tron reflection, but the graphite 
suspension developed for the out
side is too soft for inside work. 
When the electron gun is inserted 
into the neck of the tube during 
final assembly, part of the coating 
is chipped away, and these loose 
particles can get into the gun and 
short it. 

Without additives, a hardened 
version of the standard coating 
doesn't work either because it isn't 
porous enough, according to Ache
son. Water vapor and gas accumu
lated during assembly can't be 
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CLEVITE-brush MARK 2eo 

/ ) 
' 

The Mark 260 tells it like it is. 

That's because we've taken the fooling out of recording. This 
high-performance six-channel portable delivers more fact and 
less fiction than any other make you can buy. 

The Mark 260 eliminates the things that can fool you. 
First, it's accurate - better than 99.5 % accurate. It's the·only 
recorder of its type with a foolproof position I eedback system 
that enforces accuracy regardless of the pen's position on the 
chart. Second, its resolution is fully equal to its accuracy. The 
Brush patented pressure-fluid writing system produces thin, 
sharply defined traces that cannot smudge and cannot be 
misread. No fooling about exact reading of point-to-point 
values; no fooling about even the most complex wave-forms. 

And no fooling with recalibration every time you change a 
setting. Calibration is factory fixed, drift free and constant -
no matter how often you change your mode of recording. 
You can be certain your data is valid ..• you save time and 
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chart paper. Just plug it in, set it up, and you're in business. 
No fooling. 

Six analog channels and .four event channels in a 
package you can carry and use anywhere. 
Performance that's better than many recorders 
twice its size ... and twice as expensive. 
That's what the Mark 260 delivers. 

More fact and less fooling. 
We'd like to send you sample charts 

that "tell it like it is" - or better yet, 
demonstrate the Mark 260 right in 
your plant. Write Clevite Corporation, 
Brush Instruments Division, 37th and 
Perkins, Cleveland, Ohio 44114. 

C LEVITE BRUSH 
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Because you get superior surface finish, the tightest 
dimensional tolerances and exactly the physical proper
ties you specify, production time in your plant is cut to 
the bare minimum. The parts you make will perform as 
expected and your total product will be improved. 

Every lot of Hamilton strip and foil is produced under 
rigid control of mechanical properties through alloy 
analysis, annealing and heat-treating; the closest dimen
sional control by means of X-Ray and Beta-Ray gages; 
superior surface finish through the use of diamond 
lapped work rolls and process cleanliness. 

This same technical "know-how" goes into the process
ing of every one of our 7 proprietary metals, 12 pure 
metals and 112 commercial alloys rolled in thicknesses 
from 0.060" down to 0.000070" in widths up to 12" and 
continuous coils to 1000 lbs. 

Write, wire or phone giving us the material you desire 
and the properties you need. We'll tell you how fast we 
can get it to you-in quantity! Or, write for our latest 
catalog containing our capabilities and engineering data 
on all our materials. 

Division of Hamilton Watch Company, Lancaster, Pa. 17604 
Telephone 717-394-7161 TWX 717-560-4417 
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driven out before the tube is 
sealed, so tubes with these coatings 
often out-gas during operation. 
And when the pockets of gas 
crack open, large chips break away 
from the surface, again posing a 
danger to the gun. 

One of the company's two new 
coatings, a graphite-silicate sus
pension, has an additive that in
creases porosity. Acheson says that 
though this coating is very hard, it 
can be completely out-gassed be
fore the tube is sealed. 

And the increased porosity 
means the coating can absorb gases 
when electrons bombard the tube 
face. 

The other new suspension, 
graphite in lithium polysilicate, also 
gives a hard and porous coat. But 
it has the added advantage of be
ing moisture resistant, and so eli
minates the need for constant pro
tection of the inner surfaces of 
partly assembled tubes. 

Acheson Colloids Co., Box 288, Port 
Huron, Mich. 48060 [358] 

New components 

A weight saver 
for jumbo jets 

Remote circuit breaker 

controlled from cockpit 

lightens power-cable load 

As airplanes get larger, part of 
their extra weight comes from the 
electrical wiring needed to get in
formation or energy from one end 
to the other. 

In some new aircraft, data and 
communications are multiplexed 
and transmitted over coaxial ca
bles to cut the weight of redun
dan t small-gage wiring. But, until 
recently, no company had done 
much about expensive, heavy avi
onic power cable. 

No one has yet found out how 
to multiplex power circuits, but 
Texas Instruments ' Precision Cir
cuit Breaker department has :6.g
ured out how to eliminate many 
of the long runs of cable connect
ing the flight engineer's console 
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WE GOT 'EM, YOU GET 'EM. 
You've heard by now about the new Dumont. Now 
we'll tell you about the great Dumont products you 
can order today. Like our 700 series 'scopes, 
including the great 766H, our 'scope cameras, signal 
generators and ... well, more. All ready now for 
shipment within twenty-four hours after we get your 
order. So just turn a peeled eye below and see what 
you need, want, are curious about, don't believe 

call us, write or mail the coupon below and 
you'll get yours ... fast. 

DUMONT OSCILLOSCOPE LABORATORIES, INC. 
40 Fairfield Place West Caldwell, New Jersey 07006 
(20 I) 228-3665/TWX (710)-734-4308 

or would like to know more about. Then call our rep, DUMONT 
Oscilloscopes: 
Beautiful. We now have in 
stock and are ready to ship these 
complete lines of 'scopes, many 
cf which have the highest 
writing rate, 13 Kv acceler-
ation and high light output, 
frequency range DC to 100 MHz, 
rise time to 3.5 ns., 5 sec/ div 
to 5 ns/div. 

DUMONT 766H with silicon 
solid state circuitry, no-fan 200 
watts power consumption, 
greater display area, fully inter
changeable X and Y plug-ins, 
internal graticule, and ... well, 
what more could you want? 

OSCILLOSCOPE LABORATORIES. INC 

Oscilloscope Camera Systems: 
Permanent records of your readings 
with the Dumont 'scope camera. Can 

More Oscilloscopes: 

be equipped with a 
Polaroid Back for 
instantaneous re
cording and read
ing or comparing. 
Fits any 5" 'scope. 
35 mm, anyone? 

DUMONT 704A. ~'!I~····~ Complete line 
of rack or bench 
low frequency, 
high sensitivity, 
low cost 'scopes. 

Think anyone' II believe 13 KV is 
standard in our high frequency lines? 

And how aboutlOO MHz 
and sweep switching 
in one instrument? 

Pulse, Square Wave and 
Time Mark Generators 
DUMONT781A 
Time Mark 
Generator 
Extremely precise 
and accurate time 
markers. Provides 
14 time markers, 
6 trigger rates and 

~ ~~~--~-=---=-~---- ---,,...-----, 
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3 sine wave outputs. This time mark gen
erator is among the smallest and lightest 
available and has very low power consumption. 

"'"' !'. :'"~ "2"" DUMONT 791 
C) · • S~uare Wave Generator 
- -·---- ~-

...... -· Gives nanosecond 
"'• ~; •• rise and fall times, 
~-1 extremely wide 
~ ~ operational frequency range, 

from 7 Hz to JO MHz. 

Pulse Generator 
50 Hz to 10 MHz rep 
rate, double or single 
pulse, single shot 
operation. Gives nano
second rise and fall time. 

-

And a Full Line of 'Scope Accessories 
I hope you guys didn't miss 
anything. Let's repeat the 
part about getting in touch 
with us and asking for our 
new catalog. I like to hear 

My wife says· 
we should give 
trading stamps. 

my phone ring. 

7A 
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DUMONT OSCILLOSCOPE LABORATORIES, INC. 
40 Fairfield Place, West Caldwell, New Jersey 07006 

I 0 Have a sales representati1·e call, q11ietly. I 0 Send your new catalog. You pay postage. 

I 
0 Sendme ___________________ _ 

I 
I 
I 
I 
I 

( [}(oscnpuon or cqmpmt'nt.) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I E I 
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Lapp 
Gas-filled 
Capacitors 

234 

Specially designed for a broad range 

of high voltage operating conditions. 

Lapp 

Circle 322 on reader service card 

High voltages, as well as high 
current and capacitance appli
cations, are easily handled by 
Lapp Gas Filled Capacitors. For 
this type of service Lapp Capac
itors offer small size and low 
cost. 

Lapp precision-builds these 
capacitors to give years and 
years of accurate trouble-free 
operation. They are made in 
either fixec;i or variable models. 
All are equipped with external 
safety gap to protect against 
internal flashover. 

Current ratings are available 
up to 400 amps at 1 me., capac
itance to 30,000 mmf, and 
safety gap settings to 85 kv 
peak. These characteristics fill a 
broad range of needs. May we 
send you more information? Ask 
for Bulletin 302. Lapp Insulator 
Co., Inc., LeRoy, N. Y. 14482. 

with power-generation gear. 
Long loop. In today's aircraft, 

power leads run from generator to 
radar and other systems by way 
of a large circuit-breaker panel in 
the cockpit, and this additional 
loop might be as long as 300 feet 
in a plane like the Boeing 7 47 
jumbo jet. TI would eliminate this 
300 feet of heavy and costly cable 
by using a remote-control circuit 
breaker near the generator and 
controlling the breaker by a small 
low-voltage switch in the cockpit. 

In a 75-amp circuit, such an in
stallation could save tens of pounds 
of 6-gage wire. Substituted for it 
would be light, inexpensive 22-gage 
control wiring. The control wire 
would cost about 18 cents per foot, 
against about $1 per foot for the 
conventional wire, according to a 
TI spokesman. 

Weight savings also reduce the 
cost of the airframe. This varies 
among manufacturers, but the 
range is from $100 to $200 per 
pound saved. 

According to Harold R. Dam
berg, senior product specialist for 

Sensor. The 2RC circuit breaker (above) 
fits into a power line and is actuated 
by a cockpit switch. 

circuit breakers, TI foresaw the 
need for such a remote-control cir
cuit breaker about two years ago. 

"A jumbo jet might contain from 
1,000 to 1,200 circuit breakers," 
says Damberg. "Of these, about 
75% would be in circuits where 
remoting could be profitable." 
Damberg adds that the new break
ers are expected to sell for about 
$75 each and will be competing 
with manually controlled breakers 
costing only about a tenth that 
amount. "Even so, the amount 
saved in heavy cable alone would 
off set the higher price of the re-
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New Mil~Standard 883 
SP.ecifies 

''Fl . ''b d uor1nerf TM ran 
electronic liquids 

for gross leak testing 
New Mil-Standard 883,designed 

specifically for microelectronics, 
specifies "FLUORINER T" Brand 
Electronic Liquids for the gross leak 
testing of microcircuits. 

No wonder. 
They're compatible with 

sensitive electronic materials and can 
be used over a wide temperature 
range. They drain clean, dry fast 
and leave no messy residue. 

Bring your tests up to 
"standard". Write today for a 
copy of Mil-Standard 883, 
test method 1014. 

Electronics I November 11, 1968 
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I 
3M Company, 3M Center Dept. KAX 11-68 I 
St. Paul, Minn. 55101 J 
Please send me a copy of Mil-Standard 883, test 
method 1014, and more information on 
"FLUORINERT" Brand Electronic Liquids. J 

( Name I 
I 

J Company ____ Title __ _ 

( Address 

I City State ip__ ( 

I Chemical Division 3m I 
'-- ..... -~ __ ....._.. _ _) 
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Newledex 
stepping motor 
has 160 ounce-inches 
breakaway torque 
Our new 18 position Series 50 Stepping Motor has 
more working torque than any stepping motor we've 
ever built. Its breakaway torque is 160 ounce-inches 
. .. and it drives a constant friction load of 64 ounce
inches through a full 20° stroke, accurate to ± 1 ° 

non-accumulative. 
An exclusive new tooth clutch, with positive grip

action drive makes this extra torque possible. 

With a unidirectional Series 50 
you can .. . 

. . . 

... 
drive your load remotely 

through a series of short steps and 
stop at any one of 18 positions 

or add a knob for manual re
set in either direction ... 

or add rotary switches for a 
combination power positioning drive 
and a step or program switch 

or use shaft extensions on 
each end to direct-couple two loads 
and drive them in the same direction 
at the same time. 

With a bidirectional Series 50 you can 
do all this ... plus remotely position 
loads CW or CCW. ... 
:{o)". . . 

. .. 
All working parts are completely en
closed. Minimum life is 3 million 
steps. For bidirectional, 3 million in 
each direction. And, the Series 50 
works on simple square wave input 
pulses ... so you don't need expensive 
logic circuitry. 

Here's one of the many ways 
you can use the Series 50. 

The price gives you a lot of position
ing power for your money. 

UNIDIRECTIONAL 
1-9 from stock 1000 lots 
$25 to 30 $10 to 15 

BIDIRECTIONAL 
1-9 from stock 1000 lots 
$40 to 45 $20 to 25 

This new stepping motor is ready to 
solve your remote positioning prob
lems now. For more information, 
write or call for a copy of our Bulletin 
468. Or, send us a description of your 
application and we'll recommend a 
solution. 

. ' 
LEDEX 

LEDEX DIVISION, LEDEX INC. 

. - . 128 Webster Street, Dayton, Ohio 45402 •phone (518) 224-9891 
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... a bending bimetallic 

strip trips breaker ... 

mote breaker," he says. And then 
there's that $100 a pound. 

On the buses? Early in 1968, 
Boeing gave TI a development con
tract for a remote breaker, having 
found that wire runs would be a 
weighty design problem in its 747. 
Damberg says that McDonnell 
Douglas is considering such break
ers for its DC-10. Lockheed is said 
to be considering them for its own 
airbus, and it may retrofit them to 
the C-5A transport. 

Each breaker, part of Tl's Klixo11 
line, consists of a 727 4 series trip
s et switch and a 2RC series cir· 
cuit breaker. With the switch, the 
flight engineer can either open cir
cuits at the breaker or reset break
ers which have already been op
ened because of overload. 

The 2RC is a thermally operated 
breaker; overload heats a bimetal
lic strip that releases a latched set 
of contacts. To reset the breaker, 
a 28-volt signal is sent to a sole
noid in the breaker package. An
other solenoid opens the power 
circuit with a push of the same 
button on the trip-set switch. 

Damberg says TI will offer the 
remote circuit breakers in amper
age ratings from less than 2.5 to 
100 amperes. They would each be 
capable of handling either 30 volts 
d-c or 120 volts a-c, 60 or 400 
hertz, without any sort of modifica
tion. 

The new breakers might replace 
contactors in some applications, 
according to Damberg. Contactors 
are very high-amperage circuit 
breakers without current-sensing 
elements like the Klixon's bimetal
lic strip; they're usually controlled 
by another circuit breaker. 

In its new series, TI will combine 
the heavy-duty contact assembly 
of the contactor with its thermal 
sensing elements in a single pack
age. 

TI plans to announce the line 
early in 1969 and will begin deliv
eries in the first quarter of the 
year. A delivery time of four to 
six weeks is scheduled after next 
March. 

Texas Instruments Incorporated, Pre
cision Circuit Breaker Department, 34 
Forest St., Attleboro, Mass. [359] 
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Of coursE?, you're sold on the impor
tance of providing continuing education for your 
electronics personnel. So rapidly do new develop
ments take place in e)ectronics that knowledge 
begins to lose its value almost as soon as it is 
acquired. Valuable men can become outmoded and 
unproductive almost overnight. And the shortage 
of technical manpower at both the professional and 
supporting levels makes it imperative that you 
utilize fully every man you 'have. 

of evening classes in nearby technical institutes, 
colleges and universities. Whatever your educa
tional program, we believe it will be more flexible 
and more effective if you supplement it with CREI 
Home Study Programs in Electronics. 

We've prepared a brochure that tells how CREI 

Perhaps your company ~onducts in-plant pro
grams of instruction. Or pays all or part of the cost 

Programs can help 
you update, upgrade 
and reorient electron
ics personnel. Use 
coupon below to send 
for a copy today. 5D 

Electronics I November 11, 1968 

Acc1ed1red Member of the Nation•/ Home Study Council 

CREI, Home Study Division, McGraw-Hill Book Company 
Dept;wrc-02, 3224 Sixteenth Street, N.W. 
Washington, D.C. 20010 

I want more information on CREI Programs in Electronics and how 
they can supplement our educational program for electronics personnel. 
Please send me, without obligation, your descriptive brochure. 

Title'------------------------

Firm Name'---------------------

Address, _____________________ _ 

City· ____ ______ state ______ ZiP•-----
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New Instruments Review 

Signals detected by any 360° azi
muth scan receiving system can be 
observed simultaneously on direc
tion finder polar display indi
cator 1701. The unit is compat
ible with receiving systems that 
can supply ±1 v d-c into 680 
kilohms, or 1 v d-c to 10 Mhz 
video into 50, 90, or 300 ohms 
and 60 hz synchro position data. 
Symetrics Engineering Corp., 
Satellite Beach, Fla. [361] 

X-Y recorder OEM-17 employs a 
low cost design usjng a d-c servo 
system. It offers flexibility in 
size and interface to accommo
date various system requirements. 
Features include a 17 x 17 in. 
plotting surface, a magnetic pa
per-hold system, and static 
accuracy of ±0.2 % of full scale. 
Price is under $700. Electronic 
Associates Inc., Long Branch, 
N.J. [365] 

New instruments 

Pulse generator 9054 is for IC 
logic level compatibility. It has a 
frequency range of 1 ~z to 10 
Mhz, with controllable pulse du
ration. Pul se widths from 50 nsec 
to 50 msec are provided. The unit 
has two continuously adjustable 
signal outputs, one delivering 
5-v and the other 2.5-v pulses 
to a 50-ohm load. Beckman In
struments Inc., 2500 Harbor 
Blvd ., Fullerton, Calif. [362] 

Solid state amplifier RF-805 is a 
broadband instrument from 0.05 
to BO Mhz. Ten watts are pro
duced with better than -30 db 
harmonic and intermodulation dis
tortion. No bandswi tching is 
necessary. Gain is 47 db mini
mum, constant wi thin 1 db, and 
fu II output is produced with less 
than 0.1 v. at 50-ohm input. RF 
Communications Inc., University 
Ave., Rochester, N.Y. [366] 

Fourier analyzer model 102 is for 
spectrum analysis of complex or 
noisy signals. It provides either 
the power spectrum, which is the 
Fourier transform of the auto
correlation or the cross power 
spectrum, which is the Fourier 
transform of the crosscorrelation. 
Frequency range is from 0.25 hz 
to 4.95 khz. Price is $12,950. 
Princeton Applied Research Corp., 
Box 565, Princeton, N.J. [363] 

Phase sensitive voltmeter model 
250 will measure phase angle, in
phase and quadrature voltages, 
and total voltage while sweeping 
frequency. For total voltage 
measurements, the frequency 
range from 10 hz to 100 khz is 
covered; for phase sensitive meas
urements, the frequency range 
from 30 hz to 20 khz is covered. 
Dytronics Co., 4800 Evanswood 
Drive, Columbus, Ohio. [367] 

A new 'scope-and a wider scope 

Old-line instrument company introduces 25-Mhz crt display, 

and adds six plug-ins to its digital measuring system 

Six-decade log frequency to volt
age converter model 1017 has an 
output that is a d-c voltage pro
portional to the logarithm of the 
input frequency. Output is pre
cisely 1 v/ decade and may be set 
to zero at any frequency. Fre
quency range is 10 hz to 10 Mhz 
with conversion accuracy of 
0.5%. Price is $680. Pacific 
Measurements Inc., 940 Indus
trial Ave., Palo Alto, Calif. [364] 

Portable ultrasonic gage N DT-110 
measures thickness of metals and 
plastics. Using the dual-element, 
contact transducer, thicknesses 
from 0.050 in. to 2.0 in. can 
be read directly on the calibrated 
±1 % meter. Pipe or tubing as 
small as •/a inch in diameter can 
be measured with the gage. 
Northwest Technical Industries, 
George Washington Way, Rich
land, Wash. [368] 

Its introduction three years ago of 
a digital sys tem capable of both 
counting and voltage-measuring 
marked the Hickok Electrical In
strument Co.'s entry into the field 
of laboratory and industrial test 
equipment. 

The firm is now taking another 

diversiflcation step, tackling the 
market for high-frequency oscillo
scopes with a medium-priced unit 
having a bandwidth of d-c to 25 
megahertz. At the same time, it's 
expanding its digital system, the 
DMS 3200, with six new plug-ins. 

The compact, $650 oscilloscope 
Test line. 25 Mhz scope, left, is shown 
with one grouping of digital system. 
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TOMORROW'S 
AMPLIFI 

240 

• ± 0.005% linearity 

• 100 kHz bandwidth 

• 30 usec settling to ± 0.01 % 

• 0.2 pV /°C drift 

• 150 dB CMR, 350 V CMV 

• 30 usec overload recovery to 
± 0.01 % from 20V on any range 

-

UNIQUE FERROMAGNETIC ISOLATOR enables combining 
all these parameters in the new 8300-XWB Wideband Floating 
Differential Amplifier ... and gives complete freedom from 
modulation spikes and signal folding! 
You also get 10-position 1 :1000 gain span ... +0.01% 6-
months-stable accuracy ... under 7 uV rms noise at a full 
100 kHz ... integral d-c power supply ... choice of 5 or 10V 
output. Price $550 in 1-9 quantities. 
Options include variable gain, mux-switch, switch-selectable 
bandwidth filter. 

To get tomorrow's amplifier today-writes wire or phone: 

PRESTON l~I SCIENTIFIC INCORPORATED 
805 EAST CERRITOS AVENUE 
ANAHEIM, CALIFORNIA 92805 
(714) 776-6400 
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... plug-in extends 

tests to a-c voltages 

"has all the important basic meas
urement capabilities but omits 
many of the more exotic and sel
dom-used functions often found in 
higher-priced models," says Ken
neth F. Petersen, marketing vice 
president. 

In the CRO 5000, response above 
25 Mhz is essentially Gaussian. 
The scope is usable to around 50 
Mhz, and trigger capability and 
sweep-speed ranges are consistent 
with this response, assuring stable 
displays with adequate horizontal 
expansion. 

Display delay. A built-in verti
cal delay line provides nearly 50 
nanoseconds of baseline prior to 
start of the pulse display, so the 
full leading edge of pulses can be 
viewed. Vertical sensitivity is 10 
millivolts per division, with 12 
calibrated steps from 10 millivolts 
per division through 50 volts/ di
vision. Hickok says a user can 
overdrive the vertical section to 
five times the screen height with
o·ut distorting the waveshape. 

The displayed waveform on the 
CRO 5000 can be continuously de
layed up to 40 divisions by means 
of a multitum horizontal position 
control allowing full-screen pres
entation of small portions of the 
input waveform. Sweep linearity 
is unaffected by this positioning. 
There are 24 calibrated sweep 
ranges, from 50 nsec per division 
to 2 seconds. 

The scope is 11114 inches wide, 
6% inches high, and 19 inches 
deep, and weighs 24 pounds. De
livery is from stock 

Sensitive. One of Hickok's new 
plug-ins for its DMS 3200, the 
DPllO digital microvoltmeter, pro
vides digital display of d-c meas
urements from as low as 1 micro
volt up to 1,000 volts when used 
with any of the DMS main frames. 
Accuracy is ±0.05% of reading 
+ 1 digit. Push~button overranging 
provides full four-digit resolution 
for all measurements and, within 
the overrange capability, five-digit 
resolution. The price is $450. 

Another plug-in extends DMS 
3200 measurements to a-c volt
ages. The DP 130 will make a-c 
measurements down to 10 micro-
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COMPACT 
MODEL 8500 
Ys" thinner 
than other 
3Ys" fans ... 45 cfm 
• Unmatched nois_e lev~I of 28.8 . dB 
• Ideal for tight d1mens1onal applica

tions where performance and cost 
are prime considerations. 

• Only 3Vs 11 x 3Vs 11 x 1Yz
11 

de_ep. 
• Standard mounting d1mens1ons for 

El A 3\/z 11 rack panels. 
• UL recognition number E41168. 

ON READER-SERVICE CARD CIRCLE 510 

LOW-NOISE 
4¥2" MODEL 4500 

115 cfm with 

less than 

37.5 dB SIL 

• Operates continuously at room tem
perature ~25 °C) for over 100,000 
hours-even at 55°C, operates 
20,000 hours, continuous duty. 

• Powerful shaded-pole motor. 
• Interchangeable with similar, less 

reliable 4Yz 11 fans. 
• UL recognition number E41168. 
• New Model 4800 has unmatched 

noise level of 17.9 dB SIL. 
ON READER-SERVICE CARD CIRCLE 512 

ULTRA-RELIABLE 
INDUCTION MODELS 

8 models 
available 
with ratings 
from 130 to 
65 cfm 

• Models lOOOA, 1110, 1300, 200~, 
2050 2110 are 4Vi6" square x l31hz · 
Mod~ls 3000 and 3050 are 31%2" 
square x l3 Y'32 ". 

6" 
MODEL 
7500 

Use one to 
replace two 
or more fans 
where maximum 
total air movement is required 
with extremely low noise level 
• Moves up to a whopping 265 cfm 
• Ideal for cooling large electronic 

enclosures with excessive resistance 
to air flow. 

• With new aerodynamic design of 
pressure type blades, sustains de
livery as high as 225 cfm at .2 inches 
of water back pressure. 

• Low noise 40.5 dB SIL at 265 cfm. 
• UL recognition number E41168. 

ON READER-SERVICE CARD CIRCLE 511 

LOW-COST 
MODEL 
2500 

high air delivery 
at higher back pressures 

• 4Yi" fan moves 115 cfm. 
• Standard mounting dimensions. 
• 50-60Hz operation at 117 or 230 VAC 
• UL recognition number E41168. · 

ON READER-SERVICE CARD CIRCLE 513 

In addition to giving you a wide 
choice of sizes and performance 
characteristics in all-metal fans 
with shaded-pole or induction type 
motors, we can give you a special 
fan to solve your particular cooling 
problem. We can deliver fans with 
low, low noise levels, economical 
"bracket" models, and ball bearing 
fans for 85°C ambient temperature 
operation. Extend the life of your 
equipment .. . cool it and call us 
now at (415) 863-5440. Or TWX 
910-372-6127. Or write for data to 
312 Seventh St., San Francisco, 
California 94103. 

• UL recognition number E41168. 
ON READER-SERVICE CARD CIRCLE 514 p1 A 1.111'0 R 
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... set-point controller 

added to test line ... 

volts. The unit, priced at $375, op
erates over a range of 22 hertz to 
1 Mhz. Its accuracy up to 100 kilo
hertz is 0.1 %. 

Scalable. The DP 160 counter 
plug-in gives the DMS the ability 
to count and measure frequencies 
up to 80 Mhz. The functions are 
performed directly; heterodyning 
isn't needed. The plug-in, which 
is priced at $395 and can be used 
with the basic system's three-digit 
readout, includes scaling pushbut
tons to give reading resolution up 
to seven digits. 

A meter plug-in, the DP 210, 
provides digital displays of either 
time-interval or period measure
ments from 10 microseconds to 
999 seconds with an accuracy of 
+0.0005% of reading- + one digit. 
The instrument, which sells for 
$230, has separate start and stop 
inputs, each with independent ad
justments of trigger level, attenu
ation, and slope. 

Trim silhoue,tte. The only 
adapter in Hickok's new line of 
plug-ins adds d-c current measure
ment to the system's capabilities. 
The D310, which will sell for $90, 
permits the DMS to measure d-c 
currents from 0.1 nanoampere to 
10 amperes when a d-c microvolt
meter is in the main frame. Accu
racy is 0.15%, and Hickok says 
that insertion loss is low because 
of the high sensitivity of the meas
urement plug-in. A 3,000-volt iso
lation from ground means the D310 
can be used for in-circuit tests. 
And .because of its thin silhouette, 
it can be inserted beneath the 
DMS main frame. 

A digital set-point controller, the 
model 1050, can start and/ or stop 
the operation of any peripheral 
function at measurement values 
selected by the operator. When it's 
used with the DMS main frame, 
digital values of voltage, fre
quency, or other measurements 
will activate external mechanical 
feeds, printouts, or feed motors. 
External control will be activated 
when a reading exceeds an upper 
set-point number or drops below 
a lower set-point. 

Hickok Electrical Instrument Co., 10514 
Dupont Ave., Cleveland 44108 [369] 
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ONE MILLION OHMS PER VOLT 
V-0-M 

Model 630-M 

VO LT-0 HM-MI CROAM METER 

$220.00 
Suggested U.S.A. user net 

Triplett Model 630-M features the input imped
ance of a VTVM with the convenience of a V-0-M. 
The 630-M's sensitivity is derived from the singular 
achievement of its basic 0-1 D.C. microampere 
movement. The 630-M incorporates no amplifiers, 
no warm-up, and no power requirements. Model 
630-M is a true V-0-M whose engineering excell
ence is based on 60 years of instrument manufac
turing, and contains the top quality associated 
only with Triplett. 

1 

2 

3 

1,000,000 ohms per volt D.C. for greater 
accuracy on high resistance circuits. 
20,000 ohms per volt A.C. 
1 ua Suspension Meter Movement. No 
pivots, bearings, or rolling friction. Ex
tremely rugged. Greater sensitivity and 
repeatability. 
61 ranges, usa.ble with frequencies 
through 100 kHz. Temperature com
pensated. IX% D.C. accuracy, 3% A.C. 
in horizontal position. 

TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OHIO 
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If we could show it, Telonic's line of RF 
and microwave filters would stretch to 
infinity. As filter specialists, Telonic can 
provide designs to your specificat io ns 
with quick deliveries, in the fol lowing 
configurat ions-
Cavity Bandpass-8 series-20 to 12,000 

MHz-2 to 6 sections-s i zes to 
subminiature 

ln tercjigital Bandpass-1 series-1000 to 
6000 MHz-6 to 19 sections 

Tunable Bandpass-2 se ri es-48 to 4000 
MHz-full octave coverage 

Tubular Bandpass-4 series- 20 to 2700 
MHz-diameters'/•" to 11/4"-2 to 12 
sect ions 

Tubular· Lowpass-5 series- 20 to 3000 
MHz-diameters 'h" to 11/•"-2 to 12 
sections 

Engineered with computer-designed tech
niques, Telonic filters fit a broad range of 
applications. Chances are that with its long 
history as the leading filter manufacturer, 
Telonic has already designed the unit that 
just fits your requirements. Cal l or write 
for catalog or quotation. 

FILTER TEXTBOOK-Cata log 101-A con
tains never before published theory and 
data on filter insertion loss, attenuation, 
frequency and bandwidth tolerances, and 
pass band relationshrps. Send for your 
copy. 

TELONIC ENGINEERING CO. 
A Division of Telonic Industries, Inc. 
Box 277 • Laguna Beach, Calif. 92652 
Phone-(714) 494-9401 • TWX-910-596-1320 

New instruments 

Devices meter 
auto pollutants 

Portable analyzers use 

resistance changes 

to measure amounts 

One new idea that auto makers 
have had recently is to put pollu
tion-control devices on cars and 
trucks. They got this idea from 
reading both recently enacted and 
proposed laws that taken together 
say: "Clean up automotive ex
haust." 

The Bacharach Instrument Corp. , 
anticipating a demand for instru
ments to test these devices, has 
developed two: one measures the 
carbon-monoxide content of car 
exhaust; the other, the opacity of 
diesel engine exhaust. 

