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With a little ingenuity... you can interconnect GR874-equipped 

coaxial elements to form countless unique 

"instruments" or special-purpose circuits 

that are both practical and inexpensive. 

Experimentation with various setups is 

greatly simplified by the sexless design of 
the GR874 connector; any two connectors 

mate, whether they are locking or non-

locking types. 

The GR874 connector is the keystone of a 

versatile coaxial system that includes a wide 
variety of elements and components ... 

power dividers, air lines, trombones, tees, 
elbows, pads, terminations, adaptors, etc. 

Typical VSWR of a pair of locking-type, 

rigid-air-line connectors is less than 1.02 to 

6 GHz and about 1.06 at 9 GHz. Pulses are 

passed faithfully by the connector without 

ringing or deterioration of rise/fall times. 

You can build a simple one-transistor 

amplifier operable to 5 GHz with two tuners 

(each comprising a GR874 tee and a GR874 

adjustable stub), two bias insertion units 

(Type 874-FBL), and a transistor mount 

(one of eight types available) arranged as 

follows: 

As another example of GR874 versatility, 

the components shown below can be used 

to produce bursts of high-rep-rate pulses 
from the output of a low-frequency, sub-

nanosecond-rise-time pulse generator. The 

delays (up to 1 ns per section) are provided 

by GR874 air lines. 
TYPE 874 -TPD/-TPOL TYPE 1374-TPOMPOL 

DELAY I 

DELAYS   

TYPE 874-06 
20 ATiZEIMATOR 

(2 220l0.201 

i 

DELL ' TYPE 874-G14 TYPE 874 -G10 
58 ATTENUATOR ATTENUATOR 

..  wide)  (lOAR) I_OUTPUT 
1 

11 

(r, 

For complete information on the GR874 

line, write General Radio, W. Concord, 

Massachusetts 01781; telephone (617) 

369-4400; TWX 710 347-1051. • 

GENERAL RADIO 
Type 874.BBL Basic Connector 
(locking) for use on %6-inch-ID, 

rigid, 50-ohm air lines. 
INPUT 

TUNER TYPE MOUNT TYPE TUNER 
874-FBL 874-FBI. 

OUTPUT Circle 900 on reader service card 
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With a little ingenuity... you can interconnect GR874-equipped 

coaxial elements to form countless unique 

"instruments" or special-purpose circuits 

that are both practical and inexpensive. 

Experimentation with various setups is 

greatly simplified by the sexless design of 
the GR874 connector; any two connectors 
mate, whether they are locking or non-

locking types. 

The GR874 connector is the keystone of a 

versatile coaxial system that includes a wide 

variety of elements and components ... 
power dividers, air lines, trombones, tees, 
elbows, pads, terminations, adaptors, etc. 

Typical VSWR of a pair of locking-type, 

rigid-air-line connectors is less than 1.02 to 

6 GHz and about 1.06 at 9 GHz. Pulses are 

passed faithfully by the connector without 

ringing or deterioration of rise/fall times. 

You can build a simple one-transistor 
amplifier operable to 5 GHz with two tuners 

(each comprising a GR874 tee and a GR874 

adjustable stub), two bias insertion units 

(Type 874-FBL), and a transistor mount 

(one of eight types available) arranged as 

follows: 

As another example of GR874 versatility, 

the components shown below can be used 

to produce bursts of high-rep-rate pulses 

from the output of a low-frequency, sub-

nanosecond-rise-time pulse generator. The 
delays (up to 1 ns per section) are provided 

by GR874 air lines. 
TYPE 874 -TP0/.TPOL TYPE 674-TPD/-T\PDL 
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369-4400; TWX 710 347-1051. • 

GENERAL RADIO 
Type 874-BBL Basic Connector 
(locking) for use on Vie-inch-ID, 

rigid, 50-ohm air lines. 
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TUNER TYPE MOUNT TYPE TUNER 
$74-FBI.. 874-FBI 

OUTPUT Circle 900 on reader service card 
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With a little ingenuity... you can interconnect GR874-equipped 

coaxial elements to form countless unique 

"instruments" or special-purpose circuits 

that are both practical and inexpensive. 

Experimentation with various setups is 

greatly simplified by the sexless design of 
the GR874 connector; any two connectors 

mate, whether they are locking or non-

locking types. 

The GR874 connector is the keystone of a 

versatile coaxial system that includes a wide 
variety of elements and components... 

power dividers, air lines, trombones, tees, 
elbows, pads, terminations, adaptors, etc. 

Typical VSWR of a pair of locking-type, 

rigid-air-line connectors is less than 1.02 to 

6 GHz and about 1.06 at 9 GHz. Pulses are 

passed faithfully by the connector without 

ringing or deterioration of rise/fall times. 

You can build a simple one-transistor 
amplifier operable to 5 GHz with two tuners 

(each comprising a GR874 tee and a GR874 

adjustable stub), two bias insertion units 

(Type 874-FBL), and a transistor mount 

(one of eight types available) arranged as 

follows: 

As another example of GR874 versatility, 
the components shown below can be used 

to produce bursts of high-rep-rate pulses 

from the output of a low-frequency, sub-

nanosecond-rise-time pulse generator. The 

delays (up to 1 ns per section) are provided 

by GR874 air lines. 
TYPE 674 -TPD,TPOL TYPE 874 -TPD,TPDL 

DELAY 1 

PULSE 
GENERATOR 

INPUT 

TIRE 

INPUT 

DELAY 

DELAY 

DELAY4 

TYPE 674.66 
2% ATiZEaliATOR 

12 REOuIRED1 

TYPE 874-014 
5% ATTENUATOR 

(1446) 

OLITPuT 

TYPE 674 -DIO 
ATTENUATOR 
11009/ 

FOUTPUT 

For complete information on the GR874 
line, write General Radio, W. Concord, 

Massachusetts 01781; telephone (617) 

369-4400; TWX 710 347-1051. 

GENERAL RADIO 

Type 874-BBL Basic Connector 
(locking) for use on %6-inch-ID, 

rigid, 50-ohm air lines. 
INPUT 

TUNER TYPE MOUNT TYPE TUNER 
874-Fa. 674-FBI-

OUTPUT Circle 900 on reader service card 
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RF Vector Impedance Meter with direct readout simplifies testing 

1 

• gelb 

A COMPANION INSTRUMENT COVERS THE 
5 Hz to 500 kHz RANGE 

The Hewlett-Packard 4800A Vector 
Impedance Meter measures impedance 
in seconds. It does for AC measure-
ment what the ohmmeter does for DC 
testing. Just plug it in and read it. 
Price: $1,490.00. Complete specifica-
tions are yours on request. 

The Hewlett-Packard 4815A RF Vector Impedance Meter provides fast, direct 
reading measurements of impedance and phase angle over the frequency range 
from 500 kHz to 108 MHz. The convenience of probe measurement and direct 
readout make the instrument equally useful for laboratory, receiving inspection 
or production line measurements. The 4815A reads complex impedance over 
its full frequency range without charts, data interpretation or a slide rule. As a 
result, it offers fast, accurate evaluation of the complex impedance of both 
active circuits and components. 

The 4815A is an all solid-state integrated vector impedance system that reads 
out directly in Z and O. Low-level signal strength minimizes circuit disturbance 
and prevents overloading the test component. Price: $2,650.00. For complete 
specifications, contact your local 
Hewlett-Packard field engineer or write Ar', 
Hewlett-Packard, Green Pond Road,  WLETT à  PACKARDri measung iru.t ru m is 

Rockaway, N. J. 07866. 
far science and zndustry 
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The family has grown 

and lowered the budget 
HP mixers are low in price, low in noise, high in per-
formance. These wideband double-balanced mixers 
now bring performance extras to your applications— 
all the way to 500 MHz. New members of the family 
offer double-balanced performance at single-balanced 
mixer prices. Each member of the family offers: 

• Lowest (and fully specified) 1/f noise. 

• Complete testing, with all parameters specified 
in detail. 
• Guaranteed performance over a wide environmental 
range. 

These three new models follow the popular 10514A, 
a 200 kHz to 500 MHz double-balanced mixer with 
BNC connectors. The new 10514B is similar to its 
predecessor, but it's packaged for printed circuit 
mounting; the 10534A/ B are optimized from 50 kHz 
to 150 MHz ... and priced close to single-balanced 
mixers. 

Low 1/f noise characteristics mean high performance 
in any phase detector application such as phase-locked 
loops or short-term stability measurements by phase 
noise methods. Note that single-sided noise is specified 
all the way down to 50 kHz on the DC-coupled port. 

Consistent specs between models in the family mean 
that an equivalent printed circuit model can replace 
a BNC model in breadboard ... with no trouble at all. 
And our testing and environmental demands save you 

extra time and concern. This family meets specs and 
works wherever you need it. 
Use these HP mixers for extracting frequency sums or 
differences, as modulators, spectrum or comb gener-
ators, phase detectors, current-controlled attenuators, 
frequency doublers ... or to extend spectrum analyzer 
range. 
For complete application information contact your 
local HP field engineer or write Hewlett-Packard, Palo 
Alto, California 94304; Europe: 54 Route des Acacias, 
Geneva. 

Brief Specifications 

Model 
Freq.range 
MHz (2) 

Conversion 
efficiency 

Single 
unit (1) 
Price 

0.5-50 MHz 0.2-500 MHz 

105 14A 0.2-500 7 dB 9 dB $180 

10514B 0.2-500 7 dB 9 dB $150 

0.2 to 35 MHz 0.05-150 MHz 

10534A 0.05-150 6.5 dB 8 dB $ 75 

I0534B 0.05-150 6.5 dB 8 dB $ 60 

(1) Prices are lower in quantity. 
(2) "L and R" ports; "X" ports extend to DC for phase 

detector applications. 
The lif noise is specified on all models as <100 ny per VHz 
at 10 Hz, and is typically much better. Single-sided noise figure 
specification is the same as the conversion efficiency specifica-
tion shown above, but with the frequency of the X port extending 
from 50 kHz to the upper limit frequency. The balance specifica-
tions are extremely good, 12 to 45 dB (typical performance much 
better), depending upon frequency and test connections. 

HEWLETT tik PACKARD 
02701 
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Technical Articles 

I. Design 
Design theory 76 Charting a speedy path to active filters 

A chart, a few components, and an integrated 
circuit called the Minactor replace what was 
once a tedious design job 
Fred H. Irons, EG&G 

Communications 84 Drawing a line between 
laser signal power and noise 

A nomogram quickly estimates the ratio 
that is so important to performance 
John Ward, ITT Federal Laboratories 

Advanced 
technology 

88 New dimension for interferometry (cover) 
Holograms can do some of the work of 
interferometers more cheaply; and they can 
extend the role of interferometers by 
producing interference between two light 
waves that exist at different times 
Robert E. Brooks, TRW Systems Group 

Circuit design 95 Designer's casebook 

• Cathode voltage boosts amplifier gain tenfold 
• Automatic scale changer shifts recorder range 
• Decade counter's feedback adds up to 

reliability 
• Light-activated Schmitt triggers control relay 

II. Application 
Computers 101 Plated-wire memories: Univac's bet 

to replace toroidal ferrite cores 
Thin films finally can compete with core 
memories. This approach is fast, cheap, 
and easy for memories of up to 100 
million bits. 

George A. Fedde, Sperry Rand Corp. 

Space electronics 110 Settling on the moon 

A four-beam radar system will land the Apollo 
lunar module gently 

Charles J. Badewitz, Ryan Aeronautical Co. 

Space electronics 115 Digital tester okays Apollo's altimeter 

Specially-designed digital test set counts 
frequency to measure slope and linearity 
V.M. Andreone and J.H. Poirier, 
Ryan Aeronautical Co. 
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Readers Comment 

For example 

To the Editor: 
I have just read your editorial 

"ic's change the industry" [April 
17, p. 23] and feel called upon to 
challenge the last paragraph; "Only 
the instrument makers have been 
slow to see what's happening. Of 
hundreds of companies, only Hew-
lett-Packard has moved to set up 
its own integrated-circuit facility 
and to design its own instrumenta-
tion computers." 

Fairchild Camera & Instrument 
Corp. is well aware of the expand-
ing test and measurement instru-
mentation market, has a well-ad-
vanced integrated circuit capability, 
and is making the proper moves to 
insure a share of this market. As 
a reader of Electronics, I know 
from experience that you, also, are 
aware of Fairchild's integrated cir-
cuit capabilities and its position as 
a leader in this field. 
I am quite puzzled, therefore, as 

to why Hewlett-Packard was sin-
gled out as being the only instru-
ment maker with an integrated 
circuit capability. The facts just 
do not support your statement. 

James B. Moore 
Director of Information 
Fairchild Camera & Instrument 

Corp. 
New York 
• It's true that Fairchild can and 

does draw upon the lc expertise of 
its division, Fairchild Semiconduc-
tor. But we cited Hewlett-Packard 
as an example of the only instru-
ment company, with no previous lc 
experience, to establish a facility 
for producing ic's exclusively for 
its own products. 

Credit for IC radios 

To the Editor: 
In the article on the Japanese 

radio microcircuit [April 3, p. 177], 
your writer implies that the Jap-
anese led the march to introduce 
a microcircuit radio, but General 
Electric's Radio Receiver Depart-
ment actually was first with its 
Model C2450 receiver announce-
ment in June, its test sample ship-
ments in November, and full pro-
duction shipments in December of 

4 Electronics ' May 15, 1967 



New from Sprague Electric! 

bandwidth 

°I 

voltage gain 

1,1 This is an outstanding performance characteristic 
of Sprague UC-1514A Ceracircuite Amplifiers. 

They also feature excellent stability of gain and d-c out-

put operating point, in addition to providing complete 
short-circuit protection. 

The first of a new series of Ceracircuit® amplifier 

modules, Type UC-1514A is well-suited for video and 

audio, as well as communications applications. 

Manufactured by the hybrid thin-film technique, 
Ceracircuit® Amplifiers offer substantial size and weight 

MHz 

dB 
reduction in addition to reliable, stable operation over 

the entire operating range of —55 C to +100 C. Their 

precision planar metal-film resistors have an extremely 
low noise level and excellent load-life stability. Semi-
conductor devices are mounted on small ceramic wafers 
which, in turn, are bonded in a leadless configuration 

to the basic thin-film circuit. 

Type UC-1514A Ceracircuit® Amplifiers are en-
capsulated in low-loss, resilient resin-filled, pre-molded 
epoxy cases which provide rugged mechanical protec-
tion as well as dimensional consistency. 

For complete technical data, write for Engineering Bulletin 
22111 to Technical Literature Service, Sprague Electric 
Company, 35 Marshall Street, North Adams, Mass. 01247 

SPRAGUE COMPONENTS 

THIN-FILM MICROCIRCUITS 

INTEGRATED CIRCUITS 

TRANSISTORS 

CAPACITORS 

RESISTORS 

PULSE TRANSFORMERS 

INTERFERENCE FILTERS 

PULSE-FORMING NETWORKS 

TOROIDAL INDUCTORS 

ELECTRIC WAVE FILTERS 

CERAMIC-BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES 

BOBBIN and TAPE WOUND MAGNETIC CORES 

SILICON RECTIFIER GATE CONTROLS 

FUNCTIONAL DIGITAL CIRCUITS 

SPRAGUE® 
THE MARK OF RELIABILITY 

Itt.,14A 

Electronics ¡ May 15, 1967 

'Sprague and ®• are reentered trademarks et the Sprague Electne CO. 
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The general purpose Fluke Model 845A Null Detector/ 
Microvoltmeter offers 100 and 10 megohm input resistances, 
1 microvolt to 1000 vdc ranges with --:_12% accuracy. Input 

isolation is 10 2 ohms. The unit will take up to 1200 vdc on 

any range. Grounded recorder output is isolated from the 
input. Common mode rejection is 160 db. Price is $350, 

or $395 with rechargeable batteries. 

Models 841 A & B are designed for laboratory use. For OEM 

applications we offer Models 840 A & B. "A" models have 

a power sensitivity of 8x 10 watt per division. Input 
resistance is 180 ohms on three ranges of ±30 na, -±-300 na, 
and ±3p.a. "B" models differ in these respects: sensitivity, 
5x10 amp/scale div.; power sensitivity, 4.5x 10-'6watt/scale 

div.; input resistance 18 ohms; current ranges, ±100 na, 

1 pa, and ±10pa. The 841 A or B is priced at $230 
including case and batteries. The 840 A or B costs $175 
plus $20 for the case and $5 for the batteries. A recharge-

able battery pack and AC line pack are available. 

Fluke's the place to order null detectors. That's where you get 
voltage sensitivities as high as i microvolt, input resistances as low as 
18 ohms or as high as loo megohms and current sensitivities 

as great as 30 nanoamperes full scale. All six models are virtually 

burnout proof. Cases are always at ground so you never need to 

float the recorder. Fluke Null Detectors meet Mil-Spec shock, 
vibration, and environmental requirements. Available in plug-in or 

cabinet models with your choice of rechargeable batteries and/or AC 

line power. Write us or call your Fluke engineering sales represent-

ative for even more information. 

Fluke • Box 7428, Seattle, Washington 98133 • Phone: (206) 774-2211 • TWX: (910) 449-28so 

In Europe, address Fluke International Corporation 
Sophialaan 2, The Hague, The Netherlands • Telex: 844- 31469 

Circle 6 on reader service card 
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1986. In addition, General Electric 
has had and will continue to have 
complete availability nationally. 
Furthermore, the General Elec-

tric receivers are still the only mi-
crocircuit radios which contain no 
external transistors. We believe our 
ability to pack the entire power 
gain of 147 db in a silicon chip 
about a quarter the size of the one 
you illustrated demonstrates undis-
puted leadership. 
Some technical discrepancies ap-

parently exist between the pub-
lished schematic and the micro-
circuit shown. 
The schematic above the photo-

graph of the chip has diode D4 
reversed from the actual chip lay-
out shown. 
The schematic at the top of the 

page has terminal 10 tied directly 
to B+ while being labeled ACC on 
the previous schematic. Terminal 
10 cannot supply ACC action with 
this configuration. 

Manager-Engineering 
Consumer Electronics Division 
General Electric Co. 
Utica, N.Y. 

H.B. Moore 

• Our artist slipped, connecting a 
diode backwards and shorting two 
terminals so the circuit is Acc-less. 

The right gain 

To the Editor: 
In the Designer's casebook, 

"Feedback T yields high input im-
pedance" [April 17, p. 91] the 
equation for the gain should have 
been the following: 

Eout — R2 [  Ra ± R4 
= RI R3 (1—a)-1-11,4 

in which case, for the values shown, 

the gain is —1 when a = 0 and 
—101 (not 102) when a = 1. 

J.D. Crawford 
Engineering Department 
Sigma Instruments Inc. 
Braintree, Mass. 

To the Editor: 
The gain equation in "Feedback 

T yields high input impedance" is 
obviously wrong. Either minus sign 
must be omitted, the R2 in the nu-
merator of the third term should be 
R3 instead, and the final R4 should 
be in the denominator of the third 
term. The correct version is: 

Eout R2 
R1 

[ -I- «R3 «R3  I ± 
R2 (1 — a) 113 +R4 

E. Krotkoya 
Palo Alto Medical Research 
Foundation 
Palo Alto, Calif. 

To the Editor: 
. . . Although the basic discus-

sion of this article is valid, the 
equation for the gain of network is 
incorrect. Specifically the gain is 

E0ut — R2  
Ein — R1 

[ aR3  1+ aR3  ± 
R2 R4+ (1—a) R3 

R.D. Horn 
Research Engineer 
Perspective Incorporated 
Seattle, Wash. 

• Readers Horn and Krotkoya 
caught authors George Cook and 
William F. Elder Jr. in an error. 
Reader Crawford's analysis is in-
teresting but incorrect. 
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We've 
discovered 

the missing. 
link! 

Now you can link any oscilloscope and 
X-Y or strip recorder with one of PM's 
display converters. Fast phenomena that 
could only be observed on the CRT before 
can now be recorded. Your oscilloscope 
displays are recorded on large, easily 
read, easily stored paper charts. You can 
write directly on them ... make notes, 
comments, and annotations. You can 
keep progress reports of each circuit 
change or product improvement; make 
historical records for quality assurance 
trends; and distribute proof of perform-
ance data. 

,f ... Pee. •ex..... 
"trur 

4-1-  

• ••• 

PM Display Converters permit the record-
ing of displays from dc to 50 MHz. Does 
not degrade oscilloscope performance. 
PM-1001 Standard Unit $490.00 
PM-1001-02 with curve tracer option 
$635.00 
PM-1005 Manual Scan. Very low 
repetition rates. $690.00 

plipw-- —.MUM" 

III!! --mall PACIFIC 
MEASUREMENTS 
INCORPORATED 

940 INDUSTRIAL AVENUE, 
PALO ALTO, CALIFORNIA 

(415) 328-0300 
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The art of reconnaissance has changed, but not its importance. A prudent 
requirement for decisions still remains — know what your foe is doing. 

Applied Technology Incorporated is an innovator and manufacturer of advanced 
electronic systems and equipment. Solid-state, low-noise preamplifiers which cover 
the frequency range from 50 to 1000 Mc are employed for many reconnaissance 
applications. 

Consider these facts: All silicon solid-state design. High reliability with MTBF over 
250,000 hours. Unique ruggedized, encapsulated packaging to withstand severe hu-
midity, shock, and vibration environments. Designed with latest state-of-the-art 
components to provide the lowest noise figure possible without compromising dy-
namic range. ATI has produced 
thousands of these and related solid-
state amplifiers and oscillators. 

If you have a problem contact us 
... we may have already solved it. 

• Engineers 
• Designers 

Join the Growing One. 

ATI has positions in 
many disciplines and on 
all levels. 

APPLIED TECHNOLOGY INCORPORATED 
3410 HILLVIEW AVENUE • STANFORD INDUSTRIAL PARK • PALO ALTO, CALIFORNIA 94304 
TELEPHONE: (413) 321-5135 • TWX: 492-9370 • WASHINGTON, D. C. (703) 432-8185 

ATI is an equal opportunity employer 

People 

Keeve M. Siegel's three-month old 
Kms Industries Inc. must be one of 
Ann Arbor, Mich.'s fastest growing 
firms. Siegel has 
taken only about 
90 days to col-
lect some 30 em-
ployees, and one 
military and two 
civilian con-
tracts. Formerly 
he was president 
of the Conduc- Keeve M. Siegel 

tron Corp., a concern 83%-owned 
by the McDonnell Douglas Corp. 
The executive, who won't specify 

what the KMS contracts are for, is 
slightly more definite about his cor-
porate aims—but only slightly. 
"We plan to sell educational 
products and might also take on 
training contracts. Beyond this, 
we're thinking about marketing a 
line of adult games," he says. 

Siegel himself has just been elec-
ted a director of Microwave Asso-
ciates Inc. But, he states, "this 
doesn't mean there will be any di-
rect tie between the two firms." 
3-D television. An industry in-

sider said he would bet that xms 
has holographic television in its 
future. A disagreement with James 
S. McDonnell, chairman of McDon-
nell, led to Siegel's departure from 
Conductron. One of the major 
issues was the future role of holo-
graphic tv at Conductron [Elec-
tronics, Feb. 20, p. 62]. Now Siegel 
says KMS won't touch holographic 
tv, formerly one of his pet proj-
ects, if Conductron does. 
Whatever Siegel's eventual goals, 

xms will have an impressive staff 
to work toward them. The com-
pany is planning to retain Emmett 
Leith of the University of Michigan 
—one of the developers of the first 
practical holograms—and Leith's 
associate, Norman Massey. Other 
staff members include Chen To 
Tai, director of the university's 
electromagnetic research programs, 
and Murray Miller, whose field is 
integrated circuits. 

Acquisitions. Several of Siegel's 
former associates at Conductron 
are also joining xms. Among them 
are Gary Cochran, Conductron's 
head of optics research; Robert 
Buzzard, holographic manager; 
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CHLTh 
Check these Machlett planar triode 

advantages for microwave applications. 
(Watts) 

100,000 

50,000 

20,000 

10,000 Miniature — Grid-Pulsed 

5,000 

1,000 

500 

Subminiature — Grid -Pulsed 

100 

50 

10 

5 

M niature — OW 

Subminiature — CW 

(GHz) 0 .5 1 2 3 4 5 6 

Power vs. frequency...some typical curves for grid-pulsed 

or CW operation 

Electrical Advantages 

Superior frequency 
stability 

Negligible phasing 
problems 

Comparable or sup-
erior efficiency 

Low plate voltage 

Low noise 

Faster warm-up 

Mechanical Advantages 

Small size 

Very low weight 

Greater ruggedness 

Cost Advantages 

Lower initial cost 

Lower develop-
mental cost 

Lower replace-
ment cost 

Write us now for application information on Machlett planar triodes: subminiature, 

miniature and standard. The Machlett Labs.,Inc., 1063 Hope St., Stamford, Conn. 06907 

The Machlett Laboratories, Inc.,welcomes resumes from engineers and scientists. 

THE MACH LETT LABORATORIES, I NC. 
RAYTHEON 

Electronics May 15, 1967 
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New from Sprague! 

5 Times the Resistance of 
a Conventional Metal-Film Resistor 

of Equal Size! 

Wattage 
Type Rating 

Extended-Range 
Filmistor 
Resistor 

Conventional 
Metal-Film 110 

Resistor 

Maximum 
Size Resistance 

EXTENDED-RANGE FILMISTOW 
METAL-FILM RESISTORS 

Substantial saving of space in all wattage ratings — 

1/20, 1/10, 1/8, 1/4 1/2, and 1 watt—with 

absolutely NO SACRIFICE IN STABILITY! 

Extended-Range Filmistor Resistors now offer, in addition to accuracy . . . sta-
bility .. . reliability . . . resistance values in size reductions which were previously 
unobtainable. Size and weight advantages of Filmistor Resistors now make them 
ideal for applications in high-impedance circuits, field-effect transistor circuits, 
etc. Many designs which previously had to settle for the higher temperature 
coefficients of carbon-film resistors in order to obtain required resistance values 
can now utilize the low and controlled temperature coefficients of Filmistor 
Metal-Film Resistors. 

Other key features are -±-1% standard resistance tolerance, low inherent noise 
level, negligible voltage coefficient of resistance, and tough molded case for 
protection against mechanical damage and humidity. 

For complete technical data, write for Engineering Bulletin 
7025C to Technical Literature Service, Sprague Electric Co., 
35 Marshall Street, North Adams, Massachusetts 01247. 

SPRAGUE COMPONENTS 

RESISTORS 
CAPACITORS 
TRANSISTORS 

INTEGRATED CIRCUITS 
TIIIN•FILM MICROCIRCUITS 
INTERFERENCE FILTERS 
45a.6139 

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

SPRAGUE 
THE MARK OF RELIABILITY 

'Sprague' and 'Cr Ile registered tradernarhs ol the Sprague Eli:eft G. 

People 

Carlton Thomas, a research engi-
neer, and Wesley Vivian, a radar 
engineer. 

Siegel says icms will not compete 
with Conductron. But in view of 
Kms's staff lineup and its heavy 
emphasis on holographic and radar 
expertise, it's hard to see how the 
company could fail to compete with 
Conductron, whose chief opera-
tions are in radar, optical data pro-
cessing, and holography. 

"We'll be pushing development 
of solid state microwave signal 
sources and microwave integrated 
circuits," says 
Wesley G. Mat-
thei, new man-
ager of research 
a n d develop-
ment at the 
Micro State 
Electronios 
Corp., a subsid-
iary of the Ray-
theon Co. 
Adds Matthei: 

paying a lot of attention to ava-
lanche diodes and bulk-effect de-
vices," and an important part of 
this effort will be the expansion of 
Micro State's in-house gallium arse-
nide production facility. High-
quality GaAs is needed for bulk-
effect semiconductors, such as the 
Gunn-effect signal source and oscil-
lators operating in the limited space 
charge accumulation mode. 
"These oscillators should fit in 

well with our lc development pro-
gram," he states. Micro State's goal 
over the next year is development 
of the hardware for lc microwave 
receivers. Switches, phase shifters, 
limiters, mixers, and local oscilla-
tors would all be built in a hybrid 
lc format. 
To streamline product develop-

ment, Matthei is reorganizing his 
engineering groups into teams con-
sisting of both systems and device 
engineers. The idea, says the new 
manager, is to foster closer coopera-
tion between these two groups. 

Before joining Micro State, Mat-
thei was deputy chief of microwave 
and quantum electronics at the 
Army Electronics Command. 

Wesley G. Matthei 

"We'll also be 

10 Circle 10 on reader service card Electronics I May 15, 1967 



Sorensen modular power supplies 
35/.6" x 37/8" x 7; i0.005% regulation 
'89" 

any questions ? 
EJ Model QSA48-.4 Power Supply, 
shown actual size, illustrates the com-
pactness of the Sorensen OSA Series. 
New off-the-shelf models cover the 
range to 150 volts. 
E All silicon transistor design—con-
vection cooled—operating tempera-
tures up to 71`'C. 
E Requires no external heat sink— 
mount in any position. 
E Lowest ripple of any modular sup-
plies-300 j&V rms. 
E Best voltage regulation 0.005% 
line and load combined. 
E Lowest prices—$89 to $149. 
E Overload and short circuit protec-
tion. 

E 20 ps response time—no turn-on/ 
turn-off overshoots. 
E Three sizes in each voltage range 

depending on power level—all are 
rack mountable with optional à1/2 " rack 
adapter. 

E Remote sensing and remote pro-
gramming—capable of series/parallel 
operation. 

E Any further questions? For OSA 
details or for other standard/custom 
DC power supplies, AC line regulators 
or frequency changers contact your 
local Sorensen representative or: 
Raytheon Company, Sorensen Opera-

tion, Richards Avenue, 
Norwalk, Connecticut 
06856. Tel: 203-838-6571 

RAYTHEON 

Electronics j May 15, 1967 
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ONE POUND NET 

TRANSISTORS 
EN 23691 
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Get them 
by the pound. 
There are 712 epoxy TO-5's to a pound; 1,516 epoxy 

TO-18's. Armed with this basic knowledge you are 

now ready to assimilate a few more facts about Fair-
child epoxy devices. 

Full line: We have epoxy PNP's, epoxy NPN's, epoxy 
FET's, epoxy anythings. 

Metal-can performance: Our new EN epoxy transis-

tors are equivalents of their metal-can counterparts, 

up to 70°C. (For example, an epoxy EN 2369A is the 
equivalent of a metal-can 2N 2369A.) 

r, 

Fast delivery: We make more silicon epoxy devices 

than all the rest of the industry put together. (We can 

ship 2 to 3 tons per week — 5,000,000 devices to be 
exact.) 

Low Prices: Our low epoxy prices are even lower 

now, while our special one pound discounts are in 
effect. 

Call a Fairchild Distributor: Ask him to deliver a 

pound of your favorite transistors. And don't forget to 
redeem your coupon. 

This coupon is good 

for 250 at your neighborhood 

Fairchild Distributor on purchase 

of one pound of Fairchild 

epoxy transistors. 

TRANSISTORS 
EN 2369à 

FÁIRCHIL-CI 

SEMICONDUCTOR 

A Division of Fairchild Camera and 

Instrument Corporation • 313 Fairchild Drive. 

Mountain View, California 94040. 

115) 962.5011 • TWX: 910.379-6435 

Electronics ! May 15, 1967 
Circle 13 on reader service card 15 



there's 
a better 
way 
to do 

it! 

09 
; - - - - - 
Pt* A 

JERROLD 

SS-300 
Sweep System 

Jerrold has come up with a new 
idea — a solid-state sweep fre-
quency system that does it all — in 
one compact unit. The extraor-
dinary SS-300 incorporates a sweep 

generator (500 kHz to 300 MHz), 
plus a variable frequency marker 
generator and a detector system. 

Features include: 

• Remote Programming 

• Start-Stop Frequency Tuning 

• Exceptional Sweep Frequency 
Linearity 

• Automatic Leveling Without 
Frequency Shift. 

There's a brochure detailing every 
exciting feature . . . and we'll be 
happy to send it to you on request. 

JERIIRD MEASUREMENT AND 
TEST INSTRUMENTATION 

JERROLD ELECTRONICS CORPORATION 

Government and Industrial Division 

Philadelphia, Pa. 19105 

there's a better way to do it! 
Jerrold TECH/NOTE No. 5001 de-
tails "a better way to do it" than the 
static point-to-point technique of 
determining AM rejection of limiter 
design. Request your copy. 

Meetings 

Appliance Technical Conference, IEEE; 
Sheraton-Chicago Hotel, Chicago, 
May 16-17. 

National Telemetering Conference, 
American Institute of Aeronautics and 
Astronautics; San Francisco Tilton 
Hotel, San Francisco, May 16-18. 

System Performance Effectiveness 
Conference, Naval Material Command; 
State Department Auditorium, 
Washington, D.C., May 17-18. 

Midwest Symposium on Circuit Theory, 
IEEE; Purdue University, West 
Lafayette, Ind., May 18-19. 

Paris Trade Fair; Paris, May 18-20. 

Conference on Nondestructive Testing; 
Sheraton Mount Royal Hotel, Montreal, 
Canada, May 21-26. 

Union Radio Scientific International 
Meeting, IEEE; Ottawa, Canada, May 
22-25. 

Congress of Canadian Engineers, IEEE; 
Montreal, May 29-June 2. 

Conference on Application of Digital 
Computers for Process Control, 
International Federation of Automatic 
Control; Nice, France, June 5-9. 

Symposium on the Deposition of Thin 
Films by Sputtering, Consolidated 
Vacuum Corp.; University of Rochester, 
Rochester, N.Y., June 6-7. 

First Conference on Laser Applications 
and Engineering, IEEE; Hilton Hotel, 
Washington, D.C. June 6-8.* 

Microwave Exposition '67, Microwave 
Expositions, Inc.; New York Coliseum, 
June 7-9. 

Symposium on Problems of 
Identification in Automatic Control in 
Automatic Control Systems, 
International Federation of Automatic 
Control; Prague, Czechoslovakia, June 
12-16. 

Aerospace Instrumentation Symposium, 
Instrument Society of America; Hotel 
Del Coronado, San Diego, Calif., June 
13-16. [An earlier item on this meeting 
was incorrect.1 

American Society for Testing and 
Materials Meeting, American Society for 
Testing and Materials; Statler-Hilton 
Hotel, Boston, June 25-30. 

Automatic Control Conference, 
Instrument Society of America; 
University of Pennsylvania, 
Philadelphia, June 28-30. 

Short courses 
Modern automatic control; Purdue 
University's Schools of Engineering, 
Lafayette, Ind.; June 5-16; $250 fee. 

Semiconductor electronics; University 
of Wisconsin's College of Engineering, 
Madison, Wis.; May 29-June 2; $150. 
fee. 

Power systems engineering and 
simulation; University of Wisconsin's 
College of Engineering, Madison, Wis.; 
June 12-16; $150 fee. 

Call for papers 

Nuclear Science Symposium, IEEE; 
Statler Hilton Hotel, Los Angeles, 
Oct. 31-Nov. 2. June 15 is deadline 
for submission of abstracts to R.C. 
Maninger, L-121, Lawrence Radia-
tion Laboratory, P.O. Box 808, Liver-
more, Calif. 94551 

International Scientific Radio Union 
Meeting, International Scientific Ra-
dio Union; University of Michigan, 
Ann Arbor, Oct. 16-18. Aug. 1 is 
deadline for submission of papers to 
Thomas Senior, Radiation Laboratory, 
University of Michigan, 201 Catherine 
St., Ann Arbor, Mich. 48108 

Conference on Circuit and System 
Theory, IEEE; Allerton House, Mon-
ticello, III., Oct. 4-6. Aug. 1 is dead-
line for submission of abstracts to 
J.B. Cruz, Department of Electrical 
Engineering, University of Illinois, 
Urbana, Ill. 61801 

* Meeting preview on page 16. 
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How 
to build a 
Universal 
Measuring 
System 

Push! 
That's right. Eldorado's new Modular System Series of integrated circuit 10MHz counters slip 
together to provide nearly 100 different counting, totalizing, and control functions—more 
than any other counter system available today! And, infinitely more flexible to use than old-
fashioned plug-in types. Lets you count and control anything, from beans to rpm to frequen-
cies, and change easily as your requirements change. 

Cost is as small as the size—less than $600 buys one of the basic units, and less than $1,700 
covers almost any counting system requirement you can dream up. 

Want to see one in action? Just push the button on your Eldorado representative. He'll slip 
one in his brief case and come right over. 

.11 

Four unit inter-locked stack builds the most complete 
Universal Counter, Timer and Control unit available. 

Two units snap together for a Reversing Preset Controller. 

ELDORADO ELECTRONICS 

Electronics ' May 15, 1967 

601 Chalomar Road, Concord, California 94520 
Telephone: (415) 686-4200 
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Meeting preview 

Did You Know 
Sprague Makes 32 Types of 
Foil Tantalum Capacitors? 

125C TUBULAR 
TANTALEX CAPACITORS 

Type 120D polarized plain-foil 

Type 121D non-polarized plain-foil 

Type 1220 polarized etched-foil 

Type 1230 non-polarized etched-foil 

ASK FOR BULLETIN 3602C 

Circle 332 on readers 
service card 

RECTANGULAR 
TANTALEX' CAPACITORS 

Type 300D polarized 
plain-foil 

Type 301D non-polar-
ized plain-foil 

Type 302D polarized 
etc.iied -foil 

Type 303D non-polar-
ized etched-foil 

ASK FOR BULLETIN 3650 

Circle 334 on readers 
service card  

RECTANGULAR TANTALUM 
CAPACITORS TO MIL-C-3965C 

CL51 polarized plain-foil 
CL52 non-polarized plain-foil 
CL53 polarized etched-foil 
CL54 non-polarized etched-foil 

Circle 336 on readers 
service card 

85 C TUBULAR 
TANTA ID(' CAPACITORS 

 ; PRAGUE 1 

Type 110D polarized plain-foil 

Type 111D non-polarized plain-foil 

Type 1120 polarized etched-foil 

Type 113D non-polarized etched-foil 

ASK FOR BULLETIN 3601C 

Circle 333 on readers 
service card 

ITUBULAR TANTALUM 
CAPACITORS TO MIL-C-3965C 

CL20, CL21 125 C polarized etched-foil 
CL22, CL23 125 C non-polarized etched-foil 
CL24, CL25 85 C polarized etched-foil 
CL26, CL27 85 C non-polarized etched-foil 
CL30, CL31 125 C polarized plain-foil 
CL32, CL33 125 C non-polarized plain-foil 
CL34, CL35 85 C polarized plain-foil 
CL36, CL37 85 C non-polarized plain-foil 

Circle 335 on readers 
service card 

For comprehensive engineering bulle-
tins on the capacitor types in which 
you are interested, write to: 

Technical Literature Service 
Sprague Electric Company 
35 Marshall Street 
North Adams, Mass. 01248 

ISC.S161 RI 

SPRAGUE 
THE MARK OF RELIABILITY 

• Spr mid '0* we retested trademarks e M Warn Cedric Co. 

Working with lasers 

The IEEE is sponsoring the first 
technical conference on applying 
lasers, a clear indication that the 
laser is moving toward commercial 
maturity. Called the First Confer-
ence on Laser Applications and 
Engineering, it will be held from 
June 6 to 8 at the Hilton Hotel 
in Washington, D.C. The meeting's 
13 technical sessions and 90 papers 
will cover such topics as optical 
ranging, data processing, measur-
ing, communications, and naviga-
tion. 
Communications and data proc-

essing applications are due for 
heavy emphasis. About 20 papers 
will deal with optical delay lines 
and memories, electro-optic modu-
lators, and deflection systems. 

Carbon-dioxide lasers will also 
be a major topic. After remaining 
for a year or so at outputs of a 
kilowatt and maximum efficiencies 
of about 17%, these lasers are now 
producing several kilowatts at effi-
ciencies up to 33%. Two papers by 
researchers from the Army Missile 
Command's Redstone Arsenal, Ala., 
will discuss CO2 lasers that are 
achieving 25% to 33% efficiencies 
and outputs of over 3 kilowatts. 

Detecting infrared. Because of its 
high continuous-wave power, re-
searchers have long wanted to use 
the CO2 laser for communications 
and ranging. But the relative in-
sensitivity of available detectors at 
infrared wavelengths retarded this 
application of the lasers. Now, 
however, engineers can use optical 
heterodyning instead of relying on 
diode detectors or phototubes. This 
method will be outlined in several 
papers. One, by F. E. Goodwin of 
the Hughes Aircraft Co., will detail 
results of experiments with a com-
munications system. Four engineers 
from the Airborne Instruments 
Laboratory of Cutler-Hammer Inc. 
will present a paper on a hetero-
dyne infrared detection system 
with a 2-gigahertz intermediate-
frequency bandwidth. 
There will be 25 industry exhibits 

at the conference, and manufac-
turers are expected to take advan-
tage of this concentration of laser 
hardware to run a few experiments 
on the interaction of laser beams. 

16 
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Sierra brings to light... 
You'll spot them all with lightning speed on Sierra's Model 360A 
Spectrum Display Unit: Overload, noise, crosstalk, carrier leak. 
The communications disrupters! 

Tracking automatically across the tuning range of a companion 
frequency selective voltmeter (shown above, Sierra's Model 128A), 
Model 360A presents an expanded view of selected frequency seg-
ments on a high-resolution, swept-band CRT display. Sweepwidths 
of 120 kHz or 12 kHz display thirty- or three-channel segments of 
the multiplex baseband. A 3.6-kHz sweep position narrows the view 
to one voice channel, resolving approximately 30 Hz at 3 db down 
from a carrier peak and 60 Hz at 40 db down. The voltmeter indi-
cates precisely the frequency and amplitude of any displayed 
signals. 

Price of the Model 360A is $2,450. The bulletin sheds further 
light on the matter. Write Sierra, 3885 Bohannon Drive, Menlo 
Park, California 94025. 

• Three L-3 ca te c anne s s own in s p 
width mode: teletype signals on center channel, 

2600-Hz "on ook" tone on r1 tit .channel, Left 
channel idl 

Center ch expanded to . 
width mode: 17 teletype carriers, 
showing "mark-space" informatto 

O   

-5 

50 

I ill  

20 
6 4 0 2 4 6 

100 itHz 
•5 

o 

-10 

dark deeds in the under-
world of high-density 
carrier systems 

PHILCO 

PHILCO-FORD CORPORATION 
Sierra Electronic Operation 
Menlo Park, California • 94025 
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tr—j-i DIU  Circui • t Design and Packaging Topics 
El packaging cost reductions 
ID high-speed switching 
D reed switch application data 

D packaging cost reductions 
Performance Measurements Co.,Detroit, 
Michigan, reports significant savings in 
packaging their new electronic record-
ing system. The packaging method pre-
viously employed required two gates to 
mount the components in the main 
console. Now, with IBM's modular pack-
aging as pictured below, only one gate 
is needed. That's because the IBM tech-
nique makes the most efficient use of 
console space with compactly mounted 
and connected circuit boards, relays and 
hardware. 
Mounting time has been saved too. 

Pluggable components, low-cost card 
receptacles and interlocking card guides 
have so simplified the packaging job, 
that Performance Measurements now 
saves 700/o on the cost of mounting 
hardware. Fewer and shorter 
wires are needed in the com-
pact console—eliminating 
three feet of 11/2-inch cable 
and shortening a second cable 
by eight inches. The modular 
chassis gave designers free-
dom to experiment freely 
with various mounting config-
urations. It also permits easy 
access for servicing and diag-
nostic analysis. 
The same design freedom, 

plus significant hardware and 
labor savings are available in 
many applications. 

IBM components and packaging can 
help you in timing control, digital logic 
testing, telemetering, process or nu-
merical control. 

El high-speed switching 
IBM wire contact relays were originally 
designed for data processing use. Now 
they are being used extensively in ma-
chine tool and assembly applications. 
One of these assembly applications is a 
numerically-controlled component in-
sertion machine. It sequentially inserts 
random combinations of up to 24 
different types of axial lead resistors and 
diodes into printed circuit boards. Such 
machines have been widely used, often 
on a round-the-clock, three-shift basis, 
in IBM's electronic assembly operations. 

Insertion rates range from 3,000 to 
4,500 components 
per hour, depending 
upon the type of 
components being 
inserted. 

Instructions from 
an 8-channel punched 
paper tape provide 
the logic input to the 
relay gate. The gate 
employs three rows of 
6- and 12-pole IBM 
wire contact relays. 
These relays control 
the movement of 
each printed circuit 

board through the X and Y axis position-
ing of the board for each component 
insertion. They also control the com-
ponent feed, component insert, and 
cut-and-clinch cycles for each insertion 
operation. 

IBM wire contact relays can perform 
in excess of 200 million operations with 
an operate speed as fast as 4.5 ms, a re-
lease time of 5 ms maximum. The prod-
uct line includes 4-, 6-, and 12-pole 
Form C relays, 4- and 6-pole latch 
models, all with compact, solderless, 
pluggable mountings—with coil-volt-
ages up to 100 VDC. 

reedfl  switch application data 
Data on the magnetic switching charac-
teristics of miniature dry reed switches 
is available to design engineers on re-
quest. The data was compiled from ex-
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tensive tests conducted by IBM to help 
the design engineer use these switches 
most effectively. It can also help him 
determine the motion and position of 
the magnet required. 

Simply described, a miniature dry 
reed switch operates under the influ-
ence of a permanent magnet. When the 

magnet is adjacent to the reed switch, 

the flux of the magnet flows through the 
cantilever beams, as illustrated. While 
this magnetic flux is being carried by the 
beams, a polarity exists across the 
beams. Look at the overlap area of the 
beams. The north pole of one beam and 
south pole of the other beam are in prox-
imity. Since unlike poles of a magnet 
attract each other, when the magnetic 
force becomes great enough to over-
come the physical mass of the beams, 
they "snap" together, thus switching. 
On the graph the X axis represents 

the displacement (in degrees for rotary 
motion, inches for lateral motion) of a 
magnet's center with reference to the 
center of the reed switch. The Y axis 
represents displacement (in inches) of 
the magnet from the outer edge of the 
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dry reed switch glass envelope. Dimen-
sions shown along both axes represent 
displacement from the center of the 
magnet in alignment with the center of 
the reed switch. 
There are some "gray areas" where 

performance varies due to minor differ-

ences in the characteristics of each 
switch. In these areas the status of each 
switch is not completely predictable. 
Assume the zero point on the X axis 

is the magnetic center of an IBM reed 
switch. The magnet is positioned with 
its center at +.5 on the X axis, and .04 
inches above the glass envelope. If the 
magnet is set in motion along the X axis 
toward the center of the switch, some 
reeds will pick when the center of the 
magnet reaches the point +.12 on the 
X axis. (The magnet has then reached 
the "gray area"). If motion is continued 
toward the center of the switch, all 
reeds will pick when the center of the 
magnet reaches the point +.09 on the 
X axis. 

IBM Industrial Products Marketing Dept. T1 
1000 Westchester Avenue 
White Plains, New York 10604 

D packaging cost reductions 
D high-speed switching 
D reed switch application data 

name  

position  

company  

address  

city state zip  

IBM o 
INDUSTRIAL 

PRODUCTS 
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The first practical 
instrumentation computer 

... to turn measurements 
into on-the-spot 

problem-solving engineering terms. 
HP 2116A 

Instrumentation computer with simple, 
flexible plug-in interface and traditional computer 

peripherals for a broad range of HP measuring instruments 
PLUS instrument environmental performance 

and a complete device-independent software package 
designed specifically for instrument application... 

All this deliverable now. 

Immediate, practical computer benefits are finally available 
for on-line production testing, lab design work, all applica-
tions involving measuring instrumentation with conventional 
digital output. The Hewlett-Packard 2116A is the first digital 
computer designed by instrument people specifically for in-
strument applications. At moderate cost, it brings the com-
puter into your instrumentation environment, where you 
need it, without complicated interface problems. Software 
and input/output lend maximum ease in computerizing in-
strument measurements to save time and money in reaching 
the solutions that count. 
Plug-in cards provide simple and flexible interface with 
digital voltmeters and signal converters, electronic counters, 
nuclear scaler-timers, quartz thermometers and other HP 
instruments—with no modification, special wiring or inter-
face boxes. Interface is just as simple for traditional input/ 
output equipment... computer peripherals such as magnetic 
tape, punched paper tape and teleprinter. 