Double take. As pollution legis
lation gets tougher, two things are 
going to happen, says William Mi
lon, chief engineer in Bacharach' s 
diesel division. First, government 
control agencies will need an in
strument for vehicle inspection sta
tions and roadside check points 
that an inspector can hook up to 
an exhaust pipe to get a direct 
reading of pollution concentration. 

Failing such an inspection could 
mean a heavy fine for the driver. 
So, says Milon, garages are also 
going to need these instruments to 
calibrate, repair, or adjust the con
trol devices. 

So any instruments of this type 
have to be simple to both hook up 
and operate. They also should be 
portable and capable of running 
off a battery. 

But they don't need the accuracy 
of a laboratory instrument. 

Milon says . both of Bacharach's 
instruments are rugged, easy to 
use, and low-cost. 

The CO analyzer, called the 
model 7414, works on the princi
ple of selective catalytic combus
tion. Exhaust gas, mostly CO and 
hydrogen, is pumped into a cham
ber that contains a catalyst-coated 
platinum wire. A power source out
side the chamber continuously 
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BELDFOIL* SHIELDED CABLE 

LVED 
CRITICAL NASA INSTRUMENTATION PROBLEM! 

The unique insulating properties of Belden's ex
clusive Beldfoil shielding provides 100% protection 
against "cross-talk" and spurious signal impulses 
in highly sensitive circuit applications . That's 
why NASA used Beldfoil cable for its Goldstone 
Tracking Station. • In this massive 210 foot 

diameter antenna, built to track lunar and 
planetary probes, Belden Beldfoil shielded 

cables carry instrumentation signals from 
sensitive structural detectors to an 

instrumentation facility nearby. 
Every measurement of critical 

structure deflection, angular 
position, structure tempera
tures, and bearing pressures 
are recorded and analyzed 
prior to tracking operations. 
• Get the same precision 

analyzation in your critical 
instrumentation. Specify 

Belden Beldfoil shielded cable 
-the only cable providing 100% 

isolation. 

BELDEN@ 

*B elden Trademark Reg . U .S. Pat . Off . 

FOR COMPLETE INFORMATION 
CONTACT YOUR BELDEN 
DISTRIBUTOR. 

8 ·1·6A , 

BELDEN CORPORATION· P.O. Box 5070-A ·Chicago , Illinois 60680 ·Phone 312-378-1000 
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A New X-Y Recorder ... 

That's Easier To Operate 
Easier to operate ... easier to posi
tion ... and meets top performance 
requirements. The function / riter"' re
corder is more convenient than 
other X-Y plotters. You can operate 
this new TI recorder in five differ
ent positions to suit any application. 
Mount it in a 19-inch rack without 
adapters, stand it upright on a 
benchtop or position it flat with the 
writing surface horizontal, at a 45° 
or 90° tilt angle so you see the plot, 
even when you're sitting. 

It's easy to change applications too. 
Three types of plug-in "function 
modules" allow you to plot inputs 
from lOOµv to 50v, with time sweeps 
from 0.1 second/ inch to 100 se~onds/ 
inch. All modules are interchange
able between X and Y axes. Signal 
Input module permits single-range 
millivolt recording. Signal Control 

module offers 16 calibrated scale 
factors. Time Base module gives 10 
time or voltage factors. 
For more than four years, the servo 
system of the function/ riter recorder 
has been use-proved in thousands 
of other TI instruments. Quieter 
operation of the vacuum hold down 
(for either 81h x 11-inch or 11x17-
inch paper), solid-state electronics, 
20 inches/ second slewing speed and 
accuracy of 0.2 % of full scale are 
some of the other features that 
make this X-Y recorder an out
standing instrument to solve your 
plotting problems. 

There's more to the story too. Find 
out by asking for complete data or 
a demonstration from your TI 
representative or the Industrial 
Products Division, P. 0. Box 66027, 
Houston, Texas 77006 (713-349-2171) . 

•rrademark of Texas Instruments 

TEXAS INSTRUMENTS 
INCORPORATED 10• 
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Hot . .. Exhaust is pumped into test 
chamber and ignited. The temperature 
is proportional to CO concentration. 

drives current through the wire, 
generating enough heat to ignite 
the co and the hydrogen in the 
presence of the catalyst. 

When the exhaust ignites, the 
temperature in the chamber rises, 
increasing the wire resistance. 
Since the ratio of hydrogen to car
bon monoxide concentrations is 
fairly constant, the resistance 
change is proportional to the 
amount of CO in the exhaust. 

Tests in Detroit. The 7414 is ac
curate to within +5%. Its meter 
and controls are in a 4-by-4-by-2-
inch package, and the test cham
ber is in an 8-by-9-by-12-inch case. 
Packed along with the chamber is 
a condenser that takes hydrocar
bons out of the exhaust so they 

... and cloudy. As 
density of diesel 
exhaust increases, 
the amount of 
light reaching 
the photocell 
decreases. 
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Only Magnetics Inc. gives 
you all three of these advantages 

in photo-etched parts: 
1. Metals processed to your 

specification 
2. Guaranteed magnetic 

performance properties 
3. Total quality control, raw metal 

to finished part 

There is nothing new about chemi
ca lly milling small , thin metal parts. 
Dozens of compan ies can photo-etch 
any part that can be drawn. Wha,t 
sets Magnetics Inc. apart in photo
etching is our capability of processi ng 
the metal to close tolerances. 

Magnetics' completely integrated 

Photofab example

words photo-etched 
in a sheet of .001 
beryllium copper. 

production system for Photofab® 
parts is all-inclusive. We can custom 
blend basic metals in to special alloys, 
or we can start with stock metal. We 
fo llow through with whatever it 
takes to match your specifications
precision rolling or flattening or strip 
annealing. As long-time specialists in 
magnetic materials, we have the 
faci lities and the expertise needed to 
provide the ultimate in dimensional 
accuracies, at the same time guar
anteeing the magnetic properties of 
your parts. 

We aug!Jlel)t our production capa-

bilities with uptight quality control. 
Th is means the most advanced labo
ratory and test equipment, manned 
by a staff of nit-picking experts. 
When you take delivery on Photofab 
parts, you can be sure that they've 
passed our constant surveillance, 
from basic metal through shipment 
in custom-designed packaging. 

If you've been looking for a sup
plier who can offer single-source re
sponsibility on photo-etched parts, 
you've found us. For more informa
tion, write Magnetics Inc., Dept. 
EL-104, Butler, Pa. 16001. 

. . .--
mRIJDETICS Inc. __. .. ~· 

TAPE, POWDER , BOBBIN , FERRITE CORES • LAMINATIONS • PHOTO-ETCHED PARTS • SPECIALTY METALS • ENGINEERED CONTROL SYSTEMS 
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Study Trends in Oscilloscope Displays 
(Continuous EKG "Contourgram') 

PATTERN, 
PLOT OR 
PICTURE 

Plot From Scannin1 Sensors For Deteclion 
And Inspection (Ultrasonic Inspection 
For Bond Flaws) 

Now ... with a simple instrument ... 
you can reproduce electrical phenomena 

as permanent records in pattern, 
plot, or picture form where otherwise 

the data is presented as transient 
oscilloscope or CRT displays. 

The versatile Alden "Flying-Spot" Helix Recorder, used with Alfax Type A electro
sensitive paper, produces permanent graphic images of repetitive or sequential 
signals with a wealth of detail and information content not approached by other dis
play and recording techniques. 

It is a simple matter to synchronize the Alden Recorder with scanning sensor or 
transducer (sonar, radar, ultrasonic, infra-red detectors, etc .) to provide a con
tinuous "plot" of the information obtained. The recorder sweep speed (horizontal 
output) can be varied to provide almost any desired rate of presentation. Paper 
advance rates can readily be changed to provide time expansion or compression for 
increased detail, or clearer representation of long-term data trends and improved 
signal-to-noise ratio. 

The Alden Recorder can be used with a broad variety of systems (computers, tele
vision , medical instrumentation, facsimile, scanning rad iometers, etc.) which pro
duce sequential signals on a constant time base, to provide accurate and instantly 
visible "picture" or "pattern" information. Images are produced with a dynamic, 
tonal shading directly proportional to signal strength, providing a "third dimension" 
of information recording . 

To satisfy your exact requirements, Alden "Flying-Spot" Component Recorders, in 
various printing widths from 4" to 48", along with a wide selection of plug-in drives, 
recording configurations, signal amplifiers, phasing circuits, and synchronizing 
accessories are available, designed to provide a simple, economical adaptation of 
Alden instant recording techn iques to your instrumentation. 

For more information on the most versatile data recorders avail-
A L D E N able , write today for complete details. Dept. E-ll 

[ [CTR NICS & l~S[ ~[ COROING EQUIPM[Nf CO. INC. WASHINGTON STRUT , WESTBORO , MASSACHUSlTTS Olm - TCU.PHONE (617) 366·885 I 

r - - - :-D;;;l~R;:C;;l:;l;;C;;;; D~ ;;::;~;; ~ ;:S::C-;;,: ;;;E~W.C-;;B;;. =S~~;;;I:- - --, 
I GENTLEMEN : I am interested in Alden "Flying-Spot" recording techniques. I 
I O I would like to investigate Alden Equipment for use in the following application: I 
I I 
I I I D I would like data for possible future reference. I 
I NAME TITLE I 
I COMPANY I 
I ADO RESS I L CITY STATE ZIP CODE I 

---------------------------~ 
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... lens needs no tanks 

to keep itself clean •.. 

aren't burned with the CO and hy
drogen. 

Although intended for quick 
checking, the 7414 can run contin
uously and has a 5-second response 
.time. The range is 0 to 5% con
centration, and the instrument 
draws 30 watts from a 115-volt, 
60-hertz input. 

Milon says the 7414 is in the 
"advanced prototype" stage. This 
means Bacharach has a working 
instrument but is waiting for a big 
order before going into full pro
duction. According to Milon, the 
unit is now being tested by De
troit's Big Three and by the State 
of California. 

The price isn't set, but Milon 
says it will be about $350. 

Smoke signal. The opacity meter 
uses a standard technique. A sen
sor containing a lamp and a pho
tocell is placed at the end of the 
diesel engine's exhaust pipe. As 
the opacity of the exhaust changes, 
so does the amount of light reach
ing the cell, and the change in 
cell resistance is read out on a 
meter scaled in opacity units. The 
opacity is proportional to pollu
tant concentration. 

One improvement over similar 
devices, says Milon, is that the 
Bacharach unit doesn't need com
pressed air to clean the lenses that 
focus light on the photocell, so a 
user doesn't have to lug air tanks 
around with him. Bacharach engi
neers built the device with the idea 
of selling it to New Jersey, one 
of the tougher states when it comes 
to pollution laws. Trenton hasn't 
decided whose meter to buy, but 
Milon says the Bacharach unit fills 
all the state's requirements. 

The lenses are arranged so that 
the cell sees only light from the 
lamp; a truck won't fail a road
side inspection because a cloud 
passes in front of the sun. 

The instrument runs off a re
chargeable battery pack, has ranges 
of either 0 to 50% or 0 to 100% 
opacity, is accurate to within -+-2 
opacity units, and costs about 
$400. 

Bacharach Instrument Co., RIDC Indus
trial Park, Pittsburgh 15238 [370] 
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Engineers and Scientists: 
Diversified opportunities now available 
on Hughes AGM's Increasing Air-to-Ground Missile activity 

at Hughes Aerospace Divisions has cre
ated many diversified growth opportuni
ties for qualified Engineers and Scien
tists. Immediate openings exist at all 
levels on a variety of interesting proj
ects such as: MAVERICK, Anti-Radiation 
Missiles, Radar-Guided Missiles and 
new advanced missile technologies. 

Areas of Interest include: 
Laser Trajectory Analysis 
Radar Operational Analysis 
Infrared Warheads & Fuzing 
Television Structural Design 
Guidance & Control Thermodynamics 
Signal Processing Aerodynamics 
Digital Computer Simula_tion Studies 

All assignments require accredited, ap
plicable degrees, U.S. citizenship and a 
minimum of 3 years of related, profes
sional experience. 

Please airmail your resume to: 

Mr. Robert A. Martin 
Head of Employment, Dept. 65 
Hughes Aerospace Divisions 
11940 W. Jefferson Blvd. 
Culver City, Calif. 90230 

r------------------, 
I I 

: HUGHES: 
I I 

L------------------J HUGHES AIRCRAFT COMPANY 

AEROSPACE DIVISIONS 

An equal opportunity employer 



New Subassemblies Review 

Modular triangle-averaging multi
plier model 4031 / 25 may be used 
for 2-quadrant division, squaring, 
and square-rooting, as well as 4-
quadrant multiplication with 
±0.5% accuracy. Both inputs and 
the output are rated to ±10 v, 
and the module operates on stan
dard ±15 v d-c power supplies. 
Unit price is $145. Burr-Brown 
Research Corp., 6 730 S. Tucson 
Blvd., Tucson 85706. [381] 

Helium neon lasers models 195, 
210 and 230 feature a coaxial 
plasma tube design and have a 
guaranteed output in excess of 
2 mw, 4 mw and 7 mw respec
tively. They come in a variety of 
modular configurations, and can 
operate at wavelengths of 6,328 
angstroms, 1.15 and 3.39 mi
crons. Optics Technology Inc., 
901 California Ave., Palo Alto, 
Calif. [385] 

New subassemblies 

D-c/d-c converter type IT-322 is 
d~signed to supply accelerating 
voltage for a wide variety of post 
accelerator type crt's. Outputs of 
+2,200 v at 40 JLa and -850 v 
at 2 ma are available with 1 % 
line regulation and 3% load regu
lation in a 5 cu in. module. Input 
is 28 v d-c ±10%. Price in lots 
of 100 is $125. !Tl Electronics 
Inc., 369 Lexington Ave., Clifton, 
N.J . [382] 

Power supplies series 5100 are 
for electrostatic applications. They 
are ferroresonant-transformer reg
ulated using basic voltage multi
plying circuits to attain high 
voltage outputs from lower volt
ages on the transformer. Typical 
output voltages would be 12.5 at 
1 ma; or 6 kv at 2 to 4 ma. 
Sola Electric Div., Sola Basic In
dustries, 1717 Busse Rd., Elk 
Grove Village, Ill. [386] 

Low pass transister active 
filter type 714 provides a 3-pole 
Butterworth response to attenuate 
undesired frequencies at a rate of 
60 db per decade. Operating tem
perature range is 0° to 70°C. 
Units with -3 db cutoff fre
quencies in the range of 10 hz to 
10 khz are offered at $45, and 
units down to 0.005 hz will be 
quoted. White Instruments Inc., 
Box 698, Austin, Texas. [383] 

·-.-
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Digital data acquisition systems of 
the SD-500 series are for indus
trial processes, laboratory, aero
space and aircraft tests. They are 
designed to accept d-c or a-c 
signals in the range from O to 10 
khz. Full scale input ranges 2.5 v 
rms and 25 v rms are standard. 
Prices start at $25,000. Columbia 
Research Laboratories Inc., Mc
Dade Blvd. & Sullens Lane, Wood
lyn, Pa. [387] 

Power supply model TRP-25-0.25 
is a solid state unit operating 
from 115 v 60 hz, delivering con
tinuously adjustable d-c from 0.5 
to 25 v at currents up to 250 
ma. Housed in a cabinet 43/4 x 
41/2 x 4112 in. including direct 
reading voltmeter, it has an out
put regulated to ±O.l % against 
line variations of ±10%. Cana
dian Research Institute, 85 Curlew 
Drive, Don Mills, Ontario. [384] 

Magnetic tape buffer store DS-3 
is for fast, accurate reception, 
storage and transmission of bi
nary coded data. The basic ma
chine provides independent read 
and write tape drives with associ
ated electronics operating on a 
single closed loop of tape . Input 
and output are in 8-bit parallel 
format. Unit measures 51/4 x 19 
x 22 in. Wiltek Inc., 59 Danbury 
Road, Wilton, Conn. [388] 

Tape memory price and package trimmed 

The model TM-Z, which is com
patible with IBM computer systems, 
will sell for $35QO, a figure Ampex 
says is 20% to 40% lower than the 
prices on complete tape memories 
of comparable size and perform
ance. Skew is minimized in a low-speed recording system 

developed for small computers and peripheral equipment 

Small-computer makers and peri
peral-equipment houses usually 
have to buy the components and 
make their own memory subsys
tems. The price tags on off-the
shelf equipment have been just too 
high. Ampex Corporation says it 
will change that situation with a 
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tape memory system in which sub
stantially lower costs are achieved 
by use of integrated circuits, sim
plification of mechanical features, 
and elimination of waste space. 

The unit will be demonstrated at 
the Fall Joint Computer Conference 
in San Francisco, Dec. 9-11. 

"The emphasis is on the word 
'complete'," says Eugene E. Prince, 
Ampex vice president and general 
manager of the Computer Products 
division. "Tape memory prices of
ten include only the transport. Such 
equipment as record/reproduce 
heads and electronics are available 
at extra cost." 

The TM-Z will be available in 
December and will be sold in mini-
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Decode/display memory module 
series DS-100 is designed to drive 
a Datecon cold-cathode tube di
rectly from low level natural bi
nary coded decimal Input. The 
input count is stored in a quad 
latch memory and displayed on a 
readout tube. The display is up
dated upon application of a gating 
signal to the quad latch. Inte
grated Circuit Electronics Inc., 
Box 647, Waltham, Mass. [389] 

Diode laser pulser P-110 has a 
pulse length adjustable over 10 
nsec to 210 nsec in 25 nsec steps, 
permitting flexibility in choice of 
signal characteristics. Pulse rep
etition rate is variable from 1 
pulse every 2 sec to 30,000 hz. 
Pulse amplitude is continuously 
variable from O to 100 amps at 
any prr up to 30 khz. Seed Elec
tronics Corp., 9 Cypress Drive, 
Burlington, Mass. [393] 

Converter model 136 is fed audio
frequency-shift signals as received 
by a compatible radio receiver, or 
from line signals, and converts 
them into amplitude modulated 
signals suitable for photo-facsim
ile or teletypewriter reproduction. 
The converter will accept Input 
frequencies 1,500 to 2,300 hz. 
International Scanatron Systems 
Corp., 1623 Straight Path, Wyan
danch, N.Y. [390] 

Hybrid IC audio amplifier BHA-
0002 is capable of a sustained 15 
w output. Distortion is 1 % or 
less while operating into conven
tional speaker loads. Frequency 
response is 25 hz to 20 khz. 
Operating case temperature is 
-30• to + 100°C. Price is $5.60 
each in lots from 100 to 999; 
$9.40 each in lots from 1 to 24. 
Delivery is 2 weeks. Bendix Corp., 
South St., Holmdel, N.J. [394] 

L 
FET differential amplifier model 
135 is for use in sample and hold 
circuits, integrators and buffers. 
Key specs include: common mode 
rejection ratio of 300,000 v/v, 
gain bandwidth product of 5 Mhz, 
and slew rate of 100 v/JLsec, min
imum. The unit measures 1.135 
x 1.135 x 0.640 in. Price is $89 
in evaluation quantities. Zeltex 
Inc., 1000 Chalomar Road, Con
cord, Calif. [391] 

A solid state family of a-c 
power sources are modularly con
structed and supply 130 va to 
2,000 va using 19 plug-in oscil
lator options. Model 200-S shown 
features full power from 45 hz 
to 10 khz, regulated output 
settable to zero low distortion 
<typically 0.5%), and is short 
circuit proof. Price is $580. Vec
tor Engineering Inc., 58 Brown 
Ave., Springfield, N.J. [395] 

mum quantities of 100. The com
pany says that with this system, it 
will be more economical for manu
facturers of small computers and 
peripheral equipment to purchase 
complete tape memories than to 
buy comp~ments and build their 
own. 

· system, 19 inches deep, consists of 
three mechanical and electronic 
modules; replacement of the· me
chanical modules can be done by 
semiskilled technicians. The cap
stan head assembly is prealigned. 

The unit operates in both seven
and nine-track modes. Tape speeds 
run up to 24 inches per second and 
packing densities up to 800 bits per 
inch. 

The single-capstan tape drive 
uses 80% fewer parts than pinch
roller machines, and this reduces 
maintenance, eliminates tape path 
adjustments, and makes for gentler 
tape handling, according to Ampex. 

Programed digital controller model 
816, with a 4,096 word 16-bit 
memory and over 140 basic in
structions, is for a variety of 
control, monitoring, data logging, 
data communication and calcula
tion tasks. Many standard peri
pherals are available including 
teletypewriter, magnetic and pa
per tape, disk, and modems. Com
puter Automation Inc., Newport 
Beach, Calif. [392] 

Compact, rugged core memory 
model CR-95 is available in ca
pacities of 4,096 and 8,192 
words with word lengths variable 
in 4 bit increments from 8 to 36 
bits. Full cycle time is 1 µsec 
with access time less than 500 
nsec. The unit is designed for 
application as a memory or buffer 
in small computers . Lockheed 
Electronics Co., 6201 E. Randolph 
St., Los Angeles. [396] 

All in one. Both the transport 
unit and the memory electronics are 
in a single 100-pound package that 
takes up only 24 inches in a stand
ard 19-inch equipment rack. The 

Integrated circuits are used ex
tensively in the unit. All the read
write electronics are on a single 8-
by 12-inch card, and all tlie mode 
control and servo control elec
tronics are on another. The two fit 

Compact. Tape memory system 
occupies 24 inches in standard rack. 
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NATIONAL® * 
Regenerative Gate SCR 

lowest switching losses 
Operates to 20 KHz with switching losses lower than any other 
high power SCA available. Ideal for inverters, choppers, DC to 
DC converters, cycloconverters. Only the Regenerative Gate* 
SCA gives 600 amperes/µsec. di /dt with low power gate drive. 
110 ampere rating available with 200 volts/~tsec. minimum dv/dt 
and 10 µsec. maximum turn-off time. 

*A NATIONAL® exclusive, NAT I o NA L Patent Pending. ~ I 

ELECTRONICS, INC. 
a varian subsidiary 
PHONE. (312) 232-4300 • GENEVA. ILLINOIS 60134 

REQUEST BULLETIN 

Circle 332 on reader service card 

thin I< 
BIO 

(also small) 

Now engrave anything from 6 ft. panels to .tiny nameplates 

Engravograph tackles them all. Right in your own 
shop, effortlessly, speedily- ideal for unskilled 
workers. Adjustable ratio engraves 21 different 
sizes. --_.:~~--...~~~~~ 

Write for i I lustrated catalog # 114 

new hermes engraving corp. 
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... tape drive capstan 

is servocontrolled ... 

in what would otherwise be waste 
space in the machine. 

Doubleheader. The read-write 
head is in two individually adjust
able pieces, each having its own 
gap. One of the gaps is used for 
writing and the other for reading; 
the tape first passes over the write 
gap and then over the read, so that 
the computer has a chance to read 
what it has just written and thus 
check for errors. The head sections 
are on the short ends of long levers 
with adjusting screws for very fine 
control-in microinches-and this 
control serves to reduce skew. 

Most important in controlling 
skew-time displacement of nomi
nally simultaneous pulses-is a tech
nique employing special checkout 
and testing equipment to precisely 
align the gaps. 

Minimum gap scatter plus se
parately adjustable read and write 
head sections hold down skew to 
the point that individual adjust
ments on the data channels aren't 
needed. Therefore, replacing a 
circuit card is simply a matter of 
unplugging and plugging. In some 
other systems, the replacement 
card has to be "tuned" to the skew 
characteristics of the particular 
drive into which it is being plugged. 

The TM-Z's relatively low tape 
speed contributes to its low cost, 
and also helps reduce skew; tape 
moving slowly is less inclined to 
Hap as it moves across the head. 
The speed also permits the use of 
follower arms instead of vacuum 
columns to control servomotors on 
reels-another cost shaver. 

The capstan is also servocon
trolled and has a tachometer and a 
d-c generator whose output is pro
portional to speed. A variable po
tentiometer on it permits tape speed 
to be varied from 10 to 24 inches 
per second, depending on the ap
plication. 

Servo control is usually preferred 
to synchronous motor drives. The 
latter run at fixed speed, but the 
speed is locked to a primary power 
frequency and is more susceptible 
to line power and frequency surges 
than are servocontrol devices. 

Computer Products Division, Ampex 
Corp., Culver City, Calif. 90230 [397] 
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No matter which 
HP frequency I time 
standard you buy .... 
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you're getting the best of its kind. 
Hewlett-Packard Frequency & Time standards are 
known throughout the world for their ability to meet 
specific frequency and timekeeping requirements. 
Each type gives outstanding performance in its par
ticular class; accuracy, precision, stability and rugged 
dependability. 

-The HP 5061A Cesium Beam Frequency Standard 
has been flown around the world to coordinate inter
national timekeeping stations within 1 microsecond. 
It has no long-term drift and an absolute accuracy of 
± 1 part in 10" for the life of its cesium beam tube. 
That's the equivalent of losing only one second in 
more than 3000 years. It costs $14,800 as a frequency 
standard, $16,900 as a time standard with internal 
standby power. 

-The HP 5065A Rubidium Frequency Standard offers 
you superior electrical quietness over short periods of 
time, with short-term stability of 7x10 -" rms, 100 s. 
avg .; 7xl0 -" rms, 1 s. avg. It's highly portable, yet 
rugged enough to take tough field operation. It costs 
$7500 as a frequency standard, $9300 as a time 
standard with internal standby power. 

-The HP 105A Quartz Oscillator offers you the best 
stability available for the price. Aging rate less than 
5 parts in 10'0 per day; short-term stability < lxlO-" 
rms (1 s. averaging); S-N ratio >90 dB; rapid warm-

Electronics I November 11, 1968 

up. It costs only $1500. The 105B has built-in standby 
power, $1800. 

-The 106A is HP's most stable quartz oscillator: 
aging rate < 5x10- 11 per day. Price: $3750. The 106B, 
with built-in standby power, is $4200. 

-The 107AR is HP's most rugged quartz oscillator, 
and is hermetically sealed. Aging rate <5xl0-' 0 per 
day. Price: $2600. The 107BR, with built-in standby 
power, is $2950. 

Also available from HP are the 117 A VLF Comparator, 
for comparing frequency against NBS 60 kHz standard 
frequency broadcasts, $1400 (incl. loop antenna); the 
115BR Digital Clock and Frequency Divider, $3000; 
and the highly versatile K02-5060A Standby Power 
Supply, $2850. 

For information about all HP frequency & time stand
ards and their various options, call your HP field engi
neer. Or wr ite Hewlett-Packard, Palo Alto, California 
94304; Europe: 54 Route des Acacias, Geneva. 

HEWLETT lfJ PACKARD 

FREQUENCY STANDARDS 02821 
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New 
automatic 

Linear IC Tester 
offers simple, 

p_reprogrammed 
operation 

The simple operation of the new 
automatic Model 79 Linear Inte
grated Circuit (LIC) Tester 
from Test Equipment Corpora
tion virtually eliminates costly 
operator training. This savings, 
combined with its low initial cost, 
makes the Model 79 an excellent 
buy for production, engineering 
and quality control applications. 

TEC's Model 79 "LIC" Tester 
is completely automatic with the 
r - • exception of test 
r;, ~-· ~ "-- ;>- limits and range 

1.r.~1 ' selections and is 
~ / . preprogrammed 

· on performance 
boards (inset) 

for up to 15 different test meas
urements. It provides five de and 
eight dynamic tests. In addition, 
two auxiliary positions are avail
able for customer-specified tests. 

The Model 79 features low cur
rent measurements to 99.9 pa full 
scale, low voltage measurements 
to 99.9 µ.V full scale, and high 
speed typically 100 ms or less per 
test. It accepts all IC package 
configurations. 

Write today for full technical 
and pricing information on the 
new TEC Model 79 "LIC" Tester. 

Test Equrpment 
CORPORATION 
P.O. BOX 20215, DALLAS, TEXAS 75220 • 214/357-6271 
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New subassemblies 

Electronic switch 
is a random thing 

Device with 25 inputs, 

25 outputs is programed 

through its front panel 

Attracted by the reliability and 
compactness of solid state systems, 
a textile manufacturer recently 
asked the Agastat division of the 
Amerace-Esna Corp. to build a re
placement for the banks of relays 
used to control a dye process. 

"They wanted to know if we 
could make an electronic switch 
capable of handling 25 inputs and 
25 outputs on a purely random ba
sis," recalls William Ward, Aga
stat's sales manager. Agastat 
could and did, and the textile firm 
bought 100 of these switches. Now 
the device is being offered as an 
off-the-shelf item. 

"I don't know of anybody else 
selling a switch like this," says 
Ward. "It's completely program
able and its program can be 

l 
Pinpoint program. Each pin plugged 
into a socket connects a specific 
input to a specific output. 

changed easily at any time. And 
notice rm not calling this a step
ping switch; that connotes some 
kind of sequential operation. This 
is completely ·random." 

Plug-in program. On the switch's 
front panel is a square pegboard 
with 25 sockets on each side. Each 
row is associated with one of the 
25 inputs, and each of the columns 
with one of the outputs. To pro
gram the switch, the user plugs 
shorting pins into specific sockets. 
For example, if he wants input 

For 
Extra Meter 

Precision 
and Consistency 

Specify 
Hitachi Magnets 

To create these extremely stable mag· 
nets Hitachi developed its own processes 
for the compounding and heat-treatment 
of fine alloys. The result is a range of 
cast magnets for metering that are 
precisely finished to unusually close tol· 
erances, are more compact, and yet 
retain magnetic stability and uniformity. 
You can get a fast supply of Hitachi 
meter magnets with properties to suit 
your particular application . Each one 
has guaranteed characteristics. Full in· 
formation on types for your application 
can be quickly mailed . 
Products: 
Meter Magnets: 

For Speedometer, Tachometer, 
Amperemeter 

Motor Magnets: 
For Micro Motor, Hysteresis Motor, 
Wiper Motor, Blower Motor 

Generator Magnets: 
For A.C. Generator, Flywheel 

A!j.~!e9.~:t~ 
Head Office 'e' 
Chiyoda Bldg., Marunouchi, Tokyo, Japan 
Hitachi Metals America, Ltd. 
Masnet Materials Sect. 
437, Madison Ave., New York, N.Y. 10022, 
U.S.A. Tel. 212-758-5255 
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NEW 5/16" 
TRIMMER 
PACKS 
TIGHTER 

HIGH TEMPERATURE 
THERMOSETTING 
PLASTIC HOUSING 

Saves space 
without sacrificing 
performance 

IRC's new %'6" square trimmer gives you the 
performance and stability of larger units plus 
the opportunity to save board area and provide 
greater packaging density. 

Two types are now available. The 850, with 
infinite resolution, is designed to meet the envir
onmental requirements of MIL-R-22097. The 
800, a precision wirewound trimmer, is design
ed to meet MIL-R-27208 environments. Both 
are priced significantly less than MIL styles. 

The metal adjustment screw eliminates break
age or distortion of the screwdriver slot even 
after repeated use. Staggered pin's provide 
strength and mounting stability. 