And a complete software package, available now, device-
independent so that there's no need to rewrite the basic 
program when changing input/output devices. Easy-to-use 
extended basic FORTRAN with a 4096-word memory. 

Unique usefulness of the 2116A also is its ability to operate 
at the measuring location—in standard instrument environ-
ments. And the computer is available now, the purchase 
package including customer training in programming and 
hardware service, delivered with the same warranty as offered 
with all other HP instruments. 
Complete information is available with a call to your local 
HP field engineer or by writing Hewlett-Packard, Palo Alto, 
California 94304; Europe: 54 Route des Acacias, Geneva. 

Computer features 

Environmental operation to 55°C, humidity to 95% • 68 
basic one-word instructions, combinable to 1000 one-word 
instructions • 16 bit word length • memory cycle time 1.6 
microseconds • up to 2048 words directly addressable • 4096-
word memory, expandable to 8192 in main frame • 9 regis-
ters, contents of 7 displayed on operator panel • two address-
able accumulators. 

Input/Output 

16 individually buffered I/O channels with automatic pri-
ority interrupt • plug-in interface cards for all I/O options • 
general-purpose interface cards for HP instruments, other 
traditional computer peripherals. 

Software 

Complete package, fully operable with basic 2116A, 4096-
word memory, Teleprinter I/O • extended ASA Basic FOR-
TRAN compiler • assembler generates relocatable code • as-
sembly language programs may be linked to FORTRAN-
generated code • utility routines—software configurator, de-
bugging package, hardware diagnostics. 

Price: HP 2116A, with 4096-word memory, $22,000. Input/ 
output options, extra memory additional. 

HEWLETT he PACKARD 
2592 
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Don't be manipulated on SCR's—trust IR. 
IR's Application Fact Book lets you select only specs that count. 

SCR specifications take on a refreshing air of common 
sense when you read the new IR Application Fact 
Book. When do premium parameters really affect cir-
cuit performance? What do you give up to get a given 
parameter? What combinations of premium parameters 
are needed and possible...and at what price? You get 
the answers straight from IR, and you make your 
selection from quality SCR's rated from 4.7 amps to 
550 amps RMS-25 to 1300 volts. 

Specifying engineers are in the pivotal position today 
to smooth out production problems, to end delivery 
dilemmas, and protect performance. How? By writing 
specs around the parameters actually needed and 

actually available,., off-the-shelf, overnight. Most of 
the information needed to write such common sense 
specs can be found right in the book. If your appli-
cation is farther out, call an IR sales engineer. We are 
pioneers, too, and know how to help you innovators. 

APPLY YOURSELF TO THE FACTS OF SCR DESIGN. 
Write for IR's Application Fact Book. It's free, and it's 
packed with data to help you sidestep problems from 
design to delivery of: regulated power supplies, fre-
quency converters, DC motor drives...you name it! 

DeIR INTERNATIONAL RECTIFIER 
(213) OR 8-6281 • TELEX 6-74666 • EL SEGUNDO, CALIF. 

ZENER AND REFERENCE ZENER DIODES 0 SILICON CONTROLLED RECTIFIERS D SELENIUM RECTIFIERS 0 SILICON ASSEMBLIES 
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Editorial 

In search of a scapegoat 
Nothing could have shamed engineers more than the two 
accidents that cost the lives of four astronauts in 1967. 
Three American spacemen died on the launch pad dur-
ing a simulation of take-off procedures; a Russian was 
killed during a landing when his capsule crashed after 
the parachute fouled at 23,000 feet, below the altitudes 
at which most commercial jet aircraft fly every day. 
These tragedies have reminded the world that the ex-
ploration of space is a dangerous business. And they 
have earned both the Russian and American space pro-
grams a heap of unjustified criticism. 

In their zeal to understand how such routine accidents 
could happen and explain them away, many people are 
looking for a scapegoat. They think only something 
stupid or careless or criminally negligent could have 
caused deaths in such routine accidents. 
What these critics are forgetting is that in any engi-

neering job—and space technology is 99% engineering 
and only 1% science—the problems that can't be fore-
seen cause the most serious trouble. If engineers could 
have foreseen the accident-causing problems developing, 
they would have designed around them. 
Most of the criticism being piled on the technical 

effort in space these days is the result of some very 
obvious hindsight. 
The accident at Cape Kennedy, for example—the oxy-

gen atmosphere—identified what is obviously a critical 
problem, and it will be corrected. Yet the critics who are 
yelling the loudest about the use of what is a poten-
tially dangerous atmosphere, have forgotten that this 
same oxygen atmosphere was a part of the half-dozen 
successful Mercury shots and the eight successful 
Gemini shots, some of which were letter perfect from 
launch to splashdown. 
Other critics have been lambasting the space agency 

and its contractors for slovenly work, shoddy compo-
nents, and careless assembly. Yet the space program has 
forced electronics suppliers to produce equipment and 
components whose reliability is the best they have ever 
attained. In Europe these days, foreign engineers attrib-
ute the improvement in reliability of U.S.-made compo-
nents primarily to the exacting demands of the space 
agency and lament that there is no equivalent pressure 
in their countries. And the space program has generated 
new technology that would have taken far more years 
for U.S. firms to achieve if there were no space program. 
The point has been reached where even the rumor of 

a frayed wire or a corroded valve in a piece of space 
equipment is enough to set off a Congressional investi-
gation. In such an atmosphere, technical •progress has 
to suffer. Companies, engineers, and bureaucrats grow 
gun-shy and they won't try a fresh new approach for 
fear that a report of trouble from an unseen problem 
might start the investigators off. Yet without the fresh 
new approaches, progress slows to a walk. 

Nothing will bring back the four astronauts whose 
deaths everyone mourns. Nobody was smart enough to 
foresee their deaths and the accidents could not have 
been prevented, contrary to what many people are say-
ing. These men were test pilots and test pilots do get 
killed. Yet throughout the history of aviation, develop-
ment has always continued after fatal accidents and even 
has accelerated. 
Complete technical investigations of the accidents are 

essential. Nobody would argue otherwise. But breast-
beating and excited fingerpointing over frayed wires, 
loosened components, and stained valves contributes 
nothing but noise. 

Where blame should go 
While many people are noisily critical of what they con-
sider insufficient technical foresight which might have 
prevented the deaths of four astronauts, few seem inter-
ested in the lack of technical foresight that is killing a 
lot of people in airplanes. 

Last week two planes landed simultaneously on sep-
arate runways at LaGuardia Airport in New York City 
and crashed into each other at the runways' intersection. 
Three people died in this monstrous nonsense. 

This month's accident at LaGuardia could easily be 
repeated at any of a dozen major airports in the United 
States. In fact, while LaGuardia was closed because of 
the crash, a commercial airliner, Piedmont Airlines flight 
six from Roanoke, Va., diverted from LaGuardia, nar-
rowly missed repeating the accident with another com-
mercial liner at Kennedy Airport only 20 minutes away. 
A last minute pullup by the Piedmont plane just before 
it was to touch down averted a crash. 
The blame for this lies squarely at the door of the 

Federal Aviation Agency which is not only reluctant to 
poke into anything new technically, but whose enforce-
ment of even routine safety regulations is so slack that 
flying has become a perilous adventure. 
The FAA insists that real-time computing, 3-D radar, 

and digital communications won't work in air traffic con-
trol. After all, the FAA looked at all these things five or 
six years ago. The agency refuses to recognize that new 
generations of systems, components, and knowledge 
are available. 

In addition, the FAA keeps repeating that the tech-
nology has failed it, that companies haven't come up 
with equipment that will solve all its problems. The 
blame for not using technology is placed on industry; 
ergo, the agency is blamelessly pure. 
No one at the FAA is willing to face up to the realiza-

tion that it is the agency's job to accelerate, persuade, 
stimulate, encourage, and finance companies to apply 
new technology to the problems of air traffic control, 
which is by law the exclusive province of the agency. 
Until the FAA is willing to accept its responsibility, and 
stop its nonconstructive role of merely vetoing hardware, 
flying is going to be a risky business for everyone. 

Unlike the space agency, which has made a contri-
bution to reliability and technology, the FAA has con-
tributed nothing but excuses and fatalities. 
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the New Generation 
of CLIFTON Synchros 

Keeping pace with the developing aerospace field, Clifton announces 
SILVERLI NE, a new, superior line of standard synchros. 

These units, a natural evolution from our present line of quality 
synchros, embody certain new manufacturing techniques and space 
age materials. The result is a standard synchro which outperforms 
present synchros in the following five distinct ways. 

Higher Accuracy • 5' Standard 

SILVERLINE is a complete line of five-minute units-synchros and 
resolvers-with three-minute units obtainable through design and 
not on a "pick-and-choose" or yield basis. These accuracies are pos-
sible because of mechanical improvements and electrical design 
changes which minimize basic causes of synchro error. 

The normal polar calibration pattern generated by former units will 
generally contain a high second-harmonic error as evidenced by an 
elliptical plot. The cause of this second harmonic is generally due to 
out-of-roundness of the air gap or eccentricities in the mechanical 
fits. SILVERLINE eliminates these mechanical problems to such a 
degree that the calibration pattern is nearly circular. 

Outstanding Repeatability 

SILVERLI NE's second salient feature is repeatability of calibration. 
Once the error curve has been obtained for any unit, it holds to 
that original pattern-even after environmental testing. 

Temperature Stability 

SILVERLI NE units repeat their room-temperature calibration within 
very narrow limits even at the extreme temperatures given in today's 
specifications. Zero shifts are limited to plus or minus three arc 
minutes over the operating temperature range, and the majority of 
units will be run well below that. 

Extended Temperature Range 

Due in part to a gradual upgrading of materials and in part to 
inherently better thermal stability, we can now extend top operating 
temperature range for SILVERLINE from the present standard of 
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125°C up to 150°C (302°F). SILVERLINE can also be adapted into 
our ultra-high temperature series for ambients up to 232°C. 

Lower Null Voltages 

Maximum total null voltages have been reduced to 20mv on 26v CX's, 
CT's, and CD's. Lower total null voltage means fewer saturation 
problems with high gain control amplifiers and therefore better servo 
response. 
SILVERLI NE synchros are in the field NOW. Call your Clifton Sales 

Office for price, delivery and further information. 

ELECTRICAL CHARACTERISTICS SIZE 8 SILVERLINE 

SYNCHRO FUNCTION CPPC TYPE 

Torque Transmitter G08-A-1 
Torque Transmitter G08-A-7 
Torque Transmitter G(18-A-9 
• Control Transformer TO8-A-1 
Control Transformer 108-A-4 
Control Transformer T08-A-6 
Electrical Resolver S08-A-1 
: Electrical Resolver S08-A-4 
Torque Differential D08-A-1 
Differential Resolver DS08-A-2 

ROTOR AS PRIMARY 

Input 
Voltage 

Input Input Output Phase 
Current Power Voltage Shill 
Ames.' (Watts) (Volts) ideglearli 

STATOR AS PRIMARY D.C. RESISTANCE 

Input Input Input Output Phase 
oltage Current Power Voltage Shift Rotor Stator 
400i Amps.) (Watts) (volts) (riegwad) Ohms) Ohms) 

26 .170 .93 11.8 9.5 24 
26 .100 54 11.8 8.5 - - -- 37 
15 .029 .80 11.8 11 700 

11.8 .087 .21 23.5 9 143 
11.8 .030 .073 22.5 8.5 365 
11.8 .022 .058 22.5 9.2 550 

26 038 39 10.8 20 11.8 .080 .25 23.5 11 230 

26 .038 .39 26 20 26 .030 .23 21.5 12 230 
11.8 .081 .21 11.5 9 36 

11.8 .027 .080 22.5 11.5 26 .013 .095 11.8 10.3 98 

Electrical characteristics are specified as nominal values at 25°C. Synchro testing is performed in accordance with SAE Aeronautical 

NOTES: 
I. Rotor moment of inertia = 0 81 gm-cm, 
2. Rotcr moment of inertia -= 0.82 Urn-cm' 
3. Unit torque gradient = 2200 mg-mm 'deg. 

MECHANICAL CHARACTERISTICS 
-55°C. to +150°C. Shaft Runout 
.0008 max. FrIctIon max. 6,, 25°C. 
.0005 max. max. (g. -55°C. • 

Temp. Range 
Shalt End Play, 8 oz. Id. 
Shalt Radial Play, 4 oz. Id. 

4. Unit torque gradient = 2400 mg-mm deg. 
5. Unit torque gradient =. 2800 mg-mm deg. 

.0008 max. 
4 gm.-cm. 
16 gm.-em. 

75 
12 
10.4 
24 
64 

100 
27 

170 
24 

377 

IMPEDANCE 

Zro 
(Ohms) 

32+1150 
54 i-j260 
950+13850 

210 +1690 
410+ j1770 

800 -I- j2500 
270 +j630 
270 +j630 
38+1122 

109+1362 

Recommended Practice 461 B. 

Zoo 
(Ohms) 

7 3+126 2 
12+j45 
10 +j36 
28 +j114 
81 +j330 

120 -I-j460 
39+ j142 

250+j830 
28 4-j114 

560 +000 

Oros 
(Ohms) 

55+j16 
88 +j22 

1550+j420 

250+f 73 
590+j190 
940+ j280 
340+j67 

340+j67 
47+j13 

134+j34.5 

Max. Null May Null 
Voltage NOTES Voltage 

Total (my) Fund.(mv) 

20 1,5 
20 1,3 
80 1,4 
20 2 
20 2 
20 2 
30 2 

30 2 
20 2 
30 2 

15 
15 
60 
15 

15 
15 
22 

22 
15 
22 

ACCURACY: 5' STANDARD 
3' ON SPECIAL ORDER. 

CLIFTON 
DIVISION OF LITTON INDUSTRIES 
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Plastic IC output 

outpaces forecasts 

Quick-as-a-wink 

calibrating 

High-density 

magnetic tapes 

Printed transistors 

next in thick films? 

Production of plastic-packaged integrated circuits is outpacing the most 
optimistic 1967 estimates. 

In January, IC makers were predicting that up to 30% of 1967's IC's 
would be plastic encapsulated [Electronics, Jan. 9, p. 130]; latest estimates 
run from 40% to 50%. 
Spokesmen at Motorola and Texas Instruments say that at least 40% 

of their IC's will wear plastic this year. William Fowler, a TI product 
engineer, reports that 80% of all new industrial applications specify 
plastic, primarily to achieve costs typically 40% below the price of 
equivalent circuits in metal cans. 
GE, which already has some of its IC's in epoxy, is testing an epoxy 

formulation that's now being used in discrete lines; it's said to outperform 
the older plastic by lowering leakage current and failure rate while 
boosting moisture resistance to military specification levels. 

Automated measuring instruments [Electronics, April 17, p. 161] are now 
headed for in-house calibration laboratories. Electro Scientific Industries 
will soon market a meter calibration system capable of calibrating 
deflection-type multirange, multifunction instruments in as little as five 
minutes; manually, such a chore could take three hours. 
The Portland, Ore., company's Model 70 system is controlled by a 

punched tape or card program. It provides the currents, voltages, and 
resistances needed to check the measurement accuracy of such instru-
ments as a-c and d-c voltmeters and ammeters, and ohmmeters. A digital 
printout gives the deviation from full scale for each measurement. 

Newell Associates Inc. of Sunnyvale, Calif., plans to introduce this week 
a tape transport it says will lead to: 
• A home color television recorder selling for under $500. 
• A "reelette" of audio tape, costing under 10¢, that plays 44 minutes. 
• And a half-inch data storage tape with 40 separate tracks, a recording 

speed over 1,000 inches a second, and a bandwidth over 10 megahertz. 
The tape is made with conventional material, iron oxide. The recording 

is longitudinal, which means, industry sources say, that Newell may have 
made a couple of breakthroughs. Since the recording heads would move 
in the same plane as the tape, several recording heads would have to be 
packed into a half-inch of space, and the head gaps might have to be 
etched, rather than made of separate pieces of metal. 

In another tape development, the DuPont Co. is field testing a 
chromium dioxide magnetic tape that it says can store twice as much 
information as conventional iron oxide tape. DuPont notes that the tape 
can't be used on existing computers without some adjustment of the 
computer tape transport. 

A process of screen-printing field effect transistors with metallic and semi-
conductor inks is being developed by RCA under a NASA research con-
tract. Researchers hope to make logic and linear circuits almost entirely 
of thick films. 
The semiconductor portion—cadmium sulfide—of metal oxide semi-
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conductor transistors is already being printed. But the gate insulator and 
the electrodes are still vacuum deposited. Frequency response ranges 
from 10 to 50 megahertz. 
Franz Huber of RCA says his group hopes to be printing the electrodes 

by late summer. The oxide can be formed by pyrolytic decomposition of 
silane. The transistors would not compete with higher-frequency FET's 
made of thin films, but could be used in low-speed logic and communica-
tions circuits. 

A new job 

for linear IC's 

TRW expected 

to reenter custom 

IC market soon 

Navy scans bids 

for all-IC radar 

Shed more light 

on low light level 

systems: Grumman 

LSI array with 

2,500 elements 

General Electric's linear integrated circuits activity is now moving into 
an untapped market: timing and triggering functional units. The com-
pany will introduce this month a monolithic IC firing unit for power-con-
trol systems. Containing differential amplifier stages and trigger elements, 
the circuit can be used to gate thyristors and other power semiconductors. 
GE also plans to introduce one or two new linear IC's a month for the 
rest of 1967 for functions previously unavailable in monolithic form. 

TRW Semiconductors will probably move back into the custom inte-
grated-circuit business in the near future. Executives at the Lawndale, 
Calif., division of TRW say the timing and the products to be marketed 
are still being weighed. 
TRW Semiconductor pulled out of the IC field entirely three years ago. 

One of its main efforts had been in developing transistor-transistor logic 
circuits including a family for the Phoenix missile program. Many of the 
engineers working on IC's were moved to TRW Systems Group to aug-
ment work under way there aimed at developing IC's for hardware being 
built by TRW Systems. 

The Navy is about to begin development of radar for mid-70's fighter air-
craft. Bids came in this month on MAIR, molecular airborne intercept 
radar. The winning company will receive a contract for a one-year study 
of an all-integrated circuit, phased-array radar that would perform fire 
control, terrain avoidance, and other functions. 
Although the Navy system appears similar to the Air Force's MERA 

[Electronics, Feb. 21, 1966, p. 135], industry sources claim the MAIR 
study will result in plans for a flyable system. The Air Force system is a 
test-bed for microwave integrated circuitry. 

There has been a duplication of effort in research on low light level attack 
systems, contends William C. Athas, manager of avionics program, 
advanced development, at Grumman Aircraft Engineering. Athas, in a 
paper to be delivered this week at the National Aerospace Electronics 
Conference in Dayton, Ohio, will call for the Pentagon's Director of 
Defense Research and Engineering to coordinate an exchange of informa-
tion on R&D in this area. 

A complementary array of 2,500 active elements on a single chip is being 
developed by Westinghouse's Aerospace division. First models of the 
metal oxide semiconductor circuit are expected to be ready by year's 
end. 
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Tantakqi Stifings 
KEMET C-Series Solid Tantalum 

Capacitors. In the swing with today's 
on-the-go electronics products. 
Who says you can afford tanta-

lums? We do. Because these KEMET 
C-Series low-leak, low-dissipation-
factor capacitors are competitive in 
price with ordinary commercial elec-
trolytics. So you can bring tantalum 
reliability to such mass-produced 
products as portable phonographs, 
home appliance controls, electronic 
musical instruments, radios, televi-
sions. 
Where specs call for 0.1 to 220 

microfarads, 6 to 50 vdc, with envi-
ronments from — 55° to +85 °C—re-
member, you no longer have to be 
rich to buy tantalums. 
And remember the unique Union 

Carbide delivery plan: ultra-fast or 
staged deliveries of any quantities 
from thousands to millions—assured. 
Move up to tantalum. It swings. 

Mail the coupon, or see our repre-
sentative. 

Clip, fill in name and title, attach to letterhead. 

Union Carbide Corporation 
Components Department 
Dept. EM-52 
270 Park Avenue 
New York, N.Y. 10017 

ELECTRONICS 
Please send details on C-Seri es 
KEMET Solid Tantalum Capacitors 

UNION 
CARBIDE 

KURT is a registered trade mark of Union Cartude Corporat,on. 

• 

• 
• *Itbegwe'*7-- •• 

: 
s s; - • si t - sse 

.3 se. s g 
ire*? 

.•;41 
jya• , 

4111 

REGIONAL SALES OFFICES. New England: T. J. Roper, 300 First Ave., Needham Heights, Mass. Phone: 617-444-5400. Mid-Atlantic: R. H. Robecki, 1341 Hamburg Turnpike, 
Wayne, New Jersey 07472. Phone: 201-696-2710. Mid-West and South: K. S. Collart, P. O. Box 6087, Cleveland, Ohio 44101. Phone: 216-221-0600. C. F. Fields, 2 Talcott Road, Park 
Ridge, III. 60068. Phone: 312-825-8189. West Coast: D. Purcell, 13601 East Whittier Boulevard, Whittier, California 90605. Phone: 213-698-8077. C. E. Volpe, 2680 Bay Shore Frontage 
Road, Mountain View, California 94041. Phone: 415-969-9390. For Overseas Inquiries contact: J. G. Egan, 1341 Hamburg Turnpike, Wayne, New Jersey 07472. Phone: 201-696-2710. 



A gold plating process 
tailored for high reliability IC's 
High purity 
High temperature 
stability 
High reproducibility 
High time 

It's Sel-Rex Temperex® ̀S', 99.99+ gold. And it will 
pack a lot more reliability into your integrated cir-
cuit manufacture. Temperex 'S' deposits withstand 
500°C in air for five minutes with ease. There's no 
discoloration of the semi-bright gold because there 
•isn't a trace of contaminants. 
The hardness range of Temperex 'S' gold deposits is 
unusually broad-80 to 130 Knoop—and readily 
controllable. At its higher hardness values, this un-
usual pure gold resists galling. 
Temperex 'S' exhibits desirable characteristics with 
respect to distribution, solderability, weldability, etch 
resistance and bonding. The bath demonstrates ex-
cellent stability under production conditions. 
Whether you use Temperex 'S' or any other Sel-Rex 
gold, you get more than a plating process—you get 
technical assistance that's dedicated to improving 
your profitability. We'll be glad to demonstrate this 
to you whenever you say. 

Sel-Rex Corporation, 
Dept. X-57, Nutley, N.J. 07110 

Subsidiary and associated companies in Canada, Switzerland, Great Britain, France, Holland, Japan, West Germany. 
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Our Instant color' circuit breakers. 
(The second surprise is that they don't cost a lot of gold.) 

Nobody has ever accused Heinemann 
of being down in the bargain basement 
of the circuit breaker world. (But almost 
everyone will admit that our performance 
well justifies our price.) 
The Series JA is a breaker of a 

somewhat different stripe. The usual 
Heinemann features are all there— 
temperature-stable trip-points, precise 
current ratings, choice of time delays, 
optional special-function internal 
circuits. But they cost less in the 
JA wrapper. 
And you can have color, too. Not all 

over the breaker, of course—just in 
the part that shows. The mounting boss. 

A very simple arrangement of color 
caps lets you change the boss from 
basic black to any of eight other colors. 
You can thereby instantly color-code 
the breakers to pilot lights, operational 
sequences, or anything else you might 
have in mind. Or, you can use them 
just because they dress up a 
panel handsomely. 
The JA can be had in any integral 

or fractional current rating from 0.100 
to 30 amperes. Standard maximum 
voltage ratings are 250vac, 60 or 400 Hz; 
65vdc. Our Bulletin 3350 will give you 
complete specs and catalog data. 
A copy is yours for the asking, of course. 
Heinemann Electric Company, 
2700 Brunswick Pike, 
Trenton, New Jersey 08602. 
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Input modules provide special purpose capabilities 

Mainframe available with one or two pen flexibility 

12 instantly selected chart speeds,1 in/hr-2 in/sec 

Half-second response time 

Chart tilts in three positions for easy viewing and notation 

Easy chart loading, tear off or storage, paper supply indicator 

All solid-state circuitry 

• Rack-mount, metric models available 

The basic mainframe of the 7100B (two pens) and 
7101B (one pen) provides 10" strip-chart recording 
capabilities. Each channel accepts any of the wide vari-
ety of input modules which determine the electrical span 
or special-purpose recording capability. 

Features offered, in addition to those above, include 
event markers, electric pen-lift and chart drive start-

stop—all remotely controlled. Retransmitting potenti-
ometers, adjustable high-low limit switches on both 
channels and remote 10-1 speed changers are also 

available. 
Standard input modules (more to come) offer multiple 

span ranges, high input resistance (1 meg at null), high 
cmr and floating inputs to 500 y above ground. Model 
17500A has 10 calibrated spans 5 mv-100 y full scale; 
Model 17501A has 16 calibrated spans 1 mv-100 y full 

MODEL 175.mA 
Sttor,RX.11.4. .001,14. 

New 
versatility 

in a 

plug-in 
10" 

strip-chart 
recorder 

scale. Variable span and full scale zero controls are 
provided. Model 17502A, a temperature input module 
with automatically , compensated reference junction, 
linearizes recorder' presentation with standard paper. 
Additional low-cost single range input modules (Model 
17503A, 1 my input with filter; Model 17504A, 5 mv-100 v 
with plug-in range cards) are also available: 

Model 7100B 2-pen Recorder, $1300 
Model 7101B 1-pen Recorder, $1000 

Model 17500A Input Module, $250 
Model 17501A Input Module, $350 
Model 17502A Input Module, $250 
Model 17503A Input Module, $250 
Model 17504A Input Module, $200 

Ask your Hewlett-Packard field engineer for complete in-
formation or write to Hewlett-Packard, Palo Alto, California 
94304; Europe: 54 Route des Acacias, Geneva. 

HEWLETT 
PACKARD jig moSELEY 

ag DIVISION 
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lability. To pre-cool Centaur rocket engines, 

delivered 5,500 gallons of liquid helium. The 

,st single commercial delivery of helium ever 

e. & it took only 42 hours, in one of Airco's 

0 gallon trailers, from Kansas to Cape Kennedy. 

That's the way Airco works. & from 25 points sr/ 

across the country We're the number one he 

supplier & we perform for all our customers — I 

& small. For more information write us at 150 

42nd Street, New York, N Y. 10017. 

Industrial 



Dage 
does give a 
DM 
for you! 

For instance, DM polarizing lets you run ten mating pairs 

side by side without cross-plugging ... color coding multi-

plies this by eight! You get bayonet-locking, superior cable 

gripping, weatherproof construction and crimp option . . . 

in accordance with Mil C 25516. DM's are miniature size 

and weight "coax" connectors with traditional Dage reli-

ability. For full information call 317/736-6136. 

DAGE ELECTRIC COMPANY, INC., Franklin, Indiana 
Subsidiary of The Bendix Corporation 

Bendixld Electronics 

IRST WITH IDEAS • FIRST WITH QUALITY • FIRST WITH SERVI 
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NEW! A commercial relay 
this small with 2-ampere dpdt 
contacts. Printed circuit or socket 
terminals. 0,00,4) Has texan dust 
cover. This design bonus from our 
aero/space program is ideal for tape 
recorders, desk-top computers, 
copying machines, television cameras, 
alarm systems, etc., etc., etc., etc., etc. 

r in NOING'r 

High density relay packaging becomes a reality with the low 
profile HP Series. Only one-fifth of a cubic inch is required for 
each relay. Seated height in socket or printed circuit board 
is 0.49". Mechanical life is placed at 10 million operations. 
The DPDT contacts are rated from low level to 2 amperes 

at 30V DC resistive or 0.5 ampere maximum at 120V AC. 
Coil voltages range from 6V to 48V DC . . . with 12- and 
24-volt models available from authorized electronic parts 
distributors. 
These microminiature relays are direct descendants of our 

military, aero/space designs and have been engineered to 
perform with singular reliability in modern commercial 
equipment. 

HP SPECIFICATIONS 

GENERAL: 
Temperature Range: —45°C to +70°C. 
Dimensions: 0.49" x o.8r x 0.48" max. 

CONTACTS: 
Arrangement: DPDT, 2 Form C. 
Rating: Low level to 2 amps @ 30V DC, resistive; 
0.5 amps max. +120V AC. 

Contact Resistance: 50 milliohms before life 
measured at maximum rated load. 

COILS: 

Power: Approximately .662 watts nominal @ 25°C. 
1.0 watts max. @ 25°C. 

Duty: Continuous. 
Pick-up: 75% of nominal g 25°C. 
Operate Time: 5 milliseconds max. at nominal coil 
voltage and 25°C. 

Call your electronic parts distributor 

1 Division of American Machine & Foundry Co., Princeton, Ind. 47570 
Export: AM F International, 261 Madison Ave., NewYork, N.Y. 10016 

POTTER s. BRUMFIELD 



Our interest in lasers is 
growing all the time. 

We grow the crystals. In fact, we 
grow more laser crystals than 
any other company in the world. 
So, when you're looking for 
higher laser efficiency, greater 
output, narrower beam diver-
gence, increased brightness, or a 
new laser frequency—chances are, 
we grow the crystals that will 
give you what you want. 
As leaders in the technology of 

crystal synthesis, we routinely 
supply sophisticated materials 
for numerous optic, electro-optic 
and electronic applications. 

It makes sense to check with 
us on the material requirements 

for your next proj-
ect. Contact the 
Crystal Products 
Sales Office nearest 

ELECTRONICS you: 

UNION 
CARBIDE 

NORTHEAST: 300 First Avenue, Need-
ham Heights, Mass. (617) 444-5400. 

EAST: 427 Chestnut Street, Union, N.J. 
(201) 688-1800. 

MIDWEST: 4120 Kennedy Avenue, 
East Chicago, Indiana (219) 397-3100. 

W EST: 3651 Del Amo Boulevard, Tor-
rance, California (213) 772-2511. 

LONDON: 8 Grafton St., London W-1 
MA-8-1000. 

Ruby laser crystal emerging 
from a Czochralski furnace. 
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Egolitron 
improves the 2N3055 
at NO increase in price! 

weininur ge4sci Cuipst« 

Toda, 

¡.04 2/GiÍ4 

21113055 26tits. 

Ala ehaActe! 

II 

Lower VcE (sat) and VBE (sat) 

Higher typical gains 

Usable gains at higher current 
levels 

Freedom from secondary 
breakdown 

100% tested at Power Rating 

Improved performance of the 2N3055 type at economy prices is exactly 
what Solitron offers. These single diffused 15-amp silicon transistors pro-

vide a complete family of voltage ranges, ideal for applications such as 

stereo-amplifiers, regulators and power supply systems. Available in a 
TO-3 case, they have the same high reliability standards always associated 

with Solitron. Shown below are comparison charts graphically illustrating 
Solitron's high performance version of the 2N3055. 

COMPARISON OF SOLITRON 2N3055 (—) TO COMPETITIVE 2N3055 
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Fill out this 
coupon and attach 

it to your letterhead. 

Upon receipt, we will 

immediately send you 
2 free samples of 

SOLITR ON 'S 
2N3055 
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COLLECTOR CORREN, IN AMES 

Frolitron TRANSISTOR DIVISION 

DEVICES, INC. 
1177 Blue Heron Blvd. J Riviera Beach, Florida / (305) 848-4311 / TWX: (510) 952-6676 

NAME  TITLE  

COMPANY  

ADDRESS  

ZIP  
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McDonnell F-4 

Most of the world's best pilots won't make a move 

without checking our instruments. 

U.S. military aircraft have more Bendix® 
instruments aboard than those of any other 
company. For every aircraft function 
that's meaningful to a pilot— 
attitude, temperature, oil pressure, 
hydraulic pressure, fuel flow, flap position, 
tachometer, pressure ratio, BDHI, RMI, etc., etc. 
We think all this says something about the technical excellence 
and reliability of Bendix aircraft instruments. How can 
we put this capability to work for you? Contact the Flight 
& Engine Instruments Division, Montrose, Pa. (717) 278-1161. 

Aircraft using Bendix instruments include the A-4E, A-5, A-6A, 
A-7A, B-52, B-58, B-70, CH-46, UH-1E, C-5A, C-130, C-140, C-141, 
F-104, F-105, CH-3A, CH-53, C-133, F-27, F-4, F-8E, F-102, OH-23, P-2, 
P-3, T-39, F-111, T-38, A-4D and others too numerous to mention. 

General Dynamics F-111 

Bendix Aerospace 
Products 
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Consumer electronics 

Back talk 

What's holding up the introduction 
of computer-operated teaching ma-
chines? In one word, money. 
Even the most inexpensive sys-

tems in which the student answers 
the computer's questions by typing 
the message on a keyboard cost 
upwards of $350,000. In Norman, 
Okla., a small electronics firm, Dor-
sett Industries Inc., has developed 
a machine that costs $450—and it 
accepts typewritten, spoken, and 
handprinted answers, signaling the 
student N'hen lie is wrong. 

Short on storage. The Dorsett 
teaching machine can't provide 
complex remedial instruction when 
a student gives an incorrect answer 

since it lacks the vast storage and 
display capabilities of computer 
systems. But Lloyd Dorsett, the 
company's president, wonders if 
such flexibility is really worth the 
high extra costs. 
The Dorsett teacher uses the 

desk-top audio-visual teaching con-
soles the company has developed 
over the past few years. This con-
sole projects visual material stored 
on filmstrips or slides onto a view-
ing screen. A tape, a phonograph 
record, or a sound film is synchro-
nized to the visual information. 
To make the electronics for the 

three-response systems as compat-
ible as possible, Dorsett chose 
an eight-bit response code. Dorsett 
established the eight-letter groups 
after studying the frequency with 
which letters are used in the Eng-
lish language. For example, a fre-

quently used letter such as an "e" 
is grouped with the less frequently 
used "j" and "z." A typed or 
printed answer consists at most 
of eight characters, while a spoken 
word is sensed by detecting eight 
aural characteristics that define it. 
For the typewriter response sys-

tem Dorsett has developed a con-
tact strip that fits under most elec-
tric typewriters. The strip senses 
the keys that have been depressed. 
Because the keys are lumped into 
eight groups there are eight con-
tacts on the strip. 
When a student types an answer 

to a question, the contacts transfer 
the response to a shift register 
within the machine. The correct 
answer is coded on the film where 
it is sensed by photocells. If the 
two eight-bit codes are identical, 
the student has answered correctly 

Audio-visual teaching machine 
developed by Dorsett Industries costs 
$450 and permits student to respond 
in three ways: by typing answers on 
the keyboard of an electric typewriter 
(left), speaking into microphone (top), 
or printing in block letters on pad of 
paper on electric grid (right). 
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and the program continues. If the 
answer is wrong, the machine pro-
duces either a sharp tone or a warn-
ing light. The student then tries 
again. 
Package deal. For $350 a cus-

tomer receives a film strip projector, 
a record player, a pickup strip for 
the typewriter, or a special alpha-
numeric keyboard, and transistor-
ized logic and amplification cir-
cuitry. The spoken-response cir-
cuitry costs an additional $100. 
Dorsetes audio discriminating 

circuitry uses filter circuits to sense 
the eight different properties of the 
voice. The filters sense the sib-
ilants, the word length, and plosive 
sounds such as "p" or "t." Five 
twin-T reflex audio filters ranging 
from 800 to 2,500 hertz sense dif-
ferent vowel sounds. 
The correct answers are also 

coded on the film. Sensed by photo-
cells, the coding is compared with 
the sound characteristics that have 
been detected and stored in the 
shift register. Dorsett says that the 
system can handle an indefinite 
number of words. 
The simplest device is the unit 

that accepts handwritten responses. 
Answers are written in block let-
ters on paper placed over a ser-
rated metal template having %-
inch wide gaps. In the lower right 
hand corner of the gaps are tiny 
silver-alloy contact switches which 
are closed by the pressure of a 
pencil point. For example, a capi-
tal "E" would close the contact, 
a "W" would not. 
Up to eight letters can be used 

in an answer so that the unit again 
makes use of the eight-bit shift 
registers and the comparison cir-
cuitry. 

Avionics 

Beyond the SST 

Although President Johnson has 
just authorized the construction of 
the first prototypes of the super-
sonic transport, NASA is already 
planning the avionics for an ad-
vanced version that will fly higher 

and faster. 
Directing this work under a 

multimillion-dollar, five-year pro-
gram will be NASA'S Electronics Re-
search Center in Cambridge, Mass. 
This is the center's first major step 
in aeronautics for the space agency. 
In charge of the program is 
Richard M. Head, who once served 
as a designer of Navy fighter 
planes. 
During the past year the center 

initiated planning for the avionics 
of the second-generation SST. The 
aim is to develop the major elec-
tronic elements of a totally inte-
grated avionics system by the 1972 
to 1975 period. 
One of the first studies planned 

by the center will be on the feasi-
bility of using a satellite-aided 
communications system operating 
at L band, between 1,540 and 1,660 
megahertz. A contract will prob-
ably be awarded this summer. 
For the on-board L-band ter-

minal, several new technologies 
will be explored, including multiple 
flush antennas to keep the satellite 
in sight at all times, and antenna 
sharing for navigation and colli-
sion-avoidance systems. 

Laser gyro eyed. In the naviga-
tion area, the center will sponsor 
studies of multimode systems, re-
lying on inertial navigation and 
updated by a combination of tech-
niques, such as passive navigation 
satellites. In addition, the laser 
gryo will be explored as a low-drift-
rate inertial component. 

Also under consideration is the 
incorporation of the inertial navi-
gation system into an advanced 
instrument landing system, the 
radar altimeter, and an autopilot for 
an all-weather approach and land-
ing operation. 

Flight measurements. The NASA 
center will seek new gear for the 
measurement of air temperature, 
particularly since engine perfor-
mance will be critically dependent 
on it. In measuring altitude, Head 
says, errors must be minimized so 
that vertical separation of aircraft 
can be safely reduced to under 
3,000 feet. 

Techniques will be sought to 
measure fuel flow accurately at 
rates up to 100,000 pounds per 
hour. Instruments will be de-

veloped to monitor cumulative fa-
tigue damage, the radiation en-
vironment at cruise altitudes of 
70,000 feet, the ozone environment 
in the cabin and at the wheel wells, 
and the erosive effect of micro-
particles. 

"At these altitudes" Head points 
out, "it may even be necessary to 
monitor major solar proton events, 
particularly the cumulative effects 
on crews flying polar routes." 
Development of automatic and 

semiautomatic flight modes will be 
the contribution of advanced elec-
tronics technology to the craft, says 
Head. His group will decide 
whether to use special-purpose 
computers for each subsystem or a 
centralized multipurpose computer. 
Among the other decisions to be 
made will be the choice of the 
functions performed better in flight 
than on the ground. 

Space electronics 

'Desperate trouble' 

He said not a word about the 
Apollo tragedy of last January, but 
it was clear that his remarks were 
postscripts to the fire that killed 
three astronauts. 
"We are in desperate trouble be-

cause of low-grade workmanship," 
declared Abe Silverstein, director 
of NASA'S Lewis Research Center in 
Cleveland. 

Addressing a group of electronics 
engineers in Boston, Silverstein said 
there were 70 failure reports on the 
Atlas-Centaur booster while it was 
sitting on the pad at Cape Kennedy 
awaiting the Surveyor vehicle that 
is now exploring the moon. The re-
working to correct the faults cost 
$400,000. 

"But things are getting better," 
he added. "We used to have 150 
failures in about the same time pe-
riod." 

Cost of success. "Sure we have 
successes in space," Silverstein 
said, "but only after a lot of rework 
right at the pad." He noted that it 
costs four times as much to rework 
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a part as it does to build it right 
the first time. 
"We aren't putting in the design 

work that we should," Silverstein 
asserted. "We don't have enough 
good designers." The official said 
most of the design work he looks 
at "stinks." 
"We need components and cir-

cuits with the 'Good Housekeeping' 
label on them," he continued. "the 
kind that work every time, and are 
cheap." • 

Silverstein urged that work on 
space projects be done in experi-
mental shops, rather than produc-
tion shops. "There are too many 
low-grade workmen in the produc-
tion shops," he explained. 
"As it is now," he said, "too 

many times when we buy an article 
from a vendor, it's obvious that it 
was made by someone who didn't 
know, or care, where it was going." 

Defense measure. He also said 
NASA should find a way to "put a 
cocoon" around a space vehicle af-
ter it's finished "so that they (tech-
nicians at Cape Kennedy) will keep 
their cotton-picking fingers off it." 

The first industry "casualty" of the 
Apollo disaster is Harrison A. 
Storms Jr.; he was fired as director 

of the Apollo spacecraft program 
at North American Aviation Inc. 
The 51-year-old engineer had been 
credited with winning the Apollo 
contract for North American. 

His job as president of the com-
pany's Space and Information Sys-
tems division (the name was 
changed last week to the Space 
division) went to William B. Ber-
gen, former president of the Martin 
Co. Storms remains a North Ameri-
can vice president. 

Packaging 

Third generation 

Two integrated-circuit packaging 
techniques that the International 
Telephone and Telegraph Corp. 
has been developing for two years 
have been synthesized into a third 
technique that allows 30 IC'S to be 
assembled in a square inch of 
printed circuitry. What's more, 
John Marley, an irr engineer, ex-
pects the new assemblies to be far 
cheaper to make than conventional 
lc assemblies. 
The circuit boards are wispy 
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BEAM-LEAD 

ULTRASONIC BOND 
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CHIP BOND----- SUBSTRATE 

Mylar films, 5 mils thick. Layers 
of etched wiring—one on each side 
—are connected by metal, plated 
in holes etched in the plastic. The 
lc chips fit into square holes etched 
into the plastic under beam-like 
extensions of nickel plating on the 
wiring. The tips of the beam leads 
are ultrasonically bonded to thin-
film terminals on the chips. 
A typical assembly of 42 chips 

is 1.2 inches square and fits into 
a 1.4-inch-square package. Up to 
196 exit lands can be put into the 
wiring matrix. These lands can be 
welded to plug-in pins, as illus-
trated, or can be connected through 
wiring on the package substrate to 
large beam leads along the sides 
of the package. Such packaging 
would provide a system density of 
about 100 ic's per cubic inch. 
When large-scale integrated cir-

cuits become available, Marley 
noted, the chip assembly can be 
converted into a single chip with 
little redesign. 

Progenitors. Forerunner of the 
printed circuit is the "laminate and 
cribbage board" assembly that the 
rrr Federal Laboratories division 
has been producing for avionics 
systems [Electronics, Feb. 8, 1965, 
p. 67]. Each 1%-inch-square as-

DIELECTRIC TWO-LAYER 
CONDUCTOR MATRIX 

"WINDOW" 
OPENING FEEDTHROUGH 

Tight squeeze. Beam-lead bonds and feedthrough eyelets of interconnection matrixes are shown in plan and cross-section 
in the sketches on the left and at the top. At the bottom is one package design ITT plans to use for chip assemblies. 
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Zap a circuit. Microbeam of dopant ions bombards host material to form a junction. 
System designer monitors the process through an electron microscope at the end of the çhannel. 

sembly contains 12 lc's in flatpacks. 
The etching and plating tech-

niques have changed little, al-
though the wiring patterns have 
been made much more compact for 
the new system. Each square inch 
now carries the equivalent of 300 
discrete point-to-point wires. 
The beam-lead bonding method 

stems from lc packaging methods 
the rrr Semiconductor division had 
been working on in a companion 
project [Electronics, July 12, 1965, 
p. 98]. The method, however, is 
not restricted to rrr's circuit de-
sign. Marley and a coworker at rrr 
Federal Laboratories, James H. 
Morgan, reported at the Electronic 
Components Conference in Wash-
ington that prototype assemblies 
were built with lc chips made by 
the Signetics Corp. The beam 
leads can be aluminum, copper, 
nickel, and combinations of these 
metals, and they can be plated 
with aluminum and gold to accom-
modate different metals on the 
chips. 
Cheaper joints. A chief attrac-

tion of the new technique is low 
cost. A 42-ic assembly requires 
only 588 man-made bonds if 14-
lead chips are used, while a fiat-
pack assembly would require 1,764 
bonds—two wire bonds in the 
package and one to external wiring. 
Besides, Marley adds, "chemofac-
ture" of the wiring is cheaper than 
manufacture of bigger assemblies. 

These assemblies are also ex-
pected to prove more reliable than 
conventional assemblies—a point 
which is being checked out in a 
reliability study sponsored by the 
National Aeronautics and Space 
Administration. Marley and Mor-
gan say the beam-to-chip bonds 
are stronger than conventional 
wire-to-chip bonds, while the lesser 
number of bonds means fewer 
chances for assemblers and testers 
to make errors. 

If lc's in the assembly' are faulty, 
the beams can be pulled off the 
chip and a new chip bonded to 
beams. 

Manufacturing 

Eye on production 

"For five years, we've been finding 
out 'if.' Now we're ready to start 
applying the ion-implantation proc-
ess to production of integrated cir-
cuits," says John A. Gale, president 
of the Ion Physics Corp. of Burling-
ton, Mass. 
The "now" is being made pos-

sible by the Corning Glass Works, 
which last month bought from Ion 
Physics the rights to the implanta-
tion process for semiconductors 
[Electronics, April 3, p. 26]. 
"Other Corning 'hyphenations' 

have done quite well. We expect 
to also," Gale says of the Corning-
Ion Physics venture. 

Secret of success. Corning brings 
to the effort money, equipment, and 
production techniques. It also 
brings a •background in materials 
technology, plus the circuitry, pro-
duction, and marketing experience 
of the Signetics Corp., a Corning 
subsidiary. 

Ion Physics contributes five years 
of experience with implantation, a 
process rooted in the Van de Graaff 
particle accelerator technology of 
its parent company, the High Volt-
age Engineering Corp. In the tech-
nique developed by Ion Physics, 
the junctions are fabricated in semi-
conductor materials by controlled 
bombardment with dopant ion 
beams. This process of selectively 
doping host materials, it is claimed, 
provides a higher yield, uniformity, 
and reproducibility than chemical 
diffusion processes. 
"And, in the case of integrated 

circuits, it gives the circuit designer 
more freedom," Gale adds. 
"Any ion can be implanted in 

any material," explains William J. 
King, manager of Ion Physics solid 
state physics department. "We are 
not limited by the thermal effects 
inherent in diffusion processes," he 
adds. 

Leapfrogging over today's silicon 
technology will he the basic strat-
egy of Corning-Ion Physics. "Why 
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40 Hz Ito 15 MHz 

7 Measurement 
Ranges 

Color Subcarrier 
Trap: 3.58 MHz 

TYPE UPSF 

IMMEDIATE DELIVERY 

FROM STOCK 

$3,995 

True RMS or 
Peak-to-Peak Indication 

Scope Output 

Low Pass Filter & 
Weighting Network 

VIDEO NOISE METER 

FEATURES 

• Meets requirements of all U.S. 

black and white and NTS color 

Systems 

▪ Measures noise voltage in the 

presence of sync and blanking 

pulses 

▪ 7 Measurement Ranges: 

1/3/1 0/30/100/300/ 1000mV 

• Input impedance: 1MD shunted by 

30 pF, or 750 bridging 

APPLICATIONS 

MEASURE VIDEO NOISE 
VOLTAGE ON: 
• TV Cameras 
• Film Scanners 
• Video Tape Recorders 
• Radio Links 
• Coaxial Lines 
• TV Transmitters 
• TV Receivers 
• TV Transposers 
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Principle of noise-voltage measure. 
ment with H or V internal blanking 

Type UPSF Video Noise Meter is de-
signed to measure the unweighted 
and, weighted noise voltages of TV 
transmission systems. It has the 
unique advantage of measuring low 
level components in the presence of 
high level horizontal or vertical sync 
and blanking pulses (see line draw-
ing). The UPSF meets the require-
ments of all U.S.A. black and white 
and NTS color systems. A bandstop 
filter adjusted to the color subcarrier 
frequency (3.58MHz) prevents any 
residual color subcarrier in the test 
signal to be picked up. In addition to 
supplying true RMS value 0.3 mV to 
0.3V (full scale deflection) it also 
can provide peak-to-peak value of 1 
mVpp to 1Vpp (full scale deflection). 
The UPSF can also be used as a 
conventional broad band VTVM. 