Both types are fully sealed and impervious to 
common industrial solvents because of a sili
cone rubber shaft seal and epoxy bonding at all 
seams. They exceed MIL humidity cycling tests. 
For complete data and prices see your IRC 
Qualified Industrial Distributor. Or, write 
IRC, 401 N. Broad St., Philadelphia, Pa.19108. 

DIVISION OF TRW INC. 
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POWER 

TOLERANCE 

RESISTANCE 

TEMP. RANGE 

INSULATION 
RESISTANCE 

DIELECTRIC 
STRENGTH 

INFINITE RESOLUTION 
ELEMENT 

GOLD PLATED 
NICKEL PINS 

Actual size " Actual size 
Infinite Resolution Precision Wirewound 
Circuitrum 850 Circuitrim 800 

CAPSULE SPECIFICATIONS 

o.3 watt @ 10°c 0.6 Watt@ 70°C 
(300V max.) 

± 103 or ±203 ±53 
10011 to 1 meg. 1011 to 20K 

- 65°C to + 125•c - 65°C to + 150°C 

1000 megohms 1000 megohms 
@ 500V DC @ 500V DC 

900V AC 900V AC 

Circle 255 on reader service card 255 
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MODEL 721 Fully Automatic 
for high speed production testing. 
Performs both PARAMETRIC and FUNCTIONAL 
tests simultaneously 

priced from $3490 

. ~-:~". 
fl-- -:. i · i e -

. - . - . - . - _, ; -.- :. e •••• 

• ~[<> - o]e 
•••••• 

• 

MICRODYNE MODELS 721 & 716 

INTEGRATED CIRCUIT TESTERS 
• 

o----o ei . "" --f -
Q--~ -1. 

• 

• ' 
MODEL 716 Manual/Semi-Automatic for 
engineering evaluation. Quality control and 
small quantity production testing. Capable 
of testing both LINEAR and DIGITAL circuits. 

Circle 256 on reader service card 

.•. if an output goes bad, 

just replace one card ••• 

seven to trigger output 16, he plugs 
a pin into the socket located where 
row seven intersects .column 16. 

Any number of pins up to 625 
can be plugged into the board in 
any arrangement. 

The outputs are silicon con
trolled rectifi.ers that close when a 
signal is applied to an appropriate 
input and open when the input is 
removed. Each SCR can continu
ously handle 4 amps at 115 or 220 
volts and can take surges as high 
as 60 amps. 

The input can be almost any 
waveform from a d-c voltage to a 
pulse that's 10 milliseconds wide. 

In the original model, if voltages 
appeared at more than one input 
at the same time, the output 
switches associated with the ener
gized inputs closed simultaneously. 
However, Agastat engineers can 
build in logic circuits that assign 
priorities to the inputs. 

Searching. Inside the switch, in
put signals cycle through a matrix 
of AND gates looking for paths 
through shorting pins to the out
puts. Inside each of the inch-long, 
plastic-covered pins is a single di
ode that prevents feedback to the 
input circuits. 

All the switch's circuitry is on 
printed-circuit boards. Behind the 
pegboard is a large p-c board with 
input circuits, power sul)plies, and 
interconnections mounted on one 
side; on the other side, output 
cards are stacked perpendicular to 
the large board. If one output cir
cuit goes bad, the card it's on is 
replaced. 

The original units had five of 
these output boards with five out
put circuits per board. But Ward 
says the new units will have 10 
or 15 output cards to handle the 
25 output circuits. The fewer cir
cuits per card, the cheaper it is to 
replace a card when a circuit goes 
bad, he notes. 

Replacing an output card takes 
but seconds, and if the main board 
goes bad, it only takes a few min
utes to pull the whole switch out of 
the control system since the switch 
only has three cable connections
inputs, outputs, and power. 

Ward expects anyone in the 
process-control business to be in-
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These new 
SAMPLE/HOLD MODULES 

from BURR-BROWN 

will help you build 
accurate A/D conversion systems 

· in less time ... at lower cost 
Of the six Sample and Hold (or Track and Store) modules 
supplied by Burr-Brown, these two new units are proving to 
be the most popular. Why? Because they provide the type of 
precise, non-i nverting performance that is ideally su ited for 
highly-accurate A to D conversion systems. And, the price is 
reasonable. Only $110.00 for the 4034/25 ... $125.00 for 
the 4035/15 ... in single unit quantity. 

Both units have excellent gain accuracy (± 0.01 % ), low drift 
in the HOLD mode and a lOMn input impedance. Size is a 
convenient 1.80" x 2.40" x .60" for the Model 4034/25 .. . 
only 1.20" x 1.80" x .60" for the Model 4035/15. Rack 
mount versions are also available. 

FOR DETAILED INFORMATION 
on the complete line of Burr-Brown Sample/Hold Modules, 

simply contact your Burr-Brown Engineering Representative 
or use this publication's reader service card. 

HIGHLIGHT SPECIFICATIONS 

Accuracy (Q to 60°C, 1 % of f.s.) 
Input Impedance 
Aperture Time 
Acquisition Time 

Settling to 0.01 % 
HOLD Decay (at 25°CJ 
Power Requirements 
Price, single unit quantity 

4034/25 

± 0.01% 
10 Mn 
0.05 µ S 

1000 µ S 

± 0.1 mV/s 
±15V 

$110.00 

4035/ 15 

±0.01% 
10 Mn 
0.05 µS 

100 µS 

±0.25 mV/s 
±15V 

$125.00 

BURR-BROWN BB 
Operational Amplifiers 
Instrumentation Amplifiers 
Function Modules RESEARCH CORPORATION 
Active Filters 

Internationa l Airport Industrial Park• Tucson , Arizona 85706 

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

ENGINEERING REPRESENTATIVES : ALABAMA, HUNTSVILLE (205) 534·1648 I ARIZONA, PHOENIX 
(602) 254·6085 I CALIF., LOS ANGELES (213) 665·5181, SAN DIEGO (714) 232·2017, SAN FRAN· 
CISCO (408) 244-1505 I COLO., DENVER (303) 399-4391 I CONN. , EAST HARTFORD (203) 874-9222 
I D.C., WASHINGTON (SEE MARYLAND) I FLORIDA, ORLANDO (305) 425-2764 I ILLINDIS, 
CHICAGO (3 12) 2B6·6B24 I LA., NEW ORLEANS (504) 8B8·2266 I MD ., SILVER SPRING (301 ) 
5BB·81 34 I MASS., BOSTON (617) 245·4870 I MICH., DETROIT (313) 35B-3333 I MINN., 
MINNEAPOLIS (61 2) 7Bl-1611 I MO., ST. LOU IS (314) 524·4800 I N.C., GREENSBORO (919) 
273-1918 I H.J., CAMDEN (215) 925-8711 I N.M., ALBUQUERQUE (505) 255·1638 I N.l., ALBANY 
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(518) 489-4777, BINGHAMTON (607) 723-9661 , MT. VERNON (914) 968·2200, NEWBURGH (914) 
561-4510, NEW HARTFORD (315) 732-3775, ROCHESTER (716) 473-2115 I OHIO, CINC INNATI 
(513) 761-5432 , ClEVELAND (216) 237-9145, DAYTON (513) 277-8911 I PENN., PHILADELPHI A 
(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·B709 I VIRGINIA, (SEE MARYLAND) I WASH., 
SEATTLE (206) 767-4260 I CANADA, DOWNSVIEW, ONT. (416) 636·4910, MONTREAL, UUE. (514) 
739-6776, OTTAWA, ONT. (613) 725·12BB, VANCOUVER B.C. (604) 291·7161 
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Custom Magnetic Processing 
with Standard Components 

RFL Automagnetic® Systems - New Concept 
in Magnetic Processing 

The RFL Automagnetic System now makes it possible to completely auto
mate your production permanent magnet processing operation at a mini
mum cost. This new concept affords maximum flexibility for manual, 
automatic and programmable operations. Complete processing of magnets, 
meter movements, magnetic assemblies and a wide range of relative appli-
cations can all be achieved auto- set level results in the operation of an 
matically by using standard RFL Incomplete signal Indicating the possl-
magnetizing, treating, and measure- bllity of a flaw In the material or lm-
ment equipment. Each instrument proper control S,!tttlngs. 

can be used individually for pro- APPLICATIONS 
duction, field and laboratory 
applications. 

BASIC COMPONENTS 

A typical Automagnetic System would 
consist of a Model 3260 Magnet 
Charger, a Model 990 Magnetreater®, a 
Model 750 Gaussmeter, and a· Model 
3356 Automatic Module Enclosure. The 
configuration of a system will vary 
according to specific customer 
requirements. 

OPERATION OF THE SYSTEM 

The magnet material to be processed 
ls placed in the magnetizing/treating 
and measuring fixture which ls Inter
connected to the Model 3260 Magnet 
Charger and Model 990 Magnetreater. 
The magnet Is then charged to satura
tion. The Model 750 Gaussmeter, will 
Indicate the magnet saturation flux den
sity. Simultaneously, the gaussmeter out
put ls fed to the Input of the control 
circuitry of the Model 990 Magnetreater. 
When the Information is received, the 
treating cycle will automatically begin. 
(In some Instances other sensing appa
ratus may be used for a means of con
trol.) A series of continuously Increasing 

·amplitude pulses treat the magnet to a 
preset level and the process is auto
matically terminated. During this entire 
operation, the value of the magnet's flux 
density may be monitored on the gauss
meter. A System Status Panel, using in
dicators will show that the operation is 
complete and ls ready for another proc
ess. Other conditions such as Calibrate, 
Operate, Non Saturate, Overtreat and 
Incomplete can be incorporated on this 
status panel. Failure to reach the pre-

Circle 258 on reader service card 

The RFL Automagnetlc System ls pri
marily used for production processing 
of magnets and magnetic assemblies. 
Typical production assembly processing 
Includes TWT magnets, Bar and C 
shaped magnets and other basic mag
net configurations. The Automagnetic 
System is particularly suited for process
ing magnets in assemblies that require 
field strength adjustments. Typical of 
these applications are: precision adjust
ment of 0-C meters, torque motors, 
accelerometers, permanent magnet field 
motors and other designs embodying 
permanent magnets. Basically any mag
net or magnet assembly requiring mag
netl c adjustment can be processed 
with the RFL Automagnetlc System. 

RFL's Magnetic Applications Engineer
ing Staff will design at no cost, the 
necessary fixturing Interconnection 
wiring and any additional apparatus for 
specific customer requirements. For 
detailed Information on Automagnetlc 
Systems contact: 

® 
RFL Industries, Inc. 
lnatrumentatlon Div. • Boonton, N. J. 0100• 
Tel : 201-334-3100 I TWX: 710-987-8352 / CABLE: IADAIRC8. N.J. 

terested in the switch. "We'll be 
going after people like Foxboro 
and Leeds & Northrup," he says. 

Packaging is decided by the cus
tomer; in a rack mount, for instance, 
the unit measures 18 by 10 by 12 
inches. The customer also tells 
Agastat what the input voltage 
levels will be. 

Delivery time is two months and 
price is around $1,000. 

Agastat Division, Amerace-Esna Corp., 
Elizabeth, N.J. [398] 

New subassemblies 

Modulator works 
with hangers-on 

Unit for laser Q-switching 

easily fitted with prisms, 

windows, and mirrors 

"In a way, it's like an oscilloscope 
because it's built to take different 
types of plug-ins without too much 
adjustment," says Robert Gold
stein, president of Crystalab Prod
ucts Corp., describing a new light 
modulator for laser Q-switching. 

Prisms and Brewster windows, 
optical devices used for high
powcr work, can be attached to 
the model 3051. So can bleachable 
dye cells, which are used for mode
locking work and for reducing the 
rise time of switching pulses. 

The 3051 can also be fitted with 
a second-harmonic crystal genera
tor and with a totally reflective 
mirror. When the mirror is at
tached, the 3051 can be put right 
into one end of a laser cavity. 

The 3051 is a Pockels-effect mod
ulator-the electric field inside the 
device is parallel to the optical 
path. 

Choices. Available in eight mod
els, the price of the modulator 
ranges from $925 to $1,775. For all 
models, the optical power-density 
capability is 250 megawatts per 
square centimeter, the rise time of 
the switching pulse is one nano
second, and the maximum trans
mission is 96%. 

The bandwidth of some models 
is 0.25 to 1.10 microns, while others 
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communications engineers 

Here at MITRE we're involved in many 
highly complex (and urgent) projects 

requiring the special skills of 
Communications Engineers and Specialists. 

We're working on Air Force and 
Defense Communications Agency programs in Bedford, Massachusetts, and Washington, D.C. 

MITRE is responsible for planning and designing new systems 
for transmission and reception of voice, digital, and pictorial 

information over global distances - sometimes involving 
communications satellites. We're also responsible for integrating 

these new systems with existing ones. The need for technical innovation is great. 
We need EE's (from BS to Ph.D.) who qualify for Technical Staff 

positions in any one of the following areas: 

Communications Systems 
O Systems engineering from planning to final 
evaluation of common-user communications networks 
in survivable command and control , tactical air 
control , and space and weapons systems. 
O Analytical studies of modulation and filtering 
processes associated with wireline digital data 
transmission devices. 
O Design analysis, system planning and laboratory 
studies in secure voice communications. 
O Data processing techniques and digital terminal 
equipment. 
O Conceptual design, acquisition and check-out of 
line-of-sight digital and analog links for radio 
surveillance systems. 

Communications Techniques 
O Theoretical analysis, advanced development test 
and evaluation of advanced digital data transmission 
techniques. 
O Advanced modulation theory and system design. 
O Coding theory applications to system design. 
O Sequential decod ing. 
O Pseudo-noise communications and ranging. 
O Digital filtering analysis, synthesis and computer 
modulation and evaluation. 
O Airborne data communications, AJ and ECM 
techniques. 
O Logic design and special purpose computer 
architecture. 
O Theory and design of digital data multiplexing . 
O System design and integration of complex 
avionics, and/ or shipborne digital communications 
systems. 
O Airborne communications systems, 
electromagnetic interference, automated system 
control and performance monitoring. 

Communications Satellite Systems 
O Design and application of simulators, both 
computer-based and man/ machine laboratory, for 
satellite communications systems. 
O Preparation of operational and technical test 
plans for tactical satellite communications program. 
O Design and analysis of advanced operational 
communications satellite systems. 
O Analysis of user requirements. 
O Equipment engineering for tactical satellite 
communications program . 
O Field testing experimental tactical communications 
systems. 
O Analytical and experimental work in modulation 
and multiple access techniques , signal processing 
frequency allocation, net control and modems for 
communications satell ite systems. 

Communications Systems Planning 
O VLF propagation and modulation techniques. 
O Microwave communications system design, test 
and implementation. 
O Aircraft communications and navigation systems 
design with an analysis base in electronic systems. 
O Communications system and network planning , 
design and implementation. 
O A key program requiring the above capabilities 
involves the systems engineering for the CNI 
(Integrated Communication , Navigation and 
Identification) project. THE ______ _ 

MITRE 
CORPORATION 

Address Mr. Richard Seamans, The MITRE Corporation, 3911 Middlesex Turnpike, Bedford, Mass. 01730 
In Washington, Mr. Robert Knotts, The MITRE Corporation, P.O. Box 1202BC, Bailey's Crossroads, Va. 22041 
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Chart-Pak® 
short cuts 

uat printed 
circuit 

ma stars 
ontha 

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 ±.002" accuracy. 

• Finished masters reproduce with maximum sharpness <!> 

... require minimum opaquing. 
• Chart-Pak's Precision Grids guarantee master [HARTPAK RDTEX 

accuracy. A Division of Avery Products Corp. 0 
Using is believing ... write for free catalog showing 14&K•;,., •oa•. L•••~ Mass.01os3 

complete line of printed circuit materials. 

Look In The Yellow Pages under Charts/ Business, Drafting Supplies, Tapes or 
Art Supplies for your dealer' s name. 

Circle 334 on reader service card 

Vector-strut Cages 
Have Universal 
Adjustability 
• STRENGTH 
• HANDSOME APPEARANCE 
• QUICK ASSEMBLY 

. '°'!_ • LOW COST 
CHECK THE SPECS AND SEE: 

THE VECTOR-STRUT CAGE provides an adjust-
able aluminum frame which through customer 
test has proven to be more versatile than other 
competitive units on the market. g 
• Mountable on 10", 19" or 24" racks . '.i <' 
• Three standard heights· 3 1%2'. 7%2'. 8 2%2"· 
• Three standard depths - 8.975", 11.975", 

15.725''. 
• Prototype quantities shipped from stock. 

Production quantities in minimum time. 
• Vertically slotted side walls and adjustable 

cross member end brackets allow universal 
height and depth adjustability for cards and 
module cases. 

• Infinite adjacent positioning capability for 
modules, cards and connectors with ex
truded fastener holding jucts. 

"EFP" ALUMINUM MODULE CASES• to fit 
Vector-Strut Cages 
• Sixty (60) standard sizes for circuit cards, 

featuring \1, 6 " extruded grooves on .150" 
centers across case width for easy card 
mounting - no holes required in circuit 
board . 

• Slide out side covers for quick access to 
cards. 

• Front p anels with captive thumb screws and 
rear pane ls either slotted or closed for 
user's connector design. 

• Patented Features 

FOR HIGH FREQUENCY Vector Pak plug-in 
cases provide 90 to 100 DB of shielding with Write the factory for specification 
optional side p anel gasketing. data and prices. 

~ fiJif/jjf ELECTRONIC COMPANY, INC. 
~ 12460 Gladstone Ave., Sylmar, Calif. 91342 

260 Circle 260 on reader service card 

Same road. The electric field generated 
by the 3051 travels parallel to the 
light from the laser. 

work up to L30 microns. Depend
ing on model, angle aperture is 
0.5°, 0.6°, 0.75°, or L0°, and aper
ture diameter is 6.35, 10, 12.5, or 
16 millimeters. 

The crystal can be either potas
sium dihydrogen phosphate {KDP) 
or potassium dideuterium phos
phate {KD0 P). Multiple-crystal 
units, which have lower operating 
voltages, are also available. 

The least expensive unit, the 
3051-6, has a KDP crystal, 6.35-mm 
aperture diameter, and L0° angu
lar aperture, while the $1,775 mod
el's crystal is KD 0 P, aperture is 16 
mm, and angular aperture is 0.5°. 

Crystalab says the 3051 can re
sist shock and vibration. "We don't 
have any numbers because we 
don't know of any standard shock 
and vibration tests for lasers," says 
Goldstein. "But we've dropped the 
modulator, and thrown it against 
the wall, and it still worked." 

Crystalab Products Corp., 19 Legion 
Place, Rochelle Park, N.J. [399] 

New subassemblies 

Data recorder 
has light touch 

Keyboard-to-tape unit 

uses single-capstan drive; 

left-zero fill is standard 

One of the truisms of the computer 
business is that computers them
selves are becoming too fast too 
soon for peripheral equipment. 

Circle 261 on reader service card~ 



Are you going to do something now about your identification problem? 

If you're in the business of making things, you can't escape the business of 
marking things. And the business of identifying electrical and electronic 

components can be a messy (and costly) problem. But it doesn't have 
to be, with the right kind of help. 

Markem can help by supplying the best machines, specialty inks, 
printing elements and other supplies you need. We can help by being 

there whenever you need service, whenever an operator needs 
training. But mostly we can help by coming up with new ways to 

give you better identification for less money. For example, we 
recently introduced an Instant Type Former which lets you make 
metal type in-plant, as needed. No waiting for delivery .. . you can 

form new type inserts in less than a minute by simply 
"dialing" the legend. 

We can also show you how to combine sequential 
numbering with identification ... how to print 14 

characters plus trademark in an 0.125 " diameter area ... 
how to produce clear imprints on recessed , irregularly

curved and other difficult surfaces ... how to safely 
mark flat-pack ceramic l.C.'s either in or out of 

carriers ... how to color-band axial-lead 
components with up to 6 different bands at 

high rates of speed. 
It doesn't cost a dime to have one of our 

analysts come to your plant to discuss your 
particular identification problems. His ideas 

could save you a lot of headaches. And a lot of 
money. Call your local Markem Sales office or 

Bernie Toomey at 603-352-1130. Write for our new 
"Problem Solver" booklet. 

Markem Corporation, 
305 Congress St., Keene, N.H. 03431. 
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262 

RF Detectors 

Texscan crystal detectors 
are broadband devices 
designed for use in 50 or 
75 ohm coaxial systems . 
Featuring low VSWR and 
excellent flatness, these 
detectors are ideal for use 
with sweep generators, 
reflectometers, and other 
general purpose applica
tions . 

CD-50 

CD-51 

C0-75 

0.1 MHz to 
1 GHz 
1 MHz to 
4GHz 
0.1 MHz to 
1 GHz 

-& TEXSCAN 
V CORPORATION 

2446 N. Shadeland Avenue 
Indianapolis, Indiana 46219 
Telephone (317) 357-8781 
TWX: 810 - 341 - 3184 

Circle 262 on reader service card 

It's usually put his way: "What 
good is it making computers that 
hum along in nanoseconds if the 
machinery that feeds them can 
only chug along in milliseconds?" 
The obvious answer to the lag is 
to design faster peripherals; an
other, and perhaps simpler remedy, 
is to eliminate steps in data-hand
ling operations. 

The punched card has long been 
considered one of the worst slow
pokes [Electronics, April 15, p.193]. 
Equipment that enters information 
on magnetic tape directly from a 
keyboard, bypassing the punched 
card, is made by the Mohawk Data 
Sciences Corp., Honeywell Inc. 
and others. Now there's a new en
try in that race; the KDR 3100 key 
data recorder manufactured by the 
Potter Instrument Co. 

It comes naturally. Stephen J. 
Keane, the company's marketing 
vice president, says that the 3100 

Talking to the tape. The keyboard can 
generate codes that have densities as 
high as 800 bits per inch. 

is a logical extension of Potter's 
line of single-capstan magnetic 
tape drives. 

The company says that the sin
gle-capstan design makes the 3100 
gentler with tape than competitive 
devices, so breaks should be held 
to a minimum. All the improve
ments in the new machine are on 
that order-not necessarily ad
vances in the state of the art, but 
subtle changes that enable the user 
to get more data on tape in less 

pronounced die-ock-ro 

•

25TON 
HYDRAULIC 
PRESS BRAKE 

It takes less than 15 seconds to pre
set the length of stroke for most effi
cient operation and maximum safety. 
The rapid, dual speed work cycle 
provides fast approach, slow work 
and fast return-or a stroke as slow 
as 6 operations per minute. It's easy 
to "inch" the ram or reverse it at any 
point in the stroke. Dangerous sheet 
whipping with resultant costly kink
ing can be virtually eliminated. This 
dependable 25 ton hydraulic press 
brake is available in 6 and 8 foot 
bed sizes. 

Designed for high speed, eco
nomical forming and fabricat
ing of small parts. The 12 
Ton series uses standard press~~~ 
dies and is practical for short 
run production and sample 
work. Available with 3 or 4 
foot bed. 

A complete selection of press 
brake dies for bending, blank- Ql'.J o () 
ing, box forming, corrugat- onr1~ 
ing, curling, hemming, punch- Vvv 
ing and flattening. Fits all 
standard press brakes. 

Di-Aero Rol-Form Dies elim
inate work marking of highly 
polished or painted materials. --~•...._ 
Saves time and reduces die 
costs-one die does the job 
of many. 
A new Di-Aero True Form Die 
contains an adiprene insert which ~ 
''gives'' under forming pressure. 
It forms the finest finishes with· 
out marking but requires more 
pressure than the Roi-Form Die. 

See your Di-Aero distributor 01' write us. 

Di-Aero manufactures a complete ~ 
line of benders, rod parters, brakes, 
press brakes, press brake dies, ~ 
shears, notchers, rollers, punch .. 
presses, layout machines, spring Ciil 
winders and punches and dies. Write 
for catalog. 

-DI-AC RO 
A Division of Houd1llle Industries, Inc. 

4311 Eighth Avenue • Lake City, Minnesota 
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8·4·2·1 
BCD 

THE CUSTOM MSI SEVEN SEGMENT 
DECODER/DRIVER 

One of our customers had the exact problem stated above. Radiation 
solved the problem refiably and economically with dielectric isolation 
and medium scale integration. BCD to decimal to seven-bar with built
in drivers . . . three hundred elements on a single chip! And an 80 MA 
per bar minimum drive current. The best IC solution for the job. 

Radiation has mastered dielectrically isolated MSI. We would like to work 
with you on your particular application . Medium scale integration is the 
best solution to the packaging density problem. Dielectric isolation is 
the best approach. 

Contact your nearest Radiation sales office. State your problem. Let us 
help you pick the Best IC for the job. 

WE MAKE THE ~"t~ \\_ FOR THE JOB 

RADIATION 
INCORPORATED 

SUBSIDIARY OF HARRIS -INTERTYPE CORPORATION 
MICROELECTRONICS DIVISION 

RADIATION SALES OFFICES: P.O. Box 476, lexington, Mm. 02173. (617) 682-1055 • 600 Old Country Road. Garden City, N.Y.11530. (516)747-3730 • 2600 Virg inia Avenue N.W .. Washington, O.C. 20037. (2021337-4914 • 6151 
W.CenturvBoulevard, los Angeles, California 90045,(2131670·5432 •P.O. Box 37, Milbourne, Florid132901.13051727-5430 •International Salas: Marketing Oapartment. P.O. Box 37. Melbourne, Florida 32901. 13051727-5412 
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No monkey biz 
when you buy 
Security Filters 
from Captor 
Captor Corporation is a specialist 
in the manufacture of communica
tions, security and shielded room 
filters. Our goal is to satisfy the in
dustry's long-standing needs: the 
need for a supplier Who makes on
time deliveries ... whose sales 
promises are fulfilled ... whose 
products meet all applicable speci
fications . .. who gives good overall 
service. Captor offers one of the 
industry's most complete line of se
curity filters, including units ca
pable of carrying very large power 
line loads. Our security filters meet 
even more rigorous specifications 
than EMC filters, including DCA 
and FED-STD-222. If your require
ments are unusual or unique, Cap
tor engineers are available to 
evolve special filter designs. Now 
that you have an alternative, let 
Captor bid on your next security 
filter requirement! 
Captor Corporation manufactures 
miniature filters ... communica
tions and security filters ... custom
design filters, and other electronic 
components. 

~C~PIUR 
CORPORATION 

APPLICATION ENGINEERING DEPT. 

5040 Dixie Highway, Tipp City, Ohio 45371 

264 Circle 264 on reader service card 

..• there's no destruction 

of the displayed data •.. 

time and with less effort. As Keane 
puts it, "We paid a great deal of 
attention to such intangibles as 
work :area, comfort and compact
ness. These features might not 
make engineers drool, but for the 
user they can mean money in the 
bank." 

For example, there is more than 
enough leg room and work room 
for the operator; speedier opera
tion is made possible by keyboard 
and console layout, color coding, 
and key sensitivity and design. 

The single-capstan feature also 
simplifies loading and ensures ac
curacy and reliability of data. The 
recording head is a single-gap 
read/ write type; the transport also 
contains an erase head. It gene
rates codes up to 800 bits per inch 
in seven- or nine-channel format. 
Conventional half-inch computer 
tape is used. 

Under the hood. The memory, 
says the company, has advantages 
over those in card-punch and other 
entry machines. Among the advan
tages are fast duplication, and skip 
and release functions. The mem
ory also displays contents without 
destroying the data and allows 
character-error correction within 
any field of data. It stores its pro
grams, holds 48 to 160 characters, 
and pemiits operation of the ma
chine in five different modes: entry, 
verify, search, display, and record/ 
read. 

One feature offered as standard 
on the 3100 is optional on competi
tors' machines. That's what Potter 
calls the unlimited left-zero fill, 
which automatically fills in zeros 
if :a two- or three-digit number 
should come up in a series of five
digit numbers. 

The 1company is confident th:at 
there's a good market for its 3100. 
Says Keane: "While our marketing 
plans in this country are to sell di
rectly to end users, we've already 
accepted an order for 1,000 units 
from one of the largest computer 
makers in Europe." He wouldn't 
identify the firm, but European 
sources indicated that it's Britain's 
International Computers Ltd. 

Potter Instrument Co., E. Bethpage Rd .• 
Plainview, N.Y. 11803 [400] 

YOllK 
PKEECOPY 
IS KEllDY! 

* The one-source * Over 70,000 items-
buying guide . 500 major brand lines 

* 700 pages 

* Over $7,000,000 industrial electronic inventory 

NEWARK HAS IT NOW. THE COMPLETE LINE OF 

ALL 
GENERAL ELECTRIC 

•
C~"~PONENTS 

EQUIPMENT 
• Integrated Circuits 
• Semiconductors 
• Photoconductive Cells 
• Soldering Equipment 
• Dry Reed Switches 
• Transformers 
• Batteries 
• Pilot Lamps 
• Silicones 
• · Tubes 
• Switches 
Immediate delivery from stock-factory OEM prices 
-fast efficient service from 11 Newark warehouses. 

C;;c~._-~:t=-, 
New Main Office & Warehouse 

rlllEWARK ELECTRONICS l!Jj CORPORATION 
500 North Pulask i Ch icago, Ill inois 60624 

(312) 638 -4411 

WAREHOUSES IN * M inneapol is, M inn. Los Angeles Area • 
(61 2) 331 -6350 (21 3) 678 -0441 * Cincinnat i. Oh io Grand Rapids, Michigan • 
(513) 421 -5282 (616) 452 -1411 

• 
Denver, Colorado 

- (303) 757 . 3351 * Detroit, Michigan 
(313) 548 -0250 

• New York City 
(212) 255 -4600 

New Orlean s, Lou isiana • 
(504) 834 -9470 
Dallas, Te xas 
(214) 271 -2511 
Houston, Texas 
(71 3) 78 2 · 4800 

• • 
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We have something 
for no-nonsense 
design engineers 
who want to make 
the best iJivestment 
in IC logic assemblies. 

Design with CAMBION® IC 
Logic Assemblies. You get more 
for your money . .. more func
tions on every logic card ... an 
exclusive 70-pin input/output 
that lets you bring more functions 
through to the outside world. 

With this unique connector 
capability, we've developed both 
standard and those hard-to-find 
cards ... grey code logic, arith
metic logic, counters, decoders, 
registers, comparators ... all the 
odd-ball assemblies you need. 

,--10"-----, ,--10°-----, ,--10'-----, ,-ID'---, 

BCD counters with decoder/ Nixie drivers 

" Reg. U.S. Pal. Off. 
•Trademark, Burroughs Corp. 

' 

Look at these advantages: 

SPEED - IC logic assemblies with speeds to 
25 MHz. 

NOISE - Exact component location with precision 
etched interconnections achieve "short-leads" and 
prevent signal cross-coupling. BCD counters with 
decoder/Nixie* drivers all on a single card are but 
one example. 

PACKAGE DENSITIES- 70-pin input/output, 
plus a great array of complex functions and you've got 
what it takes for high
est density packages. 
(You use fewer cards 
this way, too.) 

VARIETY - Over 
250 card types for diffi
cult applications. 

DELIVERY -Im
mediate ... from stock 
... honestly. 

DOCUMENTATION 
- CAMBION's new logic manual has the data, in
cluding application and helpful reference formulas. 