Get The Extra Capability, 
Greater Reliability, and 
Longer Useful Life Of ... 

ROHDE 8i SCHWARZ 
111 LEXINGTON AVENUE, PASSAIC, N. J. 07055 • (201) 773-8010 

Inquiries outside the U.S.A. should be directed to: Rohde & Schwarz, Muehldorfstrasse 15, Munchen 8, West Germany. 
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do what is already being done with 
other integrated-circuit processes?" 
asks Gale. 
"We are aiming at 0.1-micron 

resolution in line spacing, com-
pared with the 5-micron resolution 
now available," says King. He adds 
that ion implantation should pro-
vide junction separation of 0.1 
micron without masking, plus a 
cleaner junction profile than is pos-
sible with masking techniques. 
Diamond circuit? King says he 

will be exploring particularly the 
m-v and ii-vi compounds of the 
Periodic Table for new types of 
lc's with high power and packing 
density as well as faster switching 
times. His group has already inves-
tigated gallium arsenide, indium 
arsenide, silicon carbide, and in-
dium antimonide and found that 
the implanted junctions are elec-
trically satisfactory. The group has 
implanted boron ions in diamond, 
but sees no appreciable market for 
a diamond circuit. 
The three-to-five-year goal, King 

says, is an all-beam process, with 
the exception of the connection to 
the outside world. An oxide will be 
deposited by a beam-type sputter-
ing process developed at Ion 
Physics, and various controlled 
beams will write the circuit on the 
substrate, selectively remove oxide, 
and deposit thin-film materials for 
resistor and capacitor paths. 
The ion generation system will 

probably be in the 100- to 500-kilo-
volt range, followed by equipment 
to control the size, energy, and di-
rection of a beam or a bundle of 
beams. A feedback system will op-
erate between the beam at the 
workpiece and the control equip-
ment. For large-scale integration, 
a bundle of beams will consist, for 
example, of 100 phosphorus beams 
writing simultaneously, under com-
puter control, on a group of sub-
strates. 

Solar cells were the first devices 
fabricated at Ion Physics by im-
plantation techniques [Electronics, 
April 19, 1963, p. 26]. The company 
produces solar cells on a pilot pro-
duction basis but has equipment 
capable of putting out 2,500 2-by-2 
inch silicon solar cells a month. 
The process has also been applied 
to fabrication of transistors and 

diodes. 
Ion Physics plans to continue 

work on high-frequency transistors 
because it feels that implantation 
offers advantages in junction reso-
lution and depth. 

Advanced technology 

Test tube 

Reliability and stability problems 
have long plagued attempts to 
measure the relative intensities of 
the different wavelengths of light 
sources in space. In efforts to 
measure such things as the faint 
air glow or aurora phenomena in 
outer space, scientists have used 
spectral photometers with rotating 
filter wheels; but the moving parts 
often stick after long use aboard 
satellites. Other experimenters have 
used several tubes, each with its 
own filter, to measure a different 

CATHODE BIAS 
CONNECTION ELECTRODE 

FIELD SHAPING SCREEN 

FOCUSING 
ELECTRODE 

component of light. Eventually, 
however, the photomultipliers have 
drifted, spoiling the measurements. 
Now, a tube that has no moving 

parts and provides four light-level 
readings of different frequencies 
simultaneously has been developed 
by Electromechanical Research 
Inc., Princeton, N.J. 
The new tube is a photomulti-

plier with a cathode divided into 
four quadrants. Although each 
quadrant operates separately, the 
four are fed through a common 
beam-multiplying structure. 

Spectrum. The spectrum range 
covered is slightly broader than the 
visible range-3,000 to 8,000 ang-
stroms, according to the develop-
ers, Martin Rome and O.H. Sack-
erlotsky. 

In operation, when one quadrant 
is turned on the other three are 
reverse biased. Because only 16 to 
20 volts is required to turn the 
quadrants on and off, direct-
coupled transistor switching cir-
cuitry can be used. 
By sequentially switching the 

Yî' 
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ANODE 

VENETIAN BLIND DYNODE 

VOLTAGE DIVIDER 

Down the pipe. Photomultiplier tube has 14 venetian-blind dynodes 
that amplify the electron beam through a series of secondary 
emission steps. The quadrants can be used with individual filters 
to sense the intensity of four color components of a light source. 
The tube is about 61/2  inches long and 2 inches in diameter. 

LAST 
DYNODE 
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SPEER 
COMPONENT 
How to get a real reading on a resistor's 

true function... resistance. 

That's right, we mean plain old elec-
trical resistance. 
The problem with this particular 

parameter it that it's just too basic. It 
doesn't have the exotic intrigue of 
such items as temperature coeffi-
cient, moisture resistance or load 
life. As a result, almost everyone 
takes it for granted—and naturally 
neglects to verify whether or not the 
resistance is actually being properly 
measured. 

For example, if you don't realize 
the importance of using the proper 
test voltage, you can get all kinds of 
remarkable results. 
The culprit in this case is the co-

efficient, not the component you're 
measuring. You can decrease the 
measured resistance of a carbon 
composition resistor by simply in-
creasing the voltage applied ... and 
vice versa. 
Now with low value resistors be-

low 100K improper applied voltage 
won't wreck your readings since the 
VC is comparatively insignificant. But 
if you're measuring resistors above 
100,000 ohms this voltage coefficient 
can throw a real curve. 
So what should your test voltage 

be? According to EIA Specifications 
RS-172, MIL-R-11, and MIL-R-39008, 
resistors above 100K must be tested 
at 80 to 100 volts. 

Yet most commercial testing units 
used by receiving inspection depart-
ments and component evaluation 
laboratories apply, at most a mere 15 
volts. So, unless compensation is 
made for this Voltage Coefficient, 
many lots of perfectly good resistors 
which are well within the parameters 
specified could be indicated as 
somewhat beyond the limit. 

Needless to say, Speer tests and 
sorts all of its resistors at EIA/mili-
tary voltages. 

In addition, we've prepared an ar-
ticle that explores this entire subject 
in greater detail. This article has the 
appropriately basic title: "Resistance 
—How It Is Measured." If you'd like 
a copy, just mail the coupon. 

Are you and your 
inductor supplier committing 
Typical Test Error #6? 
If you've been purchasing any of the 
superb inductors manufactured by 
our Jeffers Electronics Division, we 
may well have warned you about this 
error already. 

It consists of failing to obtain cor-
relation between your supplier and 
your own incoming inspection, in 
cases where inductance tolerances 
of less than 5% are involved. 

Ideally, this step should be com-
pleted before the actual manufactur-
ing operation starts. Your supplier 
should measure and tag sample parts 
and then forward them to you for 
correlation. 
There are seven other possible 

errors that you should also be aware 
of when you're using MIL-C-15305 
testing procedures to measure in-
ductance and Q. We've covered a 
number of these errors already. The 
others will be along shortly. 

a4ieta 
St. Marys, Pennsylvania 15857 

Speer Carbon Co. is a Division of 
Air Reduction Company, Inc. 

Rush a copy of "Resistance—How It 
Is Measured." 

Name 

Title 

Company   

Street  

City State Zip 
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Modular 

Analog-Digital 
Digital-Analog 

Converters 
A- To-D Converters 

41/2 29/1o" 

34" 

MODEL ADC-10,c provides 10 bit 
binary parallel output in 10 micro-
second conversion time . . . accepts 
a ten volt input range . . . contains 
a Clock, Reference Supply, Resistor 
Network and Comparison Amplifier 
. . . triggered by an external com-
mand signal and provides a "Status" 
output level to indicate completion 
of the conversion. 

D-To-A Converters 

D/A/D Series is a group of compati-
ble integrated circuit modules for 
Digital-to-Analog and Analog-to-Digi-
tal Conversion Systems. MODEL 
RM-2734 is a Jam Transfer Stor-
age Register for up to 12 bits. On 
strobe command it will accept and 
store numbers. MODEL RSN-2698 
is a Switching Resistor Network and 
Reference Source. It can be switched 
by micrologic input levels and pro-
vides output binary weighted cur-
rents to a summing point. MODEL 
AM-2612 is a Combination of Two 
Operational Amplifiers with Feed-
back Networks for converting cur-
rents from RSN-2698 to output 
voltages. The use of operational am-
plifiers provides a variety of output 
ranges at low impedance. 

PASTORIZA 
ELECTRONICS, INC. 

385 Elliot St., Newton Upper Falls, Mass. 02164 

(617) 332-2131 
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cathode on, an output signal on a 
single channel can be obtained in 
which the four successive levels 
correspond to the relative light in-
tensities focused on each of the 
quadrants. 
The tube could also be used in 

position indicators and aspect sen-
sors. Each quadrant can be related 
to the x-y coordinates of a light 
beam, and the position of the light 
source can be determined by null-
ing the four signals in a feedback 
loop. Precise nulling is possible be-
cause the tube has a common am-
plifying structure for all four sig-
nals. 

Diode boost 

An avalanche diode capable of 435-
watt pulsed outputs at 400 to 1,010 
megahertz has been developed by 
the Radio Corp. of America. The 
pnn+ diodes deliver several hun-
dred 1-microsecond pulses per sec-
ond with 30% to 40% efficiency. 
The best previous avalanche tran-
sit time diodes yielded only 33-
to 37-watt pulses with 3% to 5% 
efficiency at about 8 gigahertz. 

According to C.K.K. Chang, head 
of the group in Princeton, N.J., that 
developed the new diodes, the next 
steps are to find out how the de-
vices achieve their high efficiency 
and to see if they will deliver con-
tinuous output. Higher diode fre-
quencies and consistent perform-
ance are still sought. Thus far, 
output and efficiency vary from de-
vice to device. 
Up and down. Comparing the 

performance of avalanche diodes 
operating at 8 Ghz with the levels 
reached by the new devices can be 
misleading, since 'power falls as 
frequency increases. If RCA'S di-
odes derate as their predecessors 
did, they would deliver only about 
1 watt at 8 Ghz. However, since 
efficiency need not drop at higher 
frequencies, the input power 
needed to generate that watt could 
be from 10 to 15 times lower than 
previously required. 

Until now, avalanche devices 
with good performance at 400 Mhz 
were rare. The high voltages 
needed for operation at these fre-
quencies often burned out the di-
odes. RCA'S diode withstands the 

approximately 200-volt, 2-ampere 
pulses required by using a circular 
mesa structure 26 mils in diameter 
to spread the heat over a relatively 
large area. A heavy copper mount, 
which doubles as a heat sink and 
an ohmic contact, also is used. 
Diode fabrication begins with a 

substrate of n+ (heavily doped) 
silicon. An n-type epitaxial layer is 
then added, followed by a boron-
doped p-type layer with an abrupt 
junction. The sandwich is etched, 
leaving the circular mesa of p- and 
n-type silicon. The top of the p 
layer is aluminized and a thermally 
bonded gold ribbon lead is used to 
make a second ohmic contact. 
What's the use? The new diodes 

could find their way into Blue Chip, 
RCA'S project for an all-integrated-
circuit radar system, says Harold 
Sobol, who heads the project. To 
do so, the diodes would have to 
operate at about twice the frequen-
cies already reached. Present plans 
call for Blue Chip to use a master 
oscillator having a 2-to-2.5 Ghz fre-
quency range. Varactor diode mul-
tipliers will boost output to X band 
(about 8 to 12 Ghz). 

Industrial electronics 

Automatic draftsman 

Instead of relying on a draftsman 
to convert an engineer's rough jot-
tings of a circuit schematic or logic 
diagram into a finished drawing, 
engineering companies will soon 
be able to turn the work over to a 
drafting system built around an 
automatic phototypesetter. 
A developmental unit called the 

Engineering Graphics System has 
been designed by Photon Inc. of 
Wilmington, Mass. It reproduces 
on film or photographic paper more 
than 750 electronically oriented 
symbols and alphanumeric charac-
ters. 

In addition to handling schematic 
and logic symbols, the system re-
produces symbols found in flow 
charts, plus piping and organiza-
tion diagrams. 

Pick a symbol. A special digitiz-
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Polaroid Land film makes you 
wait 10 seconds for an oscilloscope picture. 
The suspense can be unbearable. 

• 
We're sorry we can't do anything 

about that 10-second wait. 
But if you can bear up under the 

strain, you'll get a sharply detailed, 
high-contrast, trace record. 

You can study it, attach it to a re-
port, send it as a test record along 
with a product shipment, or file it for 
future reference. 
You also get a choice of four films 

for oscilloscope recording in pack, 
roll, and 4 x 5 formats. 

The standard film has an ASA 
equivalent rating of 3000. And if you 
think that's fast, you haven't heard of 
our special film called Polaroid Pola-
Scope Land film. 

411> 41011-`- - 1111> 441> it% 
>4%4> ket1.41148011 
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With an ASA equivalent rating of 

10,000, it's the fastest thing in films. It 
can actually record a trace too fleet-
ing for the human eye [for instance, 
a scintillation pulse with a rise time 
of less than 3 nanoseconds]. 
Of course, Polaroid Land films are 

as quick to point out a mistake as they 
are to point out a success. 
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If your trace shows an error, you 
know it right away. And you never go 

through the tedium of darkroom pro-
cedure only to find out that your blip 
was a blooper. 
To use these films on your scope, 

you need a camera with a Polaroid 
Land Camera Back. Most manufac-
turers have them. Such as: Analab, 
Beattie-Coleman, BNK Associates, 
Fairchild, EG&G, General Atronics, 
Hewlett-Packard, and Tektronix. 
You can get complete details by 

writing to one of these manufacturers 
or to Polaroid Corporation, Sales De-
partment, Cambridge, Massachusetts 
02139. 

By the way, if 10 seconds fray your 
nerves, just imagine what it was like 
when Polaroid Land film made you 
wait 60 seconds to see your trace. 
"Polaroid" and "PolaScope"® 

'111.1" 
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Polaroid Land Film for Oscilloscope Photography. 



B 1G NEW 
narda 

CATALOG 

a».1"49,bl, 
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RESERVE YOUR 
COPY NOW BY 
WRITTEN REQUEST. 

Jammed packed with useful infor-
mation, tables and product specifi-
cations, this easy-to-use catalog will 
never find its way to the file shelf 
—keep on your desk as a ready, 
reliable source for precision micro-
wave and rf test equipment and 
devices. 
Please send me new Narda Micro-
line catalog  

NAME  

TITLE   

COMPANY   

ADDRESS   

CITY   STATE  

ZIP  PHONE  

I am particularly interested in 
(application)   

My frequency is   
D I do not have your previous 

catalog. 
EI I do have your previous catalog. 

• • • 

The Narda Microwave Corporation 
I • • Plainview, L. I., New York 11803 j 
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ing table is used to select the sym-
bols from a chart. The symbols' 
location on the diagram is stored 
on a punched tape; alphanumerics 
are entered on a Flexowriter. 
The tape is then processed in a 

computer that prepares the infor-
mation in sequence on either paper 
or magnetic tape. This processed 
tape is then fed into a phototype-
setter. 
The phototypesetter stores the 

symbols and characters in a film 
memory and then reproduces them, 
under tape control, in a finished 
drawing on film or photographic 
paper. Lines are drawn by sequen-
tially exposing segments of a 
straight line stored in the memory. 
The system, with two digitizing 

consoles, a phototypesetter, and 
programing, will cost $85,500. 

Communications 

Predicting blackouts 

An experimental advance-warning 
system for proton events on the 
sun, which disrupt long-range radio 
communications, has been estab-
lished at the University of Paris, 
Meudon, France. It has already suc-
cessfully predicted radio blackouts 
on earth caused by solar flares. 

Called the proton flare watch, the 
network was established as a result 
of the International Years of the 
Quiet Sun. A satellite, Solrad 8, 
developed by the U.S. Naval Re-
search Laboratory at Washington, 
is one of the system's key compo-
nents. In addition to the satellite, 
about 20 observatories around the 
world are feeding information to 
the French center. 
"The flare watch is not a practical 

warning network for communica-
tors, but we are learning a great 
deal which will lay the base for en-
gineers to predict these blackout 
events," says Herbert Friedman, a 
scientist at the Naval lab. "It hasn't 
quite reached the stage when all 
the bugs are ironed out, but the 
mode of work has already given us 
knowledge about how an opera-
tional network might work." 
The project has profound impli-

cations in the manned space pro-

gram, says Friedman. A warning 
of several hours to several days in 
advance of a proton event would 
give astronauts sufficient time to 
reach the safety of a shelter. 

Companies 

In the wake 

Two high-level operations men 
have resigned from Texas Instru-
ments Incorporated's Semiconduc-
tor-Components division, indicating 
that the smoke still hasn't cleared 
from the firm's recent managerial 
shakeup [Electronics, Feb. 6, p. 33]. 

Latest to leave are James R. 
Reese, assistant vice president and 
the division's operations manager, 
and A.N. Provost, manager of the 
division's year-old Sherman, Texas, 
plant. Both resigned late last 
month. 

Another key figure, Earl Comer-
sall, who had headed up integrated 
circuits manufacturing before J. 
Fred Bucy replaced Cecil Dotson 
as division manager, is currently on 
"temporary assignment" to the divi-
sion's purchasing department. 

Reese plans to form his own com-
pany. 
A source close to him said: "The 

new regime wanted to rearrange 
some operations in the division and 
Reese would have been left with 
a different type job than he was 
used to. He has always wanted to 
operate his own business and he 
felt this was a good time to step 
out." 
No replacement has been named 

for Reese, who had all product 
groups reporting to him. 

Provost was succeeded by Ed-
ward P. Miles Jr., manager of Ti's 
Nice, France, plant and before that 
manufacturing manager and con-
troller in Dallas. 

Computers 

Think a bit 

Everybody talks about how nice it 
would be to have a remote terminal 
in a time-sharing system that could 
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King Radio needed: 
capacitors that stay reliable even 

with extreme cold, humidity 
and vibration. 

So King Radio chose: capacitors 
of ÀR 

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 +150°C; 
MYLAR remains constantly stable un-
der humid conditions. 

*Du Powrs REGISTERED TRADEMARK FOR ITS roversurt 

But reliability 
isn't the only reason King 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. Wilmington, Delaware 19898. 
(In Canada, for information write 
Du Pont of Canada Ltd., Post Office 
Box 660, Montreal, Quebec.) 

oport MYLARD 
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This new DVM from 
Trymetrics proves— 
,   

Eleven 
(plug-in) 

heads are 
better 
than one! 

DELIVERY FROM STOCK 
ON MOST MODELS 
Models 103-104-105 
Single range plug-in heads 
10V, 1V, 100MV 

Models 300A-400A-500A 
3, 4 and 5 automatic range 
plug-ins; 10AV-1000VDC 

Q .44‘ Models 300M-
400M-500M 
3, 4 and 5 manual 
range plug-ins; 
10 AV-1000VDC 

Check these Trymetrics features: 
• Full 4 digit resolution. • Accuracy 
±-0.01% of reading ±1 count. Automatic 
polarity and overscale indicator. • High 
common mode rejection. IS Complete range 
of plug-in heads for optimum flexibility. All 
silicon solid state circuitry. • Operation up 
to 50°C. u Sampling speeds up to (10) 
samples/second. • Sensitivity to 10 AV. IN 
BCD printer output. • Crystal controlled 
oscillator guarantees ultra stable voltage-to. 
time conversion system. 

Check this Trymetrics price: 
Model 4000 DVM $840 with Model 103 10V 
Range Plug-In. For complete information 
and prices, write to: 

TRYMETRICS 
Corporation 

204 Babylon Tpke., Roosevelt, L.I., N.Y. 
Phone 516-378-5020 Zip 11575 
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do some of its own low-level com-
putation, but not much has been 
done about it. Now engineers in a 
year-old custom design house in 
Southern California have come up 
with just such a terminal—really a 
small computer redesigned for this 
particular application. 

Richard F. Musson, president of 
the Digital Logic Corp. in Orange, 
Calif., and his vice president, Jer-
ald C. Murphy, have added some 
circuitry to the PDP-8/S computer 
manufactured by the Digital Equip-
ment Corp. The RDP-8/S is the first 
computer to sell for under $10,000; 
as such, it is a small, slow cousin 
of the same company's RDP-8. It 
comes with a teletypewriter as 
standard equipment; the teletype-
writer is its input-output console. 
Musson, Murphy, and their col-
leagues, drawing on Murphy's ex-
perience as a former applications 
engineer at Digital Equipment, 
added an external data channel, 
and an autoloader to the PDP-8/ S. 
This gives it the capability to act as 
a remote terminal as well as com-
pute. The external data channel 
permits up to four input-output 
devices, such as card readers or 
printers, to run at once; the auto-
loader, or bootstrap loader, -simpli-
fies starting up the machine when-
ever a new program is entered. 

For the record 

Updraft at Xerox. Abe M. Zarem 
lias been named senior vice presi-
dent and director of corporate de-
velopment at the Xerox Corp. 
[Electronics, May 1, p. 35] Zarem 
is founder and chairman of Electro-
Optical Systems Inc. (Eos), a Xerox 
subsidiary that is about to be 
merged with the Xerox's Informa-
tion Systems division. Sanford C. 
Sigoloff has been elected president 
and chief operating officer of EOS, 
rising from the post of executive 
president. 
Change of command. Edgar A. 

Sack has succeeded R.A. Shieber as 
general manager of the Westing-
house Electric Co.'s Molecular 
Electronics division. The switch 
should mean little change in the 

division's product programs; in his 
former position as assistant man-
ager, Sack already had been di-
recting the division's product de-
velopment. Shieber left Westing-
house after 26 years service to take 
the new position of staff vice presi-
dent for manufacturing at the Radio 
Corp. of America's Defense Elec-
tronic Products division. 

Radar ready. The first modules of 
Texas Instruments Incorporated's 
MERA solid state radar are in opera-
tion and working well, according 
to Tom Hyltin, head of the devel-
opment program. To be delivered 
to the Air Force in mid-April, 1968, 
MERA is an all integrated cir-
cuit terrain-following radar using 
600 identical oscillator-amplifier-re-
ceiver modules in a phased array. 

Design change. The Port of New 
York Authority has changed plans 
for one of its twin, 110-story World 
Trade Center office buildings so it 
can carry the weight of television 
transmitters and antennas. This is 
another move in the Port Author-
ity's running battle with owners of 
the Empire State Building over 
possible television interference and 
transmitter location. 

Easy incision. Bell Telephone 
Laboratories has developed an 
articulated arm that makes it easier 
for surgeons to use a laser beam 
as a scalpel. The beam is guided 
through several hollow-tube sec-
tions that are connected at right 
angles by hollow blocks. Prisms 
within the blocks bend the beam 
90°. Previously, spherical mirrors 
or fiber-optic bundles carried the 
laser beam. 

Built-in mother-in-law. The Ford 
Motor Co. is experimenting with a 
driving-pattern monitor that counts 
the number of times a driver moves 
his steering wheel to change direc-
tion. If the count is too high, the 
device buzzes, alerting the driver 
to his erratic steering. The device 
also buzzes if the count is too low, 
warning the driver that he may not 
be paying attention. The company's 
subsidiary, the Philco-Ford Corp., 
has set up an automotive electronic 
development laboratory at Blue 
Bell, Pa., to develop control, com-
munications, and entertainment 
gear for autos. Philip H. Cholet 
will head the lab. 
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Series 180* 
1-1/4' x .325 x .295 

Rectilinear 

Series 170* 
1/2' Square 

Series 171* 
1/2' Square 

CTS Cermet Trimmers 
+ 100 PPMI C T.C. Available (Series 185) 

cT 

1  Series 180PC* 
1-1/4R'ecx 

Rectilinear .295 

j 
Series 385* 

11/32' dia., single turn 

NEW Series B180 
1.30 X .378 X .385 

Rectilinear 

NEW Series B185 
1.30 X .378 X .385 

Rectilinear 

Series 172,1/4 
1/2" Square 

"1fflt-

Series 630 
1/2' dia., single turn 

ti ir1'0 Series 660PC 
3/8' dia., single turn 

111111191111 NEW.Series 185 PC 
1-1/4' x.345 x .290 

Rectilinear 

NEW Series 630 P 
1/2' dia. 

single turn 
Series 600LT* 

2' dia., single turn 
locking bushing 

NEW Series 185 
1-1/4' x .345 x .290 

Rectilinear 

te 
Series K350* 

1/2' dia., single turn 
knob operated 

Series 350* 
1/2' dia., single turn 

CTS Wirewound Trimmers 
Infinite Resolution Available. Stability .025% (Series IRW) 

Series 110* 
3/4' dia., single turn 

eSeries XPC110 
3/4' dia., single turn 

-411110*--diligh,...egott 
Series C140* 

1-1/4' x .325 x .295 
Rectilinear 

Series C140PC* 
1-1/4' x .325 x .295 

Rectilinear 

Series 112* 
3/4' dia., single turn 

Series 117* 
fi 3'4' dia., single turn 

-711W 

CTS Carbon Trimmers 
for Lowest Prices 

Series 330 
1/2' dia., single turn 

Series 220* 
7/16' x 1/2' single turn 

Series P115* 
3/4' dia., single turn 

Exclusive Series IRW 
1-1/4' x .325 x .295 
Rectilinear spiral 
infinite resolution 

Series U201* 
19/32' dia., single turn 

knob operated 

411) 

Series 115 
3'4' dia., single turn 

Series 160 
1' x .320 x .180 

Rectilinear 

NEW Series 116 
3/4' dia. 
single turn 

• r • 

eeryj NEW Series 330 P 1/2' dia. 
single turn 

,Series X201* 
19/32' dia., single turn 

knob operated 

7 New Trimmers added to CTS' Extensive Line 
CTS TECHNOLOGICAL SUPERIORITY GIVES YOU: 

CD Broadest Line of cermet trimmers. 

pie Wide range of wirewound and carbon trim-mers. 

Prices from 10¢ to $17.60 for industrial, 
military and entertainment applications. 

Engineering versatility for challenging 
design requirements. 

Precision controlled production from raw 

Unsurpassed mass production capability. 

materials to finished product. 

*Immediately available from distributor stocks. 

CTS will also design to your 
exact specifications. CTS is 
a major trimmer supplier. 

Founded 1896 

CTS 
CORPORATION 

Elkhart, Indiana 

Request New Time-Saving Trimmer 
Selection Catalog. Contains 
complete technical data for 
every CTS trimmer. 

Sales Offices and Representatives conveniently located throughout the world 

Principal Products 

Variable Resistors 
Selector Switches 
Loudspeakers 
Trimming Potentiometers 
Microminiature Components 
& Circuit Packages 

Crystals, Filters, 
Oscillators & Ovens 

Subsidiaries: 
CTS of Asheville, Inc., Skyland, N. C. 
CTS of Berne, Inc., Berne, Indiana 
CTS of Paducah, Inc., Paducah, Kentucky 
Chicago Telephone of California, Inc., 

South Pasadena, California 
CTS of Canada, Ltd., Streetsville, Ontario 
CTS Microelectronics, Inc., Lafayette, bd. 
CTS Research, Inc., Lafayette, Indiana 
CTS KnighInc., SaMaggiàwy, 
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4 to 6 weeks on 
50,000 pieces... 

(1/10 through 1/2 watt, 1% tolerance) 

otter 
metal film 
deliver 

from 

Four to six weeks on 50,000 pieces-1/10 through 1/2 watt, 1% toler-

It
ance! That's better delivery on metal film resistors—much better. No use 
camouflaging the fact that you swamped us with an unprecedented de-
mand for our Metal Film line. To meet this demand we have increased 
our capacity more than 60%—and we're geared to go even further when 
you say so. Need better film delivery? Call Dale today 402-564-3131. 

DALE ELECTRONICS, INC. , 
130028th Ave., Columbus, Nebraska 68601 

In Canada: Dale Electronics Canada, Ltd. 
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Washington Newsletter 

May 15, 1967 

Vietnam priorities 

slow FAA program 

On-again, off-again 

radio-tv on again 

FAA ruling to open 

new avionics market 

The Vietnam war is slowing implementation of a civilian automatic air 
traffic control system in the U.S. Two of the first four common digitizers 
made by Burroughs for the Jacksonville, Fla., traffic control center 
have been preempted by the military and shipped to Saigon for the busy 
airport there. This means that the Jacksonville center—first of 20 across 
the nation—will be limited in its capability until as late as December 
1968. Full tests were scheduled to begin at Jacksonville next spring by 
the FAA. 

The on-again, off-again FCC tests of transmissions from mobile radio 
equipment over unused tv channels in the vhf range are now slated 
to begin about June 1 on Channel 6 in Washington. First scheduled 
for April [Electronics, March 6, p. 67], the tests were delayed, and 
apparently doomed, when three manufacturers who were going to lend 
equipment and technical support to the test—RCA, GE, and Motorola— 
suddenly told the FCC they were withdrawing. But just as suddenly, 
the companies had a change of heart and agreed to participate. 
The FCC is confident the feasibility trials, which will continue for 

several months, will show that it can assign unused commercial tv fre-
quencies to mobile-radio operators without causing any interference 
with tv signals. Television broadcasters are opposed to giving up any of 
their spectrum space. 

Impending action by the Federal Aviation Administration will open 
up a new market for advanced avionics equipment. Planned FAA regu-
lations would permit a privately owned aircraft to land at a major 
airfield during periods of low visibility if the craft were equipped with 
about $60,000 of additional electronics gear. The Category 2 landings 
—under conditions of 100-to-150-foot ceiling and 1,200-foot visibility— 
currently can be made only by military and commercial aircraft. Private 
aircraft can use these fields only when visibility is at least a half-mile. 
The FAA estimates that owners of about 500 private aircraft—mostly 

corporations—will buy the additional electronics equipment during the 
next five years. 

Another AAFSS? A proposal is being prepared by a four-company team for a surveillance 
version of the Advanced Aerial Fire Support System (AAFSS) helicopter. 
The proposal is unsolicited and probably won't even be submitted 
until early this summer, but it already has tacit Army approval. 
The helicopter envisioned would incorporate an integrated avionics 

system that some Army critics say would correct faults inherent in 
the Integrated Helicopter Avionics System (IHAS), some portions of 
which are being designed into the first AAFSS helicopter (AH-56A). 
These critics contend that IHAS has too many instruments and controls 
for the pilot to handle efficiently. The new system would have a less 
complicated instrument panel and simpler controls. Some say that IHAS 
also has too few communications links with the ground; the new system 
would add channels to improve tactical air control and navigation. 
Under the proposal, Lockheed-California would provide systems inte-
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gration and build the airframe; Honeywell would study mission needs 
and develop new infrared sensors; Cutler-Hammer would design new 
forward- and side-looking radar systems; and Cubic would build navi-
gational subsystems. 

Army musters 

the night watch 

Warships may get 

2 antennas to keep 

space links intact 

F-111 is best bet 

for Navy's Phoenix 

FDL, in hot water, 

may be refloated 

The Army has consolidated several night-surveillance programs into a 
single effort called Sea (for Southeast Asia) Niteops. The two-year, multi-
million-dollar program includes low-fight-level television and other 
image-intensification techniques. Improved signal processing and better 
sensor technology are listed as key program needs by the Army's chief 
scientist, Marvin E. Lasser. Most of the work on the project will be done 
at Ft. Monmouth, N.J., and Ft. Belvoir, Va. 

The Navy is considering equipping each of its ships with two satellite 
communication antennas. Because present shipboard satellite antennas 
are too large for mounting atop masts, line-of-sight links to satellite 
repeaters would be blocked by a ship's superstructure and masts. The 
installation of two separate antennas to fix on a spacecraft is one way 
to get around this obstruction problem, notes Capt. M.D. Van Orden, 
who runs the Navy's satellite communications development office. Inter-
ference from the forest of radiating antennas aboard a modern man-of. 
war also is a problem, and the Navy is trying to develop ways to reduce 
spurious harmonic radiations in the crowded ship environment. 

Despite these hurdles, the Navy expects to begin to use satellite links 
for most communications to and from major ships by the early 1970's. 

Although evaluation tests are barely under way, it now appears probable 
that the Navy will order into production its trouble-plagued version of 
the General Dynamics F-111 (formerly the TFX). The reason: however 
short of specifications the plane may fall, the Navy's top brass has 
decided that no other aircraft can better serve as a vehicle for Hughes 
Aircraft's Phoenix missile in the 1970's. 
The Phoenix system, with its long-range multiple tracking and attack 

capability, has been described as vital by Navy Secretary Paul Nitze 
and Adm. David McDonald, chief of naval operations, in testimony 
before Congress. Though it fell a year behind in development, the 
Phoenix has now operated more than 8,000 hours on a test basis, includ-
ing three successful guided firings. 

Scuttled by the Senate, Defense Secretary McNamara's Fast Deployment 
Logistics Ship project may yet be refloated. Indications are that a com-
promise is in the offing in which Congress will give the go-ahead for the 
construction of two prototypes without committing itself to a long-range 
program. But hopes for an automated shipyard appear to have run 
aground—at least for now. 
McNamara's plan for 30 FDL's was handed a severe jolt when the 

Senate withdrew authorization for two FDL's already approved for the 
current fiscal year [Electronics, April 3, p. 65]. The House is expected 
to okay funds for four prototypes, but wants to take a hard look at the 
entire program next year. The outlook: Senate-House conferees will 
salvage the FDL program by approving the original two prototypes. 
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INTERLOCKING CIRCUIT PROTECTION 
EASY 

MADE Refeter WITH 
AIRPAX SERIES 50 APL 
CIRCUIT PROTECTORS APL 3 

SHUNT TYPE 

AN EXAM PLE: In interlocking circuit protection, the problem is to inter-
rupt power to one circuit when the current in another 

circuit exceeds its rated limit. The solution is easy with Airpax Series 50 APL circuit 
protectors. These electromagnetic time-delay protectors are assembled in a variety of 
connections. Several protectors can be ganged mechanically so that when one trips 
it opens the others. For example, equipments A and B operate jointly; if either fails, 
the other should be shut down. Each draws a different load; each has different inrush 
and transient overload characteristics. The solution is easy: select two different 
Airpax Series 50 APL protectors, each matched to the equipment it protects. If shut-
down alarm is needed, choose one protector with separate contacts for remote 

indication. Mechanically gang the protectors, and there you have it. The table below 
shows stock combinations ready for your order. 

SERIES WITH REMOTE 

AIRPAX ELECTRONIC 

400 Cps 

TWO POLE PROTECTOR 

I AIRPAX ELECTRONICS INC 

CAm, 

TYPICAL Typical 
Trip Time 

DATA (Seconds) 
At 150% 
of Rated 

Power Delay Current 

50 0.02 
Dc 51 0.77 

52 12 

60 0.04 
60 Cps 61 1.22 

62 14 

40 0.03 
41 1.34 
42 19 
43 168 

Types Circuits 

APL 1 1 Pole, Series 

APL 3 1 Pole, Shunt 

APL 11 2 Poles, Both Series 

APL 13 2 Poles, 1 Series, 1 Shunt 

APL 111 3 Poles, All Series 

APL 113 3 Poles, 2 Series, 1 Shunt 

APL 4 1 Pole, Relay 

APL 1-R 1 Pole, Series, with Remote 

APL 14 2 Poles, 1 Series, 1 Relay 

APL 11-R 2 Poles, Both Series, 1 Remote 

APL 114 3 Poles, 2 Series, 1 Relay .4 

APL 111-R 3 Poles, All Series, with 1 Relaï. 

Standard 
Ratings 

(Amperes) 

0.050 
0.100 
0.250 
0.50 
0.75 
1.00 
2.5 
5.0 
7.5 

10.0 
15 
20 
25 
30 
50 

MORE 

DATA 

We've a lot more data: delay 
curves, coil impedances. 
and several typical protec-

tor applications. Ask for 
Bulletin 16E-5R. 

S CAMBRIDGE DIVISION • CAMBRIDGE, MD. 21613 
incorporated PHONE (301) 228-4600, TWX (710) 865-9655 
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Specify CORNING' 
Glass-K Capacitors ... for confidence 
Considering the finality of bypass failure, anything 
less than the reliability of glass is false economy. 
CORNING Glass-K Capacitors guarantee 
that reliability in two case sizes. 
Get 1000 to 51,000 pf in .250"x .100", and 21,000 
to 100,000 pf in .250" x .140". 

.250 1 

.100 -D 

Specify CORNING Glass-K Capacitors 
when you need: 
• bulk capacitance in minimum case size 
• the total design flexibility of three stability 

characteristics, T, U, and V 
• capacitor A to track capacitor B with the 
positive retraceability of glass 

• minimum power attenuation and phase error 
with CORNING Glass-K Capacitors' low power factor 

• tight end of life design with the guaranteed low 
capacitance change of CORNING Glass-K Capacitors 

• adaptability to cordwood, printed circuit, 
and point-to-point packaging. 

Get all this in a competitively priced 
unit that gives AC with life as tight 
as 2%, IR greater than 100,000 megohms, 
D. F. as low as 1%, and standard 
item delivery of two weeks or less. 
Tell us what you want a bypass/filter capacitor 
to do, and we'll tell you which CORNING 
Glass-K Capacitor will give you the 
confidence you need. 
For complete data, write to: Corning Glass Works, 
Electronic Products Division, 
3913 Electronics Drive, Raleigh, N. C. 

CORNING 
ELECTRONICS 
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The most 
significant standard 
product advance in 
large scale inte-
gration: Philco's 
pL5R100 dual 50-bit 
MOS shift register. 

Available now at a 
price of 61c per bit in 
quantities of 100. 
Full MIL or limited 
temperature ranges. 

For delivery 
information, call the 
following Division 
Sales Offices or sales 
representatives. 

CALIFORNIA 

Philco-Ford Sales Office 
2920 San Ysidro Way 
Santa Clara, California 
Phone: (408) 245-2966 

Philco-Ford Sales Office 
999 North Sepulveda 
Suite 414 
El Segundo, California 
Phone: (213) 772-6226 

COLORADO 
Straube Associates 
P. O. Box 1649 
Boulder, Colorado 80301 
Phone: (303) 443-8600 
TWX: 910-940-3244 

CONNECTICUT 
J & J Associates 
953 Dixwell Avenue 
Hamden, Connecticut 06514 
Phone: (203) 624-7800 

FLORIDA 

Philco-Ford Sales Office 
1215 Drew Street 
Clearwater, Florida 
Phone: (813) 446-0124 

ILLINOIS 
The John G. Twist Company 
5222 West Diversey Avenue 
Chicago, Illinois 60639 
Phone: (312) 777-2250 
TWX: 312-265-1165 

INDIANA 

R. O. Whitesell & Associates 
6620 East Washington Street 
Indianapolis, Indiana 46219 
Phone: (317) 359-5374 
TWX: 810-341-3320 

Central Building, Room 272 
Fort Wayne, Indiana 46802 
Phone: (219) 743-4411 
TWX: 219-241-0894 

IOWA 

Technical Marketing Associates 
850 Lindale Drive 
Marion, Iowa 52302 
Phone: (319) 377-4555 

KENTUCKY 

R. O. Whitesell & Associates 
3620 Lexington Road 
Lex-Manor Building, Room 223 
Louisville, Kentucky 40207 
Phone: (502) 893-7303 

MASSACHUSETTS 
Philco-Ford Sales Office 
Northwest Industrial Park 
Second Avenue 
Burlington, Massachusetts 01803 
Phone: (617) 272-1600 

MICHIGAN 

R. O. Whitesell & Associates 
16801 Wyoming, Room 109 
Detroit, Michigan 48221 
Phone: (313) 862-2225 
TWX: 313-342-0648 

303 Fidelity Building 
Benton Harbor, Michigan 49022 
Phone: (616) 927-2041 
TWX: Detroit Office 

MINNESOTA 

Technical Associates, Inc. 
6121 Excelsior Boulevard 
Minneapolis, Minnesota 55416 
Phone: (612) 929-6115 
TWX: 910-576-3400 

MISSOURI 

Technical Marketing Associates 
2050 Woodson Road 
Suite 210 
St. Louis, Missouri 63114 
Phone: (314) 427-3600 
TWX: 314-426-3149 

7546 Troost 
Kansas City, Missouri 64131 
Phone: (816) JA 3-7865 

NEW YORK 
Philco-Ford Sales Office 
New York, New York 
Phone: (212) 244-1373 

Graydon-Sherman Inc. 
Davis Building 
Fayetteville, New York 13066 
Phone: (315) 637-9611 
TWX: 710-541-0241 

OHIO 
R. O. Whitesell & Associates 
Magek Building 
21139 Lorain Avenue 
Cleveland, Ohio 44126 
Phone: (216) 333-2585 
TWX: 810-421-8521 

4133 South Dixie Avenue 
Dayton, Ohio 45439 
Phone: (513) 298-9546 
TWX: 810-459-1827 

1172 West Galbraith 
Cincinnati, Ohio 45231 
Phone: (513) 521-2290 
TWX: Dayton Office 

1350 West Fifth Avenue 
Columbus, Ohio 43212 
Phone: (614) 488-9731 
TWX: Dayton Office 

PENNSYLVANIA 
Philco-Ford Sales Office 
Benson Manor, Suite 114B 
Washington Lane 
Jenkintown, Pennsylvania 
Phone: (215) 885-0430 

R. O. Whitesell & Associates 
Penn Center Building 
201 Penn Center Boulevard 
Pittsburgh, Pennsylvania 15206 
Phone: (412) 242-0100 
TWX: Cleveland Office 

TEXAS 
Dunbar Associates 
417 Meadows Building 
Dallas, Texas 75206 
Phone: (214) 363-2536 
TWX: 910-861-4368 

WASHINGTON 

Philco-Ford Sales Office 
Suite 208 
700-108th Street, N.E. 
Bellevue, Washington 
Phone: (206) 454-5061 

WASHINGTON, D.C. 
Philco-Ford Sales Office 
815 Connecticut Avenue, N.W. 
Washington, D.C. 20006 
Phone: (202) 298-7810 

SPECIAL OFFER 

For your free MOS book. 
write to 2920 San Ysidro Way 
Santa Clara, California 95051. 

PHILCO 

PHILCO-FORO CORPORATION 
Microelectronics Division 
Santa Clara, California • 95051 
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From the recognized leader in 

CLARE offers 
4T1V0 SIZES 

erhree PACKAGE 
CONFIGURATIONS 

our DIFFERENT 
SWITCHES 

OFiVe COMPLETE LINES 
A. Clareed Open-coil Relays 
for pcb (CRT, CRTN) 

B. Clareed Metal-enclosed 
Modules for pcb (CRM) 

C. Clareed Relays (plug-in or 
solder type) for wired assem-
blies (CRA, CRB) 

D. MicroClareed Epoxy-mold-
ed Modules for pcb (MR ME) 

E. MicroClareed Open-coil 
Relays for pcb (MRMC) 

CLAREED RELAY CHARACTERISTICS 

GENERAL PURPOSE HIGH VOLTAGE MERCURY-WETTED MICRO CLAREED 

Contact Arrangements 
Enclosed Modules 
(up to 3 spaces) 

Open Coil Modules 
(up to 12 spaces) 

Round Cans 
(up to 12 spaces) 

Forms 

A, B, C 

A, B, C 

A, B, C 

Forms 

A, B, C 

A, B, C 

A, B, C 

Forms 

A, B 

A, B 

A, B 

Up to 5 form A 

Up to 5 form A 

Contact Rating 
Switched Load 

Carry Load 

15 va max., non-inductive 
1 amp max., 250 v max. 
5 amps max., not switched 

15 va max., non-inductive 
1 amp max., 250 v max. 
5 amps max., not switched 

50 va max., non-inductive 
3 amps max., 500 v max. 
5 amps max., not switched 

10 va max., non-inductive 
.750 amp max., 200 v max. 
2 amps max., not switched 

Life Expectancy 
High Level Load 

Low Level 

20 x 106 operations 
.500 amp, 28 v 

100 x 106 operations 

20 x 10, operations 
.500 amp, 28 v 

100 x 106 operations 

100 x 106 operations 
3 amps, 16.5 y 
1 x 10, operations 

10 x 106 operations 
.125 amp, 28 y 

100 x 10, operations 

Stand-Off Voltage 500 y rms 1500 y rms, Standard 
5000 y peak, Special 

1000 y rms, Standard 
3000 v peak, Special* 

250 y rms 

Operate Time•• 
(nominal coil power. 

including bounce) 
As low as .6 ms As low as .5 ms 

Must Operate Sensitivity As low as 80 mw As low as 60 mw 

'AVAILABLE WITH SPECIAL ASSEMBLIES **DEPENDING ON NUMBER OF CONTACTS 
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sealed-contact reed relays - 

:Maximum Choice in 

REED 
RELAYS 
Your application determines the Clareee 
Relay you use...with the versatile Clareed 
and MicroClareed lines! 

These high-reliability, long-life reed relays 
offer you the inherent maintenance-free 
reliability of contacts sealed in glass... 
switching speeds in the low millisecond 
range...a variety of operate power and 
contact loads.., plus your choice of en-

Left to right: General Purpose, Mercury-Wetted, 

High Voltage, MicroClareed 

closed pcb modules, open-coil pcb relays, 
or round cans for wired assemblies. 

Clareed and MicroClaree0 Relays are 
Clare-built from start to finish...with 
automated, superclean production assur-
ing you Clare quality and Clare reliability. 
All are 100% tested for dielectric strength, 
operating characteristics, contact resist-
ance, and seal integrity. 

Choose the relay characteristics you need. 
Clare will help you specify for long life 
and utmost economy in operation. 

For complete information, 
ask your Clare sales engineer, 

circle the Reader service number below, 
or write 

Group 5N4 

C. P. CLARE & CO. 
3101 Pratt Blvd. 

Chicago, Illinois 60645 

relays and related control components 
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While other major semiconductor 
manufacturers are eagerly trying... 

One company has already mastered the practical 
production of Large Scale Integration ... 

Only General Instrument's exclusive 
MTOS (Metal-Thick-Oxide-Silicon) 

process provides Large Scale Integration 
without the need for high-cost 

discretionary wiring. 

Before MTOS, there existed no prac-
tical Large Scale Integration of any 

real significance. LSI, much discussed, 
widely experimented with, and her-
alded throughout the industry as the 
microcircuitry of the future, was just 
that...the microcircuitry of the future. 

While MOS represented an important 
step on the road to LSI, what was re-
quired to make LSI a present-day 
reality was a major technical break-

through. General Instrument's exclu-
sive MTOS process provided that 

breakthrough. For the first time, yield, 
cost, reliability and performance para-
meters are being effected that make 
LSI a dramatic and meaningful reality 

...today. 

The MTOS process— 
second generation MOS 

In the MTOS process a thick oxide is 
grown over the entire silicon chip ex-
cept for the gate regions. The thin 

oxide over the gate regions is retained 

to keep the threshold voltages low. 
The thick-oxide layer produced by the 
MTOS process is ten times as thick 
over the P-regions as any other known 
process employed in the manufacture 

of MOS devices. This strengthened 
thick-oxide layer over the P-regions, 
and the sequence of steps used in the 
MTOS process, which limits the etch-

ing time before metallization, elimi-
nate the problems caused by pinholes 
that could occur at crossover points, 

a major cause of failure in integrated 
circuits. Further, the thick oxide over 
the P-regions also minimizes the possi-

bility of electrical short-circuits caused 
by the breakdown of the oxide result-
ing either from a flaw in the oxide 
layer or an accidental overvoltage. 

Speed and MTOS 

Because crossovers occur over the thick 
oxide, stray capacitance is reduced, 

thereby increasing frequency and 
switching speeds by a factor approach-
ing 10 for the more complex circuits. 

The MTOS process, in providing 

higher yields, permits the production 
of larger, more complex chips. This 

increased complexity makes possible 

the utilization of highly sophisticated 
circuitry to further improve speed ca-
pabilities. One example of such a 

circuit now in use is a multi-phase 
dynamic system which not only en-
hances operating speeds, but reduces 

still further the low power dissipation 
inherent in MTOS circuits. MTOS 
arrays are now being delivered with 

rated operating frequencies of 5M Hz. 
(Pilot production devices are operat-

ing at still higher frequencies.) 

• LSI means Large Scale Benefits, too... 

The unprecedented packaging density 
and high yields made possible with 

the MTOS process provide cost and 
reliability advantages never before at-
tainable in integrated circuits. In ad-
dition to the resulting lower initial 

costs per function, costs are further 
reduced by the elimination of most 

external wiring, printed circuit boards 
and assembly labor. Moreover, by 

minimizing the need for external in-

terconnections, a higher order of re-
liability, improved performance and 
product yield are obtained, making 

available the most complex functions 
so far achievable on a single mono-

lithic chip. 

What MTOS can do for you 

• It can lower the cost of your equip-

ment 
• It can shrink the size of your equip-

ment 
• It can upgrade the reliability of your 

equipment 
• It can improve the performance of 

your equipment 
• It can put you ahead of your less 

innovative competitors...and at 
least abreast of your more aware 

ones! 

General Instrument's exclusive MTOS 

has made Large Scale Integration a 
practical reality. There is no longer 

any need to await the possible future 

developments of LSI ...It is ready now 
for utilization in your equipment de-

signs — whether you want to choose 
from the only broad line available, or 
in order to meet your special require-

ments—at General Instrument. 

Write for full information and the 

"MTOS Circuit Digest." 

GENERAL 

Ell 
INSTRUMENT 

GENERAL INSTRUMENT CORPORATION 
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WE STOPPED 
AT 

THE WORLD'S 1) SHOWN ACTUAL SIZE 

MOST VERSATILE RELAY 

Ounce for ounce, our new vacuum 
relay controls more power for more 

applications than any other 
relay in the world. 

11%N.  

We're talking about the wholly new 

ITT Jennings R F I relay, the relay that 

gives you a low cost, high quality solu-

tion to almost any relay application! 

Now, for the first time, the advan-

tages and reliability of vacuum relays 
are available for an almost unlimited 

number of switching applications in a 

package that occupies less than 1/3 

cubic inch ... weighs less than 3/4 of 

an ounce. Yet they cost no more than 

other relays of their power level. . 

No other relay comes close to pro-

viding all these advantages for so 

many fields: 

COMMUNICATIONS—Switching Radar 
Transducers, Antenna Switching, RF 

Coil Tapping, Switching in RF Circuits. 
• 2 kv peak operate voltage at 16 mc 

• Carries 4 amps rms at 16 mc •.020 
ohms maximum contact resistance re-
mains permanently low. 

AIRCRAFT/MISSILES/SATELLITES — 

Switching Grid and Plate Circuits, 

Switching Ground Control Equipment. 
• Resists 10 g to 2000 cps vibration 

• Impervious to environmental condi-
tions 

INDUSTRIAL CONTROLS—Motor Con-
trols, Railway Signal Controls, Ma-

chine Tools, Lighting Controls. • In. 

terrupts 1 kw dc power • Interrupts 

inductive loads • Rapid operation (10 
ms maximum) 

PROCESS I NDUSTRY— Computer/ 

Control Panel Interface. • Long life. 

2,000,000 mechanical operations • No 
contact maintenance • High reliability 

Let ITT Jennings introduce you to 

the reliable world of vacuum relays; 

there's no one more experienced or 

more qualified. For complete informa• 

tion on the R F I , and our new relay 

catalog, write to ITT Jennings, a divi-
sion of International Telephone and 

Telegraph Corporation, 970 McLaugh-

lin Avenue, San Jose, Calif. 95108. 

JENNINGS ITT 

Electronics, May 15, 1967 Circle 61 on reader service card 61 



euloya Accutron • lunar tuner —self -pow-
ered to operate for years on the moon. 

Future astronaut setting up ALSEP—Apollo Lunar Surface Experiments Package. 
- 

Bendix needed a battery to command ALSEP, 
the first Apollo experiment station on the moon. 

Mallory made it. 

What can we do for you? 

Bendix needed a battery. A battery 
to power the master timer of 
ALSEP—unattended instruments to 
be left by future astronauts on the 
surface of the moon. A battery that 
could meet the rigid environmen-
tal requirements of the National 
Aeronautics and Space Administra-

tion (NASA). A battery that could power the timer for as long as 
two years. 

Mallory made it. The battery—a Mallory mercury battery. It resists 
the effects of temperature. And most important, it packs enough 
power in a small volume to provide steady flat voltage for years. 

ALMOST OUT OF THE LAB 
We've made some dramatic advances recently—and we're almost 
ready to publicize them. Here's a peek at a new development just 
out of the lab: 
Improved Anodes—a glance at the graph will show you what our new 
improved anode structure does for battery efficiency at low tempera-
tures. The same structure greatly improves performance under heavy 
current drains. 

V
O
L
T
A
G
E
 

r,
 

HRM-930 

TEST TEMP 

LOAD 60 OHMS 

-22.F 

> 

3 2 6 

HOURS 

We're not talking specifics about this or other developments yet, but 
if you've got a challenging application, give us a ring. 

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

It's good business to do business with Mallory MALLORY 
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.s 

at aline 
The broadest, most complete array of perforated tape readers available. 

25 to 1000 char/sec ....mechanical and photoelectric. 

Mo 500 R 
1000 char/sec seam 
500 char/sec syncn. 
00 char/sec asynch. 

*Model R150 
150 char/sec 

Model R30 
30 char/sec 

Model 500 
Ruggedized 
1000 char/sec s 
500 char/sec sync 
150 char/sec asyn 

And that's no line 

Not shown, Models 580 RM, 500 RF, and 500 T photoreaders which operate at up to 1000 char/ 
in the search mode, 500 char/sec synchronously and 200 char/Sec asynchronously. Model 500 RM i 
full MIL-SPEC reader. Model 500 T requires external reeling. All photoreaders work without pi' 

rollers, friction brakes or solenoids. For complete information, 

call your full-service Tally sales engineer (see EEM) or 

write Tom Tracy, Tally Corporatio Mercer Street, Seattle, 'Washington 98109. In the U.K. TALL' 
n, 1310 

and Europe, address Tally Europe, Ltd., Radnor House, 
1272 London Road, London, S.W. 16, England. 



insensitive 
to heater-voltage 

variations 

It's the new version of the Amperex 
5894, that famous old workhorse, now 
with the WIDE-RANGE CATHODE that we 
developed specifically for vehicular corn-
munciations equipment. 

Today's 5894's are being designed 
into transmitters for mobile vehicles that 
have modern alternator electrical sys-
tems. Alternators are just fine but they do 
create heater-voltage-regulation prob-
lems. So ... the 58946/8737, with the 
wide-range cathode was created. 

58946/8737 cathode emission is 
essentially independent of heater voltage 
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FILAMENT VOLTAGE-VOLTS 

POWER PERFORMANCE vs. CATHODE VOLTAGE 

over a wide range. While a conventional 
twin tetrode produces 60% less than its 
rated output at 9 volts, the new tube, with 
its wide range cathode, puts out more 
than 90%. Above 13 volts, conventional 
cathode materials sublimate, damaging 
the tube; the 58946/ 8737 is immune to 
sublimation with as much as 16 volts on 
the heater. 

Whether the alternator is idling or 
turning at full rpm, the Amperex 58946/ 
8737 gives the kind of performance that 
has made the 5894the standard of the mo-
bile vehicular communications industry. 

As a 174 MHz push-pull amplifier, 
the 58946/ 8737 delivers 96 watts ICAS; 
operating PTTS*, it delivers 111 watts 
with 5.5 watts drive, with a tube efficiency 
of 69%. And all this at any heater voltage 
from 10 to 16. 

* PTTS: Push-To-Talk Service; for vehicu-
lar communications systems. Maximum duty 
cycle: 1 minute ON14 minutes OFF. 

For complete data on the new 
5894B/ 8737 and other Amperex twin 
tetrodes for mobile applications, write: 
Amperex Electronic Corporation, Tube 
Division, Hicksville, L. I., New York 11802. 

Amperex 
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How do you get 
10,000 to 150,000 
scfh of ultra-pure 
nitrogen without  
owning a 
generator? 

Hook up to one of ours! 
That way, you get the gas without the headaches. We 
own, operate and maintain the nitrogen plant and storage 
system, freeing you completely from all capital invest-
ment. (If you're now struggling with an outmoded com-
bustion-type inert gas generator, this is your chance to 
get out from under.) 

What could be more logical than extending the concept 
of on-site oxygen supply—pioneered by Air Products—to 
the production of 99.999% nitrogen? We'll put the plant 
on your site or right over the fence from your facility. 

Developed by a world-recognized leader in cryogenic 
technology, the Air Products N12-0N-SITE system pro-
duces nitrogen of appreciably higher purity than conven-

tional inert gas generators—often at lower cost. Pure, dry 
nitrogen is separated directly from the air without the cost 
or impurities caused by "burning out" the oxygen. 

On-site storage of liquid nitrogen provides continuity of 
supply, with additional nitrogen always available from Air 
Products' nationwide network of nitrogen production 
facilities. 

If purity of product and reliability of supply are important 
to your process, let us explore with you the economics of 
Nb-ON-SITE. Write or phone for brochure. 

Air Products and Chemicals, Inc., Industrial Gas Division, 
Allentown, Pa. Phone (215) 395-4911. 

.1(.4 A'aete, and ateegeaà 
s  

Electronics ! May 15, 1967 

ALLENTOWN. PENNSYLVANIA 
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NEW 

Airbrasive` Resistor Trimming System: 

a complete system that adjusts 
IC resistors to 0.5% accuracy 

Production rates of 600 trims per hour 
are attainable with this new, complete 
system which automatically trims and 
tests resistors to any specified value 
within 0.5% . Once operator has placed 
module in position, checking, trim-
ming, and inspection are automatic. 
Complete cycle requires from one to 
three seconds, depending on pro-
grammed tolerance and the amount 
of material to be removed. 

Final value tolerance limits may be 
programmed from 0% to 11% in 

increments of 0.1%. The machine increases production yield 
by holding programmed tolerance with great accuracy. 
Modules which cannot be trimmed to required value are 
rejected before further processing is done. 
Trimming is accomplished by the proven A irbrasive 

method—a miniature abrasive jet of 27-p, aluminum oxide 

provides precise, cool, shockless abrading which does not 
affect substrates or electrical properties of resistance material. 
Machine may be programmed for a wide range 
of values, will trim resistors in any position, on 
any size module, with thick or thin film substrate. 

WRITE FOR BULLETIN 6610-A for detailed information 

S. S. WHITE COMPANY, INDUSTRIAL DIVISION 
Dept. R, 201 E. 42nd St.. New York, N.Y. 10017 Tel. 212 661-3321 

\Ai S.S.WHITE 
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Now Westinghouse has a 
pin-for-pin replacement for 
the industry-accepted M. 

But don't think of us only 
as a second source. 
There's a very good reason why you should make 
Westinghouse TTL your first source. 

Because this is the TTL line that is available now. 
It's a direct mechanical and electrical replacement for the 

industry-accepted SUHL II. And all circuits are available in 
industry-standard dual-in-line and flat packages. 
They include: 6G260 Single 8-input NAND/NOR Gate, 

6G241 Dual 4-input NAND/NOR Gate, 6G221 Quadruple 
2-input NAND/NOR Gate, 6G210 Dual Expandable OR/ 
NAND Gate, 6G250 Quadruple Expandable OR/NAND 
Gate, 6G130 Dual 4-input Driver, 6G270 Dual OR 
Expander, 6F251 AND input JK Flip-Flop, 6F261 
OR input JK Flip-Flop. 

In fact, it makes good sense to make Westinghouse first choice for 

all your IC's. Because our goal is to help keep your products competitive 
now and into the 1970's. 

For evaluation quantities, contact your Westinghouse Electronic salesman. 
Or phone Westinghouse at (301) 796-3666. Or write Westinghouse 
Molecular Electronics Division, Box 7377, Elkridge, Maryland 21227. 

You can be sure if it's Westinghouse Circle 67 on reader service card 



TUNG-SOL 28 GP SERIES 
POWER SUPPLIES 

up to 400 AMPS. D.C. in 
new weight-saving package 

A tremendous break-through was achieved in space 
and weight reduction of air-borne power supplies 
when the Tung-Sol Y-series configuration was first 
developed. Now, this unique design has been adapted 
to the requirements of ground-based equipment, to 
provide the same advantages for applications in the 
100 amp. to 400 amp. range. 
The Tung-Sol 28 GP series consists of four stand-

ard units that supply 100, 200, 300 or 400 amps. at 28 
volts D.C. They are production items available on an 
off-the-shelf basis. All units embody high-perform-
ance characteristics. They have high environmental 
adaptability and are especially suited to seaborne in-
stallations. Important, also, is the fact that they can be 
mounted in any attitude. For equipment that is to be 
transported by air, the weight factor is an exceptional. 
advantage. 

28 GP 100 

Output: 100 Amps. 

Size: 81/2" L x 4" W x 51/2" H 
Weight: 7.5 lbs. 

28 GP 300 

Output: 300 Amps. 
Size: 101/2" L x 6" W x 71/2" H 
Weight: 19 lbs. 

28 GP 200 

Output: 200 Amps. 
Size: 101/2" L x 5" W x Ca" H 

Weight: 13 lbs. 

28 GP 400 

Output: 400 Amps. 
Size: 13" L x 6" W x 71/2" H 
Weight: 26 lbs. 

For full technical information write for Bulletin. 

TUNG—SOL DIVISION 

Wagner Electric Corporation 
630 West Mt. Pleasant Ave. • Livingston. N.J. 07039 
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un ts with concentric shaft and vernier operation. 

e STANDARD resistance values from 50 ohms to 
5 meg. 

2 STANDARD tolerances 10% and 20%. 

5 STANDARD resistance tapers. 

1 8 STANDARD electrical tap options. 

46 STANDARD shaft lengths from 3/8" to 6.0". 

3 STANDARD shaft endings. 

9 STANDARD variations of bushings. 

4 STANDARD locating lug options. 
A STANDARD switch options with single and 
"r double pole. 

Allen-Bradley Type J 
hot molded variable resistors 
rated 2.25 watts @ 70°C 

These standard variations in the Allen-Bradley Type J 
hot molded potentiometer line eliminate the need for a 
"special" control. When you include the numerous special 
resistance values and tapers in which the Type J can 
be supplied, the variations become virtually infinite. 

Yet, all of these Type J variable resistors have one 
thing in common—each and every one is made by the 
same A-B hot molding process—your guarantee of "tops" 
in quality. The solid hot molded resistance track assures 
extremely long life—exceeding well beyond 100,000 com-
plete operations on accelerated tests with less than 10% 
resistance change. Control is always smooth and free 
from the sudden turn-to-turn resistance changes of wire-

ey o ers a 

1,0005001 
standard variations of 
Type J Potentiometers 

wound units. And being essentially noninductive, Type J 
controls can be used at the higher frequencies—where 
wire-wound units are totally impractical. 

Let Allen-Bradley Type J variable resistors be the 
answer to your special requirements—it's almost certain 
there's a "standard" unit in the Type J line. And you 
know you're obtaining the ultimate in reliability and 
performance. For more complete information on Allen-
Bradley Type J potentiometers, please write for Technical 
Bulletin 5200: Allen-Bradley Co., 222 W. Greenfield 
Ave., Milwaukee, Wis. 53204. In Canada: Allen-Bradley 
Canada Limited. Export Office: 630 Third Ave., New 
York, N.Y., U.S.A. 10017. 

70-05.7E 
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Allen-Bradley Active Filters, which offer a 60 db attenuation 

over the range of 10Hz (3Hz*) to 100KHz 

ACTIVE LOW OL PASS FILTER 
36 VTS D.C. 

ALLEN-BRADLEY 
MILWAUKEE Wet)» VOA, 

Allen-Bradley active filters can provide 
as much as a 50 to 1 reduction in size and a corresponding 
reduction in weight over conventional passive elements. 

The diagram below and performance curve at right illustrate how Allen-Bradley 
active filters prevent current fluctuations in the power distribution system above 
10Hz (3Hz*), developed by pulse modulated communications equipment, such 
as teletypewriters and other randomly varying loads. 

DC 
SUPPLY FILTER 

RANDOMLY 
SWITCHING 
LOADS 

A INTERFERENCE FLOW 
\  WITHOUT FILTER 

A INTERFERENCE FLOW 
\  WITH FILTER 

• Directly as the result of some new ideas applied to the 
field of ElectroMagnetic Compatibility, Allen-Bradley 
has been able to produce a new active low pass filter that 
provides an attenuation of greater than 60 db over the 
range of 10Hz (3Hz*) to 100KHz. The maximum dc 
component of the load current is 5 amperes. 

The primary purpose of this filter in the above applica-
tion is to prevent impulses generated by rapid load fluc-
tuations, which may be carrying information of a confi-
dential nature, from being reflected back through the 
power supply and into the power distribution system. 

These new filters are designed to satisfy specific require-
ments. For instance, power line filters are under develop-
ment for 60Hz and 400Hz power frequencies. Here, a 
sharp pass band is afforded the power frequency while 
greatly attenuating all other frequencies. 

2 A/div 

( 10 A/div*) 
WITHOUT FILTER 

2 mA/div 
WITH FILTER 

10 ms/div 

Typical example of A-B Active Filter performance 

Allen-Bradley active filters produce a far greater at-
tenuation of unwanted signals than is possible with a 
filter composed of conventional passive elements, occupy-
ing the same volume. By using the A-B active filter, a size 
reduction of 50 to 1 is attained, together with correspond-
ing savings in weight. These filters employ solid-state 
circuitry. No external power source is required other than 
that supplying the power to the load. In addition, com-
plete inrush and short circuit protection is provided. 

Allen-Bradley specialists in filter engineering are avail-
able to discuss with you such problems for which these 
new active filters might offer the best solution. Please 
write: Allen-Bradley Co., 222 West Greenfield Avenue, 
Milwaukee, Wis. 53204. In Canada: Allen-Bradley Canada 
Limited. Export Office: 630 Third Ave., New York, N. Y., 
U. S. A. 10017. 

*WITH EXTERNAL CAPACITOR 
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SEE HOW MUCH MORE PERFORMANCE 

YOUR DOLLAR BUYS with Quanr-reit's 

NEW TRACKING WAVE AND SPECTRUM ANALYZER! 
MODEL 305 

It may be hard to believe that all these functions can be 
performed by one modestly priced instrument, but radically 
new designs and the use of integrated circuits permit this com-
pact unit to combine the accuracy and measuring capabilities 
of much larger, more complex and costly systems. Selectable 
sweep rates, bandwidths, sweep and tracking increments, and 
averaging times all combine to make the Model 305 the most 
versatile instrument of its kind. 

Whether your application is vibration analysis, underwater 
sound, bio-medical research, or more conventional measure-
ments, it will pay you to investigate the new Model 305. 

FOR ONLY $2550 YOU GET: 
• A Wave Analyzer (For Harmonic, Fourier, and Spectral 

Density Analysis) 

im A Spectrum Analyzer (Automatic frequency sweep) 

am A Signal Generator (Sine wave at the frequency to which 
the analyzer is tuned) 

• A Tracking Filter (Tracks a moving signal. No separate 
reference frequency required) 

• A Search and Track Filter (Searches for and tracks a signal) 

• Multiple Channel Capability (up to ten units may be con-
nected together as a phase locked system*) 

au Phase Measurements (one or more units can measure 
phase characteristics and transfer functions*) 

ABBREVIATED SPECIFICATIONS 

Frequency Range: 10 Hz to 50 KHz. 

Bandwidths: 10, 100, and 1000 Hz, also broadband 10 Hz to 
65 KHz. 

Sensitivity: 30 microvolts full scale to 600 volts. 
Tuning Modes: Manual, Manual plus AFC, Track, Sweep, Search 

and Track, External. 

Outputs: BFO and Restored Signal; DC analogs of meter reading, 
frequency and phase. 

*Accessory Model 1305 Slave Filter and Phasemeter. In multi-channel 
installations where the slaved units never need to work independently, 
we recommend the Model 1305 which has a built-in phase meter but no 
tuning or sweep features. Mechanical impedance and transfer function 
analysis is simplified and at a considerable saving in cost. 

Refer to E.E.M. for complete Quan-Tech catalog and your nearest representative. 

i_z Cf..z. CU./L. LABORATORIES, INC. 
11 

43 SOUTH JEFFERSON ROAD, WHIPPANY, NEW JERSEY 07981 
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SOLID STATE TIMERS 

ELECTROMECHANICAI TIMERS 

NEW 
4 5 CG Timer: 

Range: 50 MLS 
to 60 Sec. 

NEW 
Model 88 Timer: 
Range: 6 Sec. 
to 48 Hrs. 

The Man from E.A.G.L.E. offers virtually unlimited product/performance scope: 
from solid state timers such as the CG (upper)—created for short, accurate, 
highly-repetitive time cycles—to motor-driven electromechanical timers such as 
the Model 88 (lower)...and everything known to be in between. CC's qualifica-
tions: compensates for voltage changes; plugs into standard octal relay socket; 
quality componentry—tantalum timing capacitor; SCR control of 10 amp out-
put relay; protection against load or output contacts being inadvertently actu-
ated by transients or power cutoff; perfect replacement for pneumatic timers. 

Accuracy, economy and reliability are hallmarks of the Eagle line.., industry's 
most complete! Put us to the only test that counts, your most demanding time/ 
count application. Write for CG Bulletin 158 and Model 88 Bulletin 16/5, Eagle 
Signal Division, E. W. Bliss Company, 736 Federal St., Davenport, Iowa 52808. 

BLISS EAGLE SIGNAL 
A DIVISION OF THE E. W. BLISS COMPANY 

For information on CG Timer circle Reader Service Card number 517. 
For information on Model 88 Timer circle Reader Service Card number 518. Circle 73 on reader service card-÷-



Our Innovators in Switch Design have produced more 

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

200,000 different speciality switches are offered by Arrow-Hart. 
All quality. All types from electro-mechanical switches to solid 
state controls. Switches for use on tools, appliances, electronic 
gear, aerospace devices, ground support equipment, and all 
electrically-operated equipment. 

What does this mean? Simply, that whatever kind of switch you 
need, Arrow-Hart is the place to get it. Because if it's not on 
hand, it can be created for you—and produced quickly, efficiently, 
and economically. 

This broad line of quality speciality switches and the specialists 
who can innovate creatively for you and your products ... are two 
of many reasons why you buy better electrically at Arrow-Hart. 
Write today for data. The Arrow-Hart & Hegeman Electric Co., 
103 Hawthorn Street, Hartford, Conn. 

MOTOR CONTROLS 

WIRING DEVICES 

ENCLOSED SWITCHES 

SPECIALTY SWITCHES 

QUALITY SINCE 1690 

ARROIN•HART 
The Arrow Hart 8. Hegeman Electric Company, Hartford 6, Connecticut 

UY BETTER ELECTRICALLY • BUY BETTER ELECTRICALLY • BUY BETTER ELECTRICALLY • BUY 



Want to graphically record 
monkey business? 

Not just one monkey, but 24 have had their temperatures continuously monitored by our Multipoint. The sensing element was a thermistor 

surgically implanted in their bodies. • No matter what sensing element (thermocouple, resistance bulb, etc.) you use, you'll get unmatched 

features in the Esterline Angus Multipoint. You'll also get our Multipoint delivered in just 10 days.* And our Multipoint is priced at $1,535 

with all these standard features: 1> up to 24 points 1> solid state amplifier t> 50,000 ohm off balance input impedance or better 1> long-
itudinal stray rejection at 60 Hz, 1,000 times span or 120 V p accuracy of ± 0.25% span or -I-31/2 microvolts or better f> manual point 

advance, which permits dialing in any point without disturbing synchronization 1> permanently sealed slidewire that requires no cleaning 

1> 5 chart speeds standard 1> choice of 8 print frequencies from 11/2 to 60 seconds per point f> tilt-out writing platen 1> chart tear-off. 

• Our Multipoint has outstanding options such as: 1> exclusive electrical programmed printing deleted points can be skipped as fast 

FdP Celffa Cú/eD thermocouple fail safe. You can get complete information about this exceptional 

as 1/t second P 6 alarms t> pens P. analog pen to record a single point 1> 

Multipoint by calling your Esterline Angus sales engineer or by writing for our informative Series 

0.119§,ehl Mg& "E" Catalog. • *10 working day delivery (ARO) is available for many 

lEceeeele2Avio,,_.,„va 
Multipoint Recorder models which have become 

e so popular they're now in production at all times. 

mwee ,c2)°7;ris ESTERLINE ANGUS INSTRUMENT COMPANY, INC. 

BOX 24000 • INDIANAPOLIS, INDIANA 46224 

"Employment opportunities—BSEE and BSME. Contact Paul Lawall. An equal opportunity employer." 
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to active filters 

page 76 

New dimension for 
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page 88 

Plated-wire memories: 
Univac's bet to replace 

toroidal ferrite cores 
page 101 

Settling on the moon: 
page 110 

Designing an active filter was a tedious and costly job until 
the Minactor was developed. A hybrid integrated circuit, the 
Minactor comes with a characteristic chart that contains 75% 
of the synthesis an engineer would expect to do. With the 
device and the chart, an engineer can design any filter con-
figuration in the low and audio frequency range by adding a 
few external resistors and capacitors as instructed. 

Electronics The hologram's ability to store an optical 
wave adds to interferometry the capacity 
to produce interference between two light 
waves that exist at different times. As a 
result, interferometry techniques can do a 
lot more measuring jobs than they can with 
ordinary light. For example, on the cover 
is shown the interference fringes set up by 
the shock wave generated when a 20-joule, 

10 microfarad capacitor is discharged. The fringes are pro-
duced by using a hologram with a double exposure, once 
with a reference beam, and once with the subject. 

Thin-film memories have finally caught up with ferrite-core 
memories in cost, size and speed, after years of almost making 
it but never quite succeeding. As fast as the advocates of 
thin-film memories improved their products, the makers of 
cores produced smaller and faster devices that were still 
cheaper and better than the thin-film innovations. Now using 
plated wires, a computer maker can produce thin-film mem-
ories at a penny a bit and with capacities upward of 100 
million bits. 

Last month Surveyor approached the moon carefully then 
landed and dug out samples of surface for the first time. The 
radar system responsible for that safe landing will also be on 
board the Apollo spacecraft which will take men to the moon. 
It has a three-beam doppler system to measure velocity and 
a single-beam altimeter. The requirements the moonship's 
altimeter have to meet are so stringent new test equipment 
had to be developed to check it out. An interesting digital 
system will put the altimeter through its paces before the 
space ship leaves the earth. 

Coming 
May 29 

• IC calculator helps intercept enemy aircraft 

•Tactical air reconnaissance 

• The Rotator—a versatile new circuit element 
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Design theory 

Charting a speedy path to active filters 

What was once a tedious design problem is now a snap with a chart, 

a few components, and a new eight-pin device called the Minactor 

By Fred H. Irons 

EG&G Inc., Boston 

Designing an active filter, once a tedious and 
costly process, has become a simpler matter— 
because of a new eight-pin miniature component, 
the Minactor. Any desired filter configuration in 
the low and audio frequency range can now be 
built quickly and economically. A few external re-
sistors and capacitors, determined from a data 
curve supplied by the manufacturer, are the only 
additions. 

Previously, an engineer requiring an active fil-
ter was confronted with two equally unattractive 
choices: design it from scratch or have it done by 
an outside firm that specializes in such work. The 
first choice was time consuming; the second, ex-
pensive. In either case, the job often produced 
unsatisfactory results. 
The Minactor (for miniature active resonator) 

was developed by EG&G Inc. of Boston [Elec-
tronics, Feb. 20, P. 221]. Measuring only 0.8 by 
0.6 by 0.2 inch, it is a completely encapsulated 
hybrid integrated circuit consisting of a thick-
film resistor substrate, discrete capacitors for fixed 
frequency operation, and an amplifier with eight 
transistors. Seventy-five percent of the synthesis, 
in the form of a characteristic chart shipped with 
each unit, is already performed by the manufac-
turer. Each device provides an independent pair 
of complex conjugate poles and a tunable Q in 
its voltage transfer function. The resonant fre-
quency can be tuned externally with optimum re-
sults from 0.7 to 1.4 times the nominal resonant 

The author 

Fred H. Irons is responsible for new 
product development at EG&G Inc.'s 
magnetic/networks department and 
specializes in basic network 
analysis and synthesis. His primary 
design experience is with active 
filter devices in the frequency range 
of 1 hertz to 1 megahertz. 

frequency. Some typical operating parameters are 
listed in table 1. 
With 10 nominal units available, spanning the 

range of 100 hertz to 18 kilohertz, temperature-
stabilized filters can be designed for operation at 
any frequency between 70 hz and 25 khz. The 
engineer merely selects the Minactor that comes 
closest to the desired operating frequency. With 
appropriate external circuitry added, the compo-
nent can provide a completely tunable low-pass, 
bandpass, or high-pass filter. 
The Minactor shown on page 83 is handled much 

the same as a crystal. It must be placed in an ac-
ceptable impedance and signal environment, and it 
must be tuned. Undesirable responses for a given 
application must be either shifted or cancelled by 
the addition of an input network. But unlike crys-
tals, the Minactor's resonant mode and spurious 
responses may easily be changed by external ad-
justments. Spurious responses of conventional 
resonant devices are extremely rigid. 

Exact frequencies not needed 

Rapid filter synthesis is accomplished by set-
ting the unit to the required frequencies as deter-
mind by analysis; however, cut-and-try filter 
design may also be accomplished where exact fre-
quencies are either unknown (due to incomplete 
system specifications) or when an optimized re-
sponse is desired. 

In a cut-and-try design, the engineer in effect 
uses the Minactor as an analog computer to simu-
late a filter solution. Since the critical frequencies 
may be tuned independently, a simple adjustment 
enables the designer to go from a Butterworth, to 
Chebyschev, to Gaussian, or to any nontabulated 
response that meets his specific requirements. 
The results enable him to design a production 
package based on a small number of resonant 
components. 

In its most common configuration, top page 77, 
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the Minactor can be used to design all-pole band-
pass filter approximations, discriminators, simple 
free-running oscillators, and various forms of fre-
quency modulators. 
A model relating Minactor output to the volt-

ages at either control pin 4 or source pin 5 is 
at the right. The normalized expression, M(À), in the 
model is called the Minactor function and is de-
fined by: 

M(X) =-
16.4 

(À+0.949) (X+0.316) _ e. 

(X2-1-200-to,)2) (x+e) eik 
In equation 1, (3 represents the location of the 

Minactor pole on the real axis, and a is the dis-
tance from the jit axis to the complex pole pair. 
Normalization is taken with respect to the nomi-
nal frequency, fo...,; the nominal resistance, limn«, 
that makes 2« = 0 at the nominal frequency: 
the nominal capacitance, Co.., that makes the 
angular frequency of oscillation w„ =1. The nor-
malized frequency variable, À, is obtained from 

(0-1-iw) 
I 27r fo,,,,m1 

= normalized frequency related 
to Minactor used 

X = Id-j12 = 

(1) 

(2) 

where 
s = u jo, = actual complex frequency in ra-

dians per second. 
The pole-zero pattern for M(À) is at the right. 

Note that the plot deviates from ideal RLC 
resonance only in its real axis behavior. This is by 
design. Normally, the only critical frequency on 
the real axis would occur at À = 0; however, since 
the Minactor may be used as a basic low-pass, all-
pass, or notch filter, it is undesirable to have a 
zero at À = O. 

Since the pole-zero values shown represent a 
good approximation of ideal behavior in the vicin-
ity of À = j, the component is acceptable for most 
bandpass filter and oscillator applications. 

Adjusting resistor R. and capacitor C. moves 
the poles of M(À) about the À-plane. Essentially, 
R„ shifts a horizontally in the complex plane with 
little or no effect on f3. This adjustment sets the 
Q of the filter. Changes in C,, affect both p and wo 
with only a second order affect on 2«. The adjust-
ment also sets the magnitude of the resonant fre-
quency. The nominal relationships for tuning are as 
follows: 

COnom 1 

Co = 16.4 

[ 10(c.or,2 — 0.3)2] 
12.64 w o2 — 6a + 

(1.264 — 2a) 

(042 — 0.31 
- — 

(1.264 — 2a) 

(3) 

(4) 

e I N 
4. 

eA RA R0 

co 

co R L 

Connection diagram for normal operation of the Minactor 
shows pin 8 as the reference, and pin 4 as the input 
control. Elements RA, R0, and Co tune the filter. 

Output voltage, eo, shown in the equivalent model of 
the component as a controlled source, is equal to the 
product of the transfer function of the device, M (h) 
and the voltage eA developed across pin 5. 

-a 

X 

-0.949 -0.316 I 

-2 -1 

Normalized Minactor function, M (X), is plotted in the 
complex h-plane. Crosses represent the poles of the 
function, circles represent the zeros. The angular 
frequency wo is a vector drawn from the origin to the 
pole. By adjusting R. the designer can shift the 
poles horizontally. Varying C. shifts the poles 
vertically. Shifting the zeros doesn't affect resonance. 

Table I: Typical operating parameters 

Bias voltage 

Maximum output signal 

Maximum resonant gain 
available 

Maximum short circuit 
output noise 

+12, —6 y d-c at 5 ma 
each 

2.5 y rms to a 10 kilohm 
load 

60 db (in high Q applica-
tions only) 
1 my rms 
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16.4 (Cco,:w) 

4,2  [2a +- 0.3)  
(1.264 - 2a) 

where K is a term introduced to simplify the 
mathematics. 

) (K - 10) 

The relations given by equations 3 through 6 are 
plotted on Minactor data sheets. Thus, the de-
signer is relieved of the tedious calculations. In 
particular, design chart 1 enables the user to de-
termine R„ and C„. The values for /3 as a function 
of 2« and w„, equation 4, are plotted on design 
chart 2. 

Extremely low-Q, complex pole-pairs necessary 
for low-pass filter synthesis require the Q-adjust 
resistor to be placed elsewhere. This resistor, called 
Ro*, is placed in parallel with Co; then, R„ becomes 
an open circuit, and no connection is made to pin 3. 
When R,,° is connected, its relationship to Rom,1,, 
is given by 

( Ro* 
- 

R0„„„, (10 - K) 
8K  

for 0 _- K 10 (7) 

When C„ varies between 

(5) 

20 for 10 < K oo (6) 

2.5 Conon, > C0 > 0.33 Coo.. (8) 

the magnitude of the resonant frequency, w., cor-
respondingly varies between 

0.7 <w0 < 1.45 (9) 
Thus, each Minactor may be adjusted over 1 oc-
tave of frequency. The ratio of adjacent nominal 
center frequencies of the 10 Minactor types, table 2, 
is approximately 1.8:1 to provide an overlap. 

Designing a local oscillator 

As an example of how the Minactor simplifies de-
sign procedure, consider the case of a local oscil-
lator required to operate at 400 hz. 

Step 1. Select the nearest nominal Minactor fre-
quency from the available 10 listed in table 2 and 
determine wo. Thus, Model 331 is chosen with a 
fib. of 330 hz, a CO3,ow = 900 picofarads, and a 

Table 2: Nominal component values 

Type fo„.„,(hertz) Ro„.„(kilohms) 

M101 100 46.25 
M181 . 180 46.25 
M331 330 46.25 

M561 560 46.25 
M102 1,000 46.25 
M182 1,800 46.25 
M332 3,300 46.25 

M H562 5,600 7.60 
MH103 10,000 7.60 
MH183 18,000 7.60 

c,,„..„(pf) 

2880 
1570 
900 
520 
288 
157 
90 

288 
157 
90 

Row= = 46.25 kilohms. 

= desired operating frequency  
nominal frequency 

= 400/330 = 1.21 (10) 

Step 2. Select a value of 2«. Hence, to obtain 
oscillation, the complex pole should be on the j axis 
(2« =- 0) or slightly in the right half of the A.-plane 
(2« < 0). The case of the pole on the j axis is re-
ferred to as marginally stable (or unstable) since it 
makes an initial disturbance to start oscillation. 
With the pole slightly to the right of the j1-2 axis, 
unconditional oscillation exists at all times and the 
amplitude is determined by the saturation or cutoff 
characteristics of the amplifier. An arbitrary value 

OUTPUT RESPONSE in 

r-

o 
-2 

-6v d-c +12v d-c 

t 

/.sec 
250 cm 

O 

-4 

10k 

wo--1.21 

a. 
  0.0025 

z 

POLE-ZERO 
LOCATION 

Design of this local oscillator requires a Model M331 
unit connected as shown. Poles of the assembly are in 
the right half of the X-plane. Negative portion of 
the output waveshape is slightly clipped due to the 
cutoff in the output stage of the Minactor amplifier. 

of 2« = -0.005 is chosen (this corresponds to a 
pole Q of 200 in the right half plane). 

Step 3. Determine Co/CO3,,,, and Ro/R0,,,,w. Sub-
stituting the values wo = 1.21 and 2« = -0.005 in 
equations 3 through 6, or directly in chart 1, yields: 

(Co/C000,0) -^2 0.58 
K 32.8 > 10 (11) 

(Ro/R000.) 0.89 
Step 4. Determine the values for R. and C.. 

R„ = 0.89 R0nom = (0.89) (46.25 X 102) = 41.16 k 
C. --- 0.56 Con,. = (0.56) (900 X 10-12) = 504 pf 

The complete oscillator circuit, pole diagram, and 
typical waveform are shown above. The small clip-
ping on the negative portion of the signal is due to 
cutoff in the output stage of the Minactor amplifier. 
This is expected since the pole lies in the right-
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Design chart 1 
Values for R.. and 
C. are determined 

from this normalized 
plot from known 

values of a 
and the operating 

frequency, wo. 
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half side of the À-plane. Capacitor C„ may be ad-
justed to tune and stabilize the frequency to within 
desired tolerances. The practical stability limit ob-
tainable is about 1 part in 1,000. 
Note that when R„ is very large (open circuit), 

the unit has a very low Q pole in the left half plane. 
With the input shorted, as shown, the unit would 

+04 

NORMALIZED 2 a 

+0.2 o -02 

not have an output since it is in a stable state with-
out a driving signal. Thus, the oscillator may be 
tuned on and off by a switch (transistor) placed in 
series or parallel with R„. 

This type of local oscillator could be applied to 
generate tones under digital control for data encod-
ing. Other possibilities include using capacitance 
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-6v d-c +12v d-c 

r- 8 
o 

13 

-1.536 -0.949 -0.316 1! 
a.0.008 

POLE-ZERO LOCATION 

10k 

control, in this case C., to convert a mechanical dis-
placement to a variable-frequency signal, or gen-
erating various forms of low-frequency f-m signal. 

Designing a selective amplifier 

The Minactor can also be used in filters that are 
commonly referred to as selective amplifiers. These 
include comb filters, stagger-tuned amplifiers, and 
several kinds of bandpass filters, depending on how 
many units are cascaded or connected in parallel. 
Their time- and frequency-domain responses are 
equivalent to that of a simple-tuned RLC network. 

In designing such filters, three factors should be 
considered: the resonant frequency, (..; the filter Q, 
given by (00/2a; and the filter gain, A. With the 
Minactor configuration shown above, the designer 
can adjust each of these three factors independ-
ently. The components required are C., 110, and RA. 
A selective amplifier tuned to 800 hz with a Q = 

50 and operating with a maximum input signal of 
100 millivolts root mean square is required. Design 
for maximum gain is the problem. 

Step 1. Select the nearest nominal Minactor and 
determine w. From table 2 a Model 102 Minactor 
is chosen with a fpn„. of 1,000 hz. Therefore, 

co. = 800/1,000 = 0.80 (12) 

Step 2. Determine the value of 2«. Thus, 
2a = co./Q = 0.80/50 = 0.016 (13) 
Step 3. Determine the maximum gain. Since the 

maximum output signal of the Minactor for linear 
operation is 2.5 volts rms, the maximum gain be-
tween the input and the output is found from 
Maximum Ap = maximum output/maximum 

input 
= 2.5/0.1 = 25 (14) 

25 

15.8 

10.0 

6.3 

4.0 

2.50 

1.58 

1.00 

0.63 

0.40 

0.25 

0.158 

db 

28 

24 

20 

LOSS 

-I6db 

-1.-----ASYMPTOTE 12-Pd 

w0 0.80 

-e- 2a.0.016 

MAX elNr100mv 

1 6 2.0 

ASYMPTOTE fi-,00 

f (khz) 

Selective amplifier at the top left is tuned in this example 
to 800 hz with Q equal to 50. All poles in the diagram 
at the lower left are in the left side of the complex plane 
together with two zeros on the sigma axis. Frequency 
response plotted above reaches a resonance at 0.8 khz. 

Step 4. Determine Co/Con., Ro/R0„,,„, and /3. 
Substituting (0. and 2a in equations 3 and 6 or lo-
cating them directly in charts 1 and 2 yield: 

(C./Con.«) = 1.8 
(Ro/Ro...) = 0.94 (15) 

fi = 1.5 
These results completely define the Minactor func-
tion, M(x), that results when the filter is tuned to 
the desired Q and resonant frequency. Substituting 
the results of equations 12, 13, and 14 into equation 
1 and letting x = gi to evaluate the sinusoidal re-
sponse, results in the following: 

e. 
= = 

eA 

8 975 (0.949-1-j9) (0.316+jO)  -.  (0.64-92+0.016 j2) (1.5+e) 

The magnitude and phase relationships between 
the output signal e0 and the control voltage eA 
can be found from equation 16 for all sinusoidal ex-
citation frequencies over the interval: 
0 5 St < co (17) 

The peak output is obtained when a = 0, thus 

Max (-(1°-) = M(j0.8) = 
eA 

(8.975 L 180°) (1.24 L 40.2°) (0.858 Z 68.4°)  
(0.0128 Z 90°) (1.73 Z 27.5°) 

= 431 Z 171.1° (18) 

This result shows that there will be a gain of 431 
between e0 and es when the filter is operated at the 
resonant frequency. To maintain linear operation 
es must not exceed 5.8 mv rms as determined from 
max eA = 2500/431 = 5.8 mv rms (19) 

(16) 
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POLE NO.1 

Ui 
cr) 
o 

Ro, Co SAME j(wo+a) -5 
ALL UNITS cc 

cL 
P1,2 3 

Connecting a resistor, RA, from pin 5 to ground 
attenuates eA with respect to the input voltage ein. 
The relationship is given by 

ein = (11 RA + 8 Ron.) = A 

Substituting the maximum values of eA and ein into 
equation 20 yields 

It A 1.28 (21) 

The results of equations 15 and 21 and the pole-
zero diagram of the amplifier circuit is shown in 
the diagrams on page 80. For this circuit: 

e„ _ = 
ein 

E«  

cr 

(20) 

(0.949 j9) (0.316+12)  
— 0.52 (22) 

(0.64 —Sr+j 0.016':2) (1.536+g 

10 

20 

30 

0 

1 

1 

1 

1 
9.0a 

j(wo-a) 

The direct current gain is found by letting i1 = 0 in 
equation 22. 
Thus 

e„ 0.52 (0.949) (0.316) 
e1„ (0.64) (1.536) — 

= [ — 16 db] (23) 
The high frequency behavior is found by letting 
11 approach infinity in equation 23. Thus, 

e. = +0.52j /3 (24) 

Stagger tuning 

By interconnecting several units almost any type 
of response is available from the Minactor. For 
example, with three units initially tuned to iden-
tical Q's and resonant frequencies, the user can 
go from a single resonant response to a Butter-
worth response, and finally to an equal-ripple 

POLE NO.2 

REDUCE R02} 
REDUCE CO2 j(wea) 

n 
R01 ,C011. r1 1/ 

X iW O SAME f 
r"a 

INCREASE P3 y  j(wo-a) 
REDUCE R03 

-1-
2a -.I T---3db 

9.13 d 

CUBE OF A SINGLE RESONANT RESPONSE BUTTERWORTH RESPONSE 

REDUCE R02} 
Co2SAME 

REDUCE Roil 
Col SAME 

REDUCE Rcl, 
Ço3SAME 

-6 vd-c -1-12vd-c 
0 0 

POLE NO. 3 

in 

7.4e 

j(4)0+a) 

1db 

wo 

CHEBYSCHEV RESPONSE 

Cascaded Minactors produce a variety of responses ranging from a single resonance to a Butterworth 
response, or to an equal-ripple Chebyschev pattern. All the Minactor units are nominally the same, 
but Mi is tuned to the desired center frequency and adjusted for maximum gain. 
Other units are adjusted to provide unity gain at their respective resonances. 

Electronics I May 15, 1967 81.. 



Chebyschev pattern. Typical pole patterns are 
on page 81 for each of these responses. They are 
shown to scale and thus may be used for design 
purposes. Note that in the Chebyschev response 
the maximum pole Q is four times the resulting 
filter Q. 

Direct synthesis 

The most direct way to design filters is to work 
from specified pole-zero patterns. Usually these 
come from system requirements that are carefully 
analyzed and defined. For purposes of illustration, 
suppose that the function required, when normal-
ized to a nominal Minactor frequency, is: 

T(X) = 
0.01 X' 

[(X2+0.054X+1.09) (X2+0.050X+0.915)1 

Al 01 

4  

5 

3 

(25) 

This function represents a bandpass type filter 
having two zeros at x = 0 and two pairs of com-
plex poles. It requires two identical Minactors to 
achieve this function. For the first pair of poles, 
Minactor M, shown below is applied. The required 
values for (0012 and 2ai from equation 25 are: 

tool' = 1.090; 2al = 0.0540. Hence, 

'_-_-__- 0.87 

Ro 1.21 
Rom,n, 

(26) 

1.916 
For the second pair of poles, the Minactor Mo is 
applied. The required values for wir1 and 2a2: 
0)0-2 = 0.915; 2a2 = 0.05. Hence, 

-6v d-c 

+12v d-c 

1 
2 4 

81 6 col 

5 

42 02 

2 

6 
10k eo 

Cascade arrangement of two Minactors are used to reproduce the transfer function of equation 25. 

n 

Location of the poles and zeros for unit M, indicates 
both pole pairs are to the left of the j1-axis. 

Location of the poles and zeros for the cascaded 
M, and M2 arrangement. All are to the left of the j2-axis. 

OUTPUT RESPONSE 

1.2- 
DECREASE R02 TO OBTAIN 
EXACT REQUIREMENT INCREASE 11(01 7 .-- TO OBTAIN EXACT 
ON LOWER HALF-4, REQUIREMENT 

_  ON UPPER HALF 

1.0-200° 

ô 
R. —150° 
-.1 
cr iii 
o 0.8 -100° LLI-J 
w 
Is o 
< -50° LA-1 
› - 
cr o 
2 0.6 0° 
•-•• -I i..., en L., 
e- .4 
2 x Q. 
`z 7 04- -100° 
m 

01 .. — -150° . .f  

0.2 -4- -200° 

0.9 1.0 1.1 

(NORMALIZED FREQUENCY) 

12 

Filters can be synthesized directly from a given 
transfer function. Here the theoretical (color 
lines) and actual (dashed lines) curves are the 
output plots. Adjustments of the components can 
easily correct the small error caused by approximation 
of X'. Adjustments between the two curves 
can be made by tuning the Q of each pole. 
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Design chart 2 

100 
80 
60 

40 

20 

10 
8 
6 

(p) 4 

2 

1.0 
0.8 
0.6 

0.4 

02 

0.2 0.4 1.0 1.2 o 0.6 0.8 

(2a 1 

Values for 3 are determined from this plot when the 
designer inserts w., and a. The value is used to 
locate the filter's pole along the real axis. 

1.13 
,Onom2 

R o  1.24 
ROnom2 

(27) 

/32 1.771 

With the units in cascade, the normalized response 
is then given by: 

e. = eoi x eo = M1 (X) x  M2 (X)  
ei. el. e.1 A1 A2 

-16.4  (X+0.949) (X+0.316)  
0.87 A1 (X2+0.054 X+1.09) (X+1.92) 

-16.4  (X+0.949) (X+0.316) 
X 1.13 A2 (X2+0.050X+0.915)(X+1.77) 

273  
--ei. (X) - Al A2 

(X+0.316)2 (X+0.949)2 

(28) 

(X2 Ó54+ 1.09)(X2+ 0.050X + 0.915) 

(X+1.916) (X+1.771) 
where A1 and A2 are the required gain adjustments 
for each Minactor. Equation 28 differs from equa-
tion 25 in that it has zeros and poles along the real 
axis instead of the double order zero at À =. 0. For 
most practical bandpass filters, this discrepancy 
is not a serious error. To determine the AI, A., con-
stants, and thus resistors, RAI and RA.», the error 
terms in equation 28 should be set equal to 0.01 X2, 
the numerator of equation 25, for À = j. 