NO-NONSENSE - Make the @.... 
best investment in IC logic assem- j i;;s 
blies. Send for new manual. , @ 
Cambridge Thermionic Corporation, t;::i 

447 Concord Ave., Cambridge, @ill 
Mass. 02138. Phone: (617) , ~ 
491-5400. In Los Angeles, , ~ 
8703 La Tijera Boulevard. Phone: I {QJ 
(213) 776-0472. t-=---=_..:__.;.i 

Standardize on CAMBION . .. the guaranteed logic assemblies 
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resolver /synchro 

to digital conversion 

.01° accuracy 
0 /sec. tracking 

North Atlantic now brings you a .= generation of solid-state analog-to-digital 

converters for resolver and synchro data. They offer major advances in high-speed 

precision tracking as required in modern antenna readout, ground support, simu

lation, and measurement systems. 20, ooo• 
For example, the Mo 5 provides conversion of both resolver and synchro 

data at rates to •/second, and accommodates ll.8v to 90v 400Hz line-line 

signals. For multiplexed applications, acquisition time is less than 50ms. Digital 

output data is visually displayed and simultaneously available on rear connectors. 

All modes are programmable as well as manually controlled. Optional features 

include .001 • resolution with 10 arc second accuracy, data frequencies from 

60Hz to 4.8KHz, data freeze command for digital readout at a critical instant, and 

programmed mode where difference angle computation is required. 

Your North Atlantic representative (see EEM) has complete specifications and 

application information. He'll be glad to show you how these con-

266 

verters can answer critical interface problems in your system. 

NORTH ATLANTIC industries, inc. 
TERMINAL DRIVE, PLAINVIEW, NEW YORK 11803 • 516-681-8600 
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New subassemblies 

Coupler makes 
many matches 

Device gets digital data 

and sends it to variety 

of recording devices 

One of the wider and more persis
tent communications gaps is the 
one . between measuring and re
cording devices. Only rarely can 
a meter be plugged right into a re
corder. The engineer usually has 
to go looking for a coupler, and his 
problems don't end even when he 
finds one; these devices have a 

Half-dozen hookups. The coupler can 
handle as many as six inputs. 

tendency to work with only one 
type of meter and recorder. 

A new coupler from the Hew
lett-Packard Co. takes some of the 
trouble out of interfacing. 

Called the model 2547, the de
vice accepts digital data, translates 
it from parallel-entry code to serial 
form, and then transfers it to any 
one of eight reco.rding devices: -a 
Kennedy 1406 incremental re
corder, an H-P 2780A junction 
panel, an H-P 5050A digital re
corder, a modified IBM model B 
output writer, an H-P 2752A tele
printer, or a Friden 2303. The cou
pler can be adapted to other re
corders by changing logic cards. 

The price depends on the re
corder supplied with the coupler. 
A coupler and teleprinter, for ex
ample, costs $4,150. 

Hewlett-Packard Co., 1501 Page Mill 
Road, Palo Alto, Calif. 94304 [480] 
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Move from the problem 
to the solution 

with Heath Analog Digital Designer 

only ... $435 
Achieve virtually anything you wish in 
digital and analog circuitry : design your 
own Counters, Frequency Meters, DVM, 
Precision Timers, Frequency Standards, 
Digital Interfaces . . . and hundreds of 
other digital instruments. You can also 
investigate Counter, Scaling and DVM cir
cuits, Adders, Subtracters, Digital Analog 
Interfaces and special circuits of your own. 
All you have to do is plug-in a few circuit 
cards and connect them ... 

The Heath/ Malmstadt-Enke Analog D;g
ital Designer (ADD) EU-SOJA is a unique 
method of systems and circuit "bread
boarding" for experimentation. The ADD 
includes three factory-assembled modules 
(power supply, binary information and 
digital timing) and 13 factory-assembled 
cards. Each module may be used indivi
dually or connected to the others in the 
system cabinet. Cards plug into each mod
ule . . . power supply connections are auto
matically made. 

High value cards with TTL ICs feature 
"wire-patch" solderless connector boards 
to accept ordinary hookup wire and com
ponent leads for simple and rapid assem
bly of your circuit designs. A color sche
matic of inputs and outputs is provided 
on the board. 
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The ADD may easily be expanded as new 
modules and new cards are available fol
lowing the improvement of technology. 
The ADD with its Analog Digital Inter
faces is able to accept and process external 
information, thus opening it to the out
side world. 10 lamp binary readout is 
built-in ... digital readout will be avail
able shortly. 

Multiple nand gate, Dual J-K Flip-flop, 
Dual monostable, Relay, Comparator/ 
Voltage to Frequency, Dual inline IC 
socket, Multiple connector/ Blank PC and 
Operational Amplifier cards are supplied. 
Just plug-in your design in the ADD ... 
optimize it and use the solution directly 
•.. for only $435 (circuit cards and mod
ules also may be purchased separately). 

The ADO'S Logical Companion 

[7.. _iijil 
~t l· 

I ~ _ :J rl • • • • • • • 

• 0 • l • 
Many cards from the Heath EU-805 Uni
versal Digital Instrument (UDI) may be used 
in the ADD increasing its capabilities. The 
UDI combines in one package a 12.5 MHz 
Multi-Purpose Counter /Timer and a 0.05% 
accuracy Integrating Digital Voltmeter to 
measure frequency, period, time interval, 
ratio, count events and perform as a DVM 
and voltage integrator with unmatched 
versatility. 

.---------r-1~1¥1*&4¥11---------------, 
HEATH COMPANY, Dept. 580-04 I 
Benton Harbor, Michigan 49022 I For more infor

mation send for 
the NEW 
HEATH 

Scientific 
Instrumentation 

Catalog 

D Please Send Free EU-805 UDI Spec. Sheet I 
D Please Send Free EU-801 ADD Spec. Sheet I 
D Please Send Free New Scientific Instrumentation Catalog I 

I 
I 
I 

City State Zip I 
(prices & specifications subject to change without notice) EK-255 I 

--------~--------....I 
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New Microwave Review 

Solid state local oscillator series 
6001 has afc capability and 
covers octave frequencies rang
ing from 100 Mhz to 2 Ghz. With 
single screw tuning it can also 
be used as a multiplier pump, 
low power transmitter and the 
signal source for broad-tuning
range test equipment. Power out
put ranges from 20 mw to 100 
mw. Trak Microwave Corp., Tampa, 
Fla. 33614. [401] 

Two-stage r-f power amplifier 
model 03 -63 -00 provides greater 
than 17 db of gain from 1.725 
to 1.775 Ghz. It is a completely 
self-contained instrument includ
ing all necessary power supplies 
and control circuitry. R-f input 
is 1 watt; impedance Cinput and 
output), 50 ohms; vswr (input 
and output), 1.5:1. Applied 
Microwave Laboratory Inc., An
dover St., Andover, Mass. [405] 

New microwave 

Slotted blade, linearly polarized 
antenna model 803 L was de
veloped as part of an L-band 
radar transponder system for use 
in drone application. The an
tenna's stainless steel body con
struction offers high depend
ability in missile environments. 
Linear radiation coverage is 
provided with minimum aero
dynamic drag. Vega Precision 
Labs, Vienna, Va. [ 402] 

Multioctave VIG filter model 
212MS, available with DSM or 
N-type connectors, shows a high 
performance, two-stage bandpass 
from 1.0 to 12.4 Ghz. Tuning 
power required is less than 6 w 
at 12.4 Ghz. The unit has appli
cation as a test component for 
lab measurements. Size is 1.4 in. 
cube. Price is $880. Ryka 
Scientific, North Pastoria Ave., 
Sunnyvale, Calif. [406] 

Bandpass filter TSJ2250-100-
8SS for use from 2.2 to 2.3 Ghz 
is designed for airborne tele
metry applications. A typical 
unit measures 5 in. long with a 
cross section of 1 1/ 8 x llz in., 
and weighs less than 4 oz. In
sertion loss is 1.5 db max. at 
center frequency. Average power 
rating is 60 w. Price is $380. 
Telonic Engineering Co., Laguna 
Beach, Calif. [403] 

TWT amplifier 1177H covers 2 
to 18 Ghz with a m:nimum power 
output of 10 w c-w. Each am
plifier consists of a ppm travel
ing-wave tube, an all solid state 
regulated power supply and a 
complete air cooling system. 
Units are suited for applications 
in rfi testing, antenna measure
ments and general laboratory 
use. Hughes Aircraft Co., Tor
rance, Calif. [407] 

Broad band stub antenna 01-24-
03444 covers 2 to 10 Ghz. 
Vertically polarized with a 
quarter-wave monopole pattern, 
the radome-enclosed antenna has 
a vswr of under 2 to 1 over 96% 
of the band. It has a 90% 
efficiency and can handle 100 w 
average power. It weighs 3 oz. 
Temperature range is -65° to 
+250' F. Electronic Specialty 
Co., Los Angeles. [404] 

P-i-n diode attenuator/ modu
lator model Nl72AL incorporates 
a driver module with a logar
ithmic transfer function which 
permits the attenuation level to 
be controlled with a single d-c 
voltage at the rate of 10 db/v. 
The unit operates over the fre
quency range from 0.05 to 8.0 
Ghz. Price is $525. General 
Microwave Corp., 155 Marine 
St., Farmingdale, N.Y. [408] 

set to operate at any frequency 
over a range of an octave. 

Double cavity widens Gunn range 
One reason for the wider tun

ing, Nippon Electric says, is the 
absence of unwanted modes and 
mode jumping within the tuning 
range. Mode jumping refers to 
sudden changes in frequency and 
power output of the oscillator be
cause of changes in the pattern of 
electric and magnetic fields in a 
single cavity, usually tuned with a 
variable-position plunger. 

Two-resonator design combats mode jumping in oscillator; 

initial X- and K-band units put out 32 to 87 milliwatts 

Complexity can sometimes be a 
good way to simplify things. The 
Nippon Electric Co. added a ·sec
ond cavity in its new Gunn oscil
lators, and it says the double-cav
ity models give a tuning range of 
about 10% of the center frequency 
by a simple adjustment of a sin-
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gle screw; one needn't change the 
applied voltage. The power out
put over the tuning range varies 
by less than a decibel from the 
maximum. 

By changing the iris between the 
cavities and adjusting the applied 
voltage, the same oscillator can be 

Sizing it up. At lower frequen
cies, the Japanese company ~ays, 
a tunable single-cavity oscillator 
operating in the fundamental tiiode 
is not greatly susceptible to mode 
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Couch 2X 117-size relays 
meet MIL-R-57570119 in 
1/25th of a cubic inch 

The new, third generation Couch 2X 
relays solve switching problems where 
space and weight are critical. Thor
oughly field-proven in electronic and 
space applications. Relays are de
livered fully tested. Additional screen
ing tests available at your option. 

2X 1X 
(DPDT) (SPOT) 

Size 0.2''x 0.4"x 0.5" same 
Weight 0.1 ox. max. same 
Contacts 0.5amp@30VDC same 
Coil 

Operating 
Power 100mw150 mw 70mw100 mw 

Coil 
Resistance 60 to 4000 ohms 125 to 4000 ohms 

Temperature -65'C to 125'C same 
Vibration 20 G to 2000 Hz same 
Shock 75 G, 11 Ms same 

Broad choice of terminals, coil resistances, 
mounting styles. Write for detailed data sheets. 

llVGGlD 110/'AllY lll/AYS IJ!fJ D1n11TN(lllf 1nd Slll1r1H1 81/1nctd 

COUCH ORDNANCE INC. 
3 Arlington St., North Quincy, Mass. 02171 

Area Code 617 CYpress 8-4147 
A subsidiary of S. H. COUCH COMPANY, INC. 
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jumping. But at X and K bands, 
where the new oscillators work, a 
fundamental-mode cavity becomes 
too small for convenient fabrica
tion of a tunable cavity, so the de
signer has to go to a larger cavity 
and operate it in a higher-order 
mode. This increases the proba, 
bility that it will jump to neigh
boring modes. 

With the double-cavity config
uration, there is no tuning in the 
diode oscillator cavity, which thus 
can be made small enough to op
erate in the fundamental mode. Ad
justment of the capacitance at the 
iris and the coupling between the 
two cavities make the double-cav
ity circuit lossy at neighboring 
modes, effectively suppressing 
them. 

The smaller cavity contains the 
Gunn diode. The supplementary 
cavity is tuned by a plunger at
tached to a screw. The two cavi
ties, with the iris between them, 

Band trio. Gunn oscillators, left to 
right, operate at 10, 15, and 22 Ghz. 
Flanges fit standard waveguides. 

can be considered a resonator con
sisting of a transmission line 
shorted at both ends and having 
capacitive loading. 

Nippon Electric points out that 
it borrowed an idea from the de
signers of reflex klystrons-the 
tubes, which, it is hoped, will be 
replaced by solid state sources. In 
some of the latest klystrons, a sup
plementary cavity is electrically 
coupled to the internal cavity but 
is itself outside the evacuated por
tion of the tube for mechanical 
convenience and superior electrical 
performance. 

Power play. Standard units of 
the double-cavity Gunn oscillators 
are available for the 10, 15, and 
22-gigahertz ranges. The 10- and 
15-Ghz devices can be tuned over 
a range of more than 10%, and the 
22-Ghz units are tunable over a 
range of about 1.9 Ghz. The maxi-

NEW, COMPLETE DATA ON 
ECCOSORB® "FREE-SPACE" 
MICROWAVE ABSORBERS 

Physically/electrically-tapered "building 
blocks" for anechoic chambers; conform
able, flexible foams to reduce radar cross
section. 12 different high-performance 
types are described in new bulletin. 

Circle 307 on reader service card 

18 low loss systems are described in new 
folder and chart. Casting resins, impregnants, 
coatings, adhesives, rod & sheet - some 
foams - some Hi K - all with dissipation 
factors below 0.001. For RF, UHF, VHF and 
microwaves - capacitors, coils, etc. 

Circle 308 on reader service card 

NEW, COMPLETE DATA ON 
ECCOSORB® "HIGH-LOSS" 

DIELECTRICS 

. ..:..~ 
Microwave absorbers for waveguide and 
coax terminations, attenuators, etc. Sup
press surface waves; reduce reflectivity. 
Machineable rod & sheet, casting resins, 
flexible sheets, high-temp ceramics de
scribed in new bulletin with application 
selector and fold-out properties chart. 
Send for free copy. 
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Emerson & Cuming, Inc. 
CANTON, MASS. 
GARDENA, CALIF. 

NORTHBROOK, ILL. 
Soles Offices 
in Principal Cities 

EMERSON & CUMING EUROPE N.V., Devel, Belgium 
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E-Cell* Integrator/Readout System 
Measures, Stores, and Retrieves 
the "Area Under the Curve" 

"Area under the curve" is a phrase 
that first enters an engineer's working 
vocabulary in high school calculus and 
stays with him throughout his career. 
Yet, even with today's sophisticated 
technologies, actually measuring the 
area under the curve has until now been 
a lot easier said than done. 

So we see good engineers and sci
entists resorting to the old brute force 
method of doing it - plotting the curve 
and calculating the area under it. 

In a field use situation, even if 
basic engineering sense points to build
ing an on-line, real time integration 
function into the problem solution, the 
researcher or designer is likely to seek 
another alternative approach. Why? 
Simply because the only tools pre
viously available to do the job were 
bulky, complicated, and expensive. 

But as every engineer knows in
tuitively, there's always got to be a 
"better way." Our "better way" is ... 

The E-CELL Integrator 
Bissett-Berman's E-CELL integra

tor looks like a simple circuit element 
but does the work of a complex as
sembly. It can be simply connecte~ 
across the output leads of a sensor umt 
responsive to the phenomenon to be 
integrated. Examples: a photoele~tric 
cell sensing the accumulated sunlight 
falling on a satellite during a sev~ral 
months' mission; or the accumulation 
of RF energy output of several radars 
to give a warning when the total be
comes dangerous to humans. 

Physically, an E-CELL integrator 
is the size of a discrete electronic com
ponent. Inside the cell is a center elec
t rode, which is surrounded by an 
electrolyte, with the case itself serving 
as the second electrode. 

i 

When connected in a circuit, the 
E-CELL integrator plates silver atoms 
onto either the center electrode or the 
case electrode, depending on the po
larity of the integrator in the circuit 
and the operational mode. 

The E-CELL Transform 
The simple beauty of this arrange

ment lies in the fact that the plating 
process is perfectly precise. For every 
electron impressed on one of the elec
trodes, exactly one atom is plated onto 
the other. 

The information stored in the 
E-CELL integrator as atoms is non
volatile, and doesn't have to be retrieved 
in the same way or at the same rate 
that it was generated in the E-CELL 
integrator. This means that the input 
curve can be highly irregular, have 
simultaneous multiple sources, and ex
tend over a very long time period, but 
the transformed integrator output can be 
represented as a convenient flat curve 
at any chosen level of time or current. 

The E-CELL integrator action is 
reversible, i.e. you can count up from 
zero or count from a predetermined 
total down to zero. In the "Countup" 
mode you start with a bare center elec
trode on the integrator and accumulate 
a charge on it as the action proceeds. 
In the "Countdown" mode you start 
with an E-CELL integrator whose cen
ter electrode is plated with an amount 
of silver representing the integral in 
your problem solutio_n. Then yo~ let 
the integrator run until all of the silver 
has been transferred from the center 
electrode to the case. When this has 
occurred, the E-CELL integrator de
livers a sharp voltage rise which can 
trigger a solid state-actuated light, 
alarm, or switch. 

The Integrator /Readout System 
Bissett-Berman has just completed 

development of the Model 300 EDR 
E-CELL Digital Readout. An E-CELL 

t E-CELL Integrator, actual size. 

E-CELL integrator transforms irregular input signal into average integra!. Area 
under curve A equals curve B area. Countup Mode - >- measures unknown input 
integral. Countdown Mode <- gives signal when unknown input equals pre-set value. 
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integrator together with a Model 300 
EDR Readout comprise a data collec
tion system capable of measuring the 
"area under the curve" on-line in real 
time, and over periods from seconds 
to months. 

The Model 300 EDR Readout is 
specifically designed to measure and 
digitally display total charge accu
mulated on the center electrode of an 
E-CELL integrator used in the "Count
up" mode. In addition, the Model 300 
EDR provides for manually pre-setting 
an E-CELL integrator with a precise 
amount of plating for operation in the 
"Countdown" mode. 

The E-CELL Integrator/ Readout 
system is ideally suited for: physical , 
medical, and agricultural research; 
product field testing; collection of use 
data, and evaluation; process monitor
ing and control; warranty validation -
or wherever an analyst desires to mea
sure a phenomenon that can be repre
sented by the "area under the curve." 

•Patents applied for. 

For technical information on Bissett
Berman E-CELL integrators and our 
new Model 300 EDR Digital Readout, 
please send in the coupon below. 

BISSETT 

E35~MAN 
COMPONENTS DIVISION 
Los Angeles, California 

r----------------~ 
The Bissett-Berman Corporation 
Components Division 
3860 Centinela Ave. 
Los Angeles, Calif. 90066 
0 LITERATURE ONLY 
0 HAVE REPRESENTATIVE CALL 

APPLICATION ___ ______ _ 

NAME ____________ _ 

COMPANY ___________ _ 

DEPT. ____________ _ 

STREET ___________ _ 

CITY ______ ______ _ 

STATE ZIP __ _ 

~g~~-------------
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Never use 
less than 
the safest 

High-
Voltage 
leads 

For example: a quick connect/dis
connect 20 KVDC connector feeding 
two CRT tubes from a single termi
nal 20 feet away. It's a compact 
lead assembly with glass and epoxy 
receptacles and silicone insulated 
leads that can be mated safely by 
hand, yet it's rated 25 KVDC at 
70,000 feet! 

• lightweight, flexible assembly 
• Meets applicable MIL 

specifications 
• RFI shielding available 
• Rated at 10 amps 
• No exposed high-voltage 
• Corona and radiation 

resistant 
• Foolproof assembly 

Let us design an assembly that 
meets or exceeds your requirements. 
We're the leading maker of high· 
voltage, high-altitude custom lead 
assemblies. Whatever your connec
tion problem, write or call today. 

AMP 
INCORPORATED 

CAPITRON DIVISION 
155 Park Street • Elizabethtown, Pa. 
717-367-1105 •TWX: 510-675·4561 
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... 100 mw Gunn units 

now being planned ... 

mum power outputs are 56 milli
watts for the 10-Ghz units, 87 mw 
for the 15-Ghz, and 32 mw for the 
22-Ghz models. The devices sell 
for about $550 in Japan. 

The company expects to design 
oscillators with outputs of more 
than 100 mw soon. It will not try 
to go much above this because its 
engineers expect that Gunn oscil
lators will be solid state sources 
for low-power, low-noise applica
tions and that avalanche-diode os
cillators will be more suitable for 
higher-power jobs. In the ava
lanche field, Nippon Electric ex
pects to offer an X-band unit for 
transmitter applications that will 
put out more than a watt. 

The Gunn diodes for the oscil
lators now available have an n+, 
n + + structure, formed by epitaxial 
growth of n and then n++ mate
rial on the original n + substrate. 
The diodes are given a mesa etch 
so that only the substrate remains 
large and the diameter of the ac
tive epitaxial portion is greatly re
duced. The diode is mounted with 
the n + + region bonded to the heat 
sink, for the most efficient heat 
removal. The other end is attached 
by a bonded gold ribbon. The 
diode for the 10-Ghz oscillator is 
in a pill case, and those for the 
higher-frequency units are directly 
mounted to the cavity interior. 

Nippon Electric expects the de
vices to be used in receiver local 
oscillators, test equipment and sig
nal generators. 

In portable equipment, the os
cillators can operate from the same 
low-voltage power supplies needed 
for transistor equipment, without 
a voltage converter. They are also 
suitable for use in telephone re
peaters. 

The company says that some of 
the Gunn diodes selected at ran
dom have withstood operating life 
tests beyond 10,000 hours. A · large 
number selected at random have 
passed environmental tests which 
included temperature cycling be
tween -65 and +150°C, variable 
frequency vibration, and accelera
tion to 2,000 g's. 

Nippon Electric Co., 33-7, Shiba 
~-chome, Minato-ku, Tokyo [409] 
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NCR, creator of the sophisticated and fast
sel Ii ng Century Series computer systems, 
offers you immediate opportunity to work in 
new-generation technology. Join the men 
responsible for the industry's most advanced 
developments in high-speed thin-film memo
ries, monolithic integrated circuitry, disc 
memory innovation, and automated produc
tion techniques. NCR Electronics Division is 
the largest commercial computer manufactur
ing facility in Southern California and one of 
the most advanced in the world. Benefits 
include a thoroughly professional environ
ment, an excellent salary, non-defense sta
bility, and fully paid life, hospital and medical 
plans for you and your dependents. Look into 
NCR now and accelerate your career. 

SOFTWARE DEVELOPMENT 
SYSTEMS ANALYSIS ENGINEERS 

Analysis and development of advanced sys
tems specifications; consultation on systems 
design , hardware configuration , software 
trade-offs; analysis of competitive systems. 
Prefer applicants with BS degrees and 3-5 
years' experience and ability to write and test 
functional specifications in such areas as very
high-speed memories, disc files, drum files, 
central processors employing large-scale 
integration, communkations and time-sharing 
systems. 

SOFTWARE SYSTEMS DESIGN 

Develop operating, executive, utility and On
line systems for third- and fourth-generation 
advanced systems. Positions require a business 
or science degree and large-scale file com
puter or softw~re development experience. 
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NCR Los Angeles 
invites Y<?U to join the 
fast moving 
Century Series team 

ENGINEERS 
ELECTRONIC DEVELOPMENT ENGINEERS 

Specification, design , checkout and docu
mentation of digital and digital I analog equip
ment for use with on-line data processing and 
data communications systems. Requires BSEE 
and five years ' related experience. 

CIRCUIT DESIGN ENGINEERS 
Will design and . develop digital and analog 
semiconductor circuits, including discrete, 
integrated and hybrid types. Requires a 
BS/ MSEE and two years ' related experience. 

MAGNETIC HEAD DESIGN ENGINEER 

Will design and develop flying magnetic 
recording heads and the required prototype 
tooling. Requires BS or MS in EE , ME or 
physics plus three years' applicable experi
ence. Knowledge of ferrite .machining tech
nology and ferrite heaas desirable. 

INICIRI 
The National Cash Register Company 
ELECTRONICS DIVISION 
2816 W. El Segundo Blvd. 
Hawthorne, California 90250 
An equal-opportunity employer 

INDUSTRIAL ENGINEERS 

Will develop manufacturing machining proc
esses for various projects. Will be responsible 
for capital equipment analysis, fabrication 
tooling and initial production. Positions 
require BSIE and heavy mechanical/industrial 
engineering experience. 

MATERIALS & PROCESS ENGINEERS 
Will evaluate and select metallic or non
metallic materials, develop chemical or metal
lurgical processes, or prepare specifications 
for computer equipment. Requires BS or MS 
and 2 years' applicable experience. 

Positions are available for college trained 
engineers to assume responsibility for film 
plating, organic finish analysis, and production 
plating process functions. Successful candi
dates will possess a BS degree in chemical 
engineering, a knowledge of organic coatings, 
the ability to develop and direct a process 
laboratory, and 3 to 5 years' experience in 
electroplating of magnetic thin film materials 
or chemical process analysis. 

RESEARCH ENGINEERS 

Will be engaged in feasibility model develop
ment, or integrated circuit memory or high 
speed magnetic memory circuit design. 

Requires scientific and/or engineering degree 
and adaptability to a multiplicity of applied 
research projects. 

ARRANGE NOW FOR INTERVIEW AT FJCC 
Confidential interviews will be held at the St. 
Francis Hotel during the Fall Joint Computer 
Conference in San Francisco, Dec. 9-11 . To 
schedule an appointment, submit detailed 
resume including salary history to Steve 
Williams at the Division. 
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OUTPUT 

Our LM106 is a clever brute. It's a high-speed voltage com
parator that is a direct plug-in replacement for the 710 in 
practically every application. What's more, on two pins the 
710 doesn't e\·en use, the LM106 accepts logic signals to 
strobe an output that drives up to 10 DTL or TTL loads. Or 
it switches up to 18V at lOOmA to drive relays or lamps 
directly. The 25,000 gain makes gain error insignificant 
compared to the 2m V maximum offset. And it operates over 
a wide range of supply voltages even with symmetrical 1mp
plies. In quantities of 100 to 999, the military version LM-
106 is $18.00, the LM206 for instrumentation (-25 to 
+85°C) is $11.50, and the LM306 for industrial uses (Oto 
+70°C) is $6.80. Write us for other clever things about the 
LM106. ational Semiconductor, 2975 San Ysidro Way, 

Santa Clara, California 95051. ( 408) 245-4320. 

National Semiconductor 
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New Production Equipment Review 

Roll leaf wire-marking machine 
model 2A2 has individually 
heated, twin imprint heads. One 
section is adjustable so that spac
ing between each marking can 
range from 5 to 10 inches. Roll 
leaf is fed into the marking ma
chine automatically on spools 
where a hot type then imprints 
and marks the wire. Ackerman
Gould Co., 10 Neil Court, Ocean
side, N.Y. 11572. [421] 

l • 

I 

Plasma machines models 1101 
and 2101 use the electrodeless 
plasma dry chemical process to 
remove photoresist and clean 
semiconductor substrates. They re
quire less than 5 minutes to re
move photoresist from 100 wafers. 
The machines generate 1,000 w 
output of r-f power at a fre
quency of 13.56 Mhz. Interna
tional Plasma Corp., 25222 Cy
press Ave., Hayward, Calif. [425] 

Dancer winder tension controller 
DLC-100 is applicable to any type 
of dancer mechanism and is 
adaptable to new or existing 
winders. It offers constant and · 
adjustable taper tension capa
bility .. By utilizing this capability, 
winder horsepower can be reduced 
by a factor equal to the taper 
ratio. Lower horsepower reduces 
costs. Louis Allis Co., 427 E. 
Stewart St., Milwaukee. [422] 

Production centrifuge meets all 
requirements of MIL-STD-883 for 
both destruct and screen testing 
of semiconductors and !C's. A fast 
cycle time for screening 14-lead 
devices allows testing of approxi
mately 800 pieces every 4 min
utes. The machine will complete 
.a 4-minute cycle to 25,000 g's 
Trio-Tech Inc. of California, 2435 
North Naomi St., Burbank, Calif. 
91504 [426] 

Leak detector MS-90UFT is for 
fast, high-sensitivity, low mem
ory production leak testing of 
hermetically sealed !C's, semicon
ductors and components. Capable 
of detecting leaks as small as l 

· x 10-10 atm cc/sec at slower 
speeds, it still detects leaks as 
small as 6 x 10-10 atm cc/sec 
at its full rated production speed. 
Veeco Instruments Inc., Terminal 
Dr., Plainview, N.Y. [423] 

Wire locating and terminating 
machine called Wirecenter W/Cl 
blends numerical control and 
manual techniques. It is designed 
to handle a wide variety of wire 
types and gauges, and can accom
modate any size panel up to 
30 x 72 in . The table operates at 
a traverse speed of 360 ipm with 
a resolution of 0.001 in . Hughes 
Aircraft Co., 5261 W. Imperial 
Highway, Los Angeles. [427] 

New production equipment 

Probe lights up to verify IC logic state 

Hand-held instrument detects DTL or TIL pulses, 

eliminates need to monitor oscilloscope or voltmeter 

from the workpiece, slowing the 
operation and increasing the prob
ability of error. 

Console type machine tests and 
calibrates large scale integrated 
arrays, including universal LSI de
vices. It · is for use where differ
ent arrays will be tested, and 
solves the problem encountered 
with short runs of different cir
cuits, each requiring special word 
drivers. It incorporates a large 
programabie word generator. 
North American Electronic Sys
tems, Sicklerville, N.J. [424] 

Paper-tape slicer called Thermo
press offers 4-sec average splic
ing time and strong bonds. Indi
vidual controls for heat, pressure, 
and timing allows 5-, 7-, or 8-
channel tape to be spliced ac
curately, quickly and economically, 
with a minimal overlap and In
crease of thickness. A "winking 
eye" timer blinks at 1-sec inter
vals. Jay Smith Inc., 292 State 
St. East, Westport, Conn. [428] 

Techniques for verifying the logic 
states of integrated circuits 
mounted on printed-circuit boards 
have been extremely cumbersome, 
usually requiring the use of an os
cilloscope-often with a viewing 
hood-or a voltmeter. In either case, 
the engineer has to move his eyes 

A hand-held probe being an
nounced this month by the Hew
lett-Packard Co. detects the steady
state logic level, checks repetitive 
pulses and fast nonrepetitive 

Visual aid. Presence of logic pulse is 
indicated by lighted band near tip. 
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l.C. pracluctlon .._... down? Bernes Hot Rods keep It moving at top 
speed. The 039 Serles C.rrlers protect flat-packs through handling, 
envlranmental •nd •mblent testing, bnlndln1 •nd shlppln1 ••• lncnNls-
lnt speed •nd yields In every process step 
by ellmlnatlnt MndHnt damap. MD-100 
Sockets •nd 039 Serles ContKtors future 
fast one-Mnd lollClq •nd unlollClllll-for 
lndlvlclual devices or those In carriers. Write 

barnes 
CORPORATION 

or call collect for debllls on the Hot Rods • ........., PL 19050•215/IW-1525 

....... /THE RRST WORD IN CARRIERS, CONTACTORS AND SOCKETS FOR J.C. 'S 
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FAR U.V. 
TO 

INTERMED. l.R. 
150 MM F/1.4 

New, Ultra High Speed, lightweight, · mir
ror lens. For low light level photography 
over a very broad spectral range from .2 
microns in the far ultra-violet to 4.5 
microns in the intermediate infrared. 
Highly efficient light transmission yields 
an image about 16 times brighter than 
most telephoto lenses. Fits 35 mm single 
lens reflex cameras, or use with adopter 
on movie or T .V. cameras. Long working 
distance of 1.78" makes use with image 
intensifiers or photo detectors quite easy. 
Excellent for photography under very ad
verse lighting conditions or ultra high 
speed shots. We have taken pictures by 
moonlight and candlelight on ordinary 
color film. Continuously variable light 
control from FI 1 .4 down to complete ex
tinction. Weighs 40 ozs.; 6% inches long. 