Eight-pin component, the Minactor, is connected 
to a printed circuit board containing resistors 
and capacitors. Pin separation is 0.1 inch. 

Thus, 

273 
- - (0.473) = 0.01 (29) 

when the magnitude of equation 28, is divided by 
the magnitude of equation 25 for À equal j. Thus, 

AI A2 = 1.29 X 104 = A2 (30) 

In this example, the attenuation has been split 
equally between RAI and RA2. Thus, A1 = A2 «=: 

113.6; which yields 

RAI = 'Ai = 0.078 Ito.. (31) 
from equation 20. The actual function realized by 
the circuit becomes: 
e.  

(X) - eh, 

  0.0212 (X+0.316)2 (X+0.949)2   
[(X2+0.054 X+1.09) (X2+0.050 X+0.915)] 

(X+1.916) (X+1.771) 

This function is plotted on page 82 and com-
pared to the given transfer function, equation 25. 
The largest error is about 4% over the band 
plotted, and would be much less for higher-Q filter 
approximations. 
The error present is due to Minactor approxima-

tion of X2. However, this error is designed into the 
unit to provide d-c stabilization. Also, there is very 
little power supply dependence or intercoupling 
when the units are cascaded, and motorboating in-
stabilities don't occur. Although some discrepancy 
between practice and theory occurs, it can be tuned 
away by making slight changes in the Q's of each 
pole, as suggested by the plot. 

(32) 
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Communications 

Drawing a line between 
laser signal power and noise 

A nomogram can be used to quickly estimate this ratio—a key 

to performance—in a common optical communications system 

By John Ward 

ITT Federal Laboratories, San Fernando, Calif. 

Laser telemetry systems are like radio communica-
tions links in that their usefulness is largely deter-
mined by the ratio of signal power to noise power 
at the output of the receiver's detector. In laser 
systems, this ratio is usually difficult to estimate 
because it is affected by some 15 factors, including 
most of those listed on the opposite page. 
However, a nomogram has been constructed that 

can be used to quickly predict this signal-to-noise 
ratio for one common type of laser setup—a system 
with an amplitude-modulated helium-neon laser 
for a transmitter and a photomultiplier tube for a 
receiver. Since phase-modulated beams have to be 
converted to amplitude modulation to be detected, 
the nomogram is also useful for analyzing angle-
modulated systems; the phase-to-amplitude conver-
sion efficiency would be included as part of the 
receiver's efficiency. 
The basis of the nomogram is an equation that 

accounts for all important noise sources. These in-
clude shot noise produced in the optical detector. 
by both background (sunlight) radiation and the 
signal beam, as well as by interactions caused by 
the detector's square law response. The equation is 
derived from a general expression for the power-
density spectrum at the output of a photodetector.i 

Calculations of signal to noise in optical commu-
nications systems usually ignore the additional 
noise produced by interaction between the signal 
and noise. But this added noise can exceed the shot 
noise due to background radiation alone when the 
system is operating at signal powers greater than 
10-7 watts at the photodetector, or when using 
narrowband optical filters that increase the noise 
spectral density in background-limited operation. 
The laser system analyzed by the nomogram is 

one that could be used in a satellite communica-

tions system, as in the diagram on page 87. The 
amplitude-modulated helium-neon laser operates at 
6,328 angstroms and transmits a narrow beam, BT, 
to the receiver. At the receiver, the signal beam 
plus background radiation is collected by an aper-
ture of diameter Du and passes through a narrow-
band optical filter that reduces background radia-
tion. The signal and filtered background is then 
detected by a photomultiplier tube that has a post-
detection filter at its output. 

Equation for ratio 

Assuming that the photomultiplier's frequency 
response is constant over the bandwidth of the 
modulated laser beam, the ratio of signal to noise 
power, (S/N), at the detector's output is given by 
the equation 

(,) 
\. t 

(Pe ) 1 + 2 

a p'sy (2.) (1,-) [re + ; P. P. (- + [r. + P.] + 
' + 2 

The terms in this equation and those following are 
defined in the box on page 85, along with the values 
that are constant in the nomogram. 
There are three distinct noise terms in the equa-

tion's denominator. The terms in the first set of 
brackets—so-called quadratic terms—were previ-
ously referred to as interaction terms; they include 
the square of the background noise (sunlight), Pit, 

and the product of the background noise and signal 
power, Ps. These quadratic terms are higher-order 
correlation terms produced by driving one prob-
abilistic process—detector shot noise—by another 
probabilistic process—background radiation plus 
signal. First-order shot noise due to the power, 
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Ps + PR, that impinges on the detector is repre-
sented by the term in the second set of brackets. 
The third term, No, is the dark-current parameter. 

Shot noise is caused by the random emission of 
electrons from the photodetector's cathode sur-
faces. In deriving the equation, the shot noise is 
represented by a Poisson distribution, while the 
input background is described by a Gaussian distri-
bution. The average current at the photomultiplier's 
output is proportional to the square of the ampli-
tude of the input beam, which in turn is propor-
tional to the intensity of the beam. 

Evaluating powers 

To determine the values of Ps and Ps, it's neces-
sary to consider the system geometry, the beam-
width of the optical transmitter, and the efficiencies 
of the transmission medium and the transmitter 
and receiver components. 
For Ps, one should first compute the irradiance, 

HR—the power per square centimeter at the input 
to the receiver. The irradiance is given by 

HR = PO 
ir (er)2 (R X 105)2) TT TA 

When multiplied by the area of the receiver's col-
lecting aperture and the efficiency of the receiver's 
optics, the signal power at the detector is 

Ps = HR ( 74 ) (DR)2 ra 

The background noise that impinges on the 
photodetector is given by 

2 

PB = NB ( :2-r- (Dar (9)2 (AX) Ta 4 

It is assumed that the background radiation fills 
the receiver's entire field of view. In addition, the 
equations are only valid when distance R is large 
enough so that 

DR OT (R X 10) 

This means that the beam's diameter must be 
greater than the receiver's optical aperture. 
These equations have been used to develop the 

nomogram on page 86; certain variables have been 
assigned typical fixed values as tabulated. Further, 
the signal-to-noise ratio is normalized to a post-
detection bandwidth, af„, of 1 megahertz; for other 
bandwidths, the ratio is multiplied by (1 x 106)/ 

Terms and fixed values used in nomogram 

Term 

DR 

h 

H)) 

NI, 

N,, 

PH 

Po 

-Definition Constants, fixed 
values, and units 

Term Definition Constants, fixed 
values, and units 

Velocity of light 

Diameter of the receiver's 
collecting aperture 

Energy per photon in the 
frequency band passed 
by the optical filter = 
h(c/X) 

Post-detection band-
width. The bandwidth of 
the filter immediately fol-
lowing the detector 

Planck's constant 

Irradiance 

Amplitude-modulation 
index 

Spectral radiance of back-
ground corresponding to 
daylight 

Dark-current parameter 
in the photomultiplier. 
The average number of 
photoelectrons emitted 
per unit time 

Power of the background 
noise that impinges on 
the detector 

Laser's output power be-
fore passing through 
transmitter's optical 
system 

3 X 10'8 angstroms 
per second 

centimeters 

2.97 X 10-'9 
watt-seconds 

1 X 109 hertz 

.625 X 10-34 
watt-second2 

watts per square 
centimeter 

2 x 107 watt cm-2 
steradians-, 
angstroms-1 

10' seconds-1 

watts 

watts 

PS 

S 
N 

OR 

OT 

X 
ejt 

AU 

TA 

TR 

TT 

Power in the portion of watts 
the laser beam that im-
pinges on the detector 

Distance between the 
optical transmitter and 
receiver 

Ratio of signal power to 
noise power at the output 
of the receiver's detector 
Photomultiplier's quan-
tum efficiency. The aver-
age number of electrons 
emitted per incident 
photon 
The receiver's field of 
view 

Laser's transmitted 
beamwidth 

Laser's wavelength 

Optical filter's bandwidth 
in angstroms 
Optical filter's bandwidth 
in hertz 

Transmission efficiency 
of the air path between 
the transmitter and re-
ceiver 

Transmission efficiency 
of the optical system at 
the receiver 

Transmission efficiency 
of the optical system at 
the output of the laser 
transmitter 

kilometers 

4% 

50 X 10-" radians 

radians 

6,328 angstroms 

1.0 angstrom 

74.9 giga hertz 

70% 

40% 

40% 
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Signal-to-noise ratio is found at point 5 on scale 10. The 
points in color are determined by the values of the laser power, 
Po, the distance between receiver and transmitter, R, the 
laser's beamwidth, OT, the diameter of the receiver's collecting 
aperture, DR, and the index of amplitude modulation, k. 



TRANSMITTER SATELLITE 

LASER BEAMWIDTH ,Or 

RECEIVER'S FIELD OF VIEW,OR 

Optical communications detector receives not only the laser beam, but any background noise 
that falls within its field of view, OR. 

(M), where M is the actual post-detection band-
width. 
The selected 1-angstrom-bandwidth filter cen-

tered at the laser frequency is equivalent to about 
a 75-gigahertz bandwidth. This is larger than the 
total bandwidth of any radio system and is also 
larger than the information bandwidth required for 
most existing communications systems; smaller op-
tical bandwidths are difficult to achieve. The filter's 
bandwidth in hertz, si', is related to the bandwidth 
in wavelengths ,cot. by 

àX 
e x2 

The nomogram 

As an example of calculating signal-to-noise ratio 
with the nomogram, consider a communications 
system with the fixed design values given in the 
table on page 85 and the following additional de-
sign values: 

R = 105 kilometers 
Po = 100 milliwatts 
k = 0.50 
OT = 10 X 10-6 radians 
DR = 100 centimeters 
OR = 50 X 10-6 radians 

If we want to determine the signal-to-noise-power 
ratio at the output of the photodetector for an in-
formation (post-detection) bandwidth, M, of 5 
megahertz, we perform the following steps in the 
nomogram: 
• Draw a straight line through the value of the 

laser power, P„ on line 1 and R, the distance be-
tween the transmitter and receiver, on line 2. Ex-
tend the line until it intersects line 3 at point 1 
(in color). 

GROUND RECEIVER 

DIAMETER —DR 

OPTICAL FILTER 
AND DETECTOR 

• Connect point 1 on line 3 with the value of the 
transmitted beam width, OT, on line 4, and mark the 
intersection with line 5 as point 2. 
• Using the transfer slopes between lines 5 and 

6, transfer point 2 to point 3 on line 6. 
• Connect point 3 with the value of the receiver 

collector diameter, DTI, on line 7. The intersection 
with line 8 is point 4. 
• Draw a straight line between point 4 and the 

modulation index value, k, on line 9. This line inter-
sects line 10 at point 5, where the signal-to-noise 
power ratio is found to be 2.82 X 102. 

This value is for a 1-megahertz bandwidth. To 
find the signal-to-noise ratio for the specified 5 
megahertz, we multiply by (1 X 106)1(5 X 10e) 
and obtain 56.4. 
The slopes of the transfer lines between nomo-

gram lines 5 and 6 indicate the predominance of 
different types of noise. The horizontal transfer 
slopes indicate a predominance of shot noise, while 
increasing slope shows the influence of background 
and dark-current shot noise. 
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Interferometry and holography 

Interferometry is based on the 
principle that if two beams of the 
same monochromatic light are su-
perimposed, the intensity in the 
region of superimposition depends 
on the phase difference between 
the waves. If the two waves are 
in phase, an intensity maximum is 
found; if they are out of phase, 
intensity is a minimum. The vari-
ations of intensity form a pattern 
of alternate dark and bright fringes. 

Because the wavelength of light 
is so short (0.6 microns, or 6000 
angstroms, for red light), an ex-
tremely small change in the path 
length of one beam can cause a 
phase shift of 180°. This will 
change an intensity maximum to 
a ininimum, or vice versa, and 
will result in a fringe shift of one-
half the distance between fringes. 
Changes as small as a tenth of 
this magnitude can be measured. 
Thus, interferometry finds appli-
cation in measuring extremely 
small changes in physical dimen-
sions, or changes in refractive in-
dices that change optical path 
lengths. 

Mach-Zehnder. Although there 
exists a great variety of interferom-
eters, the Mach-Zehnder arrange-
ment, developed in 1891, is typical 
and illustrates the basic principles. 

LASER 
SOURCE 

It's still commonly used for the 
study of gas densities and for 

tests in wind tunnels and shock 
tubes. Its square configuration al-
lows wide separation of the test 
and comparison beams; often the 
comparison beam can be routed 
around the subject. 
With this approach, light from 

a monochromatic source is divided 
into two paths by a beam divider. 
One beam, in the comparison path, 
passes unperturbed to the output 
by means of a mirror and a second 
beam divider. The other beam, in 
the test path, passes through the 
object being investigated. The 
phase of the waves passing through 
the test object are altered accord-
ing to the velocity of propagation 
and the path length. The two 
beams are recombined at the out-
put where the fringe pattern re-
sulting from the interference of 
the superimposed beams is viewed. 

Beyond the fringe. A hologram is 
also a pattern resulting from an 
interference effect between two 
beams—but not a fringe pattern. 
The interference fringes are gen-
erally too fine to be visible. 

Holograms produce a three-di-
mensional replica of the object 
recorded. The image can be viewed 
from any angle; features shielded 
at one viewing angle can be ob-
served from another perspective. 
The hologram is formed by ex-

posing a photographic plate to the 
interference pattern between two 
beams generated by a single laser 
with a beam splitter. One beam, 
the reference, goes directly to the 
photographic plate. The other is 
diffracted by the object and then 
recorded on the plate. The two 
beams interfere at the plate and 
form a diffraction pattern that 
stores both the amplitude and 
phase of the two beams. 

In the interference pattern, the 

typical spacing between fringes is 
comparable to the wavelength of 
the light used to form the holo-
gram. The formula for fringe spac-
ing, d, is d = X/sin a where X is 
the laser wavelength and a is the 

SUBJECT 

LASER BEAMSPLITTER 
HOLOGRAM 

angle between the two beams. For 
the typical 30-degree beam an-
gle, the spacing is twice the wave-
length. The hologram's interfer-
ence pattern shouldn't be confused 
with the pattern in the interferom-
eter. In an interferometer, the 
beams are nearly parallel (a = 01, 
so that fringe spacing is much 
greater and can be analyzed with 
the unaided eye. 
To reconstruct the image, the 

developed photographic plate is il-
luminated by only the reference 
beam. This beam is diffracted by 

VIRTUAL REAL 
IMAGE IMAGE 

LASER 

HOLOGRAM 

the hologram, and the exact wave-
fronts of the test beam are repro-
duced. A virtual image can be ob-
served through the hologram in the 
position formerly occupied by the 
actual object. A second real image, 
not used, is also produced. 

pattern produced by the changes. 
Common-path interferometers also permit three-

dimensional observations beyond the capacity of 
conventional equipment. By inserting a diffuser 
between the test beam and the test object, the 
object is illuminated by diffuse light. Because the 
diffuser is fixed, it doesn't introduce fringes in 
the interference pattern. But because light passes 
through the test object over a wide range of an-
gles, the interference pattern corresponding to any 
viewing direction can be examined by changing 
one's viewing perspective. To get the same effect 
with a conventional inferometer, a diffusing screen 

would have to be introduced before the beams are 
split, and the path lengths would have to be 
matched in all directions. 

Double-exposures 

For all its flexibility, the common-path holo-
graphic interferometer suffers from some practical 
difficulties. Because it uses separate holograms 
for test and comparison beams, the laser wave-
length and optical arrangement must be the same 
in both recording and reconstruction; this gen-
erally requires the use of precision plate holders 
if the plates are removed for developing. Also, 
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TRANSMITTER SATELLITE 

LASER BEAMWIDTH,ar 

RECEIVER'S FIELD OF VIEW,BR 

Optical communications detector receives not only the laser beam, but any background noise 
that falls within its field of view, O. 

(àf), where àf is the actual post-detection band-
width. 
The selected 1-angstrom-bandwidth filter cen-

tered at the laser frequency is equivalent to about 
a 75-gigahertz bandwidth. This is larger than the 
total bandwidth of any radio system and is also 
larger than the information bandwidth required for 
most existing communications systems; smaller op-
tical bandwidths are difficult to achieve. The filter's 
bandwidth in hertz, Ap, is related to the bandwidth 
in wavelengths AA. by 

AX 
x2 

The nomogram 

As an example of calculating signal-to-noise ratio 
with the nomogram, consider a communications 
system with the fixed design values given in the 
table on page 85 and the following additional de-
sign values: 

R = 105 kilometers 
Po = 100 milliwatts 
k = 0.50 
OT = 10 X 10-6 radians 
DR = 100 centimeters 
OR = 50 X 10-6 radians 

If ‘ve want to determine the signal-to-noise-power 
ratio at the output of the photodetector for an in-
formation (post-detection) bandwidth, M, of 5 
megahertz, we perform the following steps in the 
nomogram: 
• Draw a straight line through the value of the 

laser power, P,„ on line 1 and R, the distance be-
tween the transmitter and receiver, on line 2. Ex-
tend the line until it intersects line 3 at point 1 
(in color). 

GROUND RECEIVER 

DIAMETER -DR 

OPTICAL FILTER 
AND DETECTOR 

• Connect point 1 on line 3 with the value of the 
transmitted beam width, OT, on line 4, and mark the 
intersection with line 5 as point 2. 
• Using the transfer slopes between lines 5 and 

6, transfer point 2 to point 3 on line 6. 
• Connect point 3 with the value of the receiver 

collector diameter, DR, on line 7. The intersection 
with line 8 is point 4. 
• Draw a straight line between point 4 and the 

modulation index value, k, on line 9. This line inter-
sects line 10 at point 5, where the signal-to-noise 
power ratio is found to be 2.82 X 102. 

This value is for a 1-megahertz bandwidth. To 
find the signal-to-noise ratio for the specified 5 
megahertz, we multiply by (1 X 106)/(5 X 106) 
and obtain 56.4. 
The slopes of the transfer lines between nomo-

gram lines 5 and 6 indicate the predominance of 
different types of noise. The horizontal transfer 
slopes indicate a predominance of shot noise, while 
increasing slope shows the influence of background 
and dark-current shot noise. 
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Holographic interferogram shows moving combustion front after spark plug ignites acetylene-air mixture. 

Advanced technology 

New dimension for interferometry 

Interference patterns between light waves occurring at different times 

can be analyzed from holographic records of the beams. Holograms can 

also do the work of conventional interferometers, and at a lower cost 

By Robert E. Brooks 

TRW Systems Group, Redondo Beach, Calif. 
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The hologram's ability to store an optical wave 
adds to interferometry the capacity to produce 
interference between two light waves that exist 
at different times. 

Besides opening the way to new interferometric 
techniques, the hologram can do the jobs of con-
ventional interferometers in measuring small dis-
placements and refractive indices, and with lower-
quality, lower-cost optical components. The sav-
ings are especially important when the subject 
of an interferometric study is large. 
Holograms make feasible the following types of 

interferometers: 
• Differential. The unchanging aspects of a com-

plex object can be canceled in an investigation of 
subtle changes. 
• Three-dimensional. The object can be studied 

from any angle. 
• Time-average. Vibration modes can be ob-

served. 
The use of a hologram in such applications 

is best demonstrated with a basic interferometer 
setup such as the Mach-Zehnder. This approach 
uses only two beam dividers and two mirrors, but 
a hologram can be used in more complex systems 
since it offers considerable savings. [For a basic 
discussion of the technology, see "Interferometry 
and holography," page 90.] 
Two beams are needed to obtain the interfer-

ence pattern—a test beam that passes through the 
object under study, and a comparison beam that 
passes directly to the output. 

If it's convenient to make tests "on location"— 
for example, when turbulence is being studied in a 
wind tunnel or shock tube—a hologram can be 
made of the test beam and inserted in the Mach-
Zehnder arrangement.' Measurements then can 
be made at the experimenter's leisure in a labora-
tory environment. 
The experimenter can even go a step further 

and use a second hologram to synthetically gener-
ate the comparison beam. He can then dispense 
with the split beam, generating both holograms 
in the same beam. The result, a common-path in-
terferometer, is an arrangement that offers many 
advantages. 
With the common-path technique, both test 

and comparison beams traverse the same optical 
path. Because the interference pattern results only 
from changes in the test object, imperfect optical 
components can be used without affecting the 
fringe pattern. 

Differential and 3-D 

A photograph of the interferometric pattern 
caused by heating the gases in a common electric 
lamp was made using holograms for the test and 
comparison beams. It couldn't have been made 
with a conventional interferometer; the lamp's en-
velope would produce fringes that would obscure 
the desired pattern. With a common-path inter-
ferometer, however, those aspects of the subject 
that don't change don't affect the interference 

Shock layer surrounding a 22 caliber bullet traveling 
at 3,500 feet per second is shown in double-exposure 
holographic interferogram. The relatively long 
exposure time, 0.25 microseconds, causes a 
slight blurring of the bullet image. 

LASER SOURCE 

COMPARISON 
BEAM 

. . 

HOLOGRAM 

RECONSTRUCTION 
BEAM 

Test beam in the Mach-Zehnder interferometer can by 
synthetically generated with a hologram. The viewer 
then sees the interference pattern between the 
comparison beam and the test beam, released from the 
hologram with an auxiliary beam. 
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Interferometry and holography 

Interferometry is based on the 
principle that if two beams of the 
same monochromatic light are su-
perimposed, the intensity in the 
region of superimposition depends 
on the phase difference between 
the waves. If the two waves are 
in phase, an intensity maximum is 
found; if they are out of phase, 
intensity is a minimum. The vari-
ations of intensity form a pattern 
of alternate dark and bright fringes. 

Because the wavelength of light 
is so short (0.6 microns, or 6000 
angstroms, for red light), an ex-
tremely small change in the path 
length of one beam can cause a 
phase shift of 180°. This will 
change an intensity maximum to 
a ininimum, or vice versa, and 
will result in a fringe shift of one-
half the distance between fringes. 
Changes as small as a tenth of 
this magnitude can be measured. 
Thus, interferometry finds appli-
cation in measuring extremely 
small changes in physical dimen-
sions, or changes in refractive in-
dices that change optical path 
lengths. 

Mach-Zehnder. Although there 
exists a great variety of interferom-
eters, the Mach-Zehnder arrange-
ment, developed in 1891, is typical 
and illustrates the basic principles. 

LASER 
SOURCE 

It's still commonly used for the 
study of gas densities and for 

tests in wind tunnels and shock 
tubes. Its square configuration al-
lows wide separation of the test 
and comparison beams; often the 
comparison beam can be routed 
around the subject. 
With this approach, light from 

a monochromatic source is divided 
into two paths by a beam divider. 
One beam, in the comparison path, 
passes unperturbed to the output 
by means of a mirror and a second 
beam divider. The other beam, in 
the test path, passes through the 
object being investigated. The 
phase of the waves passing through 
the test object are altered accord-
ing to the velocity of propagation 
and the path length. The two 
beams are recombined at the out-
put where the fringe pattern re-
sulting from the interference of 
the superimposed beams is viewed. 

Beyond the fringe. A hologram is 
also a pattern resulting from an 
interference effect between two 
beams—but not a fringe pattern. 
The interference fringes are gen-
erally too fine to be visible. 

Holograms produce a three-di-
mensional replica of the object 
recorded. The image can be viewed 
from any angle; features shielded 
at one viewing angle can be ob-
served from another perspective. 
The hologram is formed by ex-

posing a photographic plate to the 
interference pattern between two 
beams generated by a single laser 
with a beam splitter. One beam, 
the reference, goes directly to the 
photographic plate. The other is 
diffracted by the object and then 
recorded on the plate. The two 
beams interfere at the plate and 
form a diffraction pattern that 
stores both the amplitude and 
phase of the two beams. 

In the interference pattern, the 

typical spacing between fringes is 
comparable to the wavelength of 
the light used to form the holo-
gram. The formula for fringe spac-
ing, d, is d = à/sin a where X is 
the laser wavelength and a is the 

SUBJECT 

LASER BEAMSPLITTER 

HOLOGRAM 

angle between the two beams. For 
the typical 30-degree beam an-
gle, the spacing is twice the wave-
length. The hologram's interfer-
ence pattern shouldn't be confused 
with the pattern in the interferom-
eter. In an interferometer, the 
beams are nearly parallel (a = 00), 
so that fringe spacing is much 
greater and can be analyzed with 
the unaided eye. 
To reconstruct the image, the 

developed photographic plate is il-
luminated by only the reference 
beam. This beam is diffracted by 

VIRTUAL 
IMAGE 

REAL 
IMAGE 

HOLOGRAM 

the hologram, and the exact wave-
fronts of the test beam are repro-
duced. A virtual image can be ob-
served through the hologram in the 
position formerly occupied by the 
actual object. A second real image, 
not used, is also produced. 

pattern produced by the changes. 
Common-path interferometers also permit three-

dimensional observations beyond the capacity of 
conventional equipment. By inserting a diffuser 
between the test beam and the test object, the 
object is illuminated by diffuse light. Because the 
diffuser is fixed, it doesn't introduce fringes in 
the interference pattern. But because light passes 
through the test object over a wide range of an-
gles, the interference pattern corresponding to any 
viewing direction can be examined by changing 
one's viewing perspective. To get the same effect 
with a conventional inferometer, a diffusing screen 

would have to be introduced before the beams are 
split, and the path lengths would have to be 
matched in all directions. 

Double-exposures 

For all its flexibility, the common-path holo-
graphic Interferometer suffers from some practical 
difficulties. Because it uses separate holograms 
for test and comparison beams, the laser wave-
length and optical arrangement must be the same 
in both recording and reconstruction; this gen-
erally requires the use of precision plate holders 
if the plates are removed for developing. Also, 
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care must be exercised to minimize distortion 
of the plate and its emulsion; such distortions 
will appear as phase shifts in the observed inter-
ference pattern. However, a double-exposure holo-
graphic approach overcomes these problems— 
with a small loss in flexibility—by putting the 
two holograms on the same plate.2. 3 
With the holograms of the test and comparison 

beams locked together on the same plate, shrink-
age or distortion of the photographic emulsion 
or changes in the reconstruction geometry have 
no effect on the accuracy of the observed inter-
ference pattern. Thus the double-exposed holo-

Differential interferometric measurements 
using double-exposure hologram of a light 
bulb. One exposure is made with the filament 
cold, the second with the filament heated. 
The difference between the two exposures is 
due only to the density changes in the gas 
inside the envelope. The interferogram is 
clear despite the poor optical quality of 
the glass bulb. 

FIRST EXPOSURE: 
RECORD COMPARISON 
BEAM 

AUXILIARY BEAM 

SECOND EXPOSURE: SUBJECT 
RECORD TEST 
BEAM 

AUXILIARY BEAM 

SUBJECT IMAGE ., i -1 

( I, 
RECONSTRUCTION \ ,-;;;„2- ,1 ...-.....--......r ip  

I i , - - 
HOLOGRAM 

Double-exposure hologram can be used to store both test 
and comparison beams, eliminating the interferometer 
arrangement. An auxiliary laser berm is needed to form 
the holograms and reconstruct the wave patterns. 

er^ 

gram can be recorded at one wavelength (with 
a pulsed solid state laser, for example) and recon-
structed at another (perhaps with a con tinuous-
wave gas laser). In addition, precise alignment 
of the apparatus isn't necessary. 

Real-time studies 

If a test beam is recorded on a hologram, as 
in the double-exposure method, it's impossible to 
examine a new subject or view changes without 
making a new hologram. However, if only the 
comparison beam is holographically recorded, and 
this reconstructed beam is compared with any 
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Real-time interferometry technique in which the comparison beam is stored on a hologram and the test 
beam is actual. In this arrangement, developed by K.A. Haines and B.P. Hildebrand of the University 
of Michigan, deformations caused by the applied load set up an interference pattern. 

VIBRATING 
SUBJECT 

HOLOGRAM 

LASER SOURCE 

COLLIMATING 
LENS 

PRISM 

SUBJECT 

HOLOGRAM 

Simple implementation used for real-time interferometry. 
The prism provides the proper angle for the reconstruction 
of the comparison beam already recorded. Changes in 
the subject thus can be studied. 

object's actual test beam, the real-time behavior 
of the subject can be displayed interferometri-
cally.4-7 Since the same beam is used for test and 
comparison, the result is a common-path inter-
ferometer. 

If a hologram of the comparison beam is re-
placed in the apparatus and reilluminated, one 
observes simultaneously the actual beam and the 
reconstructed comparison beam. If a subject is 
then introduced into the actual beam, it becomes 

LASER SOURCE -  REFERENCE 
MIRROR 

A vibrating subject can be studied with a time-average 
hologram, which records the subject's vibration modes. 

a test beam and can be directly compared with 
the reconstructed comparison beam. 
A simple system for transparent subjects uses 

only a lens and prism.4 The lens collimates the 
laser beam, the prism diffracts half the beam onto 
the hologram, and the subject is placed in the path 
of the other half of the beam. This implementation 
was developed with L.O. Heflinger and R.F. 
Wuerker of the TRW Systems group. 
Although these methods don't require high-
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Mode pattern of a vibrating membrane of 
a sonar transducer. The vibration 
frequency increases from top to bottom 
in the experiment performed by R.L. 
Powell of the University of Michigan. 

quality optical elements for good results, precision 
is necessary in the positioning and holding of the 
hologram plate. To eliminate the chance of bend-
ing or distortion, thick photographic plates—of 
quarter-inch glass, for example—must be used 
and carefully processed. 
To equalize the two beams' intensities, the 

test beam should be attenuated during reconstruc-
tion. Placing the attenuating filter near the laser 
point minimizes any phase distortions the filter 
might cause. 

Real-time interferometry can be used to meas-
ure differential changes in an otherwise complex 
subject by holographically recording the imper-
turbed subject and then viewing changes that are 
introduced in it. This method is useful for ob-
serving strain patterns in objects under various 
mechanical loads. 

Time-averaging 

Periodically vibrating objects such as acoustic-
wave transducers can be studied with time-average 
interferometry.8 The subject is illuminated with 
a continuous-wave laser and the scatter waves 
from the vibrating surface are holographically re-
corded, producing, in effect, a multiple-exposure 
hologram. 
Those rays scattered from nodes on the vibrat-

ing surface are reflected undisturbed and appear as 
bright as the normal surface illumination in the 
reconstruction. The vibrating parts of the surface, 
however, show up darker due to a washout of that 
component of the hologram's fringes. 

For a typical case—sinusoidal vibrations—the 
intensity on the hologram varies with the vibration 
amplitude as a zero-order Bessel function. As a 
result, the reconstructed image will appear to be 
covered with a fringe pattern representing the loci 
of equal amplitudes of vibration. 
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The Material of Unlimited Uses... 

INSTANT 
DIP-A-
MOLD 

This particular alloy — CERROTRU® — does not shrink, slips easily from the pattern 
without parting or contaminating compounds or coatings. Because of its low melting 
point, it is safe and easy to handle. 

You can reproduce such unusual details as positioning lugs for transformer cases, as 
shown above, without the use of cores, inserts or secondary operations. 

Instant molding is just one of the many uses for CERRO Alloys. To find out more, 
contact Cerro Copper & Brass Co., Cerro Alloy Dept., Stamford, Conn. 06907 ... 
R. S. Darnell (203) 327-0550. 

In seconds, you can make perfect molds, like this one, for potting any 
encapsulation, and make them economically, with low-melting CERRO® 

Alloys. Just dip the master in molten alloy. A thin coating of alloy clings 
to the pattern. Withdraw the pattern, and you have a perfect high 
fidelity mold. When the encapsulating plastic cures, simply remove the 
CERRO Alloy. Use it over and over again, almost without limit. 

CERRO® 
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Circuit design 

Designer's casebook 
Cathode voltage boosts 

amplifier gain tenfold 

By Y.L. Li 

University of Malaya 
Kuala Lumpur, Malaysia 

Increasing a tube amplifier's gain tenfold is ac-
complished by waking its cathode bias the supply 
voltage for a preceding single-transistor circuit. 
The transistor preamplifier converted an audio 
amplifier, designed to pick up a high output crystal 
signal, to a magnetic cartridge amplifier without a 
step-up transformer or extra tube stage separately 
powered. 
Assume the cathode bias of tube V1 is 2 volts 

produced by an anode current of approximately 2 
milliamperes. Thus transistor Qi must operate with 
a maximum collector current less than 2 ma. As-
suming Ie = 1 ma, the size of collector resistor 
Re is determined by 

2 volts 
Rc = - = 2 kilohms 

1 ma 

Designer's casebook is a regular 
feature in Electronics. Readers are invited 
to submit novel circuit ideas, packaging 
schemes, or other unusual solutions to 
design problems. Descriptions should be 
short. We'll pay $50 for each item published. 

Choose Rk = Re =. 2 kilohms 
Resistor Res must maintain the proper bias on Q, 
even though the tube's grid-to-cathode voltage is 
continually changing. A satisfactory relationship 
for determining Res is Res = 1/2 13110. Since tran-
sistor Q1 has a current gain (3) of 50, 
Ben =- #Re -= 50 kilohms. 

When the input source impedance is low and # is 
high, transistor Qi's stage gain is given by ReciRs. 
thus, R5 is chosen to be 4.7 kilohms for a stage 
gain = 10. The frequency response of the amplifier 
may be adjusted by connecting an appropriate 
capacitor across Rs or &B. 

Cathode bias from tube V, is the supply voltage for 
transistor Q.. This preamplifier boosts the gain by 10. 

Automatic scale changer 
shifts recorder range 

By B.E. Bourne and R.L. Gattinger 

National Research Council, Ottawa, Canada 

Transistors in place of the reed relays usually 
found in commercial instruments make it possible 
to build a low-cost automatic scale changer for 
meters and recorders. The circuit was designed to 
operate with a spectrometer that repetitively scans 
a frequency band of light emissions in the upper 
atmosphere. As the values of light emissions 
change, the input voltage to a pen recorder varies. 
These variations cause the circuit to adjust the 
multiplying factor of the recorder scale, keeping 
the results in a useful range. The scale changer 

reads the recorder peak-input voltage during each 
scan of the spectrometer. 

If an off-scale or low-scale trace is obtained, a 
voltage divider in the scale changer adjusts the 
recorder's input to produce a maximum on-scale 
trace during the next scan. 
For simplicity the circuit is partitioned into eight 

stages, A through H. 
Stage A provides a 400-kilohm input impedance 

and a low output impedance for driving the suc-
ceeding stages. The stage output voltage level is 
maintained approximately equal to the input by 
selection of resistor R1. 

Stage B enables the operator to determine the 
scale factor at any given time. The reference volt-
age at the junction of Ro and R3 is routed by switch 
SI or So through the voltage divider in stage C to 
the base of Q1. Varying the effective grounding 
position along the divider changes the scale factor. 
In passing through stage C, the reference voltage 

N 

Electronics May 15, 1967 
95 



e 

2N2712 

INPUT 

470 k 

R1 
I.8k 

T"" 

100 

2N2862 

LIN457 

3 
4.7k 

R2 
220 

2 

Ql 
2N27I2 

7k 

1k 

I .3 k 

4.7k 

5 k 

100 

2N3703 

I N457 

2.2 k 

H1 

1 2H  
 _1  I H3 

Scale factors are established when the outputs from H automatically change grounding points on the divider 
in stage C. Stage E detects the peak input voltage and con trois the outputs from the H stages. 

is multiplied by a ratio equal to the scale factor 
at that time. Microswitch SI, operated periodically 
by the spectrometer, automatically displays the 
scale factor on the recorder trace. Switch So is 
operated manually to determine the scale factor 
at any instant of time. 

Stage D is a driver similar to stage A. Resistor 
R4 is selected so that the output voltage follows 
the voltage at the base of Qi. 

Stage E is a peak-level detector. The spectrom-
eter momentarily closes microswitch S3 at the 
start of each scan to discharge C1. During adjust-
ment of the scale changer, S4 operates as S. 
Three identical chains of F, G and H stages, one 

for each of the three scale factors desired, are fed 
in parallel from E. 
The F stages provide impedance matching be-

tween the E and G stages. 
The G stages are flip-flops which can be turned 

on (Q2 conducting) or off (Q3 conducting) at vari-
ous levels established by the values of 11,, and 
Stages G2 and G3 are the same as GI, but are 

+20v 

OUTPUT 

6v 

adjusted to switch states at different input voltage 
levels. The spectrometer momentarily closes micro-
switch S6 at the end of each scan to set the G 
stages for the next scan, determined by the peak 
voltage measured by E during the previous scan. 
Switch S5 is used manually when the scale changer 
is adjusted. 
The H stages operate as grounding switches. 

In HI, when Q4 is conducting, the saturation volt-
age from collector to emitter is about 50 millivolts 
and provides an effective grounding point at the 
end of the voltage divider in stage C. Transistor 
Q. conducts only when stage G1 conducts. The 
effective grounding point shifts towards the center 
of the divider when emitter Ho or 1-13 conducts 
because of Go or G3 conducting. 
The scale changer switches to a lower-sensitivity 

scale at the end of a scan when the input during 
the scan rises to 1 volt (G1 turns on), 2 volts (C2 
turns on), or 4 volts (G3 turns on). G stages can 
change state simultaneously. Sensitivity increases 
at the end of a scan if the peak voltage has fallen 
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to 3 volts (G3 turns off), 1.5 volts (G2 turns off), or 
0.75 volt (G1 turns off). With all G stages turned 
off, the output voltage is approximately equal to 
the input voltage. 
The waveforms illustrate a typical cycle of scale 

changing. It is assumed that the G stages are off 
and that the peak-level detector indicates less than 
one volt before any signal is applied to the input. 
The height of the calibration pulse at B1 shows 
that the scale changer is in the most sensitive 
range. At DI, S3 is closed momentarily to discharge 
C1. In the first scan, the recorder pen goes off-
scale since the full-scale sensitivity is one volt and 
the peak input voltage is three volts. At A2, S6 is 
closed momentarily; this causes GI and G2 to turn 
on since the peak-detector reached three volts 
during the previous scan. The height of the pulse 
at B. indicates that the input voltage is divided 
by four in the next scan. Switch S3 is again closed 
momentarily at D2 to discharge capacitor C1. The 
sampling at A3 shows that no scale-factor change 
is required for the next scan. 

Satisfactory operation was obtained with repeti-
tion rates from one scan every five minutes to four 
scans per minute. However, operation is possible 
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An off-scale trace is obtained on the recorder when 
the peak input exceeds 1 volt. The smaller calibration 
pulse at 13,, indicates that the recorder scale is 
increased by a factor of 4, yielding a subsequent 
on-scale trace for the same peak input. 

with repetition rates higher than 300 milliseconds 
if the time constants in the E and F stages are 
decreased. The scale changer can be easily adapted 
to any instrument having outputs similar to the 
spectrometer. 

Decade counter's feedback 

adds up to reliability 

By C.J. Ulrick 
Collins Radio Co., Cedar Rapids, Iowa 

Four flip-flops and a simple RC feedback gate form 
a reliable decade counter in which feedback effec-
tiveness is independent of flip-flop resolution time. 

In feedback counters, the stages receiving the 
returned signal are often required to change states 
twice in a short time—once from the trigger input, 
and again from the feedback signal. If the time 
between the two signals is shorter than the resolu-
tion time of the flip-flops, proper feedback response 
isn't obtained. The result: inaccurate counting. 
Often, additional buffering circuitry is required to 
establish the proper time delay. 
With the connection shown, the stages receiving 

feedback aren't changed by their input triggers at 
the same time. Thus, a complete clock period is 
available for these stages to make the transitions. 
Feedback occurs as follows: Whenever the Y3 out-

Feedback signals are present at the set input 
of B, and B, when Y. is 0 and there is a 
1-to-O transition in Y. 

CLOCK  
INPUT 

Yo 

Y 

Y2 

13 

I 

S38303 

COUNTER 
OUTPUT 

Y. 

83 
R T S 

1 2 3 4 5 6 7 8 9 0 

STATE 1 I 

--- o 
--- o 

With feedback, the first input clock pulse 
increases the count to binary 7. 

put is zero, a one-to-zero transition of Yo passes 
through the RC path to the set inputs, S, of flip-
flops B1 and B2. On the first input pulse, Bo changes 

state, and the one-to-zero transition of fo is fed 
to B1 and B2, forcing them to change state. The 

Electronics May 15, 1967 
97 



zero-to-one transitions at the T inputs have no 
effect on the B1 and B2 states. 
The state of the flip-flop chain, after the first 

pulse, is a binary seven; therefore, six extra counts 
have been added to the cycle. On the second pulse, 
Y3 goes from a zero to a one state, and no feedback 
is possible for the remainder of the cycle. With the 
feedback path effectively removed from the circuit, 
the count for the remainder of the cycle is accom-

plished in the conventional manner of a ripple 
counter. 
On the second through 10th pulses, the circuit 

counts from seven to 16 in the conventional man-
ner, producing an output pulse (one-to-zero transi-
tion of Y3) on the 10th input pulse. 
The only calculation required to ensure reliable 

counting is the time constant RC. It must be less 
than one clock period, preferably one-third. 

Light-activated Schmitt 
triggers control relay 

By Robed A. Farrell 
Clairex Corp., New York 

A Schmitt trigger fed by a photoconductive cell trips 
a relay in response to small changes in light inten-
sity. Fast action and precise control are achieved 
without sensitive relays. 
The basic Schmitt trigger is shown at the extreme 

right of the schematic. Circuits A, B, and C are 
several input configurations. 
With circuit A, relay pull-in is achieved when 

the light intensity decreases. At high light levels, 
transistor Qi conducts. When Q1 is on, Qo is off. 
As the light level decreases, both the base drive 
and collector current of Q1 drop until Q2 con-

RI 
lk 

ALL PHOTOCELLS ARE CLAIREX 703L 

Photoconductive cells supply varying base drive to Qi as light intensity changes. 
When Q1 cuts off with low base drive, Q2 conducts, energizing the relay. 

ducts. The voltage drop across potentiometer R2 
increases as Qo conducts, cutting off Qi, and causes 
Qo to saturate, pulling in the relay. When the 
light level increases again, the circuit turns Qi on 
and Q2 off, causing the relay to drop out. 
The operating point of the circuit is set by 

potentiometer RI, and R2 determines the on-off dif-
ferential of the Schmitt. Since the effects of Ri 
and Ro are interdependent, the two potentiometers 
are adjusted alternately until the desired operating 
point and differential are obtained. 
The input circuits can be arranged to perform 

logic functions. For example, with the AND con-
figuration of input circuit B, both cells must be 
illuminated for the relay to drop out. Input circuit 
C is an OR configuration; thus, illumination of 
either cell causes the relay to drop out. If the 
positions of the cells and potentiometers in each 
circuit are reversed, relay pull-in with increasing 
light intensity is obtained. For this type of oper-
ation, R1 is 50 kilohms. 
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want a custom-designed 
electronic power supplg? 

call 312 439-2800 

Sola answers your tough ones. 

We're geared to handle them with a 
team of electronic engineers and vol-
ume production facilities. High- and 
low-voltage transistorized power sup-
plies, or entire power systems. For elec-
trostatic copiers to process control, 

SOLA ELECTRIC 

optical readers to radar. 
Tell us your specs; we'll design to meet 
them. 

Want to know more? Call Phil Snyder 
at 312/439-2800, or write him for catalog 
PS-100: 1717 Busse Road, Elk Grove 
Village, Illinois 60007. 
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New... (DIGITAL VOLTMETER ELECTRONIC COUNTER 
ANALOG INTEGRATOR 

3 instruments 
in 1 

DIGITAL METER Model DM 5000 
1. Five operating modes: (1) 
0.1% DC digital voltmeter; 
(2) analog integration; (3) 
rate and frequency measure-
ment; (4) period and interval 
measurement; and (5) elec-
tronic counter. 

2. Four-digit buffered display: 
with automatic polarity, 100 
IN resolution, no flicker, over-
range and mode indications. 

3. DC voltages in five ranges: 
-±.1000 V, -±-1.000 V, +10.00 
V, -±-100.0 V, and -± 1000. V; 
calibrated over-range to 40%. 

4. Integration: five full scale 
ranges-1, 10, 100, 1000, and 
10,000 CPM/volt. 

5. Rate and frequency: four 
full scale ranges-10, 100, 
1000, and 10,000 kHz. 

6. Period: four full scale 
ranges-99.99 ms, 999.9 ms, 
9.999 sec., and 99.99 sec. 

7. Counter: from 0 to greater 
than 250 kHz with 1 count in 
104 resolution. 

Other features: no adapters 
or plug-ins required . . . 10 
megohm floating input. 

Write today for free Bulletin 701-A. 

TECHNOLOGY INCORPORATED 
7400 Colonel Glenn Highway, Dayton, Ohio 45431 

Phone: (513) 426-2405 
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Cornputers 

Plated-wire memories: Univac's bet 
to replace toroidal ferrite cores 

Thin films on wire substrates form stores that are fast. cheap, 

yet easy to make; memories of 100 million bits are feasible 

By George A. Fedde 

Univac Division, Sperry Rand Corp., Blue Bell, Pa. 

Thin-film memories have finally caught up with 
ferrite-core men mries in cost, size, and speed. It 
now appears feasible to build—at a cost as little 
as a penny a bit—film memories with capacities 
upward of 100 million bits and operating times 
down to 1 or 2 microseconds. 

Random-access, plated-wire memories are al-
ready being manufactured for the Univac 9000 
computer series. Faster than the proposed mass 
memories, these stores have a cycle time of 600 
nanoseconds. The range in capacity from about 
150,000 bits in a module to a million or more bits 
in multimodule memories. 
Up to now, film memories have been feasible only 

in a few applications. Using plated wires as the 
main memory in the Univac 9000 represents a 
breakthrough for film memories in low-cost, high-
performance computer systems.' Large plated-wire 
memories have also been built for other applica-
tions. 
An 8-million-bit feasibility model—resembling a 

4-by-8-foot sheet of plywood covered with alumi-
num foil—has already been built. To form a 100-
million-bit memory, a dozen such modules could 
be stacked. Any of the 64-bit words could be 
directly accessed in 1 or 2 microseconds. This type 

The author 

George Fedde is manager of the 
advanced electronics research 
department at the Sperry Rand 
Corp.'s Univac division. He 
has been doing research and 
development work on digital 
computer memory systems 
for 11 years. 

of memory could fill the gap between ferrite-core 
main memories of several million bits and the 
billion-bit magnetic drum and disk bulk stores 
which operate in milliseconds. 
High speed, low cost, and high capacity are 

inherent in the design and manufacture of plated-
wire memories. Each inch of plated wire can store 
about 20 bits, with the wiring itself doubling as 
the sense winding. The volume of film switched 
is miniscule, as is the switching time. Power con-
sumption is therefore low. Because the readout of 
data from the film is nondestructive, both the time 
and the circuitry needed to regenerate the data 
are eliminated. 
By using long lengths of wire, storage construc-

tion can be simplified. The magnetic film, a nickel-
iron alloy similar to Permalloy, is cylindrically de-
posited on the wire in a continuous electroplating 
process. The processing equipment needed to pre-
pare in a year wire with a capacity of 100 million 
bits costs only one-fourth to one-third as much as 
the equipment for vacuum depositing an equal 
number of planar magnetic elements on a substrate. 

Shapc of the memory 

A single memory element, storing one bit, is 
perhaps 50 mils in length. Several hundred bits 
can conveniently be stored on each of the many 
wires making up a memory. Bit positions are 
determined by the position of word lines, perpen-
dicular to and insulated from the plated wire. 
Each word line, or strap, forms a one-turn solenoid 
around all the parallel wires. 