NYE OPTICAL COMPANY 
8781 Troy Street 
Spring Valley, Calif. 92077 
Phone: (714) 466-2200 
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Mite-size· 
miniature 7 /16" indicator 
These tiny indicators are compact, 
rugged, versatile and easy to read. 
They feature a microminiature 
moving coil core magnet mechanism. 
A1-21 Indicators operate in -ss•c 
to +ss·c environments and are 
sealed against dirt and dust. 
Choice of pointer or flag display 
in a wide variety of electrical 
sensitivities and functions. Size : 7 /16" 
in diameter, 31/32" in length. 
Weight : 11 .5 grams. Write today 
for complete information. 

AMMON 
AMMON INSTRUMENTS , INC. 
345 Kelley St. , Manchester, N.H. 03105 
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... works with positive 

or negative logic ... 

pulses, and displays these vari
ables. 

The designer, Gary Gordon, says 
he and other H-P engineers got 
tired of looking for traces on an 
oscilloscope or fooling around with 
analog voltmeters to determine 
logic states. "The engineer," he 
says, "needs to be free to think 
about what the circuit should be 
doing and not about how to read a 
signal." 

The 10525A logic probe emits a 
bright circle of light from a trans
lucent band about an inch from the 
probe tip; the light goes on or off 
to indicate the presence or absence 
of logical highs or lows for conven
tional diode-transistor or transistor
transistor logic levels. The indi
.cator, unlike other rudimentary 
probes on the market, operates 
equally well for either positive or 
negative logic. And it responds to 
pulses as brief as 30 nanoseconds 
and stretches the duration of the 
illuminated indicator to 0.1 second 
for easy viewing. For pulse trains, 
the indicator light glows at half in
tensity. 

The following table shows how 
the probe indicates various test 
conditions: 

Condition 
Positive reference 

No pulse 
Pulse 
Repetitive pulse 

Negative reference 

Indicator 

Bright 
Out momentarily 
Partial brightness 

No pulse Out 
Pulse Bright momentarily 
Repetitive pulse Partial brightness 

Linger a little. The probe's in
candescent lamp, says Gordon, will 
indicate any change in voltage level 
out to its overload limit as long as 
the on-off voltage spans a ±0.4-
volt swing through the preset 1.4-
volt triggering point of the probe 
input. This threshold-level dis
criminator and amplifier activates a 
quad NAND gate, especially de
signed for H-P by Texas Instru
ments , which stretches a short 
pulse into a lingering illumination 
of the probe. 

In operation, the logic probe is 
moved from point to point on a 
circuit run at normal speed; this 
process detects the presence of 
pulses such as clock, reset, start, 
shift, and transfer. The circuit can 
also be stepped one pulse at a time 
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Who ne.eds Sperry's new 5 ounce 
Ku band backward wave oscillator? 
You do, if you're working on radar systems, 
ECM systems or test equipment with a pre
mium on size and weight. 

Sperry's remarkable new device, the 
SBU-4531 will give you 20 mW or more of 
output from 14 to 16 GHz. In the 14.5 to ·15.5 
GHz area, it produces 60 mW. 

The SBU-4531 also features a modulating 
electrode that permits flexible programming 
of the BWO output. 

The tube is PPM focused and forced air 
or conduction cooled. It is available with or 

Si=>Ei~~V 
ELECTRONIC TUBE DIVISION 
GAINESVILLE, FLORIDA 

Electronics I November 11, 1968 

without an_ integral power supply. In its un
shielded version, it weighs only 5 ounces 
and is approximately 6 inches long. Its low 
external magnetic field makes it suitable for 
many applications · that formerly demanded 
shielded tubes. It is also available, as the 
SBU-4532, in a magnetically shielded pack
age which weighs only 12 ounces. 

Find out how the SBLJ:.4531 and SBU-4532 
can help you cut size and weight out of your 
Ku band system - contact your Cain & Co. 
representative or write Sperry Electronic 
Tube Division, Gainesville, Florida. 

MICROWAVE PROS! 
Tell us about your engineering degree(s) and your five or 
more years of microwave tube experience . Let us tell you 
about exciting work, educational opportunity and pleasant 
living in one of America's most attractive university cities. 
Resume, please, to Walt Thomas, Director of Industrial 
Relations. (An equal opportunity employer, M&F.) 
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if we haven't 
made it ... 
nobody has 
asked for it 
We make not only a wide variety of 
standard cable constructions, in
cluding all the standard RG/U Coax
ial cables, but also a tremendous 
number of special constructions to 
customers' specifications. These 
special Flexlead cables are precisely 
engineered to meet the exacting re
quirer:nents of high and low tempera
tures, corrosive atmospheres , 
repeated flexure, abrasion, excessive 
corona, weathering, and many other 
severe conditions. Whatever your re
quirements, Markel will make a cable 
to meet them. In fact, the chances 
are good that we've already made 
one like it ... and that could save 
you both time and money! Your let
terhead request will bring a copy of 
our complete F/exlead catalog. 

L. FRANK MARKEL & SONS, INC. 
Norristown , Pa. 19404 ·Phone : 215/272-8960 
INSULATING TUBINGS AND SLEEVINGS 
HIGH TEMPERATURE WIRE AND CABLE 
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and a comparison made between 
the logic levels of the IC package 
and corresponding truth tables. 
Using several logic probes simul
taneously, timing pulses and fol
lowing state transitions can be 
detected to identify function opera
tions. 

In addition to simple trouble
shooting and maintenance checks, 
the probe can be used for analysis 
of breadboard designs; complete 
digital system~ and data acquisition 
systems can also be analyzed and 
checked. 

The probe operates from any 
positive 5-volt source and is sup
plied with a BNC bulkhead con
nector to be plugged into the power 
bus of the unit under test, a BNC
to-banana adapter for use with a 
laboratory power supply, a BNC-to
miniature-alligator connector to 
clip onto p-c boards, and a ground 
cable assembly. 

The price will be '$95 each, with 
quantity discounts available. 

Specifications 

Impedance 
Trigger threshold 
Pulse-width 

sensitivity 

Overload protection 

Power requirements 

Temperature 

10 kohm 
+1.4 v, nominal 
30 nsec for ±2 v refer
enced symmetrically 
about± 1.4 v 
-'50 v to +200 v con· 
tinuous 
-200 v to +200 v tran
sient 
120 v a-c for 10 sec 

5 v ±10% at 75 
ma, BNC power 
connector. Internal 
overload protection 
to ±7 v supply 
o to 55•c 

Hewlett-Packard Co., 1501 Page Mill 
Rd., Palo Alto, Calif. 94303 [429] 

New production equipment 

Climate for growth 
is inside cathode 

System for making crystals 

has a hollow electron gun 

and handles many materials 

Crystal growing systems are usu
ally specialized; they handle three 
or four materials and that's it. But 
a unit built by engineers at the 
Materials Research Corp. makes 

IC SEALING 
PROBLEMS SOLVED 
WITH WILLIAMS' IMPROVED 
ALLOYS FOR 
MICROELECTRONIC DESIGN. 

* BOIGOLD-
201 TIN EUTECTIC 

MELTING POINT 280"C * BBIGDLD-
121 GERMANIUM EUTECTIC 

MELTING POINT 356"C * SOLDER PREFORMS FOR SEALING 
INTEGRATED CIRCUff PACKAGES * TOOLING AVAILABLE ON MOST 
STANDARD SIZES 
4to 6 Weeks Delivery on New Tooling 

PARTIAL LIST OF AVAILABLE 
ALLOYS & SOLDER PREFORMS 

BB% Gold 12% Germanium (Eutectic Alloy) 
Strip and solder preforms in all sizes 
BO% Gold 20% Tin (Eutectic Alloy) 
Strip, wire and solder preforms in all sizes 
Gold with .1 to 1.2% Antimony 
Wire, strip and solder preforms all sizes 
Gold- .05% Min. Phosphorous 
Wire, strip and solder preforms all sizes 
95% Gold 5% Nickel 
Wire, strip and solder preforms all sizes 
Gold and up to .5% Arsenic 
Strip and solder preforms all sizes 
Silver with .1 to 1.2% Antimony 
Wire, strip and solder preforms all sizes 
Silver- .1 % Min. Phosphorous 
Wire, strip and solder preforms all sizes 
95% Silver 5% Nickel 
Wire, strip and solder preforms all sizes 
Silver and up to .5% Arsenic 
Strip and solder preforms all sizes 
Special alloys produced on request at 
minimum charge. 
Precious Metals in 99.9% Pure, 
99.99% Pure, and 99.999% Pure. 

Modern. up-to-date refining of precious 
metals and complete spectrographic fa 
cilit ies available 

HIGH PURITY METALS 
USED ON ALL ALLOYS 

WRITE FOR COMPLETE PRECIOUS METALS CATALOG 
ANO SPECIFICATION SHEETS. PHONE 716·834·1204 

OVER 50 YEARS OF PRECIOUS METALS EXPERIENCE 

WILLIAMS 
PRECIOUS 
METALS 
2978 MAIN ST. BUFFALO. NEW YORK 14214 

Division of Williams Gold Refining Co., Inc. 
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Florida 
opportunities 
for a special breed of 
communication engineer 

If you're going to enjoy your job, you ·might 
as well enjoy where you're living! At Electronic 
Communications, Inc., you can have both: 
professional challenge and career opportunity 
plus the advantages of living in St. Petersburg 
on Florida's subtropical Gulf Coast. 

We don't offer comfortable grooves where 
you can get lost ... and your work overlooked. 
At ECI you'll work on projects that push the 
state-of-the-art in satellite communications, 
multiplexing, electronic switching and advanced 
radio communications to supply systems advanced 
and equipment for many of the nation's key military 
and space programs. You'll work on projects 
beginning with applied research and advance 
development through prototype and product design. 
In fact, two-thirds of all advanced development at 
ECI is done in regular engineering development areas. 

CHECK THESE OPPORTUNITIES 
IN ENGINEERING AT ECI 

RF Circuit Engineers 

Systems Analysis Engineers 
Systems Integration Engineers 

·Industrial Engineers 
Digital Engineers 
Reliability Engineers 

CHALLENGE, GROWTH ... AND LOCATION TOOi 

If you'd like a challenging engineering position, 
growth instead of a groove, and stimulating, 
comfortable living in sunny St. Petersburg, send 
your resume - in confidence - to K. E. Nipper, 
Supervisor of Professional Placement, 
Electronic Communications, Inc., Box 12248, 
St. Petersburg, Florida 33733. 

(An equal opportunity employer, M/F.) 

ELECTRONIC COMMUNICATIONS, INC. 
ST. PETERSBURG DIVISION 
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This new 
digital 
clock is 
systems 
oriented 

For systems requiring a digital output 
of time and date, Chrono-log offers 
the Series 30,000 Integrated Circuit 
Digital Clock, systems oriented 
because ... 

IT MEETS EXACT SYSTEM NEEDS -
choose from standardized options 
such as BCD or NIXIE display, out
puts of hours-minutes-seconds or 
other time formats, addition of month
and-day or day-of-year calendars. par
allel or serial (or both) output gating, 
standard or expanded operating tem
perature range ... and many more. 

IT SAVES SYSTEM SPACE - meas
ures only 1 % in. high, 8% deep and 
half-rack wide. 

IT CUTS SYSTEM COST-basic clock 
costs less than electromechanical or 
discrete-component models. Also, use 
of standardized options assures the 
features you want (over 7 ,500 com
binations available) at off-the-shelf 
prices . 

Uses for Chrono-log Digital Clocks 
include real time and elapsed time 
inputs for data logging, data trans
mission, data processing, time dis
play, telemetry and digital printout 
systems. 

For complete information write 
Chrono-log Corp., 2583 West Chester 
Pike, Broomall, Pa. 19008 or call 
(215) 356-6771. 

Of'l'"'·m·l'·lj 
~ CORPORATION 
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... method may produce 

new laser materials ... 

single crystals out of almost any
thing-yag, Y203, YAlOa, Er20a, 
ErA103, NiAl, Cu, Si, Ge. The 
company says the system, called 
the PBZ-99, handles most dielec
trics, metals, and rare-earth oxides. 

The PBZ-99' s versatility can be 
traced to use of a plasma-beam 
technique for transferring energy 
to the source material. Materials 
Research's approach was devel
oped by Walter Class, manager of 
the Ceramic Products division. 

Key to this method is the heat 
source, a hollow-cathode gun. 
which makes it possible to melt 
float zones on highly reactive and 
refractive materials. Application of 
a high d-c voltage to low-pressure 
gas in a bell jar causes glow dis
charge. Electrons come off the sur
face of the cathode and converge 
at its center, producing a high en
ergy-density heat source. 

According to Class, the plasma
beam technique lets the operator 
choose from a wide variety of 
gases and run the system over a 
broad temperature range. 

Amateur growers. Class notes 
that the beam can be given a much 
sharper focus than is possible with 
radio-frequency growers. "There 
are a few people around, real pros, 
who can grow copper crystal with 
a radio-frequency system. But we 
brought technicians and even sales 
engineers into the lab and taught 
them to grow copper crystals with
out any problems." 

Another use for the system is 
purifl.cation. Most rare-earth oxides 
come with a high-purity tag, says 
Class, but these percentages are 
calculated relative to the purify 
of other rare-earth oxides. In all 
these oxides there are metallic 
contaminants whose presence isn't 
indicated by the purity figures and 
which are very difficult to get out. 
"But our system will get rid of a 
lot of these metals," Class de
clares. 

Materials Research expects the 
system to find use of research and 
production laboratories. 

Priced at $21,000, the PBZ-99 
has a delivery time of eight weeks. 

Materials Research Corp., Orangeburg, 
N.Y. 10962 [430] 

I 
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• 
Wide Band, Precision 

CURRENT 
MONITOR 

With a Pearson current monitor and an 
oscilloscope, you can measure pulse or 
ac currents from milliamperes to kilo
amperes, in any conductor or beam of 
charged particles, at any voltage level up 
to a million volts, at frequencies up to 
35 MHz or down to 1 Hz. 

The monitor is physically isolated from 
the circuit. It is a current transformer 
capable of highly precise measurement 
of pulse amplitude and waveshape. The 
one shown above, for example, offers 
pulse-amplitude accuracy of +1 %, -0% 
(typical of all Pearson current monitors), 
10 nanosecond rise time, and droop of 
t;>nly 0.5% per millisecond. Three db 
bandwidth is 1 Hz to 35 MHz. 

Whether you wish to measure current 
in a conductor, a klystron, or a particle 
accelerator, it's likely that one of our 
off-the-shelf models (ranging from 1h" 
to 10%" ID) will do the job. Contact us 
and we will send you engineering data. 

PEARSON ELECTRONICS INC 
4007 Transport St., Palo Alto, California 94303 

Telephone (415) 326-7285 
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FASTENER KNOW-HOW 
Here's complete design and application data on preci
sion GROOV-PINS ... the solid cylindrical fastener 
pins with longitudinal grooves. Now! Combine econ
omy, versatility. reliability with positive locking action. 
Get your copy of this helpful 12-page catalog by writ
ing: Groov-Pin Corporation, 1121 Hendricks Cause
way, Ridgefield, N.J. 07657, WH-5-6780. 

FASTENER DIVISION GROOV-PIN CORP. 
Circle 119 on reader service card 

FREE! 
CATALOG ON 
SEMI-CONDUCTOR 
PROCESSING 
EQUIPMENT 

Get full information on a wide variety of products for han
dling substrates, wafers, and crystals. Fluoroware carriers, 
baskets, and trays are precision-molded from FEPTeflon•, 
a material that is almost 100% inert and useable at 
extreme temperatures. 

Write for the "Semi-conductor Processing Equipment 
Catalog," including information on the new Fluoroware 
spin dryer. 

•DuPont Trademark 

-f FLUOROWARE. 
Chaska, Minnesota 55318 • Phone 612-448-3131 
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ABOUT THIS 

SWITCH? 

It's NOT Because It 
1) is explosion proof. 

2) has up to 12 positions/ deck. 

3) could have up to 6 poles/deck. 

4) comes in shorting or 

non-shorting versions. 

5) is available in sealed, 

military or standard versions. 

NO ... These are 
Standard Grayhill Rotary 
Switch features. 

IT'S NEW BECAUSE 
one or more positions 

may be ISOLATED from normal shaft 

turning techniques. It has its own 

built-in shaft turning SAFETY feature • 

For details on this \~t.~ . ~, 
and other Switches ~: 

A"' lo• Catalog G-304-A f.! 
~ /, •// 523 Hillgrove Avenue 

/...... ~-!.. LaGrange, Illinois 60525 
~ Area Code 312, Phone 354-1040 

The Difference Between Excellent and Adequate 
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Leave 
the 
relay driving 
to us! 

T0-5 Relay 

Teledyne Relays has put the Driver where it 
belongs - in the Driver's Seat. Neatly enclosed 
in the relay package, it: • suppresses ·o 
coil transients • increases reliability -::=S 
• reduces design time • reduces relay package 
size more than 50% • cuts production costs. 

Don't wait! Our new T Series T0-5 Relays, with 
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Driver enclosed, are in full production-available 
off-the-shelf. Driver cost? Less than $3. Learn 
how Teledyne is qualified to meet your specific 
relay requirements - current or future. 

Send for complete data on our T Series T0-5 
Relays: 

TELEDYNE RELAYS 
A TELEDYNE COMPANY 
3155 West El Segundo Boulevard • Hawthorne, California 
90250 Telephone : (213) 679-2205 
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New Semiconductors Review 

Silicon diffused photodiodes 671 
and 663 feature low leakage cur
rent. They offer high quantum 
efficiency and/ or sensitivity, and 
high detectlvlty throughout the 
visible range and to 1.1 microns. 
Active areas measure 10 mm di
ameter for the 6 71 and 5 mm for 
the 663. Units are surface passi
vated. Electro-Nuclear Labora
tories Inc., 115 Independence Dr., 
Menlo Park, Calif. [436] 

Gallium-arsenide laser diode ar
rays LD200 are for room tem
perature operation. Emitting co
herent, infrared radiation at 9040 
angstroms when pulsed in the 
forward biased region, the mag
nitude of their light output Is a 
function of the magnitude of the 
forward current In the array. 
Prices are $78 to $207 in 1,000 
lots. Laser Diode Laboratories 
Inc., Metuchen, N.J. [440] 

New semiconductors 

High power 2 Ghz microwave tran
sistors come in a hermetically 
sealed ultraceramic stripline pack
age, Type 2N5483 provides 5 w 
output from a 28 v source with 
4 db gain. Type 2N5482 fur
nishes 2.5 w r-f output from a 
28 v source with 5 db gain; and 
the 2N5481 delivers 1 w from a 
28 v source with 6 db gain. TRW 
Semiconductors Inc., Aviation 
Blvd. Lawndale, Calif. [437] 

Monolithic operational amplifier 
model 9308 provides full output 

. swing of ±10 v from d-c to 500 
khz minimum. Features include: 
80 db minimum open loop gain, 
±30 v//Lsec minimum slewing 
rate, 80 Mhz minimum gain band
width product, and 150 nsec set
tling time to 0.01 %. Price In 
lots of 100 to 299 Is $25 each. 
Optical Electronics Inc., P.O. Box 
11140, Tucson 8576. [441] 

Eight-input digital multiplexer 
9312 is a medium scale Integra
tion circuit featuring on-chip se
lect decoding and input enabling, 
with fully buffered complementary 
pull-up outputs. A 25-nsec 
through delay allows this mono
lithic device to be used In a 
wide variety of multiplexing and 
switching uses. Fairchild Semi
conductor, 313 Fairchild Dr., 
Mountain View, Calif. [438] 

Three-phase silicon rectifier 
bridge PBT 05 is a 50 piv device 
that carries 30 amps at 100° case 
temperature. Dimensions are 2 x 
1'12 x 1 In . including terminal. 
Units are suitable for motor con
trols, computer power supplies, 
transistor circuitry and Instru
mentation. Price is $3.70 each In 
quantities of 1,000. Electronic 
Devices Inc., 21 Gray Oakes Ave., 
Yonkers, N.Y. 10710. [442] 

Miniature molded zener diodes 
feature internally the Amerseal 
process for protection against vi
bration and shock. They are for 
use on compact p-c boards In 
commercial applications. They are 
offered In ratings up to 200 v. 
Standard tolerance is 20%, but 
tolerances of 10%, 5% and closer 
are available. American Semicon
ductor Corp., 4 N. Hickory Ave., 
Arlington Heights, Ill. [439] 

Two PNP, high-voltage silicon 
transistors are for power switch
ing applications. The 2N5345 is a 
1 amp device that can handle 300 
v, while the 2N5344 is rated at 
250 v. Both have a maximum 
total run-on time of 200 nsec at 
500 ma and 100 v. Price (100-
999) of the 2N5344 is $12 and 
the 2N5345 is $15. Motorola 
Semiconductor Products Inc., Box 
20924, Phoenix. [443] 

Added terminal lets SCR turn on a crowd 

trigger other rectifiers. So in high
power work where it's necessary 
to run SCR' s in parallel, using an 
NL-Has one of those SCR's enables 
a single driving circuit to turn on 
all the rectifiers. 

Rectifier has a lead connected to its regenerative gate, 

which puts out enough voltage to fire parallel devices 

As far as specs go, the NL-F sili
con controlled rectifier National 
Electronics, Inc. developed last 
spring [Electronics, June 10, p. 207] 
and the NL-H, the company's new 
SCR, are identical. Voltage and 
current ranges, anode current 
change (di/dt), size, weight, and 
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other parameters have the same 
value for both rectifiers. 

The difference is that the NL-H 
is more of a team player than its 
older brother. Besides the normal 
cathode, anode and initiating-gate 
leads, the NL-H has a fourth ter
minal whose signal can be used to 

When National-a subsidiary of 
Varian Associates-introduced the 
NL-F, it stressed the device's high 
di/ dt, 600 amps per microsecond. 
National got this quick current 
change by putting conductive 
spokes into the rectifier. Called a 
regenerative gate, these spokes are 
bedded in the emitter lip, that part 
of the n-layer cathode not under 
the metal terminal. 

The signal from the driving cir-



FOR INFORMATION DISPLAYS 

Syntronic's devotion to precision 
and attehtion to detail assure 
skillfully engineered ~eflection 
yokes in prototype or full produc
tion quantities. A complete line of 
value engineered yokes offer cost 
saving solutions to your CRT pro· 
jects. Consult scientifically 
oriented Syntronic Yoke Special· 
ists for the right yoke for your 
display.' 

for extreme temperature variations
minus 425° to plus 400° F! 
FEP TEFLON provides low installation cost, 
and abrasive-resistant jacketing for extreme 
temperature environments. 
In 3 types: Shrinkable, regular and shielded 
for R.F.I. protection with grounding braid. 
Sizes 1h" to 4" (or larger) 
in 'Is" increments. •Reg. T.M. of Dupont 

For full information on specialized, 
high-performance jacketing, contact 

THE ZIPPEHTL'BING®co 
CORPORATE HEADQUARTERS 
13000 S. BROADWAY 
LOS ANGELES, CALIF. 90061 
Phone (213) 321-3901 
TWX 910·346·6713 
BALTIMORE • BOSTON • CHICAGO • OALLAS • NEW YORK 
PHOENIX • SAN FRANCISCO • WEST GERMANY 

INSTRUMENTS, INC. 
100 lnduatrlal Road, Addlaon, Ill. 
Phone: Area 312, 543-1444 

Circle 121 on reader service card 

DIFFERENTIAL TRANSFORMERS 
For measurement and control use 

Capable of obtaning output voltages 

exactly proportional to any kind of 

mechanical variation . 

More than 500 types are avolloble. 

Features: ~·· -+-+-+--+--<+< 

*Outstanding K ~'~: Z: 
interchangeability H ~,0,l!§·t-H-+-1--1 

*Quite free from H-1 t-\.,,t-t-t-#-+-+-< 
outer magnetic 
fie Id r-+-+-f\ 1 D·+-+--#-+->-+-< 

*Insensitive. to ~,+Z:-+-+--l--l--1 
ordinary shock, • • • , 2 {¥1 , 3 • , • 

water and heat mm--~::."--mm 

Manufacturers of Dlfferentlal Transformers 

NIPPON COIL CO., LTD. 
Amakawa Bldg. 1, 1 ·chome, Hommachl, H1gash1 ku, Osaka , Japan. 
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Spiked. The output of the regenerative 
gate is a voltage spike that can turn on 
other rectifiers or sync a circuit 

cuit comes in through the initiat
ing gate, then travels across the 
cathode to the regenerative gate 
and out along the spokes. The en- · 
tire region near the spokes thus 
turns on right away. The added 
gate lets more of the cathode see 
the turn-on signal · faster, resulting 
in a high di/ dt and less chance of 
inrush current burning out the cen
ter of the cathode. 

Getting the gate. Discussing re
generative-gate SCR's, National de
sign engineer Donald I. Gray has 
said, "Paralleling these devices is 
a simple matter; th·e regenerative 
signal of one device can be used 
to trigger others" [Electronics, 
Sept. 30, p. 100]. 

National engineers took care of 
this simple matter in the NL-H by 
connecting the fourth lead inter
nally to the regenerative gate. The 
regenerative signal-the potential 
between the regenerative gate and 
the center of the cathode-appears 
when the SCR starts to turn on. 
It's a spike whose amplitude can 
go as high as 50 volts. 

.When SCR' s are paralleled, the 
drive circuit is connected to the 
NL-H's initiating gate, and the in
itiating gates of all the other SCR' s 
are tied to the NL-H's regenerative 
gate. The NL-H can drive as many 
as five NL-F's. 

The price depends mainly on the 
voltage rating, up to 1,000 volts, 
and ranges from $120 to 1$275. De
livery is from stock. 
National Electronics Inc., Geneva, Ill. 
60134 [444] 
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PICK A CARD .. . THEN POWER UP 
with Elgin's New lntegrid ® Cards and Low Voltage Power Supplies 

"Mix and match" with Elgin's lntegrid Cards. Couple 8 and 
10-pin T.O. 5 's with 14 and 16-pin dual -in-line l.C.'s. Then 
add Elgin's patented "strip pack" to link l.C.'s with discrete 
components, and Econo-Grid® for additional bussing. 

Finally, complete the cycle with one of Elgin's nine new, 
off-the -shelf Low Voltage (5V) Power Supplies for precision · 
sources. They feature exclusive over-current and over-voltage 
protection (patents pending). Elgin 's solid state units are 
available in three basic sizes, with three standard output cur
rents· of 4, 8 and 16 amps-at a fraction of the cost you 'd 

The supply of this recent Synthane Metal-clad Lami
nate folder is going fast because it is packed with new 
information on Synthane high-quality metal-clad lami
nates. Grades, sizes, types of foils, trademark identifica
tion, property values, a section on thin laminates and 
prepreg materials. Be sure of your copy by writing us or 
circling our inquiry number in this publication. Synthane 
Corporation36 River Road, Oaks, Pa. 19456. 

~ 
Laminated Plastic Sheets Rods. Tubes and Fabr icated Part s 
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expect. Regulation - less than 0.05%, load regulation-less 
than 0.1 % for 0-100% load change. Combined regulation-
less than ±0.25%! · 

AND YOU GET AN ELGIN BONUS-GUARANTEED 
PROMPT DELIVERY. 
For literature and prices on lntegrid Cards or Power Supplies. 
write Elgin Electronics Incorporated, P. 0 . Box 1318, Erie, 
Pennsylvania 16512, or phone 814-452-6773. 

ELGIN ELECTRONICS INCORPORATED 
Subsidiary of Basic Incorporated 
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Model S1301A 

Get technical literature on the only totally portable, solid 
state oscilloscope. Operates from optional internal battery 
or from 110/220 vac, 50 to 400 Hz line voltage. Features 
include: 20 MHz bandwidth; 17 nsec rise time; 18 ranges of 
calibrated sweep speeds; internal voltage calibrator; and 
triggering stability in excess of 30 MHz. 

Write for Bulletin TIC 3316 to Motorola Communications & 
Electronics Inc., 4501 W. Augusta Blvd., Chicago, Ill. 60651 

MOTOROLA 
Precision Instrument Products 
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miniature 
DC· 18 &Hz motorized 
programmable 
steoanenuators 
0·129 dB 

New W Miniature Motorized Pro
grammable Stepattenuators come 
with values as high as 129 dB in 
1 and 10 dB steps. These 50 ohm 
W series 96, 97 and 98 Stepat

tenuators come in a choice of 8 
standard RF connector options 
(coaxial or waveguide); 5 standard 
frequency ranges; 17 standard in
sertion loss ranges; and single, 
double or triple drum assemblies 
internally connected in series with 
low reflection adapters to minimize 
mismatch errors. 

They feature a switching life ex
ceeding 1,000,000 steps a excel
lent repeatability a high stability 
under wide range of environmental 
conditions a low leakage a low 
VSWR a and low minimum inser
tion loss. In addition, they are mo
torized and easily programmable. 

Switching time is typically 2 sec
onds. Repeatability exceeds ±.01 
dB/drum up to 10 GHz. Maximum 
VSWR for all ~ series 96 units is 
held to less than 1.50 and to 18 
GHz and to below 1.15 for lower 
frequencies. 

The ease with which these models 
are programmabl·e makes them 
especially useful in systems 
employing automatically controlled 
levels. These stepattenuators can 
be switched more than one million 
times without deterioration and 
without in-between maintenance. 

Designers and 
Manufacturers of Precision 
Microwave Equipment 

WEINSCHEL 
ENGINEERING 
Gaithersburg, Md. 20760 
Tel: (301) 948-3434 
TWX: 710-828-9705 
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Meetings 

(Continued from p. 26) 

Short courses 

Modern small digital computers, 
University of Wisconsin's Department 
of Engineering, Madison, Wis., 
Nov. 14-15; $70 fee. 

Maintainability--engineering and 
management, George Washington 
University's School of Engineering and 
Applied Science, Washington, Dec. 2·6; 
$275 fee. 

Computer Systems: applications, 
University of Wisconsin's Department 
of Engineering, Madison, Wis., Dec. 6·7; 
$70 fee. 

Standards and calibration laboratories, 
George Washington University's School 
of Engineering and Applied Science, 
Washington, Dec. 9·13; $275 fee. 