In some ways, the plated memory elements are 
similar to both ferrite cores and planar films. 
• Like cores, the plating's cylindrical geometry 

provides a closed flux path for the magnetization. 
The path encircles the wire in one direction for a 

Electronics J May 15, 1967 
101 



WORD 
CURRENT 

VECTOR 
FOR ZERO 

BIT CURRENT 

VECTOR 
FOR ONE 

WORD 
FIELD 

EASY DIRECTION 
OF MAGNETIZATION 

e PLATED WIRE 

In a plated-wire memory, the word line forms a one-turn coil around several wires. 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. 

stored binary 1 and in the opposite direction for a 
stored binary 0. 
• Like planar magnetic films, the wire plating 

is anisotropic—more easily magnetized in certain 
directions than in others. The closed flux path is 
parallel to the easy magnetization axis, as shown 
above. If there is no external magnetic field, there 
is no longitudinal component of magnetization in 
the wire. 
One way of making a memory plane (sketch, 

page 103) is to put oversize pilot wires between two 
sheets of Kapton coated with Teflon (Kapton is a 
high-temperature cousin of Mylar). Under pressure, 
the Teflon fuses around the wires. The sandwich 
is laminated to the remaining components. Freeing 
the pilot wires by pulling them loose leaves tun-
nels in the Teflon layer through which plated wires 
can be inserted. Because the diameter of the pilot 
wire (0.008 inch) is larger than the plated wire's 
(0.005 inch), insertion is a simple process. 
Many variations of this construction are possible. 

Each provides a localized magnetic drive field 
parallel to the wire axis. Bit-storage position is 
where the wire and the localized drive field cross. 
This field is called the word drive field, because 
the current in one word drive line switches all 
the bits of one or more computer words. Neither 
the angle nor the position of the wires relative to 
the word drive straps is critical. The wires need 
only be nominally perpendicular to the word straps. 

Fast, inexpensive and NDRO 

There are numerous similarities and important 
differences between this newly developed memory 
element and previous elements. However, it pro-
vides a most desirable combination of features not 

HARD DIRECTION 
OF MAGNETIZATION 

WORD LINE 

previously available. In operation, the most signifi-
cant of these is the nondestructive readout (NDRO) 
of stored data combined with the ability to write 
new data electronically at high speed. This combi-
nation is basic to wide application, high perform-
ance, and low cost. 

Nondestructive readout provides an effective sys-
tem speed advantage of 67% over destructive read-
out (Leo). This advantage arises from the fact 
that, with NDRO, two independent read instructions 
can be executed in the time that a ferrite-core or 
other DRO memory requires for one read instruction. 
Readout clears, or destroys, data stored in a core, 
so rewriting the data is necessary following every 
readout. In a typical computer application, read 
instructions occur, on the average, four times as 
often as write instructions. In a DRO memory, every 
write instruction requires clearing out the old data 
before writing the new. Thus four reads and one 
write require 10 operations—five read-write pairs. 
The same instructions require six operations in this 
NDRO memory: four reads and one clear-write pair. 
The ratio of 10 operations to six gives the 67% 
speed advantage. To make the most of this, the 
logic designers and system programers must keep 
this speed advantage in mind when designing their 
systems. 
To write data into the memory, coincident cur-

rents are applied to the plated wire and to an 
etched conductor that forms a one-turn coil around 
the parallel plated wires. Direction of the current, 
as is true with other memories, determines whether 
the bit stored is a 1 or 0. 
To read the stored information, a word current 

pulse tilts the magnetization vector in the plated 
film momentarily giving it a longitudinal compo-
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A sandwich made of plated wires between two layers of plastic insulates the wires 
from the word straps. The ground plane is a copper-clad glass epoxy board 
like those used for printed circuits. 

nent, as shown in the diagram on page 102. The 
change in magnetization generates a bipolar voltage 
pulse in the wire under the plating, the sense wire. 
At the end of the current pulse, the vector returns 
to its original position. Hence, the process of read-
ing out doesn't destroy the data. 

Latitude in longitude 

The closed flux path enables the choice of plated-
wire film thickness without regard to bit-packing 
density (the bit space on the wire) or the coercive 
force (the reverse magnetization required to remove 
the residual magnetism from a magnetically satu-
rated material). 

Planar thin-film memory elements ordinarily have 
open flux paths. Thus, the elements resemble bar 
magnets. Such magnets tend to demagnetize them-
selves unless their material has high coercive force. 
The demagnetization field is proportional to the 
magnet's cross-sectional area, and inversely pro-
portional to its length. 

Therefore, if a bar magnet—or memory element 
—is made smaller, it must also be made thinner, 
or of a different alloy that has a higher coercive 
force. Both alternatives have disadvantages. A 
thinner memory element generates a smaller output 
signal. The alloy with the higher coercive force 
requires more drive, and is magnetostrictive—that 
is, its physical dimensions change when it is 
magnetized. This affects handling and assembly 
procedures as well as mounting, packaging, and 
temperature control requirements that depend upon 
operating environment. 

Demagnetization, weak output signals, and mag-
netostriction are all neatly sidestepped by using a 
magnetic memory element with a closed flux path. 

COPPER WORD STRAP 

PLATED 
WIRE 

COPPER WORD STRAP 

Such an element in its rest position has no demag-
netizing field—practically all the magnetism is con-
tained within the material. In the Univac memory, 
the size of the element is limited more by spacing 
of word lines than by considerations of magnetic 
interference on the wire. The element can be made 
small enough without either making the film so thin 
that the signal nearly vanishes or raising the co-
ercive force to the point where magnetostriction 
becomes a problem. The film can be made thick 
enough to produce a generous output signal. 

Small is swift 

Thick films, however, do not mean big elements. 
The volume of the magnetic material in a typical 
plated-wire memory element is approximately 2.5 
X 10-8 cubic inches—about two orders of magni-
tude smaller than a ferrite core with an outer diam-
eter of 0.03 inch and an inner diameter of 0.018 
inch. The small volume and fast switching speed of 
the magnetic material reduces the required switch-
ing energy to approximately 0.5 X 10—° joules— 
only 6% to 7% of that required for the ferrite core. 
One of Univac's 100,000-bit memories runs con-

tinuously at 100 kilohertz in a serial mode on only 
0.3 watt.2. 3 A memory containing 8,192 words of 
32 bits each, operating continuously at a 50-khz 
word rate-32 bits every two microseconds—would 
dissipate an estimated 4 watts while reading and 
10 watts while writing. The magnetic material's 
speedy switching and small volume reduce the 
operating power to less than half that required for 
a ferrite core memory of comparable size. Low 
power consumption permits substantial economies 
in the cooling and packaging of the circuits in in-
dustrial applications and reduces semiconductor 
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Plated wires vs. planar thin films 

Plated wire 
organized for 

Category Planar film low cost 

Capacity, characters 16,384 16,384 

Bits per character 9 9 

Bit drivers 9 9 

Diodes in selection matrix 16,384 1,024 

Transistor switches in selec- 
tion matrix 

512 80 

Low-level switches 0 144 

Additional gates 640 90 

junction temperatures in the memory drive and 
sense circuits. Many aerospace applications place 
a premium on low power consumption because 
available power is severely limited. 

Curie temperature is between 500°C and 600°C 
(the temperature above which the material will not 
remain magnetized in the absence of an external 
field). Typical ferrite cores have Curie temperatures 
of 150°C to 250°C. So the plated wire is much less 
temperature sensitive than cores. 

Time and density 

Bit packing density—typically 16 to 22 bits per 
inch of wire—is affected by magnetic properties 
and the spread of the word drive field beyond the 
edges of the word drive strap. Magnetic flux, and 
hence the amplitude and duration of the output 
signal pulse, is proportional to the length of the 
bit, the film thickness, and the magnetization den-
sity of the film. Packing the bits more densely re-
duces the signal output, but by using shorter rise 
times on the word drive field the signal can be 
restored to almost any desired peak value. Non-
destructive readout signals of 100 millivolts peak 
and 15 nanoseconds duration have been achieved 
experimentally. 

Element switching time is also directly related 
to the rise time of the magnetic drive field, as 
is the case with planar films. Thus, switching time 
is comparable. In the Univac 9300 computer, the 
memory cycle is 600 nanoseconds. Of this, element 
switching takes about 60 nanoseconds. Under dif-
ferent drive conditions, the elements can be made 

Cores vs. thin films 

to switch in 15 nanoseconds or less. 
Sense line length is determined by output signal 

delay and attenuation characteristics, and the digi-
tal system's cycle time. 
The longest sense lines in the high-speed mem-

ories of Univac's 9000 series are about 8 feet, 
including interconnections. Signal delay is approxi-
mately 2 nsec per foot. The total sense line consists 
of several segments of plated wires, connected in 
series. 
The length of the segments is chosen primarily 

for economy. \Vire manufacturing yield is influ-
enced by the length of wire segment and the nature 
and source of bad spots. Bad spots that occur ap-
pear to be primarily related to substrate imperfec-
tions. The memories currently in use, as shown on 
page 108, have four 18-inch segments and three 
joints in each sense line. Manufacturing yield is 
high when this length is used. 

Plating the wire 

The plated-wire elements are well suited to low-
cost automated manufacturing. Treated as a con-
tinuous substrate, the wire is moved at constant 
speed through a series of electroplating baths 
and a testing station (bottom, page 105). 
The substrate is a beryllium-copper wire 0.005 

inch in diameter (standard 36-gauge). Beryllium 
copper was chosen because it's stiffer than plain 
copper and easier to process. Since it serves as 
the bit-sense winding in the memory stack, the 
substrate must have relatively good conductivity 
and be nonmagnetic. 
The wire is pushed through the plating and test-

ing apparatus at several inches per minute by 
pinch rollers at the first processing stage. A pure 
copper film is first plated on the substrate, and 
then the nickel-iron magnetic film is deposited on 
the copper. The molecular properties of the drawn 
wire's surface would adversely affect the proper-
ties of the magnetic film if it were deposited di-
rectly on it. Plating the magnetic film on copper 
film permits better control of the interface than if 
it were plated directly on the wire. 
The nickel-iron plating is done in a circumferen-

tial magnetic field of 24 oersteds that establishes 
the direction of the easy axis. This field is created 
by an electric current in the wire as it is being 

Magnesium-manganese-
ferrite core (standard) 

Lithium-ferrite core 
(mil-spec) 

0.023 in. O.D. 0.030 in. 0.D. .023 in O.D. 0.030 in. 0.D. 

Univac thin Typical 
film plated planar 

wire thin films 

Switching time, nsec 

Approximate switching en-
ergy, joules 
Curie temperature °C. 
Drive current compensation 
for constant output 
Peak output, millivolts 

240 

5.7 x 10 -9 

150° to 200° 

— 0.36% /°C 

35 

420 

7.6 x 10 -9 

150° to 200° 

—0.48%/°C 

38 

285 

9.7 x 10 -9 

—0.16%/°C 

41 

580 
18.1 x 10 -9 

—0.11%/°C 

50 

5_15 

0.5 x 10 -9 

—0.07%/°C 

10 

5 10 

0.1 x 10 9 

—0.07%/°C 

1-2 

0.D.,-Outside diameter 
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plated. Electrical contact with the wire is made at 
the supply reel and at mercury contacts following 
the last rinse. Fluid contacts provide a common 
ground for the plating cells, and assures that the 
substrate is not stretched or twisted during the 
nickel-iron plating. The nickel-iron material, al-
though nominally nonmagnetostrictive, may posses 
a small residual degree of magnetostriction. If tor-
sion or tension were present during the plating, the 
film's magnetic properties would be affected. 
The plating anodes are platinum; the copper 

and the nickel-iron are present in the plating solu-
tion. This arrangement, together with regulated 
constant-current power supplies, prevents interac-
tion between the plating cells. Thus, the plating 
process can be operated continuously 24 hours a 
day more easily than if the anodes provided the 
plating material and the solution were passive. The 
anodes would be used up in the latter case, but the 
solution can bc continually replenished. 
Immediate on-line automatic testing of the fin-

REEL 
OF 

WIRE 

CLEAN 

'Ert 

RINSE ETCH 

157' 

RINSE 

Apparatus for 
plating wire is 
capable of plating 
three strands at once 
—as indicated by 
the three holes at 
the entrance to the 
first cell. The 
supply reel is in the 
foreground and the 
cutting and testing 
station at the far end. 

ished memory element helps in increasing the 
yield and in keeping the costs down. The plated 
wire is continuously fed through a test station that 
measures three major parameters related to coercive 
force, constant of anisotropy, and saturation ease. 
The test station also makes a final worst-case test 
of the wire's ability to store 1's and O's in adjacent 
positions and to generate readout pulses from these 
positions without crosstalk or other disturbances. 
This testing occurs within one minute of the time 
the element was plated, thus enabling rapid moni-
toring and adjustment of the process. In addition to 
automatically cutting out defective spots, the tester 
cuts nondefective wire into 18-inch lengths. The 
distance from the supply reel to the automatic 
testing and cutting station is 38 inches. 

Memory system design 

The design of the Univac 9000 memory system 
is optimized for lowest cost consistent with the 
performance requirements. Like all magnetic film 

is5r b-C 

••••••••••••••••Mem 

, 

COPPER RINSE NICKEL- RINSE 
PLATE IRON 

PLATE 

TEST Cul \ 

\ 

Wire plating process is essentially continuous. Wires are cut to a length suitable for assembling onto a plane, 
except when flaws are detected. Defective wires are cut at the flaw and the pieces are always shorter than good wires, 
hence easily separated. 
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memories, it has a linear-select organization— 
sometimes called two-dimensional. The decoded ad-
dress selects a single word line in this organization, 
and one or more words appear on sense lines at 
right angles to the word line.4 

But the Univac memory has a 9-by-16 matrix of 
low-level switches that connect each of nine sense 
amplifiers to any one of 16 sense-bit lines. The 
matrix also connects each of nine bit-current driv-
ers to any one of the same 16 lines. Bit-current 
drivers are used when writing new data in the 
memory. 
The matrix consists of 144 switches between 

the sense amplifiers and bit drivers on one side 
and the plated wire on the other. Each switch 
routes the proper signals from the plated wires 
to the sense amplifiers, and routes the bit currents 
from the bit drivers to the proper wires. 
When a word is to be read from the store, 

several words—in the Univac memory, 16 words 
of nine bits each—generate sense signals. Each 
sense amplifier—for each bit of the word—is con-
nected to one of the 16 possible bits by the matrix 
of low-level switches. The connections are deter-
mined by the decoded address. Thus, only sense 
signals from the desired wire are amplified at the 
memory-processor interface as data. The other 15 
words that generated sense signals are ignored. 
Since the readout is nondestructive, ignoring these 

CONVENTIONAL 

9 READ 
AMPLIFIERS 
AND 9 BIT 
DRIVERS 

x_1,,024 WORD L NES 

9 LINES 

16,384 WORD LINES 

906 
BIT-SENSE 
MATRIX 
SWITCHES 

9x16 ,144 
PLATED 
WIRES 

I I 
SELECTION 
SYSTEM 

MODIFIED 

Switching matrix permits any nine of 144 wires to be 
connected either to sense amplifiers or to bit drivers. 
The arrangement is much more economical than the 
conventional method of using only as many bit lines 
as there are bits to be read at once. The saving in 
the selection system more than compensates for the cost 
of the switching matrix. 

signals does not affect the stored data. 
Similarly, when new information is to be written 

into a single word, the word drive line, or strap, 
selects 16 words, in any of which the bit-write 
current could change the stored information. But 
the matrix connects each bit driver to a sense-bit 
line. Thus only one word is written with new in-
formation. 

This operation is possible only if the word-
current amplitude required for writing is no larger 
than the word current used for nondestructive 
readout. Sixteen word positions are prepared for 
writing by energizing one word strap but only one 
word is written. The current amplitude in the word 
drive strap is the same as that used in nondestruc-
tive readout so that the information stored in the 
15 unwritten positions is not affected in any way. 
This organization has a much higher address 

decoding efficiency than most other magnetic film 
memories; it approaches that of three-dimensional 
or coincident-current ferrite-core memories. Ferrite-
core memories that approach the 600 nsec cycle 
time of the Univac memory use 2-D or 21/2-D mem-
ory stacks, and sometimes store data with two cores 
per bit. But the NDRO plated-wire memory offers 
higher speed at lower cost than ferrite cores. 

Future versions of the memory can be expected 
to have cycle times from two to five times faster. 
Speed can be increased by designing the computer 
system to use a read cycle shorter than the write 
cycle. These very-high-speed main memories will 
have capacities of up to a million bits. 

Minimizing the wiring 

The bit-sense switch matrix makes possible a 
highly efficient and economical method for reduc-
ing the number of word lines. The diagram at the 
left compares a conventional 2-D design with the 
modified word-selection system of the same ca-
pacity which uses the bit-sense matrix. 
Each sense-amplifier, bit-driver combination is 

associated with 16 plated wires, one of which is 
selected by the matrix. The switches reduce the 
length of the bit-sense line in the array by a 
factor of 16, thus making large arrays practical. 
The switch accommodates a bipolar bit current of 
approximately 40 milliamperes and sense signals 
of a few millivolts without contributing significant 
noise. 
This memory organization is possible only with 

an element having NDRO characteristics for both 
reading and writing. Its economy lies in the fact 
that a single switch element controls selection 
for both sense- and bit-drive functions, thereby 
requiring an array with a common wire for both 
functions. 
The complete memory array is arranged on four 

planes as in the diagram on page 108. Each plane 
contains 144 plated wires which intersect 256 one-
turn word straps, numbered 0 through 255; the 144 
bits under each word strap make up 16 words. 
Each plane stores 144 X 256 = 36,864 bits or 16 X 
256 = 4,096 words. Each word line is in series 
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Sixteen A-switches and 16 B-switches provide a matrix that selects one of 256 word lines, shown in color. Each word 
line forms a one-turn solenoid around a group of 144 plated wires containing 16 nine-bit words. Four planes 
with four sets of B-switches and a common set of A-switches make up the complete plated-wire memory. 

with a diode, and all the word lines are arranged 
electrically into a matrix, as in most 2-D memories. 
Each plane has 16 A-selection lines and 16 B-
selection lines. As shown in the diagram above, a 
proper choice of one A-line and one B-line permits 
the selection of any one word line out of the set 
of 256. Currents in the word lines are unidirec-
tional. 

Back-to-back planes 

Physically, two planes are mounted onto a single 
base plate, one on each side. On each two-plane 
assembly, one set of 16 A-lines serves both sides; 
but each side has its own set of 16 B-lines. 

In the complete array of four planes, the two 
sets of 16 A-lines are driven by separate sets of 
switches having identical inputs. That is, the 
corresponding A-line is selected on all four planes 
simultaneously. 
To select an individual word line in the plated-

wire memory, four of 14 bits in the address are 
decoded to select one of 16 A-switches, and six 
more bits select one of 64 B-switches. Every A-
switch is connected to all 64 B-switches through 
the word lines. Since only one of each type of 
switch is turned on, only one of 1,024 word lines 
is selected. The word line loops around 144 plated 
wires in the memory plane. The remaining four 
bits in the address select one of 16 groups of 
wires, with nine wires in each group, connecting 
them to nine sense amplifiers and nine bit drivers. 

Really big memories 

The potential for very low cost makes the plated 
wire appear attractive for modular random-access 
memory stacks ranging upwards of 2 million char-
acters. A memory system of eight to 16 of these 
modular memory stacks could provide simultaneous 

access to eight or more characters in 1 to 2 micro-
seconds. Such capability appears feasible in the 
near future at a very attractive cost. 
An 8-million-bit module has been built in es-

sentially the same way as two of the 36,864-bit 
planes. Each word line selects 32 words of 64 bits 
each. Each of the 32 sense-digit lines served by 
one sense amplifier and bit driver link each of 
the 4,096 word lines, as diagramed on page 109. 
A different arrangement of the switch matrix 

would permit readout of words of variable lengths, 
from one to 2,048 bits. In the Univac 9000 series, 
the memories always read or store nine bits out 
of a possible 144 in any cycle, and the only 
choice is which nine. In the large module every 
cycle transfers 64 bits out of a possible 2,048, 
the choice being which 64. A sufficiently complex 
addressing and decoding scheme would make it 
possible to read or store any number of bits, from 
one to 2,048. 
Twelve of the 8-megabit modules could store 100 

million bits of data and share input and output 
circuits, power supplies, and part of the address de-
coding. Such a memory system could be packaged 
in an estimated 40 cubic feet for commercial ap-
plications; or it could be squeezed into consider-
ably less space if necessary. It would dissipate 
about 400 watts of power in most cases, but this, 
too, could be reduced. 

Buffers and converters 

The low level of switching energy required by 
the plated-wire memory element makes it attractive 
for applications—in satellites, for instance—where 
electrical power is limited. The plated-wire mem-
ory organization can readily be adapted for buffer 
memories or serial-to-parallel conversion of data. 
As a buffer memory, even simultaneous writing 
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A low-cost memory organization 
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Switching matrix can select economically any 64 bits in a module of 8,388,608 bits. Twelve such modules 
would make up a fast, economical 100-million-bit memory. 

and reading is feasible if restricted to two of the 
words on a single word line. Otherwise the word 
line selection and driving circuits would have to 
be duplicated, giving two nearly independent mem-
ories. 

Parallel-to-serial conversion could be neatly per-
formed by a memory that has one sense amplifier, 
several bit drivers, and the associated switch ma-
trix. This would provide parallel writing and serial 
reading. One bit driver and several sense amplifiers 
would enable serial-to-parallel conversion. An ar-
rangement with equal numbers of sense amplifiers 
and bit drivers would allow conversion in either 
direction. A serial input-output memory has been 
designed2 in which the data is converted to parallel 
form before writing into the memory and converted 
to serial form after readout from the memory to 
minimize power consumption. The conversion takes 
place in a flip-flop register and not in the memory. 

Read-only memories 

Another potential application is read-only mem-
ories where content must be altered occasionally. 
Plated-wire read-only memories should be econom-
ical for storage capacities of more than 50,000 bits. 
Integrated semiconductor memories of this size are 

Other wires in the plating bath 

Univac is not alone in believing plated-wire mem-
ories to be a significant new memory technology. 
Honeywell Inc. is also investigating the technique. 
France's Compagnie Bull-General Electric used a 
plated-wire memory bought from Japan's Toko Inc. 
in the recently discontinued Gamma 140 and 141 
computers. National Cash Register Co. has what 
it calls a rod memory in its NCR 315 machine and 
claims the technology is the same as for the plated 
wire. However, NCR'S approach is significantly dif-
ferent from Univac's, principally in that the easy 
axis of magnetization is parallel to the axis of the 
rod, so that the flux path is open. 

General Precision Inc.'s Librascope Group man-
ufactures a plated-wire memory for specialized mili-
tary applications. Basically, it operates the same as 
Univac's, but the word lines are insulated copper 
wires into which the plated wires are woven on a 
loom in such a way that the finished product re-
sembles a piece of window screen. 

not likely to be cost competitive. Read-only mem-
ories are used in applications for which the per-
manence of data is very important. 

Neither intentional nor accidental power shut-
down affects information stored in a plated-wire 
memory. Restarting a data handling system follow-
ing accidental power interruption is far simpler 
if data in the read-only memory is known to be 
intact. The plated-wire memory can be made card 
changeable in several ways. These use the plated 
wire to detect the presence or absence of an ele-
ments In another method, the contents of such a 
memory may be changed electronically. An ex-
ample would be the use of one machine to emulate 
several others—that is, to run programs written 
specifically for other machines—where programs 
or data might be interchanged. Electronic altera-
tion is possible by writing in the normal mode 
when the plated wire is used as a random-access 
main memory. Special precautions could be taken 
to prevent accidental altering of stored information 
due to system malfunction or simple operator 
error. 
Other attractive applications for both Nnno and 

DRO plated-wire memories are in aerospace guid-
ance, control, and data processing. The Nnno mode 
stores programs and constants while the nno mode 
is used in registers and scratchpads—small, fast 
memories for temporary storage. A single NDRO 
plated-wire memory can efficiently perform all 
these functions. It has a further advantage in that 
within the total capacity of the memory the por-
tions allocated to the various tasks can be changed 
as the mission changes. This capability allows a 
single design to serve many purposes. 

References 

1. J.P. McCallister, C.F. Chong, "A 500 Nanosecond Main 
Computer Memory Utilizing Plated Wire Elements." Proceedings, 
Fall Joint Computer Conference, 1966, p. 305. 

2. G.H. Guttroff and G.A. Fedde, "A Reliable Very Low Power 
Plated Wire Spacecraft Memory," Proceedings, National 
Electronics Conference, Vol. 20 (1964), p. 681. 

3. C.F. Chong, E.N. Schwartz, C.A. Nelson, G.H. Guttroff, "Design 
of Low Power Circuits for Aerospace Memories," Proceedings, 
International Convention of Military Electronics, Sept. 1964, p. 48. 

4. "Memory organization," Electronics. Oct. 31, 1966, p. 85. 

5. E.B. Barcaro, D.T. Best, and J.S. Zajaczkowski, "A New 
Magnetic Read-only Memory," Digest of Technical Papers, 
International Solid State Circuits Conference, 1967, p. 80. 

6. G.A. Fedde, "A Low Power Plated Wire Memory System," 
Sperry Engineering Review, Fall 1964, p. 19. 

Electronics May 15, 1967 
109 



110 

Space electronics 

Settling on the moon 

Four-beam radar system that guided Surveyor 3 to the moon will also 

furnish the velocity and range data to land the Apollo lunar module 

By Charles J. Badewitz 

Ryan Aeronautical Co., San Diego, Calif. 

A landing radar that proved its capability by guid-
ing Surveyor 3 to its landing on the moon last 
month also will provide the data needed to land 
the first manned Apollo lunar module (1..m) on the 
surface of the moon. 
As the two-man uNt descends toward the moon's 

surface at about 60 miles per hour, its landing radar 
will be switched on at an altitude of 50,000 feet. 
About three minutes later and 10,000 feet nearer, 
the radar will begin to make continuous range 
measurements, and at 25,000 feet it will begin com-
puting the velocity of the module. The range and 
velocity data will be processed along with auxiliary 
data from other sensors and the results fed to the 
landing control system to insure a soft and safe 
landing. Once the spacecraft lands, the radar's 
work is completed and it remains on the surface 
of the moon as part of the lunar module's descent 
stage. 
The landing radar uses a three-beam doppler 

velocity sensor and a single-beam alitmeter to 
measure the spacecraft's velocity and range rela-
tive to the lunar surface. 
The radar return signal in each of the velocity 

sensor's receiver beams is mixed with a portion of 
the transmitted signal. The output of the mixers 
are audio doppler frequencies that are proportional 
to the spacecraft's velocity components along the 
respective beams. Frequency data converters break 

Charles J. Badewitz is director of 
engineering at the Ryan 
Aeronautical Co.'s Space Systems 
Division. He was chief project 
engineer on the lunar module 
landing radar program and 
designed a number of special-
purpose airborne doppler 
navigation computers. 

down the doppler frequencies into velocity com-
ponents in vertical, lateral, and longitudinal an-
tenna directions and relate them to the spacecraft's 
coordinate system. 
The radar altimeter's return signal is also mixed 

with a portion of the altimeter's transmitted pulse. 
This produces a frequency proportional to the 
spacecraft's height above the moon plus a fre-
quency corresponding to the vehicle velocity along 
the altimeter beam. The latter is removed in the 
range data converters by utilizing the doppler sig-
nals in velocity beams 1 and 2. 

After processing by the radar, the velocity and 
range data is sent to the lunar module's guidance 
computer in a serial binary form, and as pulse 
trains and d-c analog voltages to the astronauts' 
visual displays. 
The landing radar's data will be combined with 

altitude and velocity signals from the space vehi-
cle's inertial measuring unit. These data inputs are 
weighted by the spacecraft's height above the 
moon's surface, and programed to assure the guid-
ance computer receives the most accurate input. 
Errors in the inertial system tend to increase with 
time. Landing radar errors, on the other hand, are 
determined primarily by velocity and altitude, 
therefore they decrease as the velocity and altitude 
decreases. 
The initial effect of the radar data on the space-

craft's guidance system is small, and increases as 
the descent progresses. However, as the data from 
the landing radar is factored into the guidance com-
puter, it reduces the effects of accumulated errors 
in the inertial unit; thus the landing radar updates 
the inertial measuring unit. 

Integrated Antenna 

The four radar beams are generated by two 
planar arrays on the single integrated antenna as-
sembly pictured on page 113. The groups of alter-
nate slotted waveguides in the large center section 
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Powered descent begins when lunar module's altitude is about 50,000 feet. Throughout the tilt maneuver, the four 
radar beams are kept pointing at the lunar surface automatically by the guidance computer. The repositioning 
is accomplished by rotating the antenna of the landing radar around the Y axis into either of two positions. 

are the transmitting antennas; the receiver anten-
nas are the outrigger sections around it. The 
E-plane slotted guides in the center section trans-
mit the altimeter frequency-modulated continuous 
wave; and the alternate H-plane slots transmit a 
c-w velocity sensing signal. 
The three narrow beams from the velocity sensor 

antenna emanate from the planar array in the same 
manner as legs are extended to form a tripod. 
The attitudes of the beams during the initial 

braking and hover maneuvers are illustrated by the 
drawing shown above. The multiple beams are 
generated at fixed angles relative to a line drawn 
perpendicular to the face of the planar array. The 
outrigger receiving arrays, which have the same 
slot orientation as the velocity transmitter array, 
are the three broadside arrays. Their geometries 

make each receiving beam axis colinear with the 
corresponding transmitted beam axis. 
The altimeter's receiving array is boresighted so 

that coincidence of its main lobe with the altimeter 
transmitter's main lobe is achieved, yielding in turn 
the desired two-way pattern for the altimeter. 

Perpendicular beams 

The antenna is mounted on a rotating pedestal 
on the underside of the spacecraft's descent stage. 
The antenna can be rotated about the spacecraft's 
Y axis, into either of two positions, automatically 
by the guidance computer, or manually by the 
pilot as the craft's attitude changes. This keeps the 
radar beams as nearly perpendicular to the lunar 
surface as possible. 
The diagram on page 114 details the basic op-
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Lunar module's landing radar combines transmitter velocity and altimeter signals with the signals in 
return beams to produce doppler frequencies proportional to the spacecraft's velocity and range 
from the moon. Data converters break down the doppler signals into velocity components in the X, Y, 
and Z direction. These are input signals for the module's guidance computer. 

eration of the radar's velocity sensors. The beam 
angles and the energy pattern shown are for beam 
1, but the patterns and angles for the other two 
velocity beams are similar. 
Two orthogonal sets of velocity components are 

measured in the coordinate system of the antenna. 
The V, Vs., and V.,, components are shown 
on page 114, where V„„ coincides with the center 
line of three velocity sensor beams and Vs.,, lies in 
the plane of velocity sensor beams 1 and 2. The 
coordinate system for Vs.' and V..' velocity 
components is rotated about the Vs„ axis through 
an angle, t, to cause V..' to lie in the plane of 
beams 1 and 2. The primed velocity components 
are used only for the pilot's visual displays. 
To determine velocity, the radar return signal is 

mixed with a portion of the transmitted signal. 
This is a process of direct radio-frequency to audio-
frequency conversion which produces doppler fre-
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quencies proportional to the component of the 
spacecraft's velocity along the beam of concern. 
These frequencies, D1, D., and D3, are combined to 
produce the orthogonal velocity components such 
as V.,„ Vs., and V... 
For example, the component of velocity relative 

to the antenna axis, V„,„ is computed as follows: 
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Where: 

X = electromagnetic radiation wavelength 
A = beam 1 antenna angle 
= beam 3 antenna angle 

DI = doppler shift along beam 1 
D3 = doppler shift along beam 3 

The following equation computes the range to 
the lunar surface. The K(Di ± D2) term is the cor-
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LM's frequency tracker is a closed loop servosystem that processes sensor and reference signals. 
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rection factor which compensates for doppler shift 
in the range beam. 

R = [f. — K (D1 + DO] 2S (2) 

where 

R = range to the lunar surface 
c = speed of light 

S = altimeter's transmitter frequency deviation 
rate 

fa = altimeter's received frequency, including 
range and doppler components 

K = scaling constant 
D2 = doppler shift along beam 2 

The radar antenna assembly divides each dop-
pler signal in quadrature pairs. The beam's quad-
rature outputs are amplified and used as input sig-
nals to the frequency trackers in the electronic as-
sembly. Then recombination of the quadrature 
pairs and single sideband comparison techniques in 
the frequency trackers validate the signals and 
measure magnitude and sense of velocity. 
The radar's receiver uses narrow-band filter cir-

cuits (labeled frequency trackers in the block dia-
gram) to detect doppler signals, and to separate 
the true doppler signal from noise background. 
The operation of the frequency trackers is traced 

by the block diagram below, left. The tracker is 
basically a closed loop servosystem whose inputs 
are the doppler quadrature pair, fd, from the radar 
velocity sensor, and another pair called the carrier 
quadrature pair, fe, from a fixed r-f oscillator. 
The input circuit of the frequency tracker is a 

single sideband modulator which accepts the dop-
pler quadrature pair input and another feedback 
quadrature pair, approximately equal to fe fd, 
from a voltage-controlled oscillator. The single 
sideband modulator output is amplified by an in-
termediate-frequency amplifier and mixed with the 
fe quadrature pair in a second mixer. 
The output of that mixer is the error frequency of 

the tracking loop. This signal is filtered, integrated, 
and used to drive the voltage-controlled oscillator. 
The oscillator's output is applied to the frequency 
converters and also fed back and used as a carrier 
frequency for the single-sideband modulator. Un-
der tracking conditions, the output of the single 
sideband modulator is very nearly the same as the 
carrier frequency f. 
Once the true doppler signal is acquired, it is 

tracked with a high order of accuracy, about 0.1%, 
and the tracker output frequency is almost the same 
as the center frequency in the received doppler 
signal band. 
Each beam's frequency tracker sends a doppler 

signal to the velocity and range data converters 
along with a d-c step voltage that indicates acqui-
sition and authentication of a true lunar return 
signal. The converters then translate the doppler 
signals into orthogonal velocity sets in the coordi-
nate system of the antenna. The guidance computer 
uses this data to steer the lunar module. Equation 

1.."•••. 

1, 1, 

Landing radar antenna is covered with special thermal 
finish to protect it against extreme temperatures in space. 
The center section contains the altimeter and velocity 
sensor transmitting antennas. The outrigger antennas 
at either side of the center section are for the receivers. 

Radar system characteristics 

Type of system 
velocity sensor 
radar altimeter 

Altitude capability 
velocity 

altimeter 

c-w, 3-beam 
f-m/c-w 

5 to 25,000 feet 
10 to 40,000 feet 

Velocity capability V.. —2,000 to +500/fps. 

—500 to +500/fps. 

V,, —500 to +3,000/fps. 

Altimeter antenna 

type 
gain 
beamwidth 

Velocity 

type 

gain 

beamwidth 

Transmitters 

type 

frequency 
velocity sensor 

radar altimeter 

planar array 

50.4 db 

3.9° E plane 

7.5° H plane 

sensor antenna 

planar array 

49.2 db 

3.7' E plane 
7.3' H plane 

solid state 

10.51 Ghz 
9.58 Ghz 

Output power 

velocity sensor 200 mw min. (50 mw per beam) 

altimeter 175 mw min. 

Altimeter 
modulation 

frequency 
deviations 

Response time 

25,000 feet 

sawtooth f-m 
130 hz 

208 Mhz and 42 Mhz 

0.1 sec 
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Why did Surveyor 3 bounce? 
When Surveyor 3 hopped and 
skipped on the moon last month, 
many people were concerned that 
the same thing could happen to 
the Apollo lunar module when it 
reaches the moon's surface. If it 
does happen, it probably won't 
be the fault of the landing radar. 
Apollo will use an updated version 
of the radar system aboard Sur-
veyor 3. The landing radar will only 
indicate the range to the lunar sur-
face during the last seconds of 
flight; the actual landing will be 
made by the astronauts. 
What really happened to Sur-

veyor 3? The scientists at the Jet 
Propulsion Laboratory at Pasa-
dena, who control the Surveyor 
program haven't made known the 
results of their investigation into 
the cause—but one can speculate. 

During a normal Surveyor de-
scent, the spacecraft slows to about 
five feet per second at 100 miles 
altitude. At this point, the craft 

becomes practically weightless be-
cause the moon's gravitational pull 
is 1/ 6 the force of the earth's, and 
the Surveyor's retrorockets are 
thrusting in the opposite direction 
to the pull. All the while, the space-
ship's guidance computer is receiv-
ing velocity and range signals from 
the landing radar. As the craft 
passes the 14 foot mark, the radar 
generates a range mark which the 
Surveyor's control system uses to 
cut off the engine. Surveyor then 
falls free the remaining distance 
to the moon. 
A landing with the engines still 

burning is actually a softer landing 
than normal — because of the 
weightlessness. But the spacecraft 
would come down, touch, bounce, 
and touch again, and continue to 
do so until the ship's momentum 
is dissipated in the bounces. 
Ryan Aeronautical Co. engineers 

tend to disclaim early theories 
that the radar caused the engine 

cutoff failure by sending confusing 
signals to the guidance computer. 
If one of the three velocity sensing 
beams were pointed down to a 
hole, it may have generated some 
contradictory data concerning the 
Surveyor's velocity across the lunar 
surface. However, the engine cutoff 
is made by a signal generated by 
a fourth beam—the altimeter— 
and if this beam was pointing 
down a hole the spaceship would 
have thought it had farther to go. 

Once before at the test station 
at Holloman Air Force Base, New 
Mexico, the Surveyor's engines 
didn't cut off and it bounced. No 
damage was done to the space-
craft or any of the, instruments on 
board. That time the scientists 
said it was the fault of the space-
ship's instrumentation, not the 
radar. In the case of Surveyor 3, 
Ryan engineers think the same 
thing may have happened. 

W.J.E. 

1 shows how the sum of the doppler signals from 
beam 1 and beam 3 are multiplied by a constant 
coefficient (which is a function of the beam angles) 
to yield Vz.. Vs. and Vza and the range are obtained 
in a similar manner. 
The measurement of range is accomplished in an 

analogous manner, the only difference being that 
some compensation for the doppler shift along the 
range beam is required. This is provided in the 
velocity and range data converters by summing 
the doppler frequencies in beams 1 and 2, scaling 
the summation, and subtracting the result from 

Vie 

Vio 

Vyo', Vy0 

ALTIMETER BEAM --

BEAM I 

BEAM 2 

BEAM GROUP 
CENTER LINE 

BEAM 3 

Radar velocity sensor's beam 1 geometry is typical of 
the landing radar's four beam patterns. 

the doppler frequency in the altimeter return signal. 
The measured range and the velocities are held 

ready in the radar's signal data converters for read-
out when requested by the guidance computer. 
The computer samples the velocity and range 
data sequentially in a cycle that repeats every 80 
milliseconds. 

Spurious signal rejection 

The basic task of the frequency trackers is to de-
tect relative motion between the vehicle and the 
lunar surface. However certain physical objects on 
the lunar module, such as hold-down belts that 
come loose when the Lm and the command and 
service module separate, may be in the radar beam 
and moving—thus causing spurious signals. To 
avoid acquisition and tracking of these signals, 
unique circuitry has been incorporated into fre-
quency trackers to examine all signals during the 
search mode and reject all except the true doppler 
return signal. 
The logic used in rejecting spurious signals is 

based upon recognizing that returns from the vi-
brating physical elements contain double side-
bands. True doppler signals have just one sideband. 
The technique that is used to discriminate against 
spurious signals is simply one of examining the 
signal level in the positions of both sidebands. 
The tracking filter examines the level in one side-
band; and a noise-sampling filter examines the level 
in the other. A comparison is made and if the signal-
to-noise ratio exceeds a prescribed value, the acqui-
sition circuitry allows the frequency tracker to 
track the signal. 
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Space electronics 

Digital tester okays Apollo's altimeter 

Specially designed test set counts frequency and averages it 

over the pulse period to measure slope and linearity accurately 

By V.M. Andreone and J.H. Poirier 

Electronics and Space Systems Division, Ryan Aeronautical Co., San Diego, Calif. 

Before it leaves the earth, the radar that will guide 
the Apollo lunar module to a safe touchdown on the 
moon's surface will be checked out with equipment 
that has no precedent or peer. 

Like most of the electronic hardware aboard the 
lunar module, the radar altimeter has some extra-
ordinary test requirements. In almost every sub-
assembly, the Ryan Aeronautical Co. engineers en-

Glossary of terms 

Downsweep average slope, m: 

The frequency deviation over the downsweep 
period divided by the downsweep period, T. 

lf df (t) dt m — 
T o dt — fL) 

where fu and fr, are the high and low limits of the 
modulated transmitted frequency. 

Linearity, I: 

The percentage deviation from the downsweep 
average slope, m, of the measured average slope 
for any 10% portion of the total downsweep period. 

[ m 1 100 
‘dt j m 

*average value over 10% segment of T 

Downsweep/Upsweep ratio, a: 

The ratio of the downsweep time period to the 
upsweep time period. 

a = 

Sweep cycle, t: 

The time required to complete one downsweep and 
one upsweep cycle. 

t, = T + t' 

countered test problems that could not be solved 
with existing equipment. 
For example, the frequency modulator, the heart 

of the radar altimeter that makes continuous meas-
urements of the spacecraft's distance from the lunar 
surface, required gear with a measurement accur-
acy 10 times better than the tightest modulator 
tolerance. And the equipment must determine in-
accuracy in an altimeter that will operate at 25 
times the height (50,000 feet) and twice the fre-
quency (X band, 5.2 to 10.9 Ghz) of conventional 
airborne pulse radar altimeters. 

Since no commercial test equipment could meet 
specifications, Ryan engineers developed their own 
digital test set. Made with off-the-shelf integrated 
circuits, it samples the modulator's radio-frequency 
output and counts the changes in the output fre-
quency as a function of time. By averaging the fre-
quency changes, the r-f wave's sweep rate or slope 
is determined as well as the r-f pulse's linearity 
and upsweep and downsweep times. 
The digital averaging measurement technique 

can also be used to plot any periodic frequency-
modulated signal as a function of time, provided 
that the pulse time period is greater than the test 
equipment's 700-microsecond sampling time. 

Altimeter operation 

The output frequency of the radar altimeter's 
modulator varies as a sawtooth function, shown 
on page 116, from a center frequency of 99.79 
megahertz. Frequency multipliers raise the output 
to an X-band center frequency, which is transmit-
ted to the lunar landing surface. The radar return 
signal is received, amplified, and the doppler fre-
quency component extracted. 
A portion of the downsweep section of the 

transmitted and return signal is sampled by the 
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Frequency of Apollo radar altimeter's modulator varies 
as a sawtooth function with a center frequency of 99.79 
Mhz. A blanking pulse synchronized to the r-f wave is also 
produced. Frequencies fii and fi, are the upper and lower 
band limits of the sawtooth; and T and t' are the 
downsweep and upsweep pulse periods. 

altimeter's range processing circuitry, and the in-
stantaneous frequency difference, M, between the 
two is determined. This frequency difference is 
related to the range between the spacecraft and the 
moon's surface by the equation 

(  2R  ) 
àf = (fT — fR) = m fd 

Where 
fT = transmitted frequency 
fa = received frequency 
R = range 
fd = doppler frequency 
m = average sweep rate = 

transmitted frequency 
c = velocity of light. 
The range is proportional to 

(1) 

rate of change of the 
as a function of time 

the difference in fre-

N10 

1 

[°--- At 

Frequency modulator's average slope is represented by 
the solid line between f, and f.. Nonlinearities are 
depicted by the dashed inverted S-curve. The tinted 
areas are equivalent to the change in transmitter fre-
quency during pulse sample intervals N, and N,. 

quency between fr and fR and inversely propor-
tional to m, the average sweep rate or slope. As 
equation 1 reveals, small variations in sweep rate 
have a large effect on range measurement. Specifi-
cally, a 1% error in average slope is reflected as a 
2% error in range. 
The altimeter's frequency modulator operates in 

three modes. In mode 1, there is a high deviation 
frequency. It is used when the spacecraft descends 
from an altitude of 2,500 feet to the lunar surface. 
In this mode, the output frequency varies from 
99.998 Mhz to 99.582 Mhz, a deviation of ±208 khz. 
A large frequency deviation is required for a more 

accurate range determination. The second mode is 
switched in when the spacecraft is at an altitude 
above 2,500 feet. In this mode, the frequency only 
deviates 41.6 khz. In both modes 1 and 2 the output 
waveforms are the same with equal sweep times. 
The third mode is called the deviation-inhibit 
mode. As the name implies, the output frequency 
is a constant, unmodulated 99.79 Mhz. Mode 3 
is actually a built-in test mode for center fre-
quency checks and is not utilized during flight. 

In addition to the r-f output, the modulator also 
generates a blanking signal. This signal has the 
same time period as the downsweep portion of the 
r-f pulse; and is synchronized with the sweep func-
tion. The blanking signal is present only during 
operation in modes 1 and 2. 

Tight test tolerances 

The downsweep average slope proved to be the 
most difficult modulator parameter to test. It must 
be measured within an accuracy of 0.05%, 10 times 
better than the slope tolerance itself. In the low 
deviation mode, the digital test set had to detect a 
change of 500 parts-per-million in a slope of ap-
proximately 12 megahertz per second. This is 
equivalent to a change in slope of 6,000 hertz per 
second. Therefore, over one sweep cycle, the maxi-
mum allowable frequency deviation is 42 hz. 

Since linearity measurements are qualitively the 
same as the sweep slope measurement, the 5% 
linearity specification is easily implemented by 
whatever technique is chosen to detect changes in 
slope. Measuring center frequency within 0.03% 
accuracy is not a major problem since the absolute 
value of the center frequency is very large. 
The test set measures the sweep slope by directly 

sampling the frequency modulators r-f output. The 
digital averaging technique is unaffected by center 
frequency fluctuations and more than meets the 
test's accuracy requirements. Linearity and center 
frequency error measurements result naturally from 
the slope measurement. 
The quantity àN = N1 —N10 is independent of 

center frequency. The larger the sampling intervals, 
the larger the value of àN for a given value of m; 
thus, the resolution improves as the sampling in-
terval increases. 

However, there is a tradeoff to be considered. 
As the sampling interval increases, the slope aver-
age is taken over a progressively smaller portion 
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After mixing and filtering, modulator's r-f output passes through AND gates into the dieal test set's 
count accumulator. Sweep rate (average slope) measurements are made by putting S, in the sweep rate 
position and averaging the transmitter frequency over one cycle. This determines the most 
significant digits. Averaging the frequency over 1,000 cycles determines the least significant digits. 
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Center frequency measurements are made by the test set's configuration, shown in tint. One microsecond 
after the test button is pressed, the binary circuit enables the AND gate and the accumulator counts 
r-f pulses until the end of the shift register's time interval, N.,. This count is proportional to the 
center frequency. To measure upsweep and downsweep time, the test set is switched to the configuration 
represented by the blocks outlined in solid color. The black-bordered blocks are used during both tests. 
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of the downsweep cycle. Furthermore, the longer 
the sampling interval, the greater the effect of non-
linearities on the measurement of average slope. 

Linearity measurement 

The worst-case nonlinearity in the frequency 
modulator output is -±-5%. For a given nonlinearity, 
L, the percentage error, p, in the calculated slope 
for a given T/àt ratio is: 

p = Li[T/àt] — 1 
For these tests, a value of 10 was selected for 
TIM based upon the maximum allowable slope 
error in the modulator's output, the time allowed for 
averaging, and cost consideration in implementing 
the balance. 

Digital averaging techniques are accurate if a suf-
ficient number of sweep samples is used. 
An error analysis by a Ryan Aeronautical Co. 

mathematician, Robert Golden, determined that 
averaging the results of four consecutive sets of 
4,500 sweep-rate measurements, each in the low 
deviation mode, and each set having an inherent 
accuracy of 0.5%, yields a new accuracy of 0.025%. 
By averaging an error over a greater number of 
sweeps, accuracies within 0.01% can be achieved. 
The test set also measures the modulator's center 

frequency drift to an accuracy of 0.0012%. 

Pulse counters 

The top diagram on page 117 demonstrates the 
mechanization of the sweep rate and linearity meas-
urement system. The clock is a 10 Mhz oscillator 
whose output is divided to form a train of pulses, 
each 700 microseconds in length. The 700-sec 
pulse period is the desired sampling interval. The 
pulse train is a source of shift pulses for a 10-stage 
shift register wired so that only one stage can 
contain a logical 1 at any time. A shift pulse ad-
vances that 1 from one stage to the next. As a 
result, lines N1 through N10 will each carry a pulse 
consecutively, for a period of 700 esec. With the 
downsweep portion of the blanking signal initiating 
this shifting sequence, the net result is to divide the 

The authors 

V.M. Andreone designs computers 
for data handling. Prior to 
joining the Ryan Aeronautical Co., 
he was a systems engineer 
developing central data processors 
for Apollo tracking ships. 
He earned his master's degree at 
the University of Pennsylvania. 

J.H. Poirier is a design specialist 
at Ryan and assisted in the 
development of digital test 
equipment used to measure the 
accuracy of f-m space altimeters. 
Prior to joining Ryan, he was an 
instrumentation engineer at the 
Naval Electronics Laboratory. 

downsweep period into 10 subperiods of 700 p.sec. 
The r-f input from the modulator is buffered by 

passing it through an isolation amplifier, and mixed 
with the output of a 90-Mhz crystal oscillator. The 
difference frequency is filtered and limited and 
made available for counting at intervals correspond-
ing to the selected value of à N. 
By means of switch SI, the frequency over 1 or 

1,000 sweep cycles can be averaged. A test over 
one sweep cycle determines the most significant 
digits of the measurement. A second run over 1,000 
cycles defines the least significant digits. 
The two-deck rotary switch S., performs the 

logic that enables the test set to distinguish be-
tween nonlinearity and sweep rate tests. 
To measure sweep rate, switch S., is placed in 

the SWEEP RATE position. In this position, the signal 
on the wiper of the first deck is N1. Also N10 is 
connected through the wiper on the second deck 
to input e of gate G3. This permits the processed 
r-f signal to pass through to the accumulator during 
these intervals, for 1- or 1,000-sweep cycles, de-
pending on the setting of Si. 
During the Ni time interval, the r-f input drives 

the reversible accumulator in a positive direction; 
during the N10 interval, the accumulator is driven 
in the opposite direction . The result is N, which 
is accumulated for 1 or 1,000 sweeps, and read out 
on the digital display. 
When the rotary switch is in positions 1 through 

9, the gate G3 at the DOWN input of the accumula-
tor is inhibited, and a measure of the frequency 
within the selected interval is obtained. The UP 
input is enabled during this interval, and as before, 
either 1 or 1,000 consecutive readings may be 
stored, and read out at the end of the test. 

Finding fe 

In the lower diagram on page 117, the tinted sec-
tions show how the test system is configured to 
make mode 3 center frequency measurements. Dur-
ing this test, the blanking pulses are not used. 
To make the test, the operator presses the initiate 

test pushbutton. This resets the divide-by -7,000 
timing circuit, the 10-stage shift register, and the 
5-digit accumulator, and after a 1-sec delay, sets 
the binary logic circuit which enables the timing 
generator and the AND gate input to the accumula-
tor. Processed r-f pulses from the mixer are passed 
by the AND gate into the accumulator. The trailing 
edge of the N10 interval pulse, which occurs 7,000 
psec after the start of delay, clears the binary and 
terminates the frequency count. The accumulator's 
digital readout then shows a count which is pro-
portional to the modulator's center frequency. 
The blocks outlined in solid color illustrate the 

test system's configuration when checking sweep 
times. For this test, the r-f input is removed and the 
blanking signal used. The clock signal is gated 
by the upsweep or downsweep portions of the 
blanking signal into the accumulator for one cycle. 
The resulting count of the clock frequency is pro-
portional to the up- or downsweep period. 
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'Leadership 

We developed this new Operational Amplifier 
its combination of high performance and low cos 

£2, 
TYPICAL SPECIFICATIONS—Model 809CE 

• Offset Voltage Drift: 10,ttVrC 

• Offset Voltage: 5 mV 

• Offset Current Drift: 1.0 nATC 

• Offset Current: 50 nA 

• Power Supplies: 15 V 

• Power Dissipation: 90 mW 

• Compensation: 
40 db gain—none 
O db gain—two components 

• Monolithic Integrated Circuit 
in TO-78 or dual inline package 

• Common Mode Range: -13 V 

• Common Mode Rejection Ratio: 90 db 

• Power Supply Rejection Ratio: 90 db 

• Gain: 40,000 

• Input Impedance: 200K fl 

• Output Swing (5K load): 24 VP-P 

• Output Short Circuit Protected 

• Temperature Range: 
Operating 0 C to +100 -C 
Storage 65 C to +150 C 

Price: 1-99 100-99 1000 10,000 
6.50 5.85 5.00 4.50 

Please compare the 809 with other Operational Amplifiers in the same price 
range, including the one you are now using, and buy the one you think is best. 

AMELCO SEMICONDUCTOR 
DIVISION OF TELEDYNE, INC. • 1300 TERRA BELLA AVENUE • MOUNTAIN VIEW, CALIFORNIA • Mail Address: P.O. Box 1030, 
Mountain View, California • Phone: (415) 968-9241 / TWX: (415) 969-9112 / Telex: 34-8416 • REGIONAL OFFICES: Southwest— 
Suite 213. 8621 Bellanca Ave., Los Angeles, California 90045, (213) 678-3146 • Northwest-1300 Terra Bella Ave., Mountain View, California, (415) 968-9241 
East—P. 0. Box 2091, Paterson, New Jersey, (201) 696-4747 • Southeast-711 Magnolia Avenue, Orlando, Florida 32803, (305) 423-5833 • Northeast-
805 High Street, Westwood, Massachusetts 02090, (617) 326-6600; 60 Broad Hollow Rd., Melville, L. I., N. Y. 11749, (516) 692-4070 • Midwest-
650 West Algonquin Road, Des Plaines, Illinois, (312) 439-3250 • Canada—Deskin Sales, Montreal, Quebec, (514) 384-1420. 
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PI EZO ACCELEROMETER 
REPORT CEO, 
REPORT NUMBER 1 

New Missile Goes Low Impedance 
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BLOCK DIAGRAM 

A new CEC Low Impedance Piezo-

electric Accelerometer System, espe-
cially designed to operate in a high 

thermal and mechanical transient 

environment, has been selected for 

America's most advanced new missile. 

The choice of this low impedance sys-

tem over conventional high impedance 

devices, we believe, was both prudent 

and obvious. 

For the combination of a source fol-
lower with a piezo accelerometer in a 

single small package has eliminated the 

four major headaches common to high 
impedance accelerometers. Namely, 

sensitivity calculations, FRC curves, 

temperature stability problems and 

cable noise problems. 

Additional advantages: 

The advanced new strain-isolating base 
design eliminates errors induced by sharp 
thermal and mechanical transients. 

E The entire system, being all-welded and 

hermetically sealed, meets stringent en-
vironmental specifications and requires no 
maintenance. 

El Low-impedance cabling eliminates noise 
problem, signal deterioration, and has 
increased life and reliability. 

1:1 A remote power amplifier, coupled by 
a low impedance cable, provides the neces-
sary telemetry output with the incorpora-
tion of a voltage limiter and reference bias. 
Band pass filtering provides a flat fre-
quency response from 20 Hz to 2100 Hz. 

111 Rated MTBF operating life in missile 
environment conditions is in excess of 
2400 hours. 

El System output: low impedance, 100 and 
220g full scale. Telemetry output is 2.5 
peak full scale. 

El Tolerance limits: frequency response-
--t3%; sensitivity adjustment— -±1%; cross 
axis sensitivity-3% maximum. 

This system is a good example of CEC's 
capability to adapt advanced standard 

products to specialized applications and 

supply the right accelerometer to fit the 

individual need. 

As the leader in data instrumentation, 
CEC has 78 Field Engineers through-

out the country to serve you—more than 

all other accelerometer manufacturers 

combined. Furthermore, CEC will be 
pleased to prepare a comprehensive 

analysis of your needs. 

For complete information on CEC's 

piezoelectric line, call your nearest CEC 

Field Office. Or write Consolidated 
Electrodynamics, Pasadena, California 

91109. A subsidiary of Bell & Howell. 

Bulletin Kit #325-X3. 

PIEZOELECTRIC 
USERS 

HANDBOOK 

Also—be sure to ask 
for your courtesy 
copy of the current 
'Piezoelectric 
Users Handbook." 

CEC 
TRAFISDUCER PRODUCTS 

BELL HOWELL 
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you get a choice, 

not a challenge 

Most complete line of high quality 

tape wound cores available from 

any maaufacturer 

Magnetics' selection of tape wound 

cores encompasses eight material 

types, in a range of sizes from 

0.050" to 12" inside diameter. For 

frequencies from DC through 500 

kc, materials are produced in 

thicknesses ranging from 1/8 mil 

through 14 mils. All core sizes are 

available boxed in phenolic or 

plastic, aluminum or GVB- coated 

aluminum. Magnesil", less 

sensitive to external stresses, is 

also available unboxed or epoxy 
encapsulated. 

In addition to offering this broad 

range of tape wound cores, 

Magnetics has improved its 

production of raw materials, using 

the most advanced testing devices 
to control quality in metals, 

winding, annealing, potting 

compounds, boxing processes and 

the application of encapsulating 

materials. This across-the-board 

control assures you of getting 

what you pay for in performance. 

If you have an application for tape 

wound cores, why settle for an 
approximation of your specifica-

tions? With Magnetics, you don't 

have to "make do"—you get a 

choice, not a challenge. For further 

information on our complete line 
of tape wound cores, write for 

Catalog TWC-300, Magnetics Inc., 
Butler, Pennsylvania 16001 

a. 
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316 DIA X WICK 
STAINLESS STEEL ROLLER 

elrapping 
out 
crour ‘Plans 

The enemy is smart. He knows your weaknesses. 
Hits you where it hurts. You need greater 

reliability, longer life, and lower cost in switches. 
That'll get him, and put your product 

out in front. Licon" general purpose commercial 
and industrial switches fit right into the 

engineering map. Read about 
them in this book. 

Copies sent on request. 

townie your plow 
for memo with LICON:o 
the Wotan growing 
lbw f SNAPACTION 
COMMERCIAL 
SWITCHES 

Lay out your plans with 
LICON... fastest growing 
full-line switch supplier 

LICON 
DIVISION ILLINOIS TOOL WORKS INC. 

6615 WEST IRVING PARK ROAD — CHICAGO, ILLINOIS 60634 

'Remember, you're navet more than a few feet away from a product of Inf.® 
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Knock off 35% 
of shielding 
material costs 
with Hipernom® 

. • Hipernom meets the requirements of Federal Standard No. 222. 

...and stay competitive 
into the1970's. 

Of course you want to pay less for 
magnetic shielding against DC to 

10,000 Hz. fields. Solution: Get 
Westinghouse Hipernom alloy. 
Of all commonly used shielding alloys, 

Hipernom has the highest permeability. 
It lets you use thinner, lighter shields, 
allows easier, lower-cost fabrication. 

And you use less material per shield. 

The 35% material cost saving per shield 
cited above is typical. Hipernom also 
brings you an important extra... 

the largest group of metallurgists 

specializing in magnetics. They'll put 
Westinghouse's 50 years of research 
leadership in magnetics at your service. 

Want specific details? Call Bob Carroll 
at 412-459-9400. 

Free 36-page book on magnetic shielding 
Any engineer who reads this book 
becomes one of America's foremost 

authorities on magnetic shielding. It is 

just that complete, practical and unique. 
For your free copy, write for "Shielding 
Book." Address Westinghouse Metals 
Division, Box 868, Pittsburgh, 
Pennsylvania 15230. 

You can be sure if it's Westinghouse 
J•05013 
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"Why do more and 
more executives 
say  MICHIGAN 

has more of 
everything?" 

"I found out... 
in the complete 
Consumers Power 
plant site 
data book." 

This is how to get all the facts about Michigan's Lower Peninsula: start your plant site 
research by sending for a Consumers Power data book. You will receive complete infor-
mation on any city within the 30,000 square mile area served by Consumers Power Company. 
You'll get up-to-date data on local labor, industries, living conditions, transportation. You'll 
find out how a Michigan location places you within 500 miles of 59% of the nation's man-
ufacturing plants and 21 major billion-dollar markets. Contact us now for complete, confi-

dential data on Michigan cities in this important area. 

ço consumers Power Company 
216 West Michigan Ave. Jackson, Michigan 49201 Area Code 517 - 788-0502 

W. N. McClelland, Director of Area Development 
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Looking for Total 

Solid State Capability... 
From Solid State 
Materials... 

To Devices ... 

To Complete Assemblies ... 

just say the word.. 

A HZ THOM 

NEW LITERATURE AVAILABLE 

SOLID STATE 

MATERIALS 

Detailed specifications and application 
information on Airtron's entire line of 
microwave and laser materials are fea-
tured in these new data sheets. Included 
for laser application are: Ruby, YAG, and 
Sapphire. Included for microwave use 
are: single crystal garnets and spinels 
as well as polycrystalline nickel and 
magnesium ferrites and garnets. 

All A Ill 'MON ptire - 
MINIATURE • Whoir,407 

SOLID STATE S. 
MIXER-PREAMPLIFIERS 

ceto 
1-1.4 ro 

SOLID STATE 
DEVICES 

Three new series of solid state devices 
include: Solid State Phase-Locked Local 
Oscillators where high stability and 
spectral purity are required, Miniature 
Solid State Mixer-Preamplifiers, and a 
series of High Power Diode Switches in 
frequencies up to 8,000 mcs. 

e--v--ifrIMTATZOA 
re:4e SUBMINIATURE , 

COAXIAL CIRCULATOR 'NIATUBE 
JO STATE 

-~ 

FERRITE 

DEVICES 

New additions to Airtron's ferrite de-
vices include: Ferrite Circulator-Isola-
tors for very high peak and average 
power, Subminiature Coaxial Circulators 
and High Power 3-Port Junction 
Circulators featuring high performance 
equivalent to that of 4-Port Phase 
Shift Circulators. 

A HZ 1117/(PAÍ 
DIVISION OF LITTON INDUSTRIES 

Electronics ' May 15, 1967 

200 EAST HANOVER AVENUE, MORRIS PLAINS, N. J. Telephone: 201 539-5500 
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This AE Type 44 Rotary Stepping Switch 
Thrives on Solitude. 

So do all the rest of our hermetically sealed 
stepping switches. That's because we build 
switches so they can't bind, never overthrow. 
Most of the secret's in our stepping mechan-

ism. We don't use a pawl stop block. Instead, we 
use a unique "free-floating" pawl—with a set 
of stopping teeth on the end of the armature. 

This way, the armature not only steps the 
wiper or cam assembly to the next position—it 

also locks the rotor in the correct position. Over-
throw is impossible. So is pawl wear and bind 
against a pawl stop block—even at low tem-
peratures. 

Where can you use these sealed switches? 
Almost anywhere. Some people take them out 
in the desert or down to the 
bottom of the ocean. Others 
fly them above 40,000 feet, 
where the mean temperature 
is —55 degrees Centigrade. 
You might want them for a 
particularly dusty location 
in your shop. 
How can you use reliable, 

versatile rotary stepping 
switches? There's a lot of 
helpful design information in our Circular 
#1698. It's yours for the asking. Just write the 
Director, Relay Control Equipment Sales, 
Automatic Electric Company, Northlake, 
Illinois 60164. 

AUTOMATIC ELECTRIC 
SUBSIDIARY OF 

GENERALTELEPHONE & ELECTRONICS GTE 
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Why take pot luck for reliability? 

DAYSTROM HI-RELIABILITY SQUARETRIM POTS 

ARE MANUFACTURED AND TESTED TO MIL-R-39015 

The Daystrom Squaretrim 318-160HS is designed, manu-
factured and tested in complete accordance with 
MIL-R-39015. This means you no longer have to resort 
to costly unmonitored programs when you need high 
reliability potentiometers. 

The 318-160 Series Squaretrim potentiometers not only 
give you the best design and materials, but are manufac-
tured with piece part traceability, in-process controls, and 

the stringent QC program defined in this Specification. 

So . . . don't trust to luck. Order Daystrom Hi-Reliability 
Squaretrim pots. They're available in values from 10 
ohms through 20K. Prompt delivery on orders. Write or 
phone today. 

Daystrom potentiometers are another product of: 
Weston Instruments, Inc. • Weston-Archbald Division, 
Archbald, Pennsylvania 18403 • Phone 717-876-1500 

WESTON® prime source for precision...since 1888 
INESTON.ARCNBALD • WEStON•11ATIlelte • WCSTOM•NEw.n. • , C, Cn•pOUG•inCLPelE • WESTON•L[xi NM'. • WESTON•TRANSICO, • WESTON•GANWIN CARRUTN • W[STOH•CANAPA 

— • • • •-••••••••••• 



It comes clean 
out of our test bath 

our Inert Liquids work equally well as coolants. Test 
them for either application. 

Temperature test your integrated or hybrid circuits 
in a 3M Brand Inert Fluorochemical Liquid and it'll 
drain clean, dry immediately and leave no residue. 

Unlike conventional test bath fluids, with our 
Inert Liquids there's no costly cleaning stage to slow 

down production. 
3M Brand Inert Liquids—FC-43, FC-75, FC-77, 

FC-78—also give you a wide liquid range so you can 
use them at both high and low temperatures, high 
dielectric strength for electrical insulation, compati-
bility to prevent adverse effects on sensitive mate-
rials, and non-flammability to make them safe. 

With those properties and that kind of reliabil-
ity—plus efficiency at removing heat—it's no wonder 

r 

,. 

3M Chemical Division 
Dept. KAX-57, St. Paul, Minn. 55119 

Send me all the details about 3M Brand Inert Liquids. 

Name 

Company  

Address  

City State 7ip  

Title  

Chemical Division COMPANY 

-1 

., 
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Why take pot luck for reliability? 

DAYSTROM HI-RELIABILITY SQUARETRIM POTS 

ARE MANUFACTURED AND TESTED TO MIL-R-39015 

The Daystrom Squaretrim 318-160HS is designed, manu-
factured and tested in complete accordance with 
MIL-R-39015. This means you no longer have to resort 
to costly unmonitored programs when you need high 
reliability potentiometers. 

The 318-160 Series Squaretrim potentiometers not only 
give you the best design and materials, but are manufac-
tured with piece part traceability, in-process controls, and 

the stringent QC program defined in this Specification. 

So . . . don't trust to luck. Order Daystrom Hi-Reliability 
Squaretrim pots. They're available in values from 10 
ohms through 20K. Prompt delivery on orders. Write or 
phone today. 

Daystrom potentiometers are another product of: 
Weston Instruments, Inc. • Weston-Archbald Division, 
Archbald, Pennsylvania 18403 • Phone 717-876-1500 

WESTON® prime source for precision „ , since 1888 
WESTON-ARCHBALD • WESTON ATBORO • WESTC••••,,,R, • INST, ON•PODSHREEPSIE • WESTON-LEXINGTON • WESTON•TRANSICOIL • WESTON-GARWIN CARRUTH • WESTON•DANADA 



The NEW Honeywell Model 1912 Visicorder Oscillograph: 36 channels, DC-13kHz. Shown here with new Microfilm Adapter (mounted above 1912). 

y_11,11,1. 

We've updated the worlds' 
most advanced 12-inch oscillograph. 
And lowered the price! 
All the best features of our highly sophisticated Model 
1612 Visicorder have been incorporated inthe new Model 
1912. To them, we've added the latest state of the art 
advances: modular construction for accessibility and 
microelectronics for less circuitry and greater reliability; 
a DC servo paper drive system for more accurate speed 
control and wider speed ranges; a constant-current pow-
er supply for extended lamp life, and exclusive new hot 
start circuit for instant restart (IA-second) of mercury 
lamps after a momentary power failure. 

The result is a rugged, versatile rack-mount machine that 

outperforms any recording oscillograph — yet it sells for 
less than the Model 161 2 or competitive units! It's an-
other example of how Honeywell's broad line, backed by 
local sales and service, can provide the precise solution 
to your instrumentation problems. For full details on the 
new 1912, call your local Honeywell Representative or 
write: Honeywell Test Instruments Division, 4800 East 
Dry Creek Rd., Denver, Colo. 80217. Honeywell 

Honeywell engineers sell solutions 
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John Manning, Missiles Systems 
Division, Raytheon Company, 
Bedford, Mass., has installed 4 
VSMF Files: Defense Design, 
Documentation, Mil Specs and 
Mil Standards. 

look into it! 
Design engineers have been telling us for years that VSMF is much like a product super-
market. That's because Visual Search Microfilm Files contain more than 1,000,000 products 
from over 15,000 manufacturers—all arranged with design engineers in mind. 

Of course, VSMF isn't exactly a supermarket. At Information Handling Services, we've col-
lected 11/4 million pages of product data, indexed them, microfilmed them, put them in 
compact consoles, and combined them with the most modern microfilm retrieval equipment. 
VSMF has all the advantages of a product supermarket ... complete, easy-to-use and 
up-to-date. 

We know that when you design a product you want to use the best components and materials. 
And, to do this, you need to compare all that is available. VSMF can help you in this com-
parison because VSMF supplies the data on all products. You supply the judgment. 

Manufacturers who place their data in VSMF know this and invite comparison. The con-
stantly changing "state of the art" is reflected in the pages of VSMF. 

More than 125,000 engineers in 500 great corporations now shop in the VSMF supermarket. 
If you have VSMF in your company, look into it. If you don't, you might look into that, too. 
Write for "Looking into VSMF." 

-ere 
nf arm ati on 
HANDLING SERVICES, INC. 
Dept. E-515 

Denver Technological Center 
Englewood, Colo. 80110 
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It comes clean 
out of our test bath  

our Inert Liquids work equally well as coolants. Test 
them for either application. 

Temperature test your integrated or hybrid circuits 
in a 3M Brand Inert Fluorochemical Liquid and it'll 
drain clean, dry immediately and leave no residue. 

Unlike conventional test bath fluids, with our 
Inert Liquids there's no costly cleaning stage to slow 
down production. 

3M Brand Inert Liquids—FC-43, FC-75, FC-77, 
FC-78—also give you a wide liquid range so you can 
use them at both high and low temperatures, high 
dielectric strength for electrical insulation, compati-
bility to prevent adverse effects on sensitive mate-
rials, and non-flammability to make them safe. 

With those properties and that kind of reliabil-
ity—plus efficiency at removing heat—it's no wonder 

3M Chemical Division 
Dept. KAX-57, St. Paul, Minn. 55119 

Send me all the details about 3M Brand Inert Liquids. 

Name  

Company Title  

Address  

City State 7ip 

COMPANY Chemical Division 
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A brief but significant 
message from CET, 
the nation's leader in 
surveillance receivers. 

Communication Electronics Incorporated today delivers more 

receiving equipment for use in surveillance than any other com-
pany in the world. 

By the end of 1967, CEI's line of off-the-shelf surveillance 

receivers will span a spectrum from 1 kHz to 12 GHz. The line is 

augmented by frequency extenders, digital counters, converters for 

predetection recording, demodulators, signal monitors, VORs and 

other auxiliary equipment. 

All bear the hallmark of CEI leadership: precision by design 

... superiority by intent. 

COMMUNICATION ELECTRONICS INCORPORATED 

6006 Executive Boulevard, Rockville, Maryland 20852 /M7/7 

AM/ MI 
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STACKPOLE SPECIAL PURPOSE RESISTORS 
SHAPE UP IN MANY DIFFERENT FORMS 

Whatever the application, Stackpole engineers can supply 
the correct special purpose resistor to fit your equipment and 
provide the type of protection you must have. Stackpole resis-
tors are made in rods, discs, sleeves, rings and many specially 
designed shapes. Sizes range from the very small up to units 
15 inches in length and up to 5 inches in diameter. 
Stackpole produces both ceramic and organic special purpose 

resistors. Many high voltage applications favor the ceramic, 
particularly where high energy surges must be controlled. 
Organic resistors offer an inexpensive solution where medium 
to high level heat dissipation is necessary. They are available 
in a wide range of resistivity values. 
The chart below indicates the salient characteristics of both 

resistor types and will guide the design engineer in determining 
the suitability of each for his application. 

CHARACTERISTICS CERAMIC RESISTORS ORGANIC RESISTORS 

Minimum Steady State 
Power Density 12 Watts/ in.3 10 Watts/ in.3 

Maximum Transient 
Energy Density 

600 Joules/in.3 

Maximum Voltage Gradient 10 Kilovolts/in. 8 Kilovolts/in. 

Resistivity Range (e) 2 ohm.cm. to 10k ohm-cm. 2 ohm-cm. to 200 megohm-cm. 

Maximum Operating 
Temperature 20V C 100* C 

Stackpole special purpose resistors have already proven 
very satisfactory in many diverse applications. There are 
probably many areas where their unique properties could be 
utilized even further. Here are just a few of the ways others 
have found Stackpole special purpose resistors to be valuable: 

APPLICATIONS 
CERAMIC ORGANIC 

High Voltage Surge Equipment Lightning Arrestors 

High Frequency Radiation Suppression High Wattage Applications  

High Power Amplifier Loading Dummy Loads 

If you have a high voltage high power problem, why not 
investigate the advantages of Stackpole special purpose 
resistors. Our engineers will be glad to assist you in evaluating 
your specific needs and recommend the right resistor. For more 
information, contact Stackpole Carbon Company, Electronic 
Components Division, St. Marys, Pennsylvania 15857. Phone: 
814-781-8521. TWX: 510-693-4511. 

STACKPOLE 
ELECTRONIC COMPONENTS DIVISION 
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Look beyond the JEDEC number. Test 
transistors competitively. Like many of 
our customers, you'll find that Westing-
house transistors deliver performance 
bonuses...and at competitive prices. 

Peak Power Handling. For example, a 
manufacturer of hi-fi amplifiers needed 
transistors that could take the peak 
power pulses generated by a carelessly-
dropped pickup arm. He tested plenty of 
2N3055's and chose the Westinghouse 
product. It solved his problem best. It 
also offered the exclusive Westinghouse 
Lifetime Guarantee. 

Westinghouse 2N3055 Series transistors 
feature DC power dissipation ratings to 
117 W., Vc E from 55 to 140 V., gain from 
18 at 3 A. to 20 at 4 A. 

Cool-Running Reliability. A sonar manu-
facturer needed kilowatts of power out-
put with tight Navy performance and 

Westinghouse 
6 to 30 amp transistors 
keep everything 
from hi-fi to sonar 
competitive into the 1970's. 

reliability specifications. His solution: 
Westinghouse's 2N2757 Series Lifetime 
Guaranteed transistors. 
Their low saturation voltage (typical 0.4 
V. 10 A.), and low thermal impedance 
(0.5° C. per W.), insure cool running. 

This, plus demonstrated freedom from 
second breakdown, makes them ideal for 
repetitive switching into inductive loads. 
Perfect for inverters and regulators as 
well as sonar amplifiers. 

Westinghouse 2N2757 Series transistors 
feature 250 watt power dissipation capa-
bility, VCE from 50 to 250 V., gain from 
10 at 10 A. to 10 at 25A. 

Broad Line. Between these extremes, 
Westinghouse has a complete transistor 
line ranging from military types to plas-
tic-case types. And most have the unique 
Westinghouse Lifetime Guarantee identi-
fied by this symbol 4. on the case. 

Send for our Semiconductor Condensed 
Catalog now. Meet the transistors, rec-
tifiers, and thyristors for now and 1970. 
Call your Westinghouse distributor. Or 
write Westinghouse Semiconductor 
Division, Youngwood, Pa. 15697. 

+Westinghouse warrants to th e original 
purchaser that it will correct any defects 
in workmanship, by repair or replacement 

f.o.b, factory, for any silicon power semicon-
ductor bearing this symbol 4. during the life 
of the equipment in which it is originally in-
stalled, provided said device is used within 
manufacturer's published ratings and applied 
in accordance with good engineering practice. 
The foregoing warranty is exclusive and in lieu 
of all other warranties of quality whether writ-
ten, oral, or implied (including any warranty of 
merchantability or fitness for purpose). 

You can be sure 
if it's Westinghouse 



wanted: "big" 
insulator problems 

Solving "big" insulator problems is Lapp's spe-
cialty. Wherever insulator requirements call for 
high strength, special electrical specifications, 
maximum dependability and long service ... Lapp 
is the company to contact. 
Lapp has been designing, testing and making 

insulators for communications installations for 
almost a half century. On many special jobs, our 
experience provides the basic engineering and 
design, which enables us to deliver the job 
quicker, and save you money. 

How "big" are the jobs we've done? How about 
tower base insulators to 9 million lbs. ultimate 
strength with 500 kv peak wet flashover. Or, com-
pression cone guy insulators to 620 thousand lbs. 
strength and in strings with grading rings giving 
wet flashover to 700 kv peak. 
Lapp also made 3 of the world's largest RF feed 

through bushings with wet flashover of 600 kv 
peak, for continuous operation at 2545 amperes 
at 140 kv rms at 14-30 kc. Our double-yoked strain 
insulators have been made to 240 thousand lbs. 
ultimate strength with a wet flashover rating of 
700 kv peak. 
From drawing board to delivery, you can count 

on Lapp when it comes to "big" insulator prob-
lems. Write for additional information, Lapp 
Insulator Co., Inc., LeRoy, N.Y. 14482. 
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0/E/N IS QUALITY COMPONENTS 

We help you make it better. 0/E/N products are used 
wherever circuitry has to perform precisely and depend-
ably. Wherever man or his machines go, from deep 
space to deep water, 0/E/N products prove their relia-
bility daily, no matter what the conditions. 

Each year America's leading manufacturers come to 
0/FIN for an ever-growing variety of products for an 
ever-widening list of applications. Diverse though they 
may be, 0/E/N products have one thing in common: 
EXCELLENCE. 

Engineering and manufacturing excellence have carved 
out a unique position for us in the fiercely competitive 

COMMUNICATIONS 

electronic components market. And they have made 
0/E/N a trusted name in leading industries of aerospace, 
computers, appliances, communications, industrial and 
other electronic controls. 

If your products use pushbuttons, rotary switches, rotary 
solenoids, TV tuners, indicator lights, quartz crystals, 
relays or thermostats, chances are quality components 
from such 0/E/N companies as Oak Manufacturing, 
McCoy Electronics, Marco-Oak and Hart Manufactur-
ing will help you make it better. 

For complete information about 0/E/N, its facilities and 
its products, send for a copy of our Facilities & Capa-
bilities Brochure. 

0/E/N OAK ELECTRO/NETICS CORP CORPORATE OFFICE 

CRYSTAL LAKE, ILLINOIS 80014 

AEROSPACE APPLIANCES COMPUTERS INDUSTRIAL CONTROLS 
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A LOW-COST 4PDT 
3 AMP RELAY CAN 
OUTPERFORM THE 
GHER PRICED ONES. 

New Sigma Series 67 4PDT 3 amp AC-DC relays 
are not only priced lower than competitive types 
but will outperform them four ways: 

In Life Expectancy: Slots in contact base be-
tween fixed contacts eliminate build-up of va-
porized contact material and leakage paths. This 
feature alone can double relay life expectancy. 

In Adjustment Stability: The contact base and 
movable contact support of the new Series 67 is 
made of diallyl phthalate. This material does not 
deform under mechanical and thermal stresses. 

In Thermal Resistance: The Series 67 enclo-
sure is made of high heat resistant polycarbonate 
instead of less resistant nylon. This assures stable 
operation at high temperatures. 

In Fast, Easy Installation: Series 67 solder ter-

If it's the new 
Sigma Series 67. 

minal socket can be installed in seconds, with 
no need for screws or fasteners. It simply snaps 
into the face of the panel and four spring clips 
lock it. 

We'd like to give you a new Sigma Series 67—or 
any of our other standard relays. Test and com-
pare it against the brand you may now be using. 
It's the best way we know to prove what we say 
about Sigma relay performance. Just circle our 
reader service number on the reader service 
card. We'll send you the new Sigma relay cata-
log and a "free relay" request form. Return the 
form to us and your Sigma representative will see 
that you get the relay you need. 

Need fast delivery? The Series 67 is available 
off-the-shelf from your Sigma distributor. 

SIGMA DIVISION en SIGMA INSTRUMENTS INC 
Assured Reliability With Advanced Design / Braintree, Mass. 02185 

-fflaw-
Sigma Instruments (Canada) Ltd., P.O. Box 43, Toronto 18 
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Where can you get 
quick delivery on 930 DTL? 

Order TI Series 15930 DTL 
from WEATHERFORD! 

We can fill your requirements for 930 
DTL today! We carry full warehouse 
stocks of all types of TI's Series 15930 
(military) and Series 15830 (indus-
trial) integrated circuits for immedi-
ate delivery. 
These devices are direct equivalents 

... pin-for-pin and spec-for-spec... 
of competitive types. All circuits are 
equivalent in every parameter to 
other 930 DTL circuits and may be 
used interchangeably with other 
makes on a mixed system basis. 

Series 15930 DTL circuits are pro-
duced by the industry's largest and 
most advanced semiconductor manu-
facturing facility to fulfill your larg-
est requirements. 
We stock them in depth so you 

won't have to wait for delivery. 
Call us! 

R. V. WEATHERFORD CO. =FORD 
DISTRIBUTORS OF ELECTRONIC COMPONENTS AND EQUIPMENT PLUS It 

ANAHEIM, CALIFORNIA GLENDALE, CALIFORNIA PALO ALTO, CALIFORNIA 

1651 State College Blvd. 6921 San Fernando Road 3240 Hillview Drive 

714-532-6741 213-849-3451 Stanford Industrial Park 

714-547-7521 415-321 5373 

SALES OFFICES 
Albuquerque, N.M. 

505-298-5593 

Phoenix, Arizona 

602-272-7144 

Pomona, California 

714-966-8461 714-623-1261 

San Diego, California 
714-278-7400 
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GTC's Hal Horwitz delivers another portable atomic clock 

/ 1 te/ 
„//21Â 1 

When you want to transport time, 
why not get the most "transportable" 
atomic clock? General Technology's 
new Portable Rubidium Standard 
weighs only 31 pounds with 8-hour 
batteries and is 7" x 71/2 " x 175/8" 
overall. Medium-term stability: 5 x 
10-12 (standard deviation) for 100 

second averaging. Automatic sync: Los Angeles, California 90045. 
less than 0.1 microsecond. Phone 213 670-5541. 
Want GTC to deliver the indus-

try's first truly portable atomic clock 
to you? . . . or want more informa-
tion? Call or write: Hal Horwitz, 
Sales Manager; General Technology 
Corporation, 9610 Bellanca Avenue, 

TFA-1366 
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MAGNETIC SHIELDING 
Two Miles of Shielding in the 
Stanford Linear Accelerator 

Arnold can handle any magnetic shielding requirement . . . from CRT 
shields to shielding the full two mile length of the Stanford Linear Accelera-
tor. Mumetal, 4750 and 4-79 Mo-Permalloy is stocked in quantity to meet 
any demand. Fabricating facilities include a high speed 750 ton hydropress 
and other capacity presses from 4 to 100 tons for high production work. 

Modern furnaces anneal shields in a dry hydrogen atmosphere to obtain 
maximum permeabilities for each material. 

Arnold is also II Permanent Magnets 1,1 Tape Wound Cores I Bobbin 
Cores la MPP Cores 1111 Iron Powder Cores U Electrical Alloy Transformer 
Laminations ',Transformer Cans & Hardware II,Silectron Cores ISpecial 
Magnetic Materials 

Write for Catalog PD-122A 

ARNOLD 
SPECIALISTS in MAGNETIC MATERIALS 
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THE MINOT» ENGINEER/NO COMPANY, M•xl 011Ke MARENGO, ILL 
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HEAVY-DUTY ALLOY 
PLATED LEADS 

PERMANENT 
MARKINGS 

INHERENT WIREWOUND 
STABILITY 

DISTORTION-FREE 
FIBERGLASS CORE 

UNIFORM HIGH-PULL 
TERMINALS 

Protect low power circuits 
Fireproof construction...plus lowest cost per watt 

Exclusive from IRC . a fireproof resistor that can't be matched 
for the price. Inorganic fireproof construction withstands high 
temperatures and high overloads. Ideal low-cost protection for 
transistor and low-power circuits in radios, TV's and indus-

trial equipment. 

High quality wire and automated assembly allow resistance 
values nearly 50% higher than comparably rated power wire-
wound units. Easily solderable axial leads for point-to-point 

wiring or PC board insertion. 

PW types are also available as fusible resistors, and with special 
positive temperature coefficient wire for temperature compen-
sating applications. Write for data, prices and sample. IRC, Inc., 

401 N. Broad Street, Philadelphia, Pa. 19108. 

INORGANIC FIREPROOF FILL 

RUGGED 
STEATITE 
CASE 

CAPSULE SPECIFICATIONS 

RATINGS: 2, 3, 5, 7, 10 and 15 watts ' 

RESISTANCE: 0.1 ohm to 30K 

TOLERANCES: 

Standard +10% 

Special ± 5% 

TEMPERATURE 

COEFFICIENT: 

Standard +300 to 600ppm/°C max. 

Special +1300 to +5500ppm/°C 
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Probing the News 
Computers 

Illiac 4, world's fastest computer, 
won't be slowed by criticism 

Design is jelling as Burroughs prepares to build the supercomputer, 

a research machine capable of making a billion calculations a second 

By Wallace B. Riley 

Computer editor 

Illiac 4—the controversial super-
computer project at the University 
of Illinois—is beginning to take 
definite shape now that a contrac-
tor has been named. As is so often 
the case with large systems, the 
current design approach differs in 
detail from the original concept 
[Electronics, April 4, 1966, p. 36]. 
However, the goal of the project 

remains unchanged. Illiac 4's de-
velopers are shooting for a com-
puter that can execute up to a bil-
lion instructions per second-600 
times the speed of the fastest oper-
ational high-performance machine. 
Illiac 4 is being designed to solve 
problems that give conventional 
large-scale processors a lot of 
trouble. It will, for example, be 
able to make calculations with high-
order matrixes, process signals 
from a phased-array radar, or make 
long-range weather predictions. 

Illiac's speed is to be attained by 
simultaneously putting as many as 
256 conventional computers, or 
processing elements, to work on dif-
ferent portions of the same prob-
lem. For efficient solution of smaller 
problems, the array can be divided 
into quadrants, each containing 6.4 
computers and a single control unit. 
The quadrants will be intercon-
neetible in different ways for prob 
lems of different degrees of paral-
lelism. Each processing element 
will have a 250-nanosecond cycle 
time, and the timing of all 64 proc-
essors in a quadrant will be locked 

in step. The system will contain 
more than 2.5 million logic gates. 

Illiac 4 will be built by the Bur-
roughs Corp. to the design of Dan-
iel L. Slotnick, project director at 

no o   
QL.AD 1 

QUAD 2 

BULK 
MEMORY 

Division of labor. 

the University of Illinois. Burroughs 
won out in a three-way competition 
with the Radio Corp. of America 
and the Univac division of the 
Sperry Rand Corp. after a six-

QUAD 4 

QUAD 3 

INPUT-
OUTPUT 
BUFFER 

TO 
FOUR 
QUADS 

GENERAL-
PURPOSE 
COMPUTER 

!Iliac 4's quadrants have 64 conventional computers, 
or processing elements, each of which has its own relatively small memory. 
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... each processing element will have 

its own memory of 2,048 64-bit words ... 

month study of the project. Vernon 
Smith has been put in charge of 
the program at Burroughs. 
The total system is expected to 

cost from $14 million to $16 million; 
the money is being provided by 
the Advanced Research Projects 
Agency of the Defense Department. 
Who needs it? Slotnick views the 

Illiac 4 as a step toward the de-
velopment of a network of individ-
ual specialized machines that can 
work independently on small prob-
lems and be hooked up to handle 
problems bigger than any single 
one could deal with economically. 
During a debate on approaches to 
large computing systems at the 
Spring Joint Computer Conference, 
Slotnick took pains to point out 
that the Illiac 4 is a research ve-
hicle. 

In some quarters, Illiac 4 is con-
sidered little more than a techno-
logical white elephant. Cene 
Amdahl, who headed up a large 
part of the development work on 
the International Business Ma-
chines Corp.'s System 360 com-
puters, insists that the class of 
problems to which an Illiac 4 can 
address itself is practically non-
existent. Not too surprisingly, Am-
dahl, who is now an ism Fellow 
pursuing independent research, 
opts for big general-purpose units. 
But John W. Seward, who man-

aged the applications part of Bur-
roughs' study-contract effort, says: 
"The more we studied ways of 
applying the Illiac 4 to large prob-
lems, the better the 'iliac concept 
seemed to fit them, and the more 
reasonable it became to build the 
machine." 

I. To each its own 

Skepticism in certain quarters 
notwithstanding, Burroughs and 
the university are pressing ahead 
with the Illiac 4, making changes 
as they go. The most notable de-
parture from the preliminary de-
sign is a direct result of Burroughs' 
study of the project. Instead of one 
big memory with enormously long 
words servicing many processing 
elements simultaneously, each proc-
essing element will have its own 
memory of 2,048 64-bit words. Bur-
roughs uses 500-nsec thin-film 

memory modules in its B-8500 com-
puter, the largest commercially 
available processor, and it plans to 
redesign these modules to run at 
250 nsec in the Illiac 4. 

Splitting up the memory pro-
vides the individual processors 
with an indexing capability. In con-
ventional machines, indexing allows 
the execution of the same group of 
instructions a specific number of 
times without a rewriting or in-
troduction of an awkward counting 
instruction. In the Illiac 4, each 
processor will be able to index a 
group of instructions separately as 
its portion of the problem requires. 
Without individual indexing, some 
processing elements might be 
forced to idle temporarily while 
others caught up with them. 
No individual processor would 

have access to any memory other 
than its own, but data could be 
transmitted directly from unit, to 
unit, using routing instructions in-
cluded in each processor. If the 
two units were "neighbors," the 
transfer would take a maximum of 
40 nsec. 

Brute memory. Other new fea-
tures of the Illiac 4 are a bulk 
memory and an external general-
purpose computer to control the 
four-quadrant system. The bulk 
memory initially will be a high-
speed magnetic disk with a transfer 
rate of 500 million bits per second 
—100 times the speed of the fastest 
commercially available disk units. 

Burroughs expects to attain this 
speed by making detail changes in 
present designs, rather than design-
ing a complete new unit. For ex-

16 
BASIC 
COMPUTING 
UNITS 

Original. Preliminary Illiac 4 design 
featured a "layer" of 16 processors 
connected to a single massive memory; 
complete system included 8 layers. 

ample, Burroughs' present product 
line includes a head-per-track mag-
netic disk unit that doesn't re-
quire mechanical movement of 
read-write heads from track to 
track, and is therefore very fast. 
By altering the output switching 
arrangement and adding electronic 
circuitry that permits all the heads 
to be active all the time, the 500-
megahertz bit rate can be ap-
proached. Further increases may be 
attained by increasing the bit pack-
ing density in each track and de-
creasing the distance between 
tracks on the disk. 

Richard A. Stokes, Burroughs' 
deputy program manager, expects 
the disk memory to eventually be 
replaced by a very large core mem-
ory containing perhaps half a mil-
lion words of 4,096 bits each. If 
such a memory can be built to 
cycle in 1 microsecond, its transfer 
rate would be 4 billion bits • per 
second, or 33 million Illiac words 
per second. Realization of such 
data rates depends on further de-
sign studies of the transmission line 
driver and receiver circuits. "We 
may find we have to back off from 
that a little bit," Stokes admits. 
From either type of bulk mem-

ory, 4,096 words will be assembled 
in an input-output buffer, which 
will then be able to route the data 
to any one of the quadrants. The 
destination will be a combination 
of the 64 local memories in the 
quadrant. 
"The ultimate data rate of the 

Illiac 4," says Stokes, "will be well 
beyond the design goal of a billion 
operations per second. All the reg-
isters in the system will hold a total 
of more than 16,000 bits; at the 
250-nanosecond cycle rate, this 
adds up to a bit rate of 64 giga-
hertz." 

Jack-of-all-trades. The general-
purpose computer will set up the 
bulk memory for data transfers to 
and from the Illiac 4 through the 
input-output buffer, and will trans-
fer data to and from the bulk mem-
ory and a battery of conventional 
input-output devices. In addition, 
this machine will do all assembling 
and compiling of programs for the 
Illiac, operate display consoles, and 
perform other housekeeping chores. 
The machine will probably be 
either a standard Burroughs B-
6500 or a new computer designed 
specifically for Illiac 4. 
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II. Route steps 

The 64 processors in each quad-
rant are not set up, as some might 
think, in an eight-by-eight checker-
board array, with each square hav-
ing its own memory. Richard 
Brown, associate director of the 
project at Illinois, explains the ar-
rangement this way: The processors 
are labeled as if they were in one 
long straight line. The routing in-
structions permit the nth processor 
to communicate with four of its 
neighbors, the (n — I) th and (n 
+ I) th on each side, and the (n — 
8) th and (n 8)th eight steps up 
and down the line. Thus the 
nearest-neighbor communication 
scheme of the checkerboard is 
maintained, but the programer is 
free to work with any arrangement 
he pleases, subject to the limitations 
imposed by the routing instructions. 

"Of course, this process of trans-
ferring data incrementally from 
processor to processor takes time," 
notes Stokes. "During the study 
project, we considered the idea of a 
large central exchange for each 
quadrant, or for the entire system, 
through which any processor could 
communicate directly with any 
other processor. But we found that 
such an exchange, besides being 
very expensive, would necessarily 
introduce such long time delays 
through the maze of transmission 
lines that it actually wouldn't be 
any faster than the incremental 
transfer." 

Housing. Burroughs plans to 
package eight individual processing 
elements and eight memories in a 
single cabinet or frame, and to bolt 
eight of these frames in a row— 
together with a ninth frame con-
taining a control unit—to make a 
quadrant. Four nine-cabinet rows 
will be distributed about the room 
in which the system is to be assem-
bled. The bulk memory, its buffer, 
and the general-purpose computer 
will be in the same room. 
One processing element will be 

packaged on three multilayer 
boards about 12 by 14 inches; each 
board will carry about 50 inte-
grated-circuit packages. Each 64-
pin lc, in turn, will contain between 
50 and 100 gates on a single sub-
strate. The lc's will be built spe-
cifically for the Illiac 4 by Texas 
Instruments Incorporated. 
The logic setup, algorithms, and 

other aspects of the design will be 
checked out on prototypes built 
with conventional 16-pin. Ic's, also 
made by n; the 64-pin production 
circuits will be developed in paral-
lel with the prototypes. 

Il l. Manipulator 

The Illiac 4 is designed to solve 
any matrix-oriented problem — a 
category that covers a lot of terri-
tory, including weather-forecasting, 
hydrodynamics, linear program-
ing, and economic models. Prob-
lems in these areas can be solved to 
a limited extent by large modern 
computers, but only at the cost of 
many hours of running time. The 
Illiac 4 is being designed to run 
the same solutions in a fraction of 
a second. Also, since results will 
be instantly obtainable, more de-
tailed formulation of problems will 
be feasible. 

Basically, a matrix is a rect-
angular array of numbers that rep-
resent the coefficients in a system 
of simultaneous equations. Solving 
the equations requires a manipula-
tion of the coefficients, and matrix 
algebra offers a convenient way to 
make these manipulations. 
One mathematical model devel-

oped by the National Center for 
Atmospheric Research, Boulder, 
Colo., uses measurements of tem-
perature, humidity, barometric 
pressure, wind velocity, and other 
variables. These readings, taken at 
5-degree intervals of latitude and 
longitude and at six levels of alti-
tude over the entire globe, are 
applied to a set of partial differ-
ential equations relating the hydro-
dynamic and thermodynamic prop-
erties of the atmosphere. From the 
equations, predicted values of the 
measurements are calculated for a 
real-time interval of 71/2 minutes. 

A1,1 A1.2 A1,3   A 1,N-1 

A25 A2 1 A2,2  A2,5-2 

A 3,5-1 A 3,5 A 3,1   A 3,5-3 A 3,N-2 
i 1 I I 
I I I I I 
I I I I I 

AN -1,3 AN-1,4 A N -1,5   AN-1,1 AN -1,2 

A A A A A • 
NA   5,5 

Dealer's choice. Processing a line 
at a time or a column at a time 
is made possible by skewing matrix 
across individual elements' memories. 