Reliability-failure analysis, George 
Washington University's School of 
Engineering and Applied Science, 
Washington, Dec. 9·13; $275 fee. 

Call for papers 

G-MTT International Microwave Sym· 
posium, IEEE; Dallas, Texas, May 5·8. 
January 10 is deadline for submission 
of abstracts to IEEE: at 345 East 47th 
Street, New York, N.Y. 10017 

Southwestern Convention & Exhibition 
(Swieeeco), IEEE; San Antonio, Texas, 
April 23·25. December 1 is deadline for 
submission of abstracts to Dr. William 
H. Hartwig, Department of Electrical 
Engineering, Engineering Science Build
ing 439, University of Texas, Austin, 
Texas 78712 

International Joint Conference on Arti· 
ficial Intelligence, Association for Com
puting Machinery; Statler-Hilton Hotel, 
Washington, D.C., May 7-9. January 15 
is deadline for submission of manu
scripts to Dr. Donald E. Walker, IJCAI 
program chairman, The Mitre Corp., 
Bedford, Mass. 01730 

Biennial Joint Materials Handling Con· 
ference, IEEE; Portland, Ore., October 
26-29. May 1 is deadline for submis
sion for abstracts to Max Frey, confer
ence program chairman, project engi
neer, Cascade Corp., P.O. Box 7587, 
Portland, Ore. 97220 

International Symposium on Man-Ma· 
chine Systems, IEEE; Cambridge, Eng. 
land, September 8-12. Information will 
be circulated to individuals who request 
it from Robert C. Mclane, G·MMS meet
ings chairman, Honeywell Inc. 2345 
Walnut Street, St. Paul, Minn. 55113 

If you supply, serve or compete within 
the instrumentation field , you can 
benefit from locating your plant in the 
Western. core of the industry. Here, 
in Santa Clara County, 57 instrument 
manufacturers prosper - two to 30 
minutes apart. 
Join the synergistic action sparked by 
top educational facilities , a business 
climate that welcomes innovation, plus 
the constant challenge of new break
through to be measured. The $6 bil
lion Western electronics market is at 
your doorstep! Send for your free copy 
of a census, "Instrument Manufactu
rers in Santa Clara County", plus eye
opening facts on this technically
oriented industrial center. § 
Write Ed Beaty, Chamber .. 
of Commerce, 499 South .. 
Murphy Avenue, Sunnyvale, 
California 94086. 

this is 

INSTRUMENT 
TERRITORY ... 

a good place 
to locate your 
business 

SUNNYVALE CALIFORNIA 
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need 
repeatable 
temperature 
measurements? 

~,~ 

,.-,iFRMOCOUPll- ThrRMOMETlH 

DORIC'S REVOLUTIONARY THERMOCOUPLE TEMPERATURE METER 
OUTCLASSES ALL SIMILAR DEVICES .. . AND GIVES YOU ROCK SOLID 
.005% REPEATABILITY. 

READS IN °F OR °C with up to 20000 active counts of resolution. 
Plug-in program cards for ISA types J, K, T, Y, E, R and S. Dual curve 
models. Auto polarity on bipolar ranges. Optional compensation. 
DIGITAL LINEARIZATION computing techniques eliminate severe short 
and long term errors due to conventional analog curve approximation 
methods. Digital programming simplifies conversion to other curves. 
AUTOMATIC ZERO DRIFT CORRECTION totally eliminates the trouble
some zero drift problems common to all other instruments-requires 
no attention-no adjustment. 
GUARDED DIFFERENTIAL MEASUREMENTS and true integration allows 
floating or grounded thermocouples, allows differential temperature 
measurements, puts an end to ground loops and other noise .prob
lems typical to industrial plant environments. 
INPUT I OUTPUT CONDITIONING PLUG-INS for pressure, position, load, 
force, torque, horsepower, flow, microvolts/ millivolts, DVM, plus 
digital outputs for data logging, alarm, programming, etc. 
CALL US COLLECT NOW for questions and answers. 8-page catalog. 
Reps and demonstrators in all areas. Prices range from $790 to $1,490. 

DORIC 
SCIENTIFIC 
CORPORATION 

DORIC SCIENTIFIC CORP. 
7969 Engineer Road 
San Diego, California 92111 
PHONE: (714) 277-8421 
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COMPACT • PORTABLE 
HIGH SENSITIVITY 

_..; to()ft.al,. 

•wm ... 09 
. '":' 0 .:· .. : •. •" •.... 

s,_36A 
J 

• 
. 

• ~· 
Model 536A is a compact, portable, general purpose oscilloscope em 
ploying a 3 inch cathode ray tube and possessing superior electric 
characteristics and easy to operate. 
This · oscilloscope is a highly usable instrument, because the vertical 
axis is provided with a push -pull type DC amplifier of high sensitivity, 
wide band and good stability and phase characteristics. together with 
a time base oscillator of good linearity variable over a wide range. 

[f3l ~~u~~!~~P 
3 -1175, SHINMARUKO - HIGASHI, KAWASAKI -CITY, KANAGAWA -PREF. , JAPAN . 

CABLE ADDRESS: " KIKUSUIDE" KAWASAKI. 
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SMALL COMPANY 

BIG PERFORMANCE 

Why knock yourself out when your customer keeps 
scoring your performance at zero? It makes sense at 
Sage Electronics, especially when that score is an
other Zero Defects citation, as evidenced by the ex
amples above . 

We are specialists in MINIATURE POWER RESISTOR 
products. Accordingly SAGE pursues active programs 
second to none in respect to : 

1. Zero Defects 
2. High Reliability 
3. MIL spec production and test 
4. High volume commercial production 

Look us over, first by exploring SAGE 
Catalog R-66. A phone or 
letter request will promptly 
bring your copy. 

SAGE ELECTRONICS CORP. 
Subsidiary of Gulton Industries, Inc. 

BOX 3926 ROCHESTER, N. Y. 14610 
Phone: (716) 586-801 o 
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New Books 

Maxwell meets Einstein 

Electromagnetic Waves and 
Radiating Systems 
Edward C. Jordan and Keith G. Balmain 
Prentice Hall Inc. 
753 pp .. $14.95 

Advances in electromagnetic tech
nology over the past 18 years have 
prompted Prof. Jordan of the Uni
versity of Illinois to revise his 
popular textbook, originally pub
lished in 1950. The new edition, 
prepared with the help of Balmain 
of the University of Toronto, is as 
clear and comprehensive in its 
treatment of today's technology as 
its predecessor was in its day. And 
though intended primarily for un
dergraduate honors students, the 
book will profit many design engi
neers with its chapters on wave
guides and antennas. 

Practical engineering examples 
are interspersed throughout, but 
the text is aimed at comprehension 
of the subject and is not meant to 
be a designer's reference book. 

288 

Disappointingly, though, the bibli
ography isn't as updated as the sub
ject matter. 

The book begins with the usual 
approach-vector analysis, electro
statics, magnetic fields, Maxwell's 
equations, and configurations of 
waves reflected off surfaces or 
transmitted through various wave
guides. But then the authors, be
lieving that engineers nowadays 
should know how materials behave, 
devote a lengthy chapter to the 
interaction of fields and matter. 
Covered are such subjects as os
cillations of hot, gaseous plasma, 
the interaction of a wave with a 
plasma, and the frequency response 
in a dielectric material. 

Coverage of developments in 
space communications, radio as
tronomy, and holography bring the 
text into the 1960's; major innova
tions in antenna design, particu
larly the frequency-independent 
and log-periodic structures, are 
also discussed. 

Another addition is a chapter on 
the relation of Maxwell's electro
magnetic theory to Einstein's spe
cial theory of relativity. The au
thors speculate that "there may 
come a time when electromagnetic 
theory is introduced to the elec
trical engineer using Coulomb's 
law and special relativity as a start
ing point." 

Linking two worlds 

Analog-to-Digital/ 
Digital-to-Analog 
Conversion Techniques 
David F. Hoeschele Jr. 
John Wiley & Sons Inc. 
455 pp., $15.95 

Engineering is full of ideal laws, 
but their application often suffers 
from errors introduced by the 
equipment itself and by how it 
works. A classic example is the 
conversion of signals from analog 
to digital form and vice versa. Even 
with precise construction of a con-
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verter, the discrete nature of its 
conversion technique usually gen
erates errors. 

This volume acknowledges that 
conversion error can be tolerated 
in some systems. As usual, the 
smaller the tolerable error, the more 
the converter costs. The reader is 
given an understanding of the con
version methods and their relative 
performance. 

The author comprehensively dis
cusses the design and operation of 
all major methods of conversion, 
from shaft-position converters to 
successive-approximation ladder 
networks. A review of conversion 
logic is also included. Other major 
parts of the book include detailed 
discussions of reference voltages, 
analog voltage comparators, and 
the switching of analog voltages. 

Bipolar transistor switches and 
field effect transistor comparators 
also get complete treatment. 

The text is excellently comple
mented by lists of symbols and by 
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appendices. Among the latter are 
a table of binary-decimal equiva
lents and a review of the network 
theorems that form the bases of the 
design and operation of many types 
of converters. 

Winning the pot 

Computer Process Control 
Modeling and Optimization 
T.H. Lee, G.E. Adams, and W.M. Gaines 
John Wiley & Sons Inc. 
386 pp. , $14.95 

Taking on a computer control proj
ect is like playing high-stakes 
poker. The smartest players make 
money and become confident 
enough to sit down for more 
rounds. Winning means a continu
ing return of hundreds of thou
sands of dollars-perhaps more. 
Losing means a sterile investment 
of several hundred thousand dol
lars, with more going into the pot 
to get the system to work-just 
like trying to fill an inside straight. 

In computer control, as in poker, 
it's brains and experience that win. 
This excellent book is bound to 
become the "How to win in com
puter control." It's packed with 
clear, valuable knowledge. 

Computer control differs from 
conventional closed-loop control in 
many ways, but an essential dfs
tinction is that while conventional 
control is concerned mainly with 
plant regulation, computer control 
can continually adjust the plant to 
meet stated production demands. 
Key phases in computer control are 
defining the objectives, modeling 
the controlled operation, and im
plementing an optimization pro
cedure. The book handles these ex
tremely complex subjects with 
exceptional skill and clarity. 

Each of the many broad subjects 
is segmented to let the reader grasp 
the over-all subject piece by piece 
and make him aware of how these 
pieces fit into a total project. 

Model is a word usually tossed 

THE QUIET ONE HAS TWICE THE LINEARITY 
OF THE ALLEN-BRADLEY J SERIES POT 

... AND ITS PRICE IS COMPETITIVE 

The Quiet One is within 53 of 
perfect linearity. That's one of the 
reasons it's the one low cost 
potentiometer that's a natural for 
use in computers, test equipment 
and data processors. Another reason 
is that it's almost perfectly noise
free and hos been field tested 2 

million cycles with less than a 53 
resistance change. 

Write for full 
information. Dept. 101, 

Dover, N .H. 03820 

CLAROSTAT 
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JMC ·H40 

New Miniature Series 
Variable Air Capacitors 

High capacity in a small package 
- exclusive round nut permits in
stallation in tight places or minia
turized packaging. Ultra-rugged 
construction. 

Specifications 

•Small Size: .220" dia. 15/32" length 
•Q@ 100 me:> 5000 
•Capacity Range: .4 pF - 6 pF 

(> 8 Turns) 
•Working Voltage: 250 VDC 

(Test Voltage 500 VDC) 
•Insulation Resistance:> 10• Megohms 
•Temperature Coefficient: 50 

±50 ppm/°C 
•Temperature Range: -65°C to +125°C 

features 5700 Solder. Pre-

~";~o~;=~o~;:~·::~to~::~;~: 
temperatures. 

Call or write for complete lnformaUon. 

~ 
MANUFACTURING 

CORPORATION 
400 Rockaway Valley Road 

Boonton, N. J. 07005 • (201) 334-2676 
Electronic Accuracy Through Mechanical Precision 
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New Books 

around rather glibly in industry, 
sometimes to the point that real 
projects go awry because the engi
neer didn't realize which kind of 
a model he needed. The authors 
settle this matter nicely. They dis
tinguish between functional, physi
cal, and economic models, and 
spend several chapters detailing 
each type. For example, the au
thors point out that there is a dif
ference between an economic 
model for planning the computer 
control project and an economic 
model for operating the controlled 
process. A realistic numerical ex
ample is worked out for many 
kinds of models. 

The book also discusses the op
timization problem, a subject that 
must be accompanied by advanced 

·mathematics to be comprehensible. 
The authors don't shy away from 
the math, but skillfully blend ideas 
and equations-and examples-to 
let the reader learn without get
ting bogged down in mathematical 
obfuscation. The book thus very 
ably presents chapters on steady
state and dynamic optimization for 
processes that can be properly de
fined, and on evolutionary opera
tion for poorly defined processes. 

If you're going into the com
puter-control game, read this book 
of instruction first. 

Recently published 
Algebraic Coding Theory, Edwyn R. Berle· 
kamp, McGraw-Hill Book Co., 466 pp. $17.50 

Discusses the best error-correcting codes pro
posed to date, stressing topics most relevant 
to the design of decoders. It covers the struc· 
ture of finite fields and presents new results 
likely to have applications in discrete system 
theory. For graduate students and engineers. 

Optimum Systems Control, Andrew P. Sage, 
Prentice-Hall Inc., 562 pp., $14.50 

Covers optimal control with deterministic in
puts, state estimation, combined estimation 
and control, sensitivity analysis, and compu
tational techniques. Included are determinis
tic control and stochastic problems. Aimed 
at graduate students and systems engineers, 
it emphasizes basic concepts. 

High-Voltage Technology, Edited by L.L. Al· 
ston, Oxford University Press, 408 pp., $14.40 

Aimed at graduate engineers and scientists, 
this text covers the basic concepts of electric 
stress and strength, and surveys associated 
phenomena and techniques. It also compre
hensively discusses electrical breakdown in 
gases, vacuums, liquids, and solids under 
laboratory and practical conditions. In cover
ing high-voltage equipment it emphasizes 
practical application of basic principles. 

Analyze 
light 
sources 
There 's an easier way to meas
ure radiance and irradiance, 
luminance and illuminance. Use 
one of Gamma Scientific's light 
analysis §}'.Stems. You'll get top 
performance, and you'll elim
inate all the headaches of one
of-a-kind instrumentation. 
VERSA TILE. All our photometric 
and spectroradiometric §ystems 
are compatible with a full line of 
plug-in heads and accessories. 
Microscopes. Telescopes. Grating 
monochromators . Cosine recep
tors . Filters . Etcetera. You can 
change from one configuration to 
another in moments. 

ACCURATE, RELIABLE. Gamma 
Scientific's fully transistorized 
J!YStems are assembled, tested, 
calibrated ... guaranteed from 
input to output. Add one of our 
calibrated sources and your 
measurements will be consist
ently accurate, traceable to NBS. 

ECONOMICAL. You'll save time 
and money because you'll be able 
to meet your total instrumenta
tion needs with a single Gamma 
Scientific J?YStem. 

APPLICATION ASSISTANCE. We'll 
help you whether you're analyz
ing light sources, optical sys
tems, photo detectors or the 
optical properties of materials. 

MORE INFORMATION. Get all the 
details and our latest catalogue 
by writing to Systems Manager, 
Dept. 221, Gamma Scientific, In
corporated, 2165 Kurtz Street, San 
Diego, California 92110. 

IMMEDIATE PROBLEMS? Call 
collect 714/291-2230. 

G®GAMMA 
SCIENTIFIC 
Incorporated 
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CEDAR 
Servo Packages 

DATA CONVERTER 

\_ iii"'!'\ 

IN·LINE SERVO 

SYNCHRONIZER 

FOLLOW-UP SERVO 

. . . like getting a 
Servo Engineer free 

On your next make-or-buy decision, give careful 
consideration to the benefits of putting Cedar's 
servo experience to work for you in engineering 
your servo package. It's like getting the services 
of a highly experienced servo design engineer free. 

Cedar servo packages have been successfully 
used on leading missiles and aircraft, ranging 
from the LTV A 7 A autopilot synchronizer to 
the Polaris A3 pulse sum-to-analog converter. 
Write or give us a call on your next servo pack
age problem. You'll be glad you.did. 

CEDAR CONTROL DATA 
ENGINEERING DIVISION 

----~-- -

5806 W. 36th St., Minneapolis, Minn. 55416 •Phone (612) 929-1681 
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You say you want a 
low-profile snap-in-mount
ing push button switch or 
matching indicator that is 
interchangeable with most 
4-lamp displays ... available 
in a full range of cap colors 
... with a choice of bezels 
with or without barriers in · 
black, gray, dark gray or 
white. 

anda 
legend presentation that's 
positive (like this one) or 
negative (like the one below) 
or just plain (like the one 
above) ... one that's white 
when "off" and red, green, 
yellow (amber), blue or light 
yellow when "on" ... or 
colored both "on" and "off." 

anda 
highly reliable switch proven _ 
in thousands of installations 
... available in momentary 
or alternate action ... N.O., 
N.C. or two circuit (one N.O., 
one N.C.) .. . that accommo
dates a T-1 3.4 bulb with 
midget flanged base, incan
descent, in a range of volt
ages from 6-28V. 

etc. 
etc. 
etc . 
Now, for the first time 
Oialight gives you 
custom panel designing 
with a standard line of 
push-button switches and 
matching indicators 

Dialight offers a broader range of switch and 
indicator possibilities than you'll find 

anywhere in a standard single-lamp line. 
Sizes: 3/4" x 1 ", % " square and round. 

Send today for our new full-color catalog L-209. 

/JIALIGl-IT 
Dialight Corporation, 60 Stewart Ave., Brooklyn, N. Y. 11237 DT-125 
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SMALL DIMENSION FUSE AND FU EHOLDERS 
For The Protectlo of All Types of 
Electronic and Electrical Circuits and . 
Devices' ••• 
Includes dual-element "slow-blowing", 
single-element quick-acting" and signal or 
visual lndiCl\ting types ••• In sizes from 
1/500 amp up. 

HMR-RF shielded holder· 
for 14 li 114 In. fus11; 

HKA l•mP'.lndlcatlnr.11&1111 
ICtlvat1n1 holder. 

From here 

That may be the life of these new synchros but, frankly, 
we doubt it. 
We do know that none of these brushless synchros have 
failed in service ... and that some of them have func
tioned for well over a million cycles. 
Moreover, these synchros are not limited In electrical 
specifications because of their long life. They are made 
to the same specs as our standard synchros ... and to 
the same dimensions as our regular Size 8, 10, 11, 15 
and 23 units. 
Un/Ike all other Weston-Transicoil components, which 

Cir,,le ~-9? on ra,.der service card 

TRON Rectifier Fuses 
For the Safe Protection of Solid 
State Devices 
Provide extremely fast opening on 
overload and fault currents, with a 
high degree of restriction of let-thru 
current. Many types and sizes avail· 
able. Ampere ratings from 112 to 1000 
in voltage .-atings up to 1500. 
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to eternity? 
have a minimum warranty of two years or two thousand 
hours of operating life, these units are warranted for 
10,000 hours. 
In view of the already proven performance of these syn
chros, this could be the understatement of all warranties. 
For further information write to: WESTON-TRANSICOIL, 
Components Division of Weston Instruments, Inc., 
Worcester, Pa. 19490, a Schlumberger company 

WES ION® 



Technical Abstracts 

Film puzzlers 
Thin-film microwave components 
Martin Caulton 
RCA Laboratories, Prince~on, N.J. 

What are microwave integrated 
circuits? Just metal put on top of 
a dielectric substrate and etched? 
Many manufacturers wish they 
were that simple. 

The job of fabricating precise 
and reproducible thin-film micro
wave components, either lumped 
or distributed, on ceramic sub
strates involves a ·host of consider
ations. These include the value of 
the dielectric constant of the sub
strate and its surface finish; the 
adherence of the metal to the sub
strate and the kind of r-f conductor 
it will make; and the thickness of 
the conductor. ln addition, there's 
the question of how compatible 
the substrate will be with the me
tal conductor. 

Regardless of the type of micro
wave integrated circuitry to be 

fabricated, materials are judged 
as much on their compatibility as 
on their electrical parameters. The 
thermal expansion coefficients of 
the dielectric and conductor and 
the etchants that can be used are 
part of the picture, as is the possi
bility that troublesome alloys may 
develop. 

Thin-film microwave !C's have 
been built with distributed or 
lumped elements for use at the 
lower frequencies, but microstrip 
is used for circuits operating at X 
band and higher. The same basic 
metal and dielectric deposition 
techniques are used in making 
either type of IC, but there are dif
ferences. 

If a lumped-constant high-fre
quency inductor is to have a high 
Q, for example, the thickness of 
the conductor must be equal to 
several skin depths at the operat
ing frequency. Also, the surface 
finish must be smooth and only the 

better conductors such as gold, 
silver, and .copper should be used. 
Presented at Nerem, Boston, Nov. 6-8. 

Simple setup 

The gyrator-a miniature ferrite device 
R.W. Roberts 
Microwave Associates (West) Inc. 
Sunnyvale, Calif. 

The microwave gyrator is a pass
ive, nonreciprocal ferrite device 
that can be used as a circulatru-, 
isolator, or impedance inverter. It 
consists of the same basic ferrite 
element found in a circulator, but 
it comes without the impedance
matching networks, transmission 
lines, and connectors usually asso
ciated with a circulator. 

The gyrator is smaller, cheaper, 
and easier to put into integrated 
circuits than the circulator. The 
disadvantage of the gyrator is its 
generally complex characteristic 

SUB-MINIATURE FUSES 
The Co 1> e of Slgnal·lndlcatlng 
Alarm-Activating Fuse 

For use on computers, microwave uni s, 
communication equipment, all electronic 
circuitry. 

o~ 
BUSS GLD-!4 x 1!4 in. 
VI s u a 1-·1 n d I ca ting, 
Alarm-Activating. 

BUSS GBA·!4 x 1!4 In. 

~ 
~xi~ 

In. Visual-Indicating, 
Alarm-Activating. 

BUSS MIN-13/32 x I~ 
In. Visual-Indicating. 

FNA FUSETRON Fuse 13/32 
x I~ In. slow-blowing, Visu-
11-lndicatinr, Alarm-Activat
lnr. (Also useful for protection 
cit small motors, solenoids, 
transformers In machine 'tool 
Industry.) 

~ Fuse, Visual-Indicating, 
Alarm-Activating. 

~ 
Bu~.~~ Aircraft l1m1ter, 
Visual-lndicatinc. 

BUSS GMT and HLT 
holder, Visual-lndlca· 
ting, Alarm-Activ1Unr. 

For fuses and fuseholders of unquestioned high quality 
for every protection need ••• 

Electronics I November 11, 1968 

Ideal for 1P1C9 tlrht 1ppllcatlons, llrht welrht, vlbl'ltloll llld 
shack .rlSfstlnt. For u11 n (llrt of mlnllturlzed lntllrlted 
clrcu", l1rre multi-circuit electronlc systems, computers, prlntld 
circuit IJ6lrdl, 111 electronic circuitry. 

Fuses- Bod size only .145 x .300 Inches. Glass 
tube ~ction permits visual inspection of ele· 
meat. Jlermatically sealed. Twenty-three ampere 
llz from 1/100 thru 15. 

BUSS Sub-Miniature GMW 
Fuse and HWA Fuseholder 
Fuse size only .270 x .250 inches. Fuse has window for 
visual inspection of element. Fuse may be used with 
or without holder. 1/200 to 5 amp. Fuses and holders 
meet Military Specifications. 
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Ne-w, Sillaller 
air variable 
capacitor 

ACTUAL SIZE 

1.7 to 11 pf machined plate capacitor 
for PC mounting is only .310" in diameter 

This new, sub-miniature Type " T" air dielectric 
trimmer capacitor from E. F. Johnson fits the limited 
space requirements of modern design. It is designed 
for VHF and UHF applications where small size 
(.31 O" diameter), high Q (greater than 1500 at 1 MHz), 
low TC and low cost a re important considerations. 

The Type " T" mounts interchangeably with widely 
used -Ys" printed-circuit-type ceramic disc trimmers 
in two .050" diameter holes on .300" centers. 

Nominal capacity is 1. 7 pf minimum, l 1 .0 pf max
imum. Peak voltage breakdown is 250 VDC. End 
frame is 953 alumina, grade L624 or better, DC200 
treated. Metal parts are silver plated and lridited . 

Johnson machined plate construction provides 
exceptional stability, including minimum drift over 
extremes of temperature and humidity. 

MAY WE TELL YOU MORE? Write for detailed 
specs and prices on Type "T" capacitors. And ask 
for Components Catalog 701 covering the entire 
E. F. Johnson component line. 

~. 
E. f. JOHNSON l:OMPANY 

3078 Tenth Ave. S.W., Waseca, Minnesota 56093 

Providing nedrly a half-century of communications leadership 
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WANTED: 
ELECTRONICS 

MANUFACTURER 
who desires to fill a 
dependable supply of 
government contracts 

Excellent opportunity for growth -minded 
electronics manufacturer to locate in Texas 
and help meet the needs of the government 
and the third fastest-growing state. Stable, 
productive labor. Incomparable tax advan
tages. Lowest living costs. For 1968 Texas 
Fact Book, write or call the: 

TEXAS INDUSTRIAL COMMISSION 
Central Information Source for all of Texas 

Box JJ-E, Capitol Station 
Austin, Texas 78711 

Telephone 512/475-4331 
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TDK 
CIRCULATOR 
The 200-series Circul ators and Isolators are de
signed for VHF and UHF application up to1,000MHz. 

They are compact, high-performance, and low cost, 

circulators developed by TDK under the guidance 

of the NHK technical Research Laboratory. 

Write to MH&W for full technical data and information on applications 

~ ~~~:~~;~·R~~;;;~~~ ~~;~~;:;;~N 
n I In\ In 280Midland Avenue Saddle Brook.N.J.:07662 
UdJ \l:dJ phone:N.J.:201-791-6277 N.Y.:212-244-0695 

@TDK 
TDK EL.ECTRONICS CO., L..TD. 
2·14·6 Uchikanda, Chiyoda-ku, Tokyo Japan 
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impedance, which requires fairly 
sophisticated matching networks . 

A typical junction circulator for 
conventional microwave applica
tions may be roughly 21h inches 
square and an inch thick. Connec
tors may extend out for another 
inch or so. In a typical IC applica
tion, most of the networks and con
nectors aren't needed. 

For example, there is no need to 
use a 50-ohm transmission line in 
an IC, because the components are 
so dose together. Also, connectors 
aren't needed, and impedance
matching networks can be ab
sorbed within other components 
of the IC. 

Thus, if all these parts are 
stripped away from a typical junc
tion circulator, the central ferrite 
element alone is left. This is 
roughly only 0.4 inch in diameter 
and 0.125 inch thick. 

A gyrator consists of this single 
ferrite disk with three windings 
wound around it and returned to 

ground. The windings are coupled 
to each other both through a re
ciprocal leakage term and through 
H nonreciprocal off-diagonal su
sceptibility term. A bias field is 
supplied by a permanent magnet. 
This field is chosen as the best 
compromise between low Joss, 
which requires a high field, and 
maximum nonreciprocity, which 
requires a lower field. Leakage in
ductance is a primary bandwidth
limiting element and · must be 
considered in designing the im
pedance-matching network. Band
widths may range from 4 to 20%, 
depending on the network's com
plexity. 

A typical gyrator for the uhf 
band is about % inch in diameter 
and % inch thick. In S band, pro
jections show that the size could 
be reduced to 1/4 inch in diameter 
and 1/4 inch in thickness. These 
dimensions are much smaller than 
those possible even with cir.cula
tors built on microstrip. They're 

quite compatible with the size of 
other components used in IC's. 
Presented at Nerem, Boston, Nov. 6-8. 

Print hints 

Printed thick-film microwave integrated 
circuits 
Charles Greenwald and 
R.K. Barcklow Jr 
ITT Defense Communications Inc., 
Nutley, N.J. 
Edwin Zaratkiewic 
ITT Avionics Inc., Nutley, N.J. 

Studies of nonmicrowave micro
circuits have shown thick-film 
types to be 20% to 40% cheaper 
than the thin-film versions. Similar 
cost savings may apply to micro
wave circuits, especially when 
they're printed. 

A high-resolution screen-printing 
process yields acceptable pattern 
resolution for most microwave in
tegrated-circuit geometries. Reso
lution is now 100 to 150 lines per 
inch-with equal line width and 
spacing, and with line-edge varia-

CERMET TRIMMERS 

Series 340 Top Adjust 1/4" x 1/4" x .220" 
Cermet Trimmer 

NEW FROM CTS 
$1.25 ea. in 1,000 lots down to 

93c ea. in 50,000 lots. 

50 fl through 500K fl. 

± 20% tolerance. 

3/4 watt @ 25°C; 1/2 watt @ 85°C, derated to no load @ 150°C. 

Single turn . 

Prototype Quantities From Stock. 
Production Quantities: 4-6 weeks. 

Order from: CTS of Berne, Inc., Berne, Indiana 46711. 

A ®cTs CORPORATION W Founded 1896 
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Series 360 Side Adjust 7 /16" x 17 /64" x 25/64" 
Snap-in Type Cermet Trimmer 

NEW FROM CTS 
$1.04 ea. in 1,000 lots down to 

80c ea. in 50,000 lots. 

50 fl through 1 megohm. 

± 20% to I era nee. 

1 watt @ 25°C; 1/2 watt @ 85°C, derated to no load @ 125°C. 

Single turn. 

Prototype Quantities From Stock. 
Production Quantities: 4-6 weeks. 

Order from: CTS of Berne, Inc., Berne, Indiana 46711. 

A ®cTs CORPORATION W Founded 1896 
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looking 
for 
a 

low 
• price 

quality 

lamp? 

IEE has 'em! 

Search no more for quality high per
forming subminiature lamps. We have 
them in stock at Y2 the price of com
petitive lamps. 

All our lamps are aged and selected, 
possessing hand placed filaments, sta
bilized to assure uniform brightness. 
They meet all standard Mil-Specs , 
and you can count on 40,000 to over 
100,000 hours life. 

For as low as 29 cents per lamp we 
can supply your needs on T-1 lamps. 
Search no farther than your local IEE 
representative. 

ml. 
Industrial Electronic Engineers, Inc. 

7720 Lemona Avenue, Van Nuys, Californ ia 91405 
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tions less than 20% of line width. 
Process refinements can, however, 
improve resolution. 

A finer mesh stainless-steel 
screen is required. A 325 mesh was 
used in the present system. High
viscosity inks will minimize pat
tern settling after screening. Du 
Pont 8115 thixotropic gold ink, 
with a 1,000-poise viscosity, was 
found to print better than higher
conductivity silver-based inks. 

Indirect screen-pattern prepara
tion, where the emulsion pattern is 
photo-formed on a Mylar carrier 
sheet and then adhesively trans
ferred to the screen, is recom
mended. Substrates should be very 
flat, with a I-mil maximum camber. 
Patterns should ibe air-dried before 
firing because rapid drying with a 
heat lamp will distort the pattern. 

One component that's been 
printed is a 50-ohm termination 
that dissipates 50 milliwatts (less 
than 1/50 wavelength) and has a 
vswr of less than 1.2: 1 over a 16% 
bandwidth at 4 gigahertz. A 100-
ohm-per-square palladium-silver 
resistor ink is used, printed to a 
1-mil thickness. 

A microwave transistor oscillator 
was printed on a 1-by-1.5-by-0.25-
inch alumina substrate. It develops 
a 10-milliwatt fundamental at 4 
Ghz. The circuit includes a 10-
decibel directional coupler (with a 
5-mil gap) to provide an auxiliary 
output to feed an external phase 
detector. Three d-c bias resistors 
are printed, as are three 100-pico
farad bypass capacitors, which 
provide low-frequency stability. 
These two components are decou
pled from the r-f circuitry by se
ries-choke/shunt-stub microstrip 
sections. 

Another component is a printed 
thick-film mixer-preamplifier with 
an X-'band balanced mixer and a 
70-megahertz i-f preamplifier. It 
fits on a 1-by-3-by-.025-inch alu
mina substrate. Microstrip lines, 
d-c bias and i-f pad resistors, and 
i-f bypass and coupling capacitors 
are printed as well. Schottky mixer 
diodes, a leadless, inverted, device
mounted (LID) i-f input transistor, 
a Hatpack monolithic IC, and a to
roidal transformer are appliqued. 
Presented at Nerem, Boston, Nov. 6·8. 

IEW MAGNETIC RELAY 
plugs into your PC board! 

NO Springs, NO Wiring, 
NO Sockets, NO Soldering, 

NO Mechanical Linkage 

Standard Series G 
Latching Series LS/LO 

(actual size) 

Plated Conductors on Your PC 
Board are the Fixed Contacts 

Save SPACE, MONEY and MANHOURS with 
these new small, lightweight, highly reli
able Standard and Latching PRINT ACT 
Relays. 
Available with Bifurcated Palladium or 
Gold Alloy contacts for more than 10 
million cycle 2 to 4* pole switching. Han
dles up to 2 amp. res. loads. Coils for 6, 
12, 24 and 48 vdc at 500 mw. Operating 
temperature -30°C to +95 °C. Operate 
time 7 ms. The little gem is an 0.8 oz. % " 
cube. 
Quality features include: double-break 
contacts; balanced armature, enclosed 
housing, plug-in application; encapsu
lated coil; self-wiping contacts and in
herent snap-action - saves sockets sol
dering, and wiring and the cost is lower 
than you think! 

•Switches up to 4 form A plus B, or 4 form C. 

For data and prices write or call: 

212·EX2·4800 

M"c'l!One 
PRINTACT RELAY DIVISION 

47-37 Austell Place 
Long Island City, N.Y. 11101 
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New Literature 

Control, telemetry, conversion. Raven 
Electronics ·Inc., 101 W. Alameda Ave., 
Burbank, Calif. 91502, has published 
an eight-page catalog on its control, 
telemetry and power conversion com· 
ponents. 
Circle 446 on reader service card. 

Digital spectrogram recorder. Conrac 
Corp., 1600 S. Mountain Ave., Duarte, 
Calif. 91010. An eight-page brochure 
describes a system for converting ana
log data from potentiometric recorders 
into digital form for computer analysis. 
[447] 

Digital data monitors. Lear Siegler Inc., 
1152 Morena Blvd .. San Diego, Calif. 
92110, offers a two-page data sheet 
describing a new generation of digital 
data monitors. [448] 

Power supply modules. Power/Mate 
Corp., 163 Clay St., Hackensack, N.J. 
07601, has released a 16-page general 
catalog covering . a broad line of 
regulated power supply modules . .[449] 

Vacuum components. Granville-Phillips 
Co., 5675 E. Arapahoe Ave., Boulder, 
Colo. 80302. A 12-page brochure de· 
scribes more than 200 standard com-

ponents to assist in building or modify· 
ing vacuum systems. [450] 

Solid state relays. Ohmite Mfg. Co., 
3601 Howard St. , Skokie, Ill. 60076. 
Catalog 750 describes features of the 
SSA solid state relays, such as inherent 
contact isolation and universal opera
ting voltage range. [451] 

Laser trimming system. Spacerays Inc., 
Northwest Industrial Park, Burlington, 
Mass. 01803. A four-page data sheet 
covers the factors involved in mass 
producing precision-trimmed cermet 
resistors with an automatic laser trim· 
ming system. [452] 

Polycarbonate capacitors. San Fer· 
nando Electric Mfg. Co., 1501 First St., 
San Fernando, Calif. 91341. A 12-page 
brochure details operating character· 
istics of West-Cap polycarbonate ca· 
pacitors for application in precision RC 
circuits, high·Q tuned circuits, a·c 
circuitry, or capacitance standards. 
[453] 

Pulse instrumentation. Datapulse Inc., 
10150 W. Jefferson Blvd., Culver City, 
Calif. 90230, offers a condensed cata
log describing its complete line of 

general purpose pulse generators and 
digital data generators. [454] 

Ultrasonic degreasers. Westinghouse 
Electric Corp., P.O. Box 868, Pittsburgh 
15230. Ultrasonic degreasers for 
rapidly cleaning delicate components 
and pieces with difficult-to-reach 
crevices are described and illustrated 
in a four-page bulletin. [455] 

Stepping motors. Heinemann Electric 
Co., 252 Magnetic Dr., Trenton, N.J. 
08602. Bulletin 702 covers the Roto
Netic line of inexpensive stepping 
motors. [456] 

Frequency response tracer. B&K In
struments Inc., 5111 W. 164th St., 
Cleveland 44142. Model 4712 fre· 
quency response tracer is described in 
a product data bulletin. [457] 

Transducer/strain indicator. Strainsert 
Co., 24 Summit Grove Ave., Bryn Mawr, 
Pa. 19010, offers bulletin 102 describ
ing a portable transducer/strain in
dicator, which permits reading of eight 
separate strain sensors. [458] 

Strain gage pressure transducers. Astra 
Corp., 2428 Wyandotte Road, Willow 

CERMET TRIMMERS 

Series 165-3/8" x 3/8" x 13/64" Cermet Trimmer 

NEW FROM CTS 
$3.25 ea. in 1,000 lots down to 

$2.56 ea. in 50,000 lots. 

50 n through 1 megohm. 

±20% tolerance. 

1/2 watt @ 85°C derated to no load @ 150°C. 

25 turns. 

Prototype Quantities From Stock. 
Production Quantities: 4-6 weeks. 

Order from: CTS of Berne, Inc., Berne, Indiana 46711. 

A ® CTS C908RP1

0RATION U' Founded 1896 
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Series 190-3/4" x .160" x .310" Cermet Trimmer 

NEW FROM CTS 
$1.24 ea. in 1,000 lots down to 

98c ea. in 50,000 lots. 

50 n through 500K n. 
± 20% tolerance. 

1/2 watt @ 85°C derated to no load @ 125°C. 

20 turns. 

Prototype Quantities From Stock. 
Production Quantities: 4-6 weeks. 

Order from: CTS of Berne, Inc., Berne, Indiana 46711. 

A ® CTS (CORPORATION V Founded 1896 
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Now Varo has developed a new 
series of High Voltage Fast Recov
ery Diffused Silicon Rectifiers eco
nomically competitive with both 
vacuum tubes and selenium. And 
they mean improved reliability in 
color and monochrome receiver 
applications. 

Peak reverse voltage rating for 
the series is from 5,000 Volts to 
45,000 Volts, with rated output cur
rent to 25 milliAmps. And we can 
supply you with any shape you 
need. In sizes from .250" square and 
1.00'' long. Diode-capacitor voltage 
multiplier assemblies are also avail
able. 

This new series is the result of 
Varo's continuing R & D leadership 
in high-voltage rectifiers. 

Varo is the same company that 
introduced miniature , low-cost 
high-voltage diodes for night vision 
applications; the Integrated Bridge 
Rectifier (IBRG!>) and the Epoxy Inte
grated Bridge Rectifier (EBA). 

If you 'd like to give your cus
tomers all the advantages of totally 
solid state TV circuitry, now you can. 

In the meantime, don't feel bad 
if you 're still using vacuum-tube 
rectifiers. 

Up until now, it was the only 
choice you had. 

For complete details, applica
tions, and price list write or call. 

VARO 

SEMICONDUCTOR DIVISION 
2203 WALNUT STREET. 
GARLAND. TEXAS 75040 
(214) 272·3561 
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New Literature 

Grove, Pa. 19090. A line of patented 
strain gage pressure transducers is de
scribed in technical bulletin 60-5. [459] 

Microwave test lab system. Genesys 
Systems Inc., 1479 Plymouth St, 
Mountain View, Calif. 94040, has avail· 
able a data sheet on the model 4030 
microwave test lab system. [460] 

Analog building blocks. Dana Labora
tories Inc., 2401 Campus Dr., Irvine, 
Calif. 92664. Series 2600 analog build
ing blocks for high-performance in
strumentation and data-processing sys
tems are described in bulletin 894. 
[461] 

Microwave tube stabilization. Micro
Now Instrument Co., 6124 N. Pulaski 
Rd., Chicago 60646. Stabilization of 
microwave oscillators in the 40- to 
100-gigahertz region is described in 
engineering application bulletin No. 3. 
[462] 

Serial character generator. National 
Semiconductor Corp., 2950 San Ysidro 
Way, Santa Clara, Calif. 95051. Ap
plication Note 14 describes the 
MM420/MM520, a 256-bit serial char
acter generator. [463] 

Assured reliability relays. Hi·G Inc., 
Spring St. and Route 75, Windsor 
Locks, Conn. 06096, has available a 
brochure for relay specifiers and buy
ers requiring exceptional reliability in 
crystal can relays. [464] 

Microwave loadings. Solitron-Micro
wave, 37-11 47th Ave., Long Island 
City, N.Y. 11101. A six-page brochure 
provides a referen~e source to design
in terminations, attenuations, and other 
loadings as required in a particular sys
tem. [465] 

Count-display module. Integrated Cir-
. cuit Electronics Inc., P.O. Box 647, 
Waltham, Mass. 02154. A data sheet 
describes the C-101 count-display mod
ule that accepts 4-line or 8-line BCD 
for display with decimal point on a 
cold-cathode tube. [466] 

Automated instrumentation. Julie Re
search Laboratories Inc., 211 W. 6lst 
St., New York 10023. Catalog CC-6 
highlights automated instrumentation 
and ·precise components for production, 
test, and calibration. [467] 

Hybrid IC's. WEMS Inc., 4650 W. Rose
crans Ave., Hawthorne, Calif. 90251, 
offers a brochure outlining the manu
facturing process of a hybrid IC from 
the engineer's drawing to the finished 
package. [468] 

Rack-and-panel connectors. Elco Corp., 
Willow Grove, Pa. 19090. A 28-page 
guide describes a wide range of low
cost rack-and-panel connectors. [469] 

Solve all e lectronic 
chemical needs 
quickly and econom· · 
ically ... simply _ 
spec ify GC! _lzi __ ti.ili" ~111• -~.~~ 
GC manufacturers • ~ 
and stocks clean- -
ers , solvents , 
cements , lubri 
cants , lacquers 
and varnish e s 
for in-plant serv· 
icing and main
tenance needs 
on all office and 
produc 
tion equipment. 
Packaged, or in 
bulk , all a r e 
available for 
immediate 
shipment. · 

FREE~ · 
Write today tor the big 
GC Electronic Chemical 
Handbook - $1.50 value 
- yours FREE when ap
plied tor on your Com
pany letterhead. It 's your 
solution to all chemical 
problems. 

Circle 135 on reader service card 



Looking for 
a better job? 

Ask Electronics' computer all about it 
Electronics magazine feels an obligation to help its 
readers find positions in the electronics technology 
which will make the greatest contribution to their pro
fession and to society - jobs in which electronics men 
themselves will be happiest. 

Electronics has joined with a nation-wide talent 
search company-National Manpower Register, lnc.-to 
form the computerized Electronics Manpower Register. 

Your qualifications and job requirements will be pro-

grammed into a GE 265 computer, direct-linked to the 
Manpower Register's offices in New York. The com
puter, once your resume form (bottom of page and 
following page) is received, will continuously compare 
all your data with the specific manpower needs of elec
tronics companies. When a match is made, you will be 
contacted directly or through an affiliated agency. The 
company and you will be brought together on a con
fidential basis. Continued on next page 

-------------------------------------------------
Electronics Manpower Register 
It Is Important that your Information be complete and that you type or print legibly 

IDENTITY PRESENT OR MOST RECENT EMPLOYER 

Name Date Parent company 

Home address Your division or subsidiary 

City State Zip Location (City/State) 

Home phone Do you subscribe to Electronics O or see a library or pass-along copy O 

GEOGRAPHICAL PREFERENCE (Check appropriate boxea and complete all blank1) 

I will NOT relocate D I .will consider opportunities in: D North East D Mid Atlantic D South D Midwest D Southwest D Calif. D Northwest 

Prefer: D Metro. area D Medium town D Rural area Other: 

EDUCATION 

Degree Major field Year College or University 

FOR OFFICE USE ONLY 

EMPLOYMENT INFORMATION I I I I I I I I 0 
REGISTRATION NUMBER INITIAL OF LAST NAME 

Position desired 

Present 0 or most recent O position From To Title 

Duties and accomplishments 

HAVE YOU REGISTERED WITH THIS SYSTEM PREVIOUSLY? Yeso NoO 
CONTINUED ON OTHER SIDE 
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The cost of all this to you? Absolutely nothing. No 
fees or charges at any time. 

Other advantages of EMR: 
• Your resume is sent only to those companies that 
have a genuine requirement for your particular skills. 
• There is no general "broadcasting" in the hope 
"someone will be interested." 
• Your identity is protected because your name is re
leased only according to your prior instructions. Your 
name can be deleted on request. 
• EMR's service is nationwide. You may be considered 
for job opportunities anywhere in the U.S. 
The Electronics Manpower Register is a powerful tool 
and should be considered when you are seriously seek-

ing a new position. And, although you may be reason
. ably happy in your present position, chances are that 
you might have that ideal job in mind. 

This is why EMR makes good sense for you. If that 
job does turn up, you'll be there. 

To get your name in the EMR file, just fill out the 
resume form and return to: 

Electronics Manpower Register 
330 West 42nd Street 
New York, N. Y. 10036 

Please enclose a copy of your resume if you have one. 
A detailed brochure further describing EMR will be sent 
to you. 

~Electronics Manpower Register 
A computerized employment opportunity service 

------------------------------------------------
CONTINUED FROM OTHER SIDE 

Previous Employer City/State From To 
Position 

Duties and accomplishments 

Previous Employer City/State From To 
Position 

Duties and accomplishments 

GENERAL INFORMATION 
(Summarize your over-all qualifications and experience In your field. List any pertinent Information not Included above.) 

Current annual Total years Date available 
U.S. Citizen 0 Non U.S. Citizen D base salary of experience (within four months) 

My identity may Any All but my Have you security 
Yes D No 0 If yes , 

be released to : employer D present employer D clearance? What level 

Mail (with a copy of your resume, II you have one) to : 

Electronics Manpower Register 
NO FEES ELECTRONICS 

OR 
330 West 42nd St. CHARGES 
New York, N. Y. 10036 EMR-7 
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continental can is looking for innovative engineers 
to shoot holes through toClay's packaging concepts. 
Are you quick on the trigger with new ideas, new approaches, new solutions? There's 
a great big, beautiful career waiting for you at the Technical Center of Continental 
Can, wqrld leader in packaging. 
The Technical Center is. our private "think tank." It provides. the creative services for 
our 180-plus manufacturing plants. 
Here, engineers of diverse disciplines undertake basic and applied research in every 
avenue of packaging, from concept .through production. They explore new forms of 
packaging consumer and industr.ial goods. Experiment with better and bigger uses 
of metals, paper, plastics, and composites. Create new systems and methods of pro
duction. Solve problems that a lot of people didn't ev~n know existed. 
The Technical Center, in reality, is the "Action Environment" for the right engineer. 
What do we mean by "right engineer"? A man who is happiest when he obsoletes 
today's standards. 
What do we mean by the "Action Environment"? Unparalleled creative latitude. 
Enormous opportunity for individual effort. The full backing of virtually limitless 
resources, both in terms of talent and equipment. A top-level salary. Substantial 
fringe benefits. An open door to rapid advancement. And, above all, the chance to 
enjoy your work. 
For fu rther information and an appointment, write Mr. J. G. Mikota, Recruitment 
Supervisor, Chicago Technical Center. 

Continental 
Can Company 

1200 West 76th Street, Chicago, Illinois 60620 
An Equal Opportun ity Employer 
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Mechanical Engineering 
High speed equipment design. Ana lytica l 
functions providing service ta all d evelop
ment areas . Dynamic stress. and vi b rations. 
Evaluation of meta l fa brica tion processes. 
Recommendations far new manufa ctu ring 
methods and tool developmen t. 

Electrical/Electronic Engineering 
Digita l logic, high power solid state circuits, 
fluidics, e lectro-statics. Energy conversion. 
Electrica l power ta laser,. infra-red, ultro
~anic, X-ray and e lectron beam . Fie ld eng i
neers far new equipment installations. 

Chemistry and Chemical Engineering 
Analytical chemistry with emphasis an instru
mental analysis. Ink formu lation, gra phic 
arts, rheology instrumentation rela ted ta 
applica tions in offset, flexagraphic, ro togra 
vure and letter press. Cail coa tings. Pack
aging performance evaluation. Esta b lish
ment o f new and navel p las tic processes, 
including injection and blow molding , PVC 
formulation, etc. Material eva luation to 
include metals, papers, p lastic resins and 
composi tes. 

Electronic Data Processing 
Equipment Manufacturing Planning Contro l 
far packaging machinery. Computer sys
tems far purchasing, machine tool a nd as
sem bly scheduling, inven°tary control and 
distri bution, using third generation compute r 
hardware. 
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Our 40 years of RF 
Systems Engineering: 
Your opportunity for tomorrow 

Motorola was founded on RF systems engineering. In 1928 we 
pioneered the first successful mobile radio broadcast receiving 
systems - and for four decades have steadily added to our list 
of significant technological "firsts." Our past achievements and 
present programs at Motorola Government Electronics Division 
include space communications, multi -sensor data transmission, 
worldwide space tracking systems, side-looking radar sensor and 
all -weather surveillance/mapping, perimeter security, and 
oceanography systems. We are also engaged in monitoring and 
control system concepts for offshore oil production applications 
- and extensive highway safety programs. To qualified RF engi
neers, our 40 years of leadership in electronic systems engineer
ing - and our unmatched technical facilities - offer an excellent 
opportunity for accelerated career fulfillment. 

Specific opportunities are: 
Space Communications • Radar Systems • Tracking & Telemetry • Fuzing 
Digital Data Transmission • Guidance & Navigation • Radar Transponders 
ECM & Elint •Coherent Transponders• Integrated Electronics• Antennas 
& Propagation •Advanced RF & Microwave Techniques •Ground Support 
Equipment • UHF /VHF Communications Equipment • Display • Digital 
Multiplex • Troposcatter • Readout • Undersea • Mechanical Design 

in PHOENIX@ MOTOROLA 

Government: Elect:ronics Division 
Write : Paul Ahler, Recruitment Mgr., Dept. 65, Box 1417, Scottsdale, Arizona 

AN EQUAL OPPORTUNITY EMPLOYER 

CIRCLE 967 ON READER SERVICE CARD 

"Put Yourself 
in the Other 
Fellow's Place" 

TO EMPLOYERS 

TO EMPLOYEES 

Letters written offering Employ

ment or applying for same are 

written with the hope of satis

fying a current need. An answer, 

regardless of whether it is favor

able or not, is usually expected. 

MR. EMPLOYER, won't you re

move the mystery about the 

status of an employee's applica

tion by acknowledging all appli

cants and not just the promising 

candidates. 

MR. EMPLOYEE you, too, can 

help by acknowledging applica

tions and job offers. This would 

encourage more companies to 

answer position wanted ads in 

this section. 

We make this suggestion in a 

spirit of helpful cooperation be

tween employers and employees. 

This section will be the more use

ful to all as a result of this con

sideration. 

Classified Advertising Dept. 

McGRAW-HILL, INC. 
330 West 42nd St., N. Y., N. Y. 10036 

ADDRESS BOX NO. BBPLIBS TO: Bo:oNo. 
Olaast!led Ad11. Dept. of tM• pubHcatfon. 
Send to of!lce n eareat 11ou. 

~Jffolrfo~1ft1 .Nioii1~0:tf ~!'ic~iii::: l:e. 
SAN FBANOISOO, Oal. 114111: 166 Oal(fomia St. 
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SURPLUS BARGAINS ! 
0.01 % SORENSEN Line Voltage Regulator 
# 1001 reg ul . agains t load 
changes 0-1 kva & li ne 
c hanges 95-130 v . 1 f" · 
55 / 65 cy; adj. output 1 o-
120 v . holds t o 0.010/o . 
Distortion max. 30/o• Re· 
s ponse 0 . 1 sec. Reg ularl y 
$ 570.00. From us, OK 

grtd. only , , • , • $275,00 
fu~5c?-~ .~ ~~::'." .. $375.00 
1t SOOS I• ea me, 
0 .5 kva. 0,1D/ 0 ,. 

# 10005 la same, 
1 kva. 0.10; 0 ••• 

$89.50 
$99.50 

r.~~?so'.~ o/!':'~: $179.50 

~1~~iro~~c~~:ii1~ 1~rna l~ .. ~ .. ~r"°~: $199.50 
Sup. Elect. IE-20060: 3 kvo.. Sa.l'le specs as above but 
MIL-spec built, all potted xfrmrs. etc. Behind r ack 
panel 21"h . 14\6" dp: no ca.blnet. R egular $960. NE W 

1~Vnei'%~dab~;2~3if0rob u-8~~. t"':: $279.50 

~%~~~~~. C.~0 ~va."~o~11~m"J1~~i . . ~~~~ $450.00 
~~~.;,,.;~e~!s .. 1 ~;J~~~ 'o-~a~: .. ~~e:.• .. ~~ $349.50 

~~~e~~~~ .:~~O~~S: -~a~~-~~~~~-~~.~'.".'~~ $695,00 

AbO\'e are electronic. Following are electromech.: 
Gen. Rad io # 1570AL: 0-6 kva......... $199.50 
Sup. Elect. EM-4106: 0-6 kva..... .... . $199.50 
Sup . Elect. EM-4 11 5 : 1 ph 0-15 kva. .. . $295.00 

Above aro all 95-130 v; 190-2 60 v follows: 
Sup. Elect. EM-4228, 1 ph, o .. 2716 kvn.. . $495.00 
EMT 6220Y (transistorized) 3 ph 20 kvn. $450.00 

t.~~h;;4~·~: ~&01~~ts~i'1)'k~~~.g~: $227.50 
WE PROBABLY HAVE THE BEST INVENTORY OF 
GOOD LAB TEST EQUIPMENT IN THE COUNTRY, 
BUT PLEASE DO NOT ASK FOR CATALOG I ASK FOR 
SPECIFIC ITEMS OR KINDS OF ITEMS YOU NEEDI 
WE ALSO BUYI WHAT DO YOU HAVE? 

R. E. ·GOODHEART CO. INC. 
Box 1220-E, Beverly Hills, Calif. 90213 

Phones: Area 213, office272·5707, messages275-5342 
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l~f)ll' 
, S1ll..I~ ,I 

When you have used electronics 

equipment to sell, advertise 

in Electronics Searchlight 

Section for fastest results. 

For Information: 

Searchlight Section 

Classified Advertising Department 

Post Office Box 12 

New York 10036 
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SEARCHLl6HT SECTION 

AUTOTRACK MOUNT 

360 d egree n.zimuth, 210 
degree elevation sweep 
with better thn.n 1 mil. 
accuracy. ?>fissile velocity 
acceleration and slewing 
rates. Amplldyne and 
servo control. \Vlll handle 
UP to 20 ft. dish. Suo
pl!cd complete with con
trol ch assis. In stock
lmmedlate dellvery. Used 
world over by NASA. 
USAF, ?>IP-61-B. Type 
SCR-584. Nike Ajax 
mounts also in stock. 

PULSE MODULATORS 
MIT MODEL 9 PULSER 1 MW-HARD TUBE 
Output 25kv 40 amp., 30kv 40 amp. max, Duty cy .002. 
.25 to 2 mlcrosec. Also 5 to 5 mlcrosce. and . l to .5 
mlcrosec. Uses 6C21. I nput 115v 60 cycle AC. Mfg. 
GE. Complete with driver and high voltage power 
supply, Uef: l\IIT Rad. Lab. Serles, Vol. 5, p. 152. 

2 MEGAWATT PULSER 
Output 30 kv at 70 amp, Duty cycle .001. Uep rates. 
1 mlcrosoo 600 pps. 1 or 2 mscc SOD pos. Uses 5948 
hydrogen thyratron. Input 120/208 V AC 60 cycle. 
Mfr. GE. Co!lll>let<> with high vol tage power suJ>Dly. 
250 KW HARD TUBE PULSER 
Output 16 kv 16 amp. Duty cycle .002. Pulses ca.n 
be coded. Uses 5D21, 715C or 4PR60A. Inout 115 v 
60 cy, AC $1200 ea. 
18 MEGAWATT PULSER 
Output 150KV at 120 amps. Rep rate: 50-500 PPS. 
Pulse length: 5 msee. 15KV 120 amp, Into pulse 
transformer. Rise time 1.5 msec. Filament supply 5V 
80 amp. Incl. 17.5KV 1.5 amp DC power supply. 
I.nput: 220V 60 cy AC. 

INDICATOR CONSOLES 
.o\,.."1/ SPA-4A, PPI 10" , range to 300 ml. 

VJ-1PPI 12•, Range to 200 ml. 
VL-1 R.Hl 12" to 200 ml. 60K ft. 

HIGH VOLTAGE POWER SUPPLIES 
JOO KY, 200MA, DC, $5500: 27 KY. JOOMA, DC. 
$2200: J5KY. 2 amp. DC, $3800: 12KV, J200l\Lo\, 
DC, $1400; SKY, 800MA, DC, $915. 

SCR 584 AUTOTRACK RADARS 
Our 584s in like new ronditlon ready to go, and in 
stock for immediate delivery. Ideal for telemetry re
search and denlopment. missile tracking, satellite 
tracking. Fully Dcsc. JIUT Uad. Lab. Series. Vol. 1, 
pps. 207-210, 228, 28~-286. Comp. Inst. Bk a\'al!
able $25.00 each. 

for miniature potting 
and encapsulating 

Available in3sizes 
6cc - 12cc-30cc 
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SONAR SYSTEMS IN STOCK 
AN/FQS-lA, AN/UQS-lB, QlIBa. scanning sonars. 
Uochelle salt hydrophones 6 ft. 

MICROWAVE SYSTEMS 
200-2400 me. RF PKG 
Continuous coverage, 30 Watts Cw nominal output. 
Uses 2C39A. Price $575. 
L BAND RF PKG. 
20 K W peak 990 to 1040 JIIC. Pulse width . 7 to 1.2 
micro sec. Rep. rate 180 to 420 pps. Input 115 Tac 
Incl. Uecel\'er $1200. 
200-225 me RADAR SYSTEM 
l Jt!egawatt output. 200 nautical mile range !or long 
rango detection of medium and high altitude jet a.tr
crart as well as general search. AN/TPS-28. 
SURVEILLANCE DRONE RADAR SYSTEM 
X-Band tracking system with plotting boards. Type 
AN/ JIIPQ-29. Drone also In stock. 
5 MEGAWATT C-BAND 
JGrstron RF package delh•ering nominal 5 megawatt 
pulse RF. Complete with pulser and power supply, 
500 KW L BAND RADAR 
500 kw 1220-1359 msc. 160 nautical mile search 
ran;:e P .U.I. and A scopes. MTI. thyratron mod ~J26 
magnetron. Complete ~ 
system. 

AN/GPG-1 SKY. 
SWEEP TRACKER ?l 
3 cm. automatic track- ,., 
ing radar sYStcm. Com
plet<> package with In- • 
dice.tor system. Full 
target aco.ulsition and 
a.utoma.tic tracking. In
put 115 volts 60 cycle 
New. In stock for im
mediate dellYery. Entire 
System 6' long, 3 ' 
wide, 10' high. Ideal 
for Infrared Tracker. 
Drone Tracker, Missile 
Tracker, R. & D. 

500KW S BAND RADAR 
250 miles searrh llliV 60 cy. AC. Mtg. G.E. 

RADAR SYSTEMS GROUN ........................... £ AUTOMATIC 
1RA(l<ING ANTENNA SYSTEM'i Nll<E AJAX NIKE HER
CUUS M 3J MSQ.JA MPS-19 MPS·9 SCR 584 TPS.10 
TPS 18 fAA A,SR.1 AIRBORNE SYSTEMS APN-84 APN-102 
l\P'J ]J APS 17 APS-45 OPN.19 DIGITAL COMPUTERS 
;8M b'JO IBM 704 

~ 
lARGfST INVENTORY OF RADAR AND 

MICROWAVE EQUIPMENT IN THi: WORLD 

RADIO RESEARCH INSTRUMENT CO. 
45 WEST 4STH ST N Y. 10036 112,JU b-4691 
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l
' jELECTRON TUBES! 

KLYSTRONS • ATR & TR • MAGNETRONS 
SUBMINIATURES • C.R.T. • T.W.T. • 5000-

6000 SERIES 
•SEND FOR NEW CATALOG A2 • 

A & A ELECTRONICS CORP. 
1063 PERRY ANNEX 
WH 1TJ~s~?t4~ALIF. 

CIRCLE 971 ON READER SERVICE CARD 

Mr. Used Equipment Dealer: 
When you advertise in the Searchlight Section ••• You have hired your 
most persuasive salesman: 

He's efficient . .. He thrives on long hours . .. His territory is the enti re 
nation . . . and overseas . . . He doesn't see buyers of used and new surplus 
equipment: They see him-regularly. They depend on him. 

He is Searchlight-The section of this publication where wise dealers 
advertise and list their stocks for sale. 

SEARCHLIGHT SECTION 
Classified Advertising Dept. 

Post Office Box 12 • New York, N. Y. 10036 
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-roun 
the 
moon 
Keysto·ne thermistors 
kept thermal controls 
on the beam! 
On Lunar Orbiter's historic photograph ic mission 
encircling the moon, Keystone thermistors were 
on the job-sensing and controlling temperatures of 
lenses and film processing laboratory. 

With outer temperatures ranging from -200°C. in the 
moon's shadow to +200°C. in full sunlight Orbiter's 
temperature balancing systems performed beautifully .. . 
holding temperatures in the spacecraft to within 
±4°C. of required figures. 

A dramatic instance of Keystone thermistor ability 
to perform as specified on very tough applications. 
Is yours a problem? Write us. 

KEYSTONE CARBON COMPANY, St. Marys, Pa. 15857 

@Hstone 
leads 

in versatile thermistor design 

Uniform temperature is a must for 
stable lens focus. a. Keystone 
thermistor monitors temperature 
at lens center. b. Another is placed 
between lens ond outer cover. 

circ\e 3310 

rvice card 
n reader se 



French claim NASA 

will agree to launch 

Symphonie satellite 

Nippon Telegraph 

developing repeater 

Grundig: more time 

for the consumer 

International Newsletter 
November 11, 1968 

French space sources are jubilantly passing the word that NASA will 
soon agree to launch the Franco-German Symphonie communications 
satellite. NASA officials refuse to confirm or deny the report. Though 
the U.S. has refused in the past to Jaunch satellites that couJd compete 
with Intelsat, it apparent1y has decided to accept the argument that 
Symphonie is an experimental project, not a commercial system. The 
French point out, though, that Early Bird was launched as an experiment 
but has since become a useful communications link. 

NASA's acquiescence could be a fatal blow to the financially troubled 
European Launcher Development Organization, which had hoped to get 
the Symphonie job for its Europa 2 rocket [Electronics, Oct. 28, p. 201]. 

Britain's withdrawal from the project has left ELDO's members with 
the prospect of chipping in an extra $49 million to keep Europa 2 on 
schedule-an outlay that will receive a lot of study this week from 
European space ministers meeting in Bonn. 

A solid state microwave repeater, using a high-power impatt diode and 
a low-noise Gunn oscillator, is being developed at the Electrical Com
munication laboratory of the Nippon Telegraph and Telephone Public 
Corp. It features an 11-gigahertz transmitter and puts out an £-m signal. 

Nippon's researchers say that the signal-to-noise ratio is about 70 deci
bels, slightly lower than a klystron's but more than enough for the 960-
channel telephone repeater the equipment is being developed for. For 
longer range, though, an impatt avalanche diode with higher output 
power will be used. For short-haul systems, the diodes are presently 
available off the shelf. 

Behind the $50 million sale of the Gnmdig Group's six office-equipment 
manufacturing and distributing subsidiaries to Litton Industries is Max 
Gnmdig's belief that his firm has no future in that business. The ·west 
German magnate is convinced that the prob1ems of software supply
even for smaU computers-will become increasing1y knotty and that 
they're better left to the giants in the field. The six firms involved make 
typewriters, small accounting machines, and desktop calculators. 

Instead, Grundig plans to concentrate on consumer electronics. Most 
of his profit from the Litton deal wiU be used to expand his company's 
already far-flung consumer operations. For example, $40 million is ear
marked for additional facilities in Ireland, Portugal, France, Italy, and 
at home. 

What Grundig isn't saying, though, is that he must lay out that kind 
of money to meet increasingly stiff competition from European com
panies controlled by U.S. firms that have introduced streamlined mass
production techniques. Among them are Saba GmbH, controlled by Gen
eral Telephone and Electronics, and Kuba-Imperial, with General EleG
tric. Also, Gmndig must take into account the surging demand for color 
television sets in West Germany and elsewhere in Europe. 

As for Litton's plans for the former Grundig properties, the American 
firm will combine their small-computer operations and continue to pro
duce typewriters. 

Electronlcs I November 11, 1968 305 



British firm delays 

IC amplifier's debut 

U.S. nears decision 

on dumping charges 

against Japanese 

Dutch plan to buy 

400 German tanks 

Nippon Electric 
mulls U.S. prospects 

for 1240 computer 

International Newsletter 

Britain's Sinclair Radionics Ltd., the first company to announce a 5-watt 
monolithic integrated-circuit audio amplifier, won't be the first to sell 
one. General Electric is getting set to unveil its P A246 [see p. 33], hut 
Sinclair says its already-advertised IC-10 is "several months" away from 
production. Designers, Sinclair concedes, have not solved all the tech
nical problems. Sinclair says the IC-10 will have +I-decibel response 
from 5 hertz to 100 kilohertz, 1% distortion at full output, 110-db gain, 
and 5-millivolt sensitivity. 

The Bureau of Customs, winding up its year-long inquiry into charges 
of Japanese dumping of receiving tubes and resistors, will make its 
recommendations to the Treasury by the end of the year. The bureau isn't 
giving any hints as to its recommendations. 

If Customs finds evidence of dumping, and the Treasury agrees, the 
Tariff Commission must then determine if U.S. industry has been hurt. 
If so, a dumping duty can be applied to these products. The bureau's 
findings in this case might he a clue to what it will conclude from inves
tigations, started within the past few months, covering a broad range of 
electronic components and products from Japan. Investigations were 
begun after complaints from the parts division of the Electronic Indus
tries Association. 

West Germany may be considered Europe's biggest importer of arms, 
but when it comes to tanks she's quite an exporter. Now that Belgium 
has received the first 100 of the 334 Leopard tanks ordered last year 
[Electronics, July 24, 1967, p. 224], the Dutch government .is dickering 
with the Germ.ans about a similar deal, with the stipulation that elec
tronics he installed in the Netherlands. The Dutch have decided to buy 
about 400 Leopards worth about $125 million. Details on the manner of 
payment are still being worked out with Krauss-Maffei AG, producer of 
the tank. Krauss-Maffei says deliveries would start during the second 
half of next year. 

The order will be part of a compensation deal calling for Germans to 
order products worth about the same amount from the Netherlands. The 
Dutch will probably also insist on putting some hardware other than 
electronics into the tanks. 

Also, negotiations with Norway for 75 Leopards worth about $25 
million dollars are still in progress [Electronics, May 27, p. 236]. Con
tracts might be signed at any time. 

The Nippon Electric Co. may take a fling at the U.S. computer market. 
The company, which has a close working arrangement with Honeywell 
Inc., is gauging the U.S. prospects for its NEAC 1240, a machine in 
much the same class as the Digital Equipment Corp.'s PDP-8, a small
sized computer. 

The Japanese firm plans to put the 1240 through its paces for Honey
well's computer people in Boston soon. If their reaction is favorable, 
Nippon Electric will presumably begin setting up an American sales 
network. Although the mainstays of the company's computer line are 
Honeywell designs built under license, the 1240 is a Nippon Electric 
development and has been selling well in Japan since its introduction 
there three years ago. 
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Electronics International 
Japan 

Put it on the line 

The beam-lead technique offers 
economies in packaging integrated 
circuits-and packaging can cost 
more than the chip itself. Still, it's 
a difficult way to make !C's, be
cause of the ticklish etching re
quired to provide separated chips 
with cantilevered leads. 

A small Japanese company, 
Kyodo Electronic Laboratories, has 
developed what it calls a scribe 
fabrication technique that elimi
nates the need for etching after 
electrochemical formation of the 
beam leads and prevents the ac
companying loss of silicon. And 
because there is no concern over 
the corrosive action of silicon 
etchants, limitations on the selec
tion of metals are relaxed. What's 
more, say the three engineers who 
perfected the process-Heishichi 
Ikeda, Yoshio Enosawa, and Tako
shi Yamaoka-the method yields 
the same number of devices per 
wafer as wire bonding. 

More than 1,000 hours of life 
tests promise reliability exceeding 
that of conventional devices. 
Bonded wire leads, says the com
pany, can be peeled away from the 
chip by a 3-gram force; the figures 
for the Kyodo beam-lead diode, for 
example, are 12 grams for a wide 
lead and 8 grams for a narrower 
version. For the new Kyodo !C's, 
peel strength is 10 grams. 

Do it first. The major innovation 
is to scribe wafers before beam 
leads are formed; this permits easy 
separation. Portions of the beams 
are fabricated over, but not at
tached to, the neighboring chip. 
Polycrystalline isolation keeps 
beam lead-to-substrate capacitance 
low. The final result is cantilevered 
beam leads extending beyond the 
edge of the chip. 

After the completed wafer is 
etched to remove silicon dioxide 
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Togetherness. Beam-lead transistors, 
shown before dicing, made by the 
Kyodo scribe fabrication technique. 
Final etch step is eliminated. 

over the contact areas and photo
resist is stripped away, the wafer 
is scribed. Then another photo
resist coating is applied over the 
entire wafer, exposed through a 
mask, and developed. This gives 
a coating over the area between the 
contact and the edge of the chip 
where the beam lead will be an
chored to the silicon dioxide pas
sivation layer. Also, the scribed line 
is filled with photoresist material 
to provide a smooth surface. 

Aluminum film 0.8 micron thick 
and nickel film 0.1 micron thick 
are vacuum-evaporated onto the 
wafer. Then a second photoresist 
coating is applied above the nickel 
film, exposed, and developed. The 
nickel is now completely covered 
except for the regions where beam 
leads are to be formed by electric
ally piating gold onto the un
covered portions of the nickel sur
face to a thickness of 10 to 15 
microns. 

Take it off. All excess material is 
then stripped, starting with the 
second photoresist layer, which is 
the uppermost layer surrounding 
the beam leads. Next, using the 
gold. beams as a mask, the un
needed nickel and aluminum lay
ers that don't lie under the beams 
are stripped. This leaves the beam 
leads firmly attached to contacts 
and anchor points beside the con
tacts, freeing them and leaving 
them cantilevered over the wafer 
where they cross the boundary be
tween chips and extend over the 
adjacent chip. 

Finally, the wafer is diced in a 
manner identical to that used for 
transistors: the wafer is attached to 
adhesive-backed flexible material 
and bent to break at the scribed 
lines. 

Even with its new development, 
the company is reluctant to com
pete head-on with larger firms for 
a share of the standard monolithic 
IC business. Instead, it will use the 
process for its line of hybrids, 
where higher unit prices make 
competition more attractive. 

But because portions of the hy
brids are similar to standard mono
lithics, Kyodo hasn't ruled out 
eventual entry into that area. For 
example, a core driver might con
sist of a standard transistor-tran
sistor-logic gate chip, followed by 
an amplifier consisting of a power 
transistor chip and cermet resist
ors, in a single assembly. 

LSI calculator 

Backed by a government subsidy, 
the Hayakawa Electric Co. has put 
together a small experimental elec
tronic desk calculator incorporat
ing large-scale integration. The 
machine contains 11 MOS inte
grated circuits with 300 to 400 
elements, three bipolar hybrid !C's, 
four bipolar transistors, four dis
play tubes, a six-layer p-c board, 
and assorted hardware. The proj-
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ect was undertaken to show that 
the Japanese industry could ac
complish such miniaturization; a 
commercial prototype is due next 
March. 

The machine is 2.8 inches high, 
6.3 wide, and 8.7 deep. It has an 
average calculation time of 0.6 sec
ond and uses 4.5 watts of power 
from an a-c line. 

The Hayakawa approach was to 
place all logic circuits in a small 
number of LSI packages, which 
were designed as f u n c t i o n a l 
blocks; it's thus possible to change 
the calculator's design by adding 
or subtracting a block or two. Ap
plication of LSI-plus the use of 
custom-made components - adds 
reliability. 

Also, the LSI circuits and multi
layer board mean fewer manufac
turing operations and simpler serv
icing. 

But there are several obstacles 
between laboratory and market, as 
Hayakawa has discovered with 
some other experimental calcula
tors. For one thing, the machine 
displayed in Japan is designed for 
only four operations - addition, 
subtraction, multiplication, and di
vision-and provides no roots or 
other complex functions. There are 
just eight digits and a floating 
decimal point. 

The project has been expensive. 
Hayakawa received $42,000 for 
R&D, and will get another $130,-
000 to design a commercial ver
sion. Component makers such as 
Mitsubishi, which is developing 
the MOS IC's, claim they're spend
ing more than the subcontracts are 
bringing in. Hayakawa must still 
come up with a design that's com
mercially viable. 

West Germany 

A sad Red Baron 
\iVest Germany's troubled aircraft 
and avionics industries, stunned by 
the government's decision to fill 
the Luftwaffe's reconnaissance gap 
with McDonnell Douglas RF-4E 
Phantoms, expect things to get 
even worse. 
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For the reasons, it's necessary 
to go back about a year to the be
ginning of a debate over which of 
two aircraft to buy-the Phantom 
or Lockheed's RTF-104, which is a 
beefed-up version of the F-104G 
Starfighter the Luftwaffe already 
flies. The 104 would have been built 
under license in Germany, giving 
the ailing industries a shot in the 
arm. But the generals wanted the 
Phantom, and Bonn's defense com
mittee went along to the tune of 88 
planes at a cost of $500 million. 

A little balm. Even the belief that 
the U.S. has promised to get Mc
Donnell Douglas to invite German 
bids on $100 million worth of sub
contraots has failed to dispel the 
clouds. The German aircraft indus
try association figures its members 
are in a poor competitive position 
on price and know-how, because 
the Americans have been supplying 
Phantom parts right along. And it's 
unlikely that the American firms 
would step aside in favor of the 
Germans. 

Furthermore, a spokesman for a 
large U.S. company in Germany 
points out that "because of the so
called Buy American regulation, 
it'll be tough for foreign firms to 
compete in the U.S." Even if the 
ruling is waived, he says, it will be 
difficult for German firms to meet 
prices. 

What it all boils down to is that 
there isn't much work left in the 
German aircraft houses. Since the 
end of the big licensing deals for 
Lockheed and Fiat fighters three 
years ago, the outlook has been 
bleak. True, the industry has been 
reasonably busy lately with the 
Transall, a Franco-German trans
port, and with some helicopter li
cense deals. But these can't begin 
to fill the vacuum left when the 700 
F-104's and 400 Fiat G-91's were 
completed. And unless more big 
contracts are signed soon-the 
British-German-French airbus is a 
possibility - the industry faces 
harder times in the early 1970's. 

The industry also fears that the 
half-billion-dollar outlay might hurt 
NKF, the proposed Starfighter re
placement. The government could 
delay action or be less inclined to 
commit as much money as the in
dustry wants. And a decision to 

buy the Lockheed reconnaissance 
plane would have given the indus
try further design, production, and 
system-management know-how that 
could have been applied to the 
NKF. 

Quick recovery 
When the vVest German electronics 
industry slumped in 1967-sales up 
only 3% from the previous year 
after a 7% growth in 1966-it was 
feared that the industry might be 
sick. However, the current version 
of Electronica, the big biannual 
components show at Munich that 
ends this week, indicates that those 
fears were groundless. 

Judging from experts' comments 
at the show, 1968 industry sales 
growth will bounce back to 7%. 
Not only that, they say, but 1969 
may see an increase of 10%. 

Coming up rosy. The industry
wide optimism has generated a lot 
of bullishness in the components 
sector. The 900 exhibitors at Elec
tronica (there were 780 in 1966) are 
predicting an $800 million compo
nents market next year, up almost 
20% from the estimated total of 
$670 million for this year. That 
would be the biggest leap for com
ponents in recent years. 

The major impetus for the quick 
comeback has come from the rising 
production of color and mono
chrome television sets, the opening 
of markets, and stable prices. For 
example, predictions are that next 
year 450,000 color receivers will be 
turned out, up from 280,000 this 
year. And with each cathode-ray 
tube costing an average of $125, 
crt's alone will account for a siz
able chunk of the components 
market. Add to that the expected 
2.2 million black-and-white sets 
and the result is a lot of business 
for device makers. 

Also contributing to the upsurge 
in component sales is the automo
bile industry. For example, a big 
break was made last year when 
Volkswagen put an electronic fuel 
injection system into its 1968 bee
tle exported to the U.S.; other com
panies may soon follow snit. One 
large firm, Robert Bosch GmbH, 
has come out with a line of acces-
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sories-windshield wiper systems, 
regulators, signaling equipment
using passive and active devices. 

Hold the line. Still another factor 
is that prices for most components 
have stopped tumbling. "With 
many electronics firms now begin
ning to hit bottlenecks in produc
tion, ours has become a seller's 
market," one large component man
ufacturer says. "We can pretty 
much ask for what we want." The 
production difficulties, especially in 
consumer electronics, will probably 
get worse next year as a result of 
rising demand and the continuing 
shortage of labor. Integrated-cir
cuit prices will keep falling, how
ever, but not as drastically as in 
the past. Says Fritz Hoehne of 
Texas Instruments Deutschland 
GmbH, "Electronica-goers are in
terested in IC applications. Price 
has become a secondary consider
ation." IC exhibitors report that 
radio and tv manufacturers are in
creasingly turning to IC's. 

The consumer sector alone will 
account for about a third of the 
1969 IC market, estimated at $105 
million to $110 million, up about 
10%. Even so, the move toward 
IC's in consumer . goods is just be
ginning, and it will be another year 
or two before all of West Ger
many's tv producers put IC's in 
their sets. 

Great Britain 

Sound thought 
If a hi-£ enthusiast wants to 

heighten the fi of his equipment, 
one of the things he might tend to 
do is plug in a high-gain cartridge, 
right? Wrong. Because if the cart· 
ridge's gain is too high for the in
put preamplifier, it will overload 
the amplifier and distort the sound. 

To avoid the overload, an opera
tional-amplifier circuit between the 
cartridge and the hi-fi set's ampli
fier can adjust the gain. In the U.S., 
H .H. Scott has built an op amp 
into an f-m stereo music system 
[Electronics, Dec 11, 1967, p. 50]. 
Now a British company - Cam-
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bridge Audio Laboratories, a sub
sidiary of Cambridge Consultants
has turned the trick. 

Sweet and low. Cambridge has 
used an essentially grounded, low
noise op amp operated by the gain 
control to optimize preamp per
formance the way an op amp 
handles input for an analog com
puter. So long as the gain is set 
so that the total volume doesn't 
exceed the rated power of the am
plifier, the preamp will be able to 
handle without distortion any sig
nal level likely to be fed into it 
from the cartridge pickup. If the 
selected gain level and the top end 
of the record's dynamic range re
sult in overload distortion from the 
speakers, the gain control is tuned 
down. This simultaneously in
creases the signal level the preamp 
can handle until the distortion is 
eliminated. 

With this technique, says Cam
bridge, the input stage can handle 
3 volts through a 3-millivolt input, 
or an overload of 1,000 times-10 
times the overload claimed for any 
other equipment known to the 
company. 

Cambridge has made two models. 
The smaller gives 40 watts rms out
put and 80 watts peak into 8 ohms, 
the larger 80 watts rms and 60 
watts peak into 8 ohms. Prices in 
Britain are $155 for the smaller 
model and approximately $222 for 
the larger version. 

Electronics International 

Indonesia 

Innards. The p-c 
boards of Cam
bridge Audio's 
new preamplifier 
carry an op-amp 
circuit that pre
vents amplifier 
overload. 

East is east-and cheaper 
Gordon Ness bristles at the sugges
tion that he's running a country 
club in the Far East. But try as 
they may, neither he nor Frank 
Bailey, president of the new sub
sidiary that Ness Industries Inc. 
has formed to manufacture elec
tronic subassemblies in Indonesia, 
can come up with a more descrip
tive phrase for the operation. 

Ness Industries is a conglomerate 
whose component companies offer 
a variety of marketing, manufactur
ing, and consulting services. P.T. 
IndoNess (the initials stand for 
"Perseroan Terbatas," the Indone
sian equivalent of "societe anon
yme," or "persons undisclosed") is 
the country club; for a fee of 
$50,000, its members will be per
mitted to exploit the agreement 
that IndoNess has negotiated with 
the Suharto regime in Djarkata. 

Key to the door. That agreement 
has given IndoNess practically ex
clusive access, so far as small man
ufacturers are concerned, to the 
cheap labor pool in Indonesia
where unemployment is at the 15% 
level and where the basic rate for 
unskilled workers is 3 cents an 
hour (5 cents with fringe benefits). 
IndoNess and its members will en
joy a three-year tax holiday (four 
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years, if they sign up during 1968), 
will be exempt from duties on im
ported materials that are to be 
made into articles for export, and 
will be given a guaranteed ex
change rate for reconverting In
donesian rupiahs into dollars. 

Most important, JndoNess has 
been given exclusive rights to its 
type of operation in Indonesia for 
three years. Other companies may 
manufacture subassemblies; but no 
other consortium (the way Indo
Ness describes itself when it's not 
using "country club") may be 
formed to do so. Since the research 
and capital investments needed to 
start a manufacturing facility in the 
Far East are considerable, Inda
" ess figures it has a head start on 
the competition. Phillips Gloeilam
penfabrieken of the Netherlands 
does have a radio manufacturing 
plant in the counti·y; but it's the 
small- and medium-sized manufac
turer that Inda Tess hopes to 
attract. 

For his $50,000, IndoNess will 
provide the investor with a plant 
and a labor force, and will gen
erally smooth his way in Indonesia. 

John I. Hermann, who for a time 
ran Philco-Ford's Taiwan semicon
ductor assembly plant, will be the 
resident manager, though members 
can send over their own managers. 
IndoNess can also keep air-freight 
costs down to approximately 65 
cents a pound by pooling freight 
operations. 

A membership runs for four 
years, and it may be sold like a seat 
on the stock exchange or a taxi 
medallion. 

Dealer's choice. By no coinci
dence, the first member of Indo
Ness is the Pacific Assemblers Co. 
(Pasco), a Ness subsidiary that 
manufachues subassemblies on a 
contract basis in Hong Kong. Last 
year's Hong Kong riots scared off 
some of Pasco's customers. Ness, 
pursuing cheap labor and stable 
political conditions, began dicker
ing with Indonesia, where the mili
tary has maintained iron control 
since the bloody anti-Communist 
revolt. 

Then as now, Indonesia required 
foreign investors to commit $2.5 
million to an Indonesian manufac
turing venhue. However, Ness was 
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able to get this requirement re
duced to $50,000-provided that the 
investor did not manufachue fin
ished products. That's why Indo
Ness is limited to the manufacture 
of subassemblies, though neither 
Ness nor the Indonesians are anxi
ous to define just what a subassem
bly is. The first product-printed 
circuit boards-qualifies no matter 
what the definition. 

Regarding other members, Bailey 
says that "we're looking for med
ium-sized electronics companies
perhaps 200 to 500 employees-that 
are beginning to feel the competi
tive pinch from larger companies 
already having offshore assembly 
operations." The club needs two 
members besides Pasco to begin 
operations, Bailey says; he expects 
to sign them up within a month. 
IndoNess wants five to 10 members 
eventually. 

Soviet Union 

Getting a ruble's worth 
Soviet scientists and engineers are 
about to find out that Lenin wasn't 
just playing with platitudes when 
he wrote: "Political institutions are 
a superstructure resting on an 
economic foundation." Those 
words must have been echoing 
through the corridors of the Krem
lin late last month when the Cen
tral Committee of the Communist 
Party and the Council of Ministers 
decreed that all the money being 
poured into pure research had bet
ter generate some results pretty 
fast. Apparently, Russian officials, 
like their American counterparts, 
have been finding it more and more 
difficult to justify expenditures that 
lead only to more expenditures. 

Shape up. The double im
primatur on the decree, and the 
fact that it was spread over the 
front page of Pravda, is evidence 
enough that the government means 
business. But in case there was a 
lingering doubt, a system of 
periodic evaluations of the work of 
individuals and research organiza
tions has been instituted with 
punishment specified for malefac-

tors. Also, certain programs have 
been given high-priority tags. 

Visiting Western scientists have 
long noted that the gulf between 
research and production men is of
ten wider in the Soviet Union than 
in their own countries. The prevail
ing Russian attitude is expressed 
by a researcher in the intellectual 
hothouse of Akademgorod: "We 
have our problems and the fac
tories have theirs." This division 
isn't universal, though. One large 
electronics research institute out
side Moscow has its own instru
ment-making department turning 
out equipment that is patented and 
sold elsewhere. 

The reforms were probably 
spurred principally by dissatisfac
tion with the nation's recent 
growth in productivity. Just pub
lished economic statistics for the 
third quarter of 1968 show a 
production increase of only 5%, a 
rate sufficient to please some coun
tries but disappointing when com
pared with Russia's past perform
ance and its long-range goals. The 
decree also reflects the findings of 
the State Committee of Science and 
Technology, which has been as
sessing the country's research 
efforts over the past two years. 

The inspection and penalty sys
tem calls for at least one evalua
tion every three years based on five 
criteria: 

• Novelty of the research. 
• The promise of an application. 
• The number of scientific and 

technological proposals generated. 
• Their over-all economic effect. 
• Fulfillment of contracted re

search obligations-not only to 
Soviet enterprises but those of all 
other East-bloc countries. 

Or ship out. These appraisals, 
says the decree, "will be taken as 
the basis for the decisions on ma
terial incentives to staff members 
and the further development of the 
institutes." In other words, they 
will affect employee bonuses and 
fringe benefits, capital investments, 
and outlays for new equipment, 
housing, recreational facilities, and 
the like. Finally, an accreditation 
system has been established to 
determine whether individuals 
should be promoted, demoted, or 
even fired. 
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Connor-Gager Associates 

National Semiconductor Corp. 
Jay Chiat & Associates 

• Newark Electroniccs Corp. 
Stral Adv. Co. 

273 

252 

73,274 

264 

New Hennes Engraving Machine Corp. 252 
Lester Harrison Adv., Inc. 

Nippon Coil Co., Ltd. 284 
Dai-lchi International, Inc. 

North American Electronics Systems, 
Div. Educational Computer Corp. 141 
George Moll Adv., Inc. 

• North Atlantic Industries, Inc. 266 
Ross Roy of New York, Inc. 

• Norton Assoc., Inc. 298 
J.J. Coppo Co. 

Nye Optical Co. 276 

Pamotor, Inc. 242 
Harry P. Bridge Co. 

• Pearson Electronics 280 
Wiliam E. Clayton & Assoc., Inc. 

• Philbrick/Nexus Research 46, 47 
Culver Adv., Inc. 

Philips Eindhoven, Nederland 198 
Media International 

• Plastic Capacitors, Inc. 202 
Sander Rodkin Adv. Agcy., Ltd. 

Polaroid Corp. 190 
Doyle, Dane, Bernbach, Inc. 

Preston Scientific 240 
Donald S. Smith Associates 

Princeton Applied Research Corp. 52 
Mort Barish Assoc., Inc. 

Radiation, Inc. 263 
W.M. Zemp & Assoc., Inc. 

Radio Corporation 
of America 4th Cover, 65, 206 
Al Paul Lefton Co. 

• Raytheon Company, 
Components Division 221 
Fuller & Smith & Ross Inc. 

RFL Industries Inc., 
Instrumentation Division 258 
Josephson, Cuffari & Company 

Sage Electronics Corporation 287 
Mathison Adv. Inc. 

Sel-Rex Corporation 105 to 108 
O.S. Tyson & Company Inc. 

Semtech Corporation 57 
Burress Advertising 

• Siemens America 98 
Clinton E. Frank Inc. 

Signetics Corp. 
Sub. Corning Glass Works 157 
Cunningham & Walsh Inc. 

• Slliconlx Inc. 7 
Graphics West 

Sola Basic Industries 204 
The Brady Company 

Solitron Devices Inc., 
Transistor Division 109 
Haselmire Pearson Advertising Inc. 

• Sorensen Operation, Raytheon Company 89 
Urrutia & Hayes Inc. 

Sperry Rand Corporation, 
Sperry Electronic Tube Division 277 
Neals & Hickok Inc. 

Sperry Rand Corporation, 
Sperry Microwave Electronics Division 86 
Neals & Hickok Inc. 

Sprague Electric Company, The 5, 9 
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TUNG-SOL® 
FLAT PACKS 

High mechanical strength, excellent 
thermal dissipation and precise di
mens ional accuracy provide micro
circuit packaging that assures 
maximum performance and utmost 
reliability with widest latitude of de
sign freedom. 

TYPICAL CONFIGURATIONS 
Ava ilable in closed and 
" see-through" types. 

WRITE FOR 
"MICROCIRCUIT PACKAGES" 

• El This brochure is 
eight pages of 
detailed information 
about 
Tung-Sol Flat Packs. 
No charge. 

TUNG-SOL DIVISION 
Wagner Electric Corporation 
One Summer Avenue, Newa rk, N. J. 07104 

®RtG. T.M. WAGNER [LCCTRIC CORPORATION 
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'We don't know 
any better.' 
" ... ANY BETTER THAN ELCO RACK-AND-PANEL CONNECTORS." 

So says Bill McKay, our Director of Sales, whom you'd 
expect to be prejudiced. But listen to his reasons. "Miniature 
size and design give you greater density in less space. From 6 
to 140 contacts. Our patented Elco Varicon contacts (stamped, not 
screw-machined) with tails for 6 kinds of wiring terminations
including wire wrap and crimp. Also polarizing guide pins and sockets. 
Actuating screws. Locking nuts. Cable clamps. We'll even install 
the contacts." Then Bill finishes with this clincher. 
"With so much going for you, and our track record 
of proven reliability, you'd expect prices to be yea-high. 
Instead, we're lower. Much lower." You'd better 
believe Bill - and write, wire, phone or TWX us for 
the facts. Elco Corporation, Willow Grove, Pa. 19090; 
215-659-7000; TWX 510·665-5573. £LCOc . orporaf1on 
P.S.-FREE SAMPLE? Let us know after you read our literature. 
We'll be deliahted to send yuu one. 
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The 
counterpart. 

Dale's new 8100 film T-Pots offer 
RJ-11 advantages at industrial prices 

Dale's new 8100 Series makes it easy to ap
proach RJ-11 performance at highly com
petitive industrial prices. Buy it sealed or 
unsealed-you're the boss. Get essentially 
infinite resolution ... a broad 10 ohm to 2 Meg
ohm resistance range ... plus ability to dissi
pate 3fei watt at 70°C. The 8100 is part of a wide 
range of film element and wirewound T-Pots 
now available from Dale for industrial and 
commercial use. Common parameters: Low 
price, quick delivery. See your Dale distributor 
or call usat402-564-3131 forcompletedetails. 

8100 FILM-T-POT SPECIFICATIONS 

Standard Resistance Range: 10 ohms to 2 Megohms 

Resistance Tolerance: :!:10% 100 ohms through 500K ohms; 
:!:20% all other values 

Resolution: Essentia lly infinite 

Power Rating: .75 watt at 70°C, derating to 0 at 125°C 

Operating Temperature Range: - 65°C to + 125°C 

Mechanical Adjustment: 25 :!:: 2 turns. Clutch prevents 
overtravel damage 

Dimensions: .28" H x .31 " W x 1.25" L 

Models: 8187, printed circuit pins; 8188, stranded 
vinyl leads; 8189, solder hook; 8184, panel mount 
version of 8189; 8186, panel mount version of 8188 

DALE ELECTRONICS, INC. 
1300 28th Avenue, Columbus, Nebr. 68601 

In Canada: Dale Electronics Canada, Ltd . 
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From2Ato40A 

RCA Thyristors are the greatest 
for appliances, power tools, 
heating controls, photocopiers, 
air conditioning, radar, 
alarm systems, welders, 
vending machines, 
and many control and 
switching applications. 
Triacs, Diacs, SCR's: in package styles and current 
ratings to fit most applications. Packages: 2-lead; 
3-lead; press fit; stud; plastic;Jedec T0-66, T0-8, 
T0-3. Current ratings: for Triacs from 2.5 A to 40 A, 
for SCR's from 2 A to 35 A. Our new full-line 
Thyristor catalog tells the story ... including quick-
reference data for all RCA types, package outlines 

Send for our latest full-line Thyristor catalog today! and typical applications. It's hot off the press. 

RCA Electronic Components 
Commercial Engineering, Department No. RN-11-1 
415 South 5th Street, Harrison, N. J. 07029 

Okay, RCA Thyristors are the greatest. But just so I can check 
for myself, send me my FREE copy of catalog SCR-5008, "RCA 
Thyristors for Commercial, Industrial, and Military Applications". 

Name---------------~ 

Title ________________ _ 

Company _______________ _ 

Address _______________ _ 

City ______ state ____ __,_ip ___ _ 
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