The calculations are repeated over 
and over to yield predictions at in-
tervals of 71/2 minutes, 15 minutes, 
221/2 minutes, and so on, at an 
improvement factor of 20:1. In 
other words, one hour of computer 
time yields a prediction of the 
values 20 hours hence. 
The Iliac 4 will be able to make 

such a calculation thousands of 
times faster than present equip-
ment—perhaps computing a 20-
hour forecast in a few seconds. 
More accurate forecasts for a 
longer period of time will also be 
possible without an unreasonable 
amount of computation time. 

Divide and conquer. The ad-
vantage of dividing the Iliac 4 
into quadrants becomes evident 
when weather-forecasting problems 
are studied in detail. If measure-
ments are made at 5-degree inter-
vals of latitude and longitude near 
the equator, data points will be 350 
miles apart. But in higher and lower 
latitudes, separations come so close 
together that they take up valuable 
space in the memory without con-
tributing significantly to accuracy. 
Thus, longitudinal spacing can be 
widened to 10 degrees in midlati-
tildes and to even more near the 
poles. On the Iliac 4, two quad-
rants can be devoted to the equa-

Distinguished forebears 

Illiac 4 is the descendant of a distinguished line. The original, made in 
1952, was one of the first automatic digital machines. It was built with 
vacuum tubes and the memory was a bank of 40 cathode-ray tubes, each 
of which stored an array of 1,024 various-sized dots. Data was read 
from the memory by a capacitive-coupling technique that sensed the 
size of the "splash" when the electron beam in the crt crossed each of 
the dots. 

Illiac 2 is still in use. A large solid-state machine, it was built in 1962 
to check on design ideas stemming from Illiac 1. !Iliac 3, now under 
construction, is a pattern-recognition computer that incorporates inte-
grated circuits. Patterned after large commercial and military systems. 

Illiac 3 has a highly parallel organization. It will be completed, as will 
Illiac 4, some time in 1969. 
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... a machine the size of Illiac 4 
cannot be permitted to stand idle ... 

tonal zone and one each to the 
higher and lower latitudes, where 
fewer data points and hence less 
calculation is required. 

Linear programing, another im-
portant outlet for Illiac 4's talents, 
is a technique to maximize or mini-
mize a linear function of N vari-
ables subject to a set of linear con-
straints. For example, minimizing 
the cost of a manufacturing process 
subject to such constraints as the 
availability of raw materials, mar-
ket conditions, transportation de-
lays, and the like, would present a 
problem in linear programing. Such 
problems break down into systems 
of simultaneous linear equations 
that can be readily solved with 
matrix algebra. 

Offbeat. A surprising application 
of the Illiac 4 could be in Fourier 
analysis, particularly with the re-
cently developed Cooley-Tukey al-
gorithm [Electronics, Oct. 3, 1966, 
p. 52]. With Fourier analysis, com-
plex time functions such as volt-
age waves can be analyzed for fre-
quency components; the Cooley-
Tukey algorithm sharply reduces 
the time required for such an anal-
ysis by conventional large-scale 
computers. A typical problem in 
Fourier analysis can be solved with 
the Cooley-Tukey algorithm on the 
Illiac 4 in less than half a millisec-
ond—an advantage of 6,000:1 over 

Guiding light. Daniel L. Slotnick 
sees 'Iliac 4 as a research vehicle. 
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tire row or an entire column. With 
a skewed format, only operations 
of a kind hardly ever encountered 
in matrix analysis could tie up a 
single processor while the others 

the ram 7094. This improvement were idle. 
means that the algorithm can be ap-
plied to the same problem but with V. Programing 
the function sampled at a far Programing Illiac 4 will be a 
greater numbers of points, formidable task, though perhaps 

IV. Skewed matrix not as formidable as it might seem 
at first glance. The idea isn't to 

Still another potentially valuable program 256 computers individu-
application is in multichannel filter- ally, but to program one for a 
ing, a technique to process the data small part of a specific task, and 
received from large arrays of sen- then get all of the others to do the 
sors. The Large-Aperture Seismic same thing at the same time with 
Array in Montana [Electronics, other parts of the same problem. 
July 26, 1965, p. 911, a system that Programs will be written for the 
monitors earth movements and Illiac 4 in much the same way that 
could prove useful for detecting they are written for other large-
clandestine nuclear explosions, is an scale systems. The programers will 
example of such an array. This in- use conventional languages or vari-
stallation has 525 pickups that re- ations, and the programs will be 
spond to impulses in different ways translated into machine language 
and at different times; their outputs by the off-line general-purpose corn-
can be expressed in the form of a puter. Some kind of operating sys-
matrix with 525 rows and 525 col- tem will probably be used, because 
umns. Analyzing this matrix takes a machine the size of Illiac 4 can-
several hours on an mm 7094. The not be permitted to stand idle if 

it's in working order; the operat-
ing system will be installed in the 
general-purpose computer and be 
oriented toward keeping the Illiac 
busy. 

Customized software. The soft-
ware problems that have plagued 
manufacturers and users of third-
generation commercial computers 
won't be a stumbling block here. 
For one thing, Illiac 4 is designed 
for research, not commercial appli-
cations. For another, commercial 

programers, working under the di- manufacturers have tried to pro-
rection of David Kuck at Illinois, duce universal software that is all 
developed the skewed matrix. The things to all machines. Software for 
most straightforward division of the Illiac 4 will be strictly custom made. 
matrix assigns each column to an The reliability goal of the proj-
individual processor, which can ect is a mean time of 10 to 30 hours 
then work on it a row at a time. If, between failures for all 256 proc-
however, the nature of the problem essors. The designers don't consider 
is such that the matrix is more ef- this a difficult target because the 
ficiently solved a column at a time, processors will be identical. "Please 
the processors must either tackle note," says Slotnick, "that we aren't 
the columns in sequence, or the building a machine with over 2.5 
/matrix elements must be trans- million logic gates, but 256 ma-
ferred to other processors. chines with 10,000 gates apiece. 
A ground rule in designing the Highly reliable machines of this 

Mac 4 was to keep almost all the size are quite common today." 

I Programs for the Illiac 4 will be 
to take maximum advantage of the independent of the machine processors going almost all the time 

con-
highly parallel organization. A figuration, so that if any part of the 
skewed matrix can be evaluated by over-all system should fail the re-
either rows or columns; no one maining units could continue oper-
memory bank contains either an en- ating, though at reduced speeds. 
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Illiac 4 should be able to accom-
plish the same thing in less than 
three seconds. 
While detailed examination by 

'iliac of such events as nuclear 
blasts is of shorter duration than 
weather forecasting, the basic equa-
tions and method of solution are 
identical. Similar techniques can 
be used to process data from 
phased-array radars. 
To streamline the processing of 

matrix problems on the Illiac 4, the 



Report from 

BELL 
LABORATORIES 

Making voices from the 
depths sound deeper 

Bell Telephone Laboratories has 
had a long-term interest in speech 
research—tracing back, indeed, to 
the work of Alexander Graham Bell. 
It was for this reason that the U. S. 
Navy asked us to investigate a 

problem encountered in Sealab II. 
To prevent "bends" and nitrogen 
narcosis, the divers breathe a 
pressurized mixture of oxygen, 
nitrogen and helium, but the helium 
gives their voices an unnatural, 

"HELIUM-MIXTURE" SPEECH 

VOICE HARMONICS 

VOCAL-CORD PITCH: 100 Hz 
(FUNDAMENTAL) 

SHIFT 

100-Hz SPACING ----f 

Fundamental pitch and harmonics (vertical bars) for normal "air" voice sound 
(color) and "helium speech" sound (black). Note that the frequencies of the 

fundamental and harmonics do not change very much, whereas the envelope 

of the amplitudes shifts toward the right. Note also that the magnitude of the 
shift increases with increasing frequency. 

"HELIUM 

SPEECH"--1> 
INPUT 

NORMALIZED 
SPEECH 

Block diagram of system for restoring helium speech to normal voice 

quality. Helium speech is fed to amplitude and pitch circuits. In the pitch 

circuits, the frequencies of the 34 lowest harmonics are determined. In the 

amplitude circuits, the power levels within each of 34 150-Hz intervals of the 

speech spectrum are determined. The amplitudes are shifted and applied to 
harmonics of lower frequency. In the modulators (right), these power levels 

control the loudness of the 34 harmonic frequencies ... thus producing a 

pattern or envelope closely corresponding to the envelope of normal speech. 

squeaky, Donald-Duck-like quality. 
As a result, voice communications 
between divers and people on the 
surface are seriously impaired. 

THE MAJOR PROBLEM is that 
the velocity of sound in the helium 
mixture is much higher than in air. 
This does not appreciably affect 
vocal-cord frequency, but does 
strongly affect the acoustic reso-
nances of the vocal tract—which 
give the voice its characteristic 
sound quality. So, though fun-
damental voice pitch remains 
approximately the same (about 100 
Hz in men), the amplitudes or 
loudness values of the various 
harmonics change markedly. Spe-
cifically, the pattern of these res-
onances (the envelope) shifts 
toward the higher frequencies (see 
graph), and voice timbre is grossly 
distorted. 

THE SOLUTION to this problem 
was found at Bell Laboratories by 
research scientists M. R. Schroeder, 
J. L. Flanagan, and R. M. Golden. 
The distorted "helium speech" is 
separated into harmonic frequen-
cies and their amplitudes are 
measured (see diagram). Then the 
envelope of the harmonic ampli-
tudes is shifted back toward the 
more normal or low-frequency 
condition. In other words, the 
amplitudes of the harmonics are 
adjusted to match a more normal 
envelope. 

As a test, the technique has been 
used on recordings of helium 
speech made in the U. S. Navy's 
Sealab II. The processed voices are 
readily understandable and sound 
enough like the speaker's "air" 
voice to be identifiable. 

Bell Telephone Laboratories 
Research and Development Unit of the Bell System 
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...first available on the domestic market! 

Here is the first of a series of 
TRW hyper-abrupt junction volt-

age-variable capacitance diodes 

designed for UHF and VHF 

telemetry, mobile and airborne 

equipment. 
With this remarkable new 

Varicap you can increase tuning 

range up to 4 times ... assure 

linear loop sensitivity in VCO 

design and achieve substantially 
greater efficiency in frequency 

multipliers. 
PHV Varicaps are available in 

3pF and 20pF values (PHV3R0 

and PHV200) and are packaged 

in DO-19 cases. 
Contact any TRW distributor 

or TRW Semiconductors, 14520 
Aviation Blvd., Lawndale, Calif. 

90260. Phone: (213) 679-4561, 
TWX: 910-325-6206. TRW Semi-

conductors Inc., is a subsidiary 

of TRW INC. 

TRW® 
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Military electronics 

Mohawk proves a good scout 
Reconnaissance plane sends back instant data on sightings; 

Army plans to update current models and order about 100 more 

By John F. Mason 
Military electronics editor 

Its ability to supply instant in-
flight intelligence to strike con-
trollers has made the Army's Mo-
hawk surveillance aircraft one of 
the unsung successes of the Viet-
nam war. 
By contrast, Air Force recon-

naissance planes must fly data 
they've gathered back to base for 
processing. By the time this in-
formation has been evaluated, a 
target may have moved or gone 
underground. 
But a Mohawk pilot, less than 

two minutes after his infrared sys-
tem has detected a suspicious-
looking sampan or his radar has 
looked many miles into enemy ter-
ritory, can study the picture on his 
cockpit display. At the same time, 
the picture is data-linked to iden-
tical displays at ground terminals 
50 to 100 miles away. Then, while 
the Mohawk is scouting for new 
targets, the ground station oper-
ator is alerting the nearest strike 
controller to take out the target 
with the most appropriate weapon 
—artillery, armed helicopters, or 
jet attack planes. 

I. Four-part program 

Proof that the Mohawk is paying 
its way is the attention again being 
given the project The Mohawk 
program will get a cash transfusion 
of several hundred million dollars 
over the next few years. Directed 
by the prime contractor, the Grum-
man Aircraft Engineering Corp., 
the program is divided into four 
parts: 
• Modification. The more than 

200 operational planes built with 
money appropriated in and before 
1964 will be upgraded. All three 
versions of the craft will get new 
cameras. The OV-1A's only sensor 
is a camera; the 0V-1B, has a 

Success story. Army's Mohawk surveillance aircraft can data-link infrared 
and side-looking radar pictures of targets back to base almost immediately. 

camera and side-looking radar, and 
the OV-1C is designed for infra-
red equipment. However, most OV-
1C's never got infrared sets, and 
have been operating with just a 
camera. With the modification plan, 
this situation will be remedied. 
• Production. Approximately 100 

new Mohawks will be built be-
tween now and 1969, most of them 
of the OV-1C type. 
• Product improvement. A new 

Mohawk, the 0V-1D, will be built 
with interchangeable sensors. For 
a modular arrangement, for ex-
ample, the infrared could be pulled 
out and a side-looking radar in-
stalled in less than 30 minutes. 
HRB-Singer Inc., a subsidiary of 
the Singer Co., will make the infra-
red set, and Motorola Inc. the side-
looking radar. 
• Research and development. A 

special program is being funded to 
develop even more advanced sen-
sors for installation in a limited 
number of future Mohawks. Motor-
ola is working on a new side-look-
ing radar and Texas Instruments 
Incorporated is working on an im-
proved infrared system. 

II. Cameras 

The planes' current photographic 
equipment—the remote-controlled 
KS-61 system—uses a KA-30 fram-
ing camera made by Chicago Aerial 
Industries Inc. In flight, the camera 
can be pointed straight down or 
up 15° and 30° from the vertical 
on either side. Film is stored in 
100-foot rolls, each of which will 
hold 240 pictures. 
For night photography, photo-

flash cartridge flares are ejected 
upward from pods mounted on the 
wings. The camera's shutter auto-
matically opens when the flare 
leaves the pod, and a photocell on 
top of the plane closes the shutter 
when it senses the peak illumina-
tion. 
The Army plans to mount an 

electronic strobe light on wing pods 
on all the new planes. These lights 
will illuminate the ground enough 
to ensure good pictures from high 
altitudes. To assure that the flash 
won't be missed, the camera shut-
ter will stay open until after the 
flash. 
From a panel in the cockpit of 
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Twins. Ground terminal for infrared system simultaneously receives 
the sanie picture seen by the Mohawk pilot on his cockpit display. 

current Mohawks, the pilot or an 
operator can control the rate at 
which pictures are taken. By set-
ting the depression angle of the 
camera for oblique shots, he trig-
gers a computer circuit that com-
pensates for the increased distance 
between the camera and the target. 

Image-motion compensation is 
provided automatically by an op-

Tri-service. Mohawk's AN/APX-44 IFF (identification, friend or foe) 
system (below) will be replaced by the APX-68 (above) or the APX-72; 
eventually, all three services will standardize on a single unit. 

tical v/n (velocity over height) ra-
tio scanner system. Information 
from the WEI scanner is also fed to 
a camera control that regulates the 
overlap of successive pictures. This 
overlap gives a stereo effect when 
two photographs are observed 
through a special viewer. 

Panorama. A few Mohawks carry 
an advanced camera, the KA-60 

built by the Fairchild Camera & 
Instrument Corp. Mounted in the 
nose of the plane and pointed 20° 
down from the horizon, the KA-60 
scans 180° from side to side. The 
camera can take 12 pictures a sec-
ond with exposure speeds from 
1/100 of a second to 1/10,000th. 
The panoramic feature is achieved 
by a rotating prism in front of the 
lens that reflects light from the 
terrain through the lens to put a 
picture on moving film. 
A new framing caillera, the KA-

76 being built by Chicago Aerial, 
incorporates an in-flight processing 
system. Like the KA-30, which it 
will eventually replace, the KA-76 
can shoot straight down or be ele-
vated to 15° and 30° on either side. 
The new camera also has auto-

matic exposure control. A photo-
electric cell constantly measures 
light reflected from the terrain and 
sets the exposure opening accord-
ingly. 

III. Radar 

The AN/ APS-94 side-looking air-
borne radar, built by Motorola, 
gives the pilot in one minute, a 
remarkably clear, detailed filmed 
record of stationary and moving 
objects on the ground on both sides 
of the aircraft. As the radar scans 
the terrain to the side, or sides, 
of the aircraft, the returns are 
painted, line by line, across the 
film. A few millimeters behind the 
exposed portion of the film, a 
pencil-like cylinder containing de-
veloping fluid processes the film, 
which then moves slowly over an 
illuminated glass viewer. Moving 
objects are shown on one half of 
the 9-inch wide film and fixed tar-
gets on the other. 
At the same time the pilot is 

studying his negative, an operator 
on the ground, miles away, is look-
ing at an identical picture on a 
recorder-processor-viewer. There is 
considerable redundancy in the 
radar's returns because the aircraft 
flies at a relatively slow speed and 
the radar pulse is repeated at a 
fast rate. A sampling of the returns 
can be data-linked to the ground 
terminal without degrading the pic-
ture in the aircraft or the one on 
the ground. 

Pertinent information on each 
picture is automatically printed in 
its margin by a Motorola annota-
fion system; this data includes the 
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aircraft's position, the date, and 
the time. 
Space saver. To conserve band-

width, the information is com-
pressed to 1/100th its size for trans-
mission and is then restored on the 
ground. To extend the data link's 
line-of-sight range, a relay plane 
has been used with success. 
Data links for the side-looking 

radar in the 0V-1B and for the in-
frared in the OV-1C are now pro-
vided by the manufacturers. In 
the 0V-1D, a tri-service link will 
be used. 
Although final specifications 

aren't settled, this tri-service data-
link system, being developed by 
the Navy, will probably operate 
in the microwave range rather than 
in the ultrahigh-frequency band 
now used. More bandwidth will 
be needed to accommodate the 
growing number of sensors and 
there just isn't enough available 
space in the uhf area. 
The Army way. The Army's side-

looking radar is a noncoherent, 
pulsed, brute-force system that 
gives a readable return. The price 
the Army pays for this readability 
is the long, awkward antenna that 
hangs like a giant cigar under the 
plane. 
Although the Army won't say 

exactly how the new side-looking 
Motorola radar will differ from ex-
isting sets, the trend in such equip-
ment is toward the coverage of 
smaller areas with greater detail 
and provision for moving-target in-
dication at slow speeds. In Vietnam 
it's often important to detect move-
ments as slow as those of a water 
buffalo. 
On its own, Motorola is working 

on a coherent, nonfocused, syn-
thetic aperture for side-looking ra-
dar. With this approach, the com-
pany hopes to improve resolution, 
reduce the size of the antenna, and 
still have a cockpit readout. 

IV. Infrared 

The AN/AAS-14 infrared detect-
ing set, built by HRB-Singer, pro-
vides the OV-1C pilot with two 
infrared detectors and two cockpit 
displays for use at different lengths. 
The system provides a permanent 
film record and transmits a data-
annotated picture to a ground sta-
tion via data link. Singer makes 
the link and the Bowmar Instru-
ment Corp., Fort Wayne, Ind., sup-
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Victoreen high-voltage vacuum tubes make ideal components 
for switching circuits ... as series or shunt regulators ... as deflection 

amplifiers.. or as inputs to pulse forming networks. Other uses 
which can capitalize on their superior performance, longer life, 
and compactness include—dunking, clamping, and crowbar circuits 
Tube illustrated above, the Victoreen 6842 pentode with plate 

voltages to 4 kV, is shown in a typical shunt regulator circuit 
with two Victoreen Corotron corona type voltage regulators. 

Other tubes in the Victoreen line include — 

7683 — Triode or pentode with plate voltages to 1 kV 
VX-80 — Triode with plate voltages to 4 kV 
VX-76 — Pentode with plate voltages to 5 kV 
7235 — Triode with plate voltages to 10 kV 
7234 — Pentode with plate voltages to 10 kV 
VX-107 — Beam pentode with plate voltages to 15 kV 
IOC- 68 — Vacuum high-voltage rectifier with 28,000 Ply; 

application as rectifier or clipper 
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how to measure resolver 
or synchro position 

with 30 second repeatability 
In both production test and ground checkout systems, North Atlantic's high per-
formance Angle Position Indicators provide exceptional operator ease and precision 

in the measurement of synchro and resolver position. Features include digital 
readout in degrees and minutes, 30 second resolution, continuous rotation, plug-in 

solid-state amplifier and power supply modules. Due to the design flexibility of 
these units, they can be readily provided with a variety of features for specific 
requirements. Typical units in this line incorporate combinations of the following 

features: 

• Single Synchro or Resolver Input 

• Dual Synchro or Resolver Inputs 

u Retransmit Synchro, Resolver, 
Potentiometer, or Encoder 

• 2-Speed Synchro Input 

• Multi-frequency Inputs 

• DC Input 

• 0-999 Counter 

BASIC SPECIFICATIONS 

Range   0°-360° continuous rotation 

Accuracy  6 minutes (standard) 

Repeatability   30 seconds 

Slew Speed   25°/ second 

Power 115 volts, 400 cps 

Size  API-8025 13/4"h x 91/2 "w x 9"d 

API-8027 31/2"h x 4' 6"w x 93/4 "d 

Your local North Atlantic representative has complete data on the API 

line. Call him today or write direct for technical literature. 

_A_TI...,A.NTIC industries, inc. 

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

plies the annotation system. 
The infrared set going into those 

OV-1C's operating with only a 
camera will be a slightly improved 
version of the AAS-14 that Singer 
built for earlier models of the 
plane. The delay in outfitting all 
the OV-1C's with infrared systems 
was attributed to protracted de-
bugging of the original sets. 
The infrared systems in the spe-

cial R&D project will be built by 
Texas Instruments. Although the 
Army won't discuss how TI'S equip-
ment will differ from Singer's, a 
known goal is a forward-looking 
system; the AAS-14 set looks 
straight down. 
A forward-looking set would give 

the pilot more time to study the 
target he's approaching. If an array 
of detectors were used, it would, 
of course, cover an area more thor-
oughly than would a single detec-
tor. And, also, if the same spot is 
scanned more than once, move-
ment can be detected. 

V. Avionics 

Most of the Mohawks being 
modified will get the same com-
munications equipment slated for 
the new planes. The AN/ARC-
51BX uhf transceiver will, in most 
cases, replace the ARC-55. Oper-
ating with this amplitude-modu-
lated radio between 225 and 400 
megahertz, the Mohawk will be 
able to report directly to a Tactical 
Air Control Party (TAcr) in Viet-
nam, which in turn will relay the 
information to the Direct Air Sup-
port Center. The DASC can coordi-
nate a strike with fighters or com-
municate with other ground sta-
tions [Electronics, May 16, 1966, 
p. 95]. 
The very-high-frequency, fre-

quency-modulated AN/ARC-54 
transceiver will replace the ARC-44. 
Operating between 30 and 70 NIhz, 
the ARC-54 will allow the Mohawk 
to communicate with almost all of 
the AN/VRC-12 family of vehicu-
lar radios, with helicopters, and 
with the manpack PRC-25. 
The vhf a-m AN/ARC-134 trans-

ceiver will replace the ARC-74. 
Operating between 116 and 150 
Mhz, the ARC-134 will provide 
communication with the 0I-E 
Cessna aircraft that operates as a 
flying forward air controller. The 
Mohawk can also use this radio 
to contact the TACP, DASC, or a 
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Just a few of the 
hundreds of answers 
Aerovox has to 
your RFI problems 

MINIATURE CERAMIC 
LOW PASS RFI FILTERS 

Typical Insertion Loss Curves 
Measurements per Mil-StcI.220 

Present military specifications require that electronic equip-
ment be kept free of interference from 150 KHz to 10 GHz. 
Aerovox type FC low pass, miniature ceramic RFI suppres-
sion filters will meet or exceed the applicable requirements 
of MIL-F-15733. These new units have been life tested for 250 
hours at 11/2 times the working voltage. After test, insulation 
resistance of units is greater than 50 megohms. 

All FC units are hermetically-sealed in silver plated cases 
and have been tested for moisture resistance, temperature 
cycling and immersion and vibration under MIL-STD-202. Six 
standard ratings are available depending on minimum inser-
tion loss, maximum DC resistance and maximum DC current 
or low frequency AC. Operating temperature is -55'C to 
+125' C. Our filter application engineering department will 
work with you to design and manufacture the exact filter for 
your specific application requirement. 
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RFI FEED-THROUGH 
SUPPRESSION CAPACITORS 
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TYPICAL 

CONVENTIONAL CAPACITOR 
2.0 mfd 

Designed for applications in aircraft, industrial and vehicular 
equipment these new Aerovox feed-through suppression 
capacitors will hold effective series inductance to an ab-
solute minimum and effectively filter broadband interfer-
ence. Series P340 and P341 units have been specifically 
engineered for through chassis or through panel mounting. 
Three terminal design — case serves as actual ground term-
ination and the through input-output line for DC or low 
frequency AC appears at the remaining two terminals. 
These capacitors are available in 5 DC voltage ratings 

from 100 to 600 VDC and 10 capacitance ranges from .001 
to 2.0 uf. They are hermetically sealed with glass-to-metal 
end seals for maximum performance in all environments. 

Aerovox types P340 and P341 meet or exceed the require-
ments of MIL-C-11693. Write today for complete descriptive 
literature. 

  AEROVOX 
jri,_&_ CORPORATION 

OLEAN, NEW YORK 

NEW BEDFORD, MASS. 
Selected commercial and military products are available off-the-shelf from Authorized Aerovox Distributors. 
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byTheodore Levitt, Professor of Business Administration, Harvard Business School 

"You can be sure if it's Westinghouski:' 

Did you know that the practice of us-
ing brand names and trademarks 

on products is under attack in this 
country? 

That certain governmental actions 
and judicial rulings are moving im-
placably toward the possible destruc-
tion of brand-name marketing? 

The great debate that is going on 
points up the issue of what trade-
marks and brand names really mean. 
But, there is, I believe, more instruc-
tive value in a look at Soviet experi-
ence with branded products than in 
all the tangled rhetoric expounded by 
lawyers, economists, professors, busi-
nessmen, and politicians in recent 
years. 

A few years ago several Russian factories 
manufactured identical 17-inch TV sets. 
On more than one occasion, even though 
consumers were clamoring for more sets, 
many simply were not being bought. Inven-
tories piled up. After a good deal of fruitless 
and wasteful searching for an explanation, 
the answer came. Because the public could 
not identify the factory source of any one 
17-inch set, and one factory habitually pro-
duced "lemons," soon sales of all 17-inch 
TV sets fell. This refusal to buy was the 
public's only way to protect itself. But it 
threw the Soviet central economic plan 
badly out of kilter. Even worse, it caused a 
lot of public discontent with Soviet officials. 

Factory Marks. It was at this point that 
Soviet trademarks began to appear. At first, 

their function was little more than to iden-
tify (for the convenience of the authorities) 
the factory source, but the result was far 
more than the Russians bargained for. 

Here is what trademarking did: 

(1) It enabled the consumer to choose 
the output of a plant with a good reputation, 
and to avoid the plant with a poor one. 

(2) Though the sales of the factory with 
the poor reputation fell, and therefore it 
failed to meet its economic plan, this 
caused less economicdislocation thanwhen 
the entire industry's sales had slumped 
previously. 

(3) It resulted in consumer discontent 
being shifted from the political (Party) au-
thorities to the trademarked plant with the 
poor quality. 

(4) It created a form of consumer sov-
ereignty—a way of giving the consumer the 
power to reward quality and punish shod-
diness—by enabling him to identify easily 
the source (trademark) of the output. 

In sum, trademarking rewarded quality 
and efficiency, and punished shoddi-
ness and waste, by making it easy for 
the quality producer to sell his product 
because the consumer had developed 
confidence in his trademark. From ex-
perience, the consumer had, in effect, 
learned that "You can be sure if it's 

Westinghouski." 

Further Developments. The Russians 
have, since this incident, expanded the 
practice of trademarking, or branding, the 
output of different plants. Soviet plant man-
agers now guard the integrity and reputa-

tion of their trademarks with the vigor of 
Cossacks bearing down on revolutionaries. 
They safeguard the purity of their brands 
as sedulously as they watch their operating 
expenses. Their houses depend heavily on 
what happens to both of these. 

The fact that the Russians have adopted 
brand names and, now, advertising simply 
reflects the fact that they are more respon-
sive to the dictates of economics, technol-
ogy, and good sense than to the muddled 
abstractions of obsolete philosophers. 
Moreover, the Russians have learned that 
with brand names, instead of economic 
planners having to establish arbitrary qual-
ity standards and hire engineers to enforce 
them, the sovereign consumer automatic-
ally establishes and enforces the high stan-
dards. 

The net result has been not only an al-
most automatic and continuing improve-
ment in Soviet consumer-product quality 
and design, but also an accelerating ten-
dency to use brand-name advertising as a 
means of reassuring consumers about the 
quality and desirability of particular brands 
and therefore raising their sales and profit-
abilities. 

The Soviet experience clearly demon-
strates how the consumer can use the brand 
as a means of protecting himself and of 
punishing the producer of trademarked 
products that do not meet consumer ex-
pectations. 

From an article by Professor Levitt, "Branding 
on Trial," in the Harvard Business Review, March-
April 1966. 
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divisional headquarters. 
The AN/ARC-102 high-fre-

quency, single-sideband transceiver 
with a tuning range of 2 to 30 Mhz 
will provide channels to portable 
manpack radios carried by ground-
based forward air controllers, and 
Special Forces teams. 
The 0V-1D Mohawk with inter-

changeable sensors will get most 
of the Light Observation Helicop-
ter's (Lon) communications pack-
age, which is being built by Syl-
vania Electric Products Inc., a 
subsidiary of the General Tele-
phone & Electronics Corp. The uhf 
ARC-116 will replace the ARC-51; 
the vhf ARC-115 will replace the 
ARC-134; the vhf f-m ARC-114 will 
replace the ARC-54. 

Shopping list. The Mohawk's 
identification friend-or-foe (IFF) 
system is the AN/APX-44, a pulse-
type, fixed-frequency, receiver-
transmitter that identifies the air-
craft at all of the ground-based 
radar stations and sites equipped 
with IFF interrogator-responders. 
The APX-44, manufactured by Mel-
par Inc., and the Wilcox Electric 
Co., may be replaced by one of 
two newer contenders—the Ad-
miral Corp.'s APX-8, or the Bendix 
Corp.'s APX-72. The APX-44 is 
equipped with only 64 codes, 
whereas the APX-68 and the APX-
72 each have 4,096. Also, the newer 
systems are pressurized; the APX-
44 isn't. The APX-68 has still an-
other selling point: it reports the 
plane's altitude. The eventual con-
tract winner is in for a bonanza 
since the equipment will be stand-
ardized for the three services. 

VI. Navigation 

The AN/ASN-65 doppler navi-
gator, built by the Canadian Mar-
coni Co., is an all-weather, self-
contained system consisting of an 
f-m continuous-wave doppler radar, 
a navigation computer, and a true-
airspeed indicator. The system dis-
plays and feeds into the infrared 
and side-looking radar the plane's 
ground speed and track. It will 
soon be modified to include a new 
gyro compass being built by the 
General Electric Co. 
The Mohawks also carry: The 

ARN-59 low-frequency direction 
finder; the VOR (vhf omnidirectional 
range) navigation receiver; the 
ARN-52 Tacan to receive bearing 
and distance signals from ground 

beacons; the APN-22 microwave 
radar altimeter; the ASN-33, which 
integrates data from the other navi-
gation systems; and the ARN-56 re-
ceiver to provide range and glide-
slope information in relation to 
ground beacons. 
Ground terminals. Data sent back 

by the APS-94 side-looking radar 
goes to the AN/TKQ-2 ground sen-
sor terminal, which displays and 

records the pictures and annota-
tions. The system is set up in a 
3/4 -ton van. Infrared information is 
handled by the AN/ TAQ-1 termi-
nal, also housed in a 3/4-ton van. 
Another van contains the AN/ 

TSQ-43, which is used to interpret 
photographic, radar, and infrared 
imagery. Finally, there is a portable 
film-processing darkroom, the ES-
38, in a shelter on a 21k-ton truck. 

Communications 

Mallard's golden eggs 
Joint U.S.-Canada-Australia project to develop and build 

a common tactical communications system for ground forces 

is arousing the interest of electronics firms everywhere 

By William D. Hickman 

Washington Regional Editor 

Project Mallard—a joint venture by 
the U.S., Canada, and Australia to 
develop and build a common tac-
tical field communications system 
for ground troops—is causing a 
worldwide stir in the electronics 
field. 
Not only are electronics firms, 

both here and abroad, anxious to 
secure a part of the more than $600 
million expected to be spent on the 
system over the next decade, but 
they are also concerned about the 
long-term implications of such a 
massive international undertaking. 
For one thing, Mallard designers 

may decide that all measurements 
should be on the metric rule—an 
eventuality that could cost U.S. 
companies dearly in retooling ex-
pense and give the foreign com-
panies a competitive edge. 
Although most U.S. firms eager 

to compete for Mallard business 
would prefer to avoid adopting 
metric measurements, the problem 
is at least timely. Late last month, 
the Electronic Industries Associa-
tion issued a statement saying that 
now is a good time to study the 
advantages and disadvantages of 
the metric system. 

But, the EIA warns, any change 

in the national standards for meas-
urement "would have far-reaching 
effects that can only be cushioned 
by proper preparation and timing." 

Mallard officials freely concede 
that their program could have 
sweeping standardization effects 
on allied military communications 
equipment. Moreover, a diplomatic 
agreement was signed specifying 
that vendors from all participating 
nations be considered for the con-
tracts. 
Bowing out. These rather sticky 

international problems appear to 
be the cause of one casualty. 
Britain, which instigated the proj-
ect, has dropped out—at least tem-
porarily—apparently because the 
U.S. refused to guarantee that Eng-
land's share of the contracts would 
be proportional to its financial con-
tribution. 
But U.S. officials are hopeful of 

luring Britain back into the fold 
by agreeing to a subsystem total-
package acquisition plan, insuring 
that research and development con-
tractors on the latter stages of the 
project will also be hardware sup-
pliers for the first buys. 

Indications are that other mem-
bers of the North Atlantic Treaty 
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... the world's largest tactical 

military communications effort... 

Organization are anxious to join 
Mallard. 

I. Entering the lists 

Industry has taken to Mallard 
like ducks to water. So great is the 
interest that project officials were 
flooded with requests from com-
panies seeking representation at 
last month's industry briefing at 
Fort Monmouth, N.J. More than 
400 representatives from 131 U.S. 
and Canadian firms attended. Aus-
tralian companies were briefed 
earlier in Sydney. 
Another large gathering is ex-

pected at a bidders conference to 
be held May 20. A request for quo-
tations was issued May 5. Some-
time before summer's end, four 
large systems-oriented companies 
are expected to be selected to be-
gin defining the system's design. 
This research work, with compa-
nies periodically being weeded out, 
will continue for about six years 
and ultimately cost more than $100 
million. 
Under terms of an earlier agree-

ment of the participating nations, 
all four of the companies securing 
definition phase contracts will be 
American. But the Pentagon is en-
couraging teaming by the contrac-
tors. The likely result: each of the 
major contract holders will enter 
into joint-venture agreements with 
Canadian and Australian compa-
nies for part of the work, particu-
larly in technique-support efforts. 
Although the financial contribu-

tion of each participating nation 
hasn't been made public, it is un-
derstood that the combined Ca-
nadian-Australian share will not 
exceed $50 million for R&D and pro-
duction. U.S. officials say contribu-
tions will be based on the size of 
a participating nation's army. 

If Britain rejoins Mallard, the 
U.S. share of R&D outlays would be 
reduced by the amount that Lon-
don puts up. 

II. 'Regional AT&T' 

Until the selected companies 
complete the research work sched-
uled for 1974, no one is sure exactly 
what the Mallard system will be 
like, except that it will be digital. 

But hardware components are cer-
tain to include automatic switches 
and all kinds of communications 
links, other than land lines which 
are being avoided because of the 
difficulties involved in protecting 
them. Tactical satellites, transmit-
ting to relatively small vehicular-
mounted receivers, will be used 
where it will be impossible or im-
practical to employ high-frequency, 
tropospheric-scatter, or line-of-
sight links. 

Present Mallard plans don't call 
for the replacement of existing 
manpack and vehicle radio sets in 
the VRC and PRC series. Mallard will 
only include the tactical trunk 
lines within a field army down to 
the brigade level. Deputy project 
manager John L. Faherty Jr. com-
pares it to a "regional AT&T," 

stressing, however, that it's not a 
local system. Long-haul strategic 
links will still bring communica-
tions into the field army's area. The 
system will offer automatic switch-
ing to discrete addresses wherever 
the addressee happens to be, even 
when moving across country. Mal-
lard is being designed to be com-
patible with other communications 
networks, including long-haul stra-
tegic and civilian systems. 

Easy does it. Since officials want 
to be sure that Mallard can simply 
evolve, without causing undue dis-
ruptions to existing systems, it is 
being designed to be compatible 
with existing equipment. There has 
been no decision on which equip-
ment should be replaced first. But 
a prime consideration of the con-
tractors will be to design toward 
the modular or building-block con-
cept. 

Researchers are also taking 
great pains to insure that the sys-
tem is compatible with other tac-
tical communications and electron-
ics programs already on Army's 
drawing boards. The Tacfire ar-
tillery command and control sys-
tem, for example, is expected to 
use Mallard circuits to link its for-
ward observers to the firing bat-
teries. Mallard research efforts will 
also be closely coordinated with 
the Army's satellite communica-
tions terminal program. 

The requirements for reliability 
and ease of transportation are ex-
pected to dictate the use of inte-
grated circuits in most hardware 
components, but lc's are not being 
specified. To insure that the use of 
lc's will be considered, project of-
ficials are calling for an unusually 
thorough program definition that 
will involve learning what tech-
nology will be available when it 
comes time to manufacture the 
Mallard equipment—expected to 
start in the mid-1970's. 

Ill. English-speaking union 

The Mallard program evolved 
two years ago during meetings of 
the army chiefs of staffs from 
America, Britain, Canada, and Aus-
tralia (the ABCA countries). 
When officials started to discuss 

the project seriously, the U.S. was 
in the midst of plans to upgrade 
its analog communications system 
for use during the 1970's, planning 
to work toward a digital system by 
the early 1980's. Meanwhile, Brit-
ain was pressing for a system that 
would go directly into digital 
equipment. 

After a series of talks, the U.S. 
agreed to go along with Britain 
for quicker deployment of the dig-
ital system. Canada and Australia 
joined the fold when they re-
quested participation. 
The ABCA countries are expected 

to be the only full partners in Mal-
lard. Other nations—mainly from 
NATO—may join, but it appears 
improbable that the U.S. would 
share its cryptographic secrets 
with nations other than Britain, 
Canada, and Australia. Such shar-
ing would be necessary for full 
partners. 

America's Brig. Gen. Paul A. 
Feyereisen heads Mallard, which 
he calls the "world's largest tac-
tical military communications ef-
fort." Feyereisen's project office at 
Fort Monmouth will operate with 
a management staff of probably 
under 100. But the organization will 
draw on the technical resources of 
the Army Electronics Command 
which is also located at the north-
ern New Jersey post. 

Serving on the staff of the In-
ternational Joint Agency for Mal-
lard are Australia's Lt. Col. L.G. 
Moore and Canada's Lt. Col. D.C. 
Coughtry. Feyereisen heads the 
program from Fort Monmouth. 
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When ordinary methods 
of observing and recording 

don't deliver 

We have a very large staff of photo-
graphic engineers qualified to provide 
photographic solutions to previously 
unsolvable problems. Together, you 
and they can probably work out solu-
tions. A few challenges presented to us 
recently... 
A research team needed a way to 

study the combustion of metal drop-
lets. Kodak was able to provide a film 
just right for high-speed cameras to 
record exactly what happens at 4000°C 
. . . and in what sequence (see picture 
above). 
Another group, concerned with im-

pact testing, faced the problem of os-
cillograph traces which intermixed, 

call Kodak 
hopelessly at the point showing impact. 
They called Kodak. And found that 
we had a paper that, when exposed 
through appropriate filters, would pro-
vide multicolored traces. These could 
be interpreted even with large ampli-
tude variations on narrow paper. 
A third group had the problem of 

projecting computer output on a screen 
in color. Particularly troublesome was 
the fact that these data had to be up-
dated and changed every few seconds. 
They called Kodak. Our engineers an-
swered their problem with an em-
bossed lenticular film originally in-
tended for color kinescope recording. 

.,This film not only developed in 20 

seconds to stay within their time re-
quirements, but, with appropriate 
shooting and projecting techniques, 
produced the necessary color images. 

Right now, you may be facing a data-
collection problem that seems to defy 
solution. It may be quite different from 
those we mentioned. Your best bet 
could be a conversation with one of our 
photographic experts. Call Kodak. 

Dial (716) 325-2000, Ext. 3170. 
Or write: Instrumentation Sales, 
Eastman Kodak Company, 
Rochester, N. Y. 
14650. 
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THERMAL TIMING  TIMING RELAY... 

ACTUAL SIZE - 

SEALED THERMAL TIME DELAY RELAYS 

G-V is the largest source and offers the widest 
variety. Several types are hermetically sealed and 
still adjustable. All meet requirements of Mil-R-
19648. Available in a wide variety including: sub-
miniature, miniature, octal and missile types. 
Features: delay time, 0.1 sec. to 3 min.; heater 
voltages to 230 V; ambient operating temp., —55°C 
to +125°C; vibration to 2000 Hz; shock to 50g. 

AIR FLOW SENSING SWITCH 

A new design concept and technique 
is utilized to monitor presence of 
air flow. When air flow drops below 
a safe level, it operates an alarm or 
automatic shut-off. Used in elec-
tronic equipment, cooling packages, 
air conditioners, computers, etc. 
Features: Operates in any plane, no 
moving parts. No special adjustments. 

SEALED ELECTRICAL 
THERMOSTATS 

v,,,Ieelree1191«,•••It 

Cartridge Type: Series C8 hermetic-
ally sealed and still adjustable. Con-
tact rating up to 5 amps. Crystal Can 
Size: Series VE-2 hermetically sealed. 
Contact rating up to 3 amps. Features: 
Rapid rate of response; minimal dif-
ferential; operating range, —65' to 
+300°F; vibration to 2000 Hz; shock 
to 50g. 

Circle 491 on reader service card 
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mounts directly on PC boards! 
UNIQUE DESIGN ELIMINATES NEED FOR SPECIAL 

ADAPTERS OR SOCKETS... fitotte,G—V 
This new G-V Thermal Timing Relay, JT Series, is the only one specifically designed 
for mounting directly on printed circuit boards without the need for adapters or 
sockets. This unique design approach improves assembly integrity, reduces assembly 
time, eliminates hand wiring, reflects a cost saving and increases reliability. 

The JT Series mount flat, as compared to the standard upright mounting configura-
tion. This exclusive G-V design conserves space, reduces weight, and allows greater 
packaging densities for the PCB's. These G-V Thermal Timing Relays are housed in 
a shatter-proof, dust-proof metal enclosure and feature stainless steel mechanisms 
and encased heaters. Operating specifications include: Time delays, 2 to 180 
seconds; Contacts, SPST, NO or NC; Heater Voltage, 6.3 to 230 V. AC or DC; All 
units are temperature compensated and will operate in any orientation. 

Circle 497.on reader service card 

SOLID STATE TIME DELAY 

1111911111 

Series 900-064 has been accepted as 
a standard for many military and 
aerospace applications where high 
quality, reliability and cost are re-
quirements. Features: hermetical ly 
sealed; fixed or adjustable time de-
lays 0.1 to 60 sec,; solid state or 
relay output; vibration to 2000 Hz; 
shock, 50g. 

INSTANT RESET THERMAL 
TIMING DEVICES 

Instant reset during or after timing 
is available, by combining G-V's 
unique instant reset timing element 
with a magnetic relay. Widely used 
in communication systems and data 
processing equipment. Features: De-
lay time, 2 sec. to 5 min.; ambient 
operating temp., 32'F to 185'F. 

G-V CONTROLS INC. 
LIVINGSTON, NEW JERSEY 07039 

(201) 992-6200 

DIRECT-LINE FIELD ENGINEERING 
SERVICE 

G-V assistance is always available to help you 
design and produce a better product. G-V Regional 
Field Engineers in your area will assist you and 
your design group in new applications and proper 
selection of your controls. G-V Product Engineers 
will help you with special applications. When you 
require experience, products and services in elec-
tro-mechanical and solid-state controls . . . call 
your man from G-V. 

CID 
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New! 100 MHz 
in a ruggedized 
oscilloscope 

with 3.5-ns risetime 
at the probe tip 
DC-to-100-MHz bandwidth at 10 mV/cm 

is NOW AVAILABLE 

in a plug-in oscilloscope 

with solid-state design . . . 

the Tektronix Type 647A and R647A. 

aft...At 

a 1, —; .7 71:17170 r . TYPE I IB2A 

New Type 10A2A Dual Trace Amplifier. The risetime and 
bandwidth are specified where you use it — at the probe tip. The 

vertical system performance with or without the new miniature 

P6047 10X Attenuator Probe is DC-to-100 MHz bandwidth with 
3.5-ns risetime at ambient temperatures of 0° C to +40° C (+32° 
F to +104° F). Bandwidth is DC-to-90 MHz with 4.1-ns risetime 

over its entire operating range, —30° C to +65° C. The calibrated 
vertical deflection range (without probe) is from 10 mV/cm to 20 

V/cm. 

Bright Displays. The Tektronix CRT provides bright displays 

with its advanced design and 14-kV accelerating potential. It has 

a 6-by-10 cm viewing area and a no-parallax, illuminated, internal 

graticule. 

New Type 11B2A Delayed Sweep Time Base. The Type 
11B2A triggers to above 100 MHz internally and provides a cali-

brated delayed sweep. Calibrated sweep range is from 100 ns/cm 

to 5 s/cm, extending to 10 ns/cm on both normal and delayed 

sweeps with X10 magnification. Calibrated sweep delay is from 

1 jas to 50 s and the plug-in also provides single sweep operation. 

Rugged Environmental Capabilities. These instruments are 
capable of accurate measurements in severe environments and 
offer an extra margin of dependability and even greater accuracy 
in normal environments. Temperature: Operating —30° C to 

+65° C. Non-Operating —55° C to + 75° C. Shock: Non-Operat-
ing 20 G's max, 2 shocks, each direction, along each of the 3 
major axes. Vibration: Operating or Non-Operating 0.025" p-to-p, 

10-55-10 Hz, (4 G's) 1 min cycles, 15 min each major axis. Humid-

ity: Non-Operating meets MIL-STD-202B, Method 106A, except 

freezing and vibration, through cycles (120 hours). Altitude: 

Operating 15,000 ft. Non-Operating 50,000 ft. 

New Type R647A Rack Mount. The same DC-to-100 MHz 
performance also is available in a 7-inch-high rack mount oscillo-

scope, the Type R647A. Additional plug-ins include the Type 
10A1 Differential Amplifier and the Type 11B1 Time Base. 

Type 647A Oscilloscope (includes 2-P6047 Probes)  $1500 

Type R647A Oscilloscope (includes 2-P6047 Probes)   $1625 
Type 11B2A Time Base   S 850 

$ 775 Type 10A2A Dual Trace Amplifier 
U. S. Sal ,).s Prices FOB Beaverton, Oregon 

For complete information, contact your nearby Tektronix Field Engi neer or write: Tektronix, Inc., P. O. Box 500, Beaverton, Ore. 97005. 

Enuironmental testing . .. part of the Tektronix commitment 

to technical excellence 

158 Circle 158 on reader service card Electronics 1 May 15, 1967 



New Products 

Spanning the infrared spectrum 

Circular variable filter enables 

radiometer to measure continuously 

PARABOLIC MIRRORS FOR CASSEGRAINIAN 
COLLECTING OPTICAL SYSTEM 

NON-PARALLAX 
SIGHTING SYSTEM 

DETECTOR ' 
CIRCULAR 
VARIABLE 4 

FILTER -

The key element in a spectral 
radiometer that makes continuous 
measurements of infrared radiation 
is a circular variable filter. This 
component is an optical interfer-
ence filter whose transmission 
wavelength varies with the filter's 
angle of rotation. 
Mark XIV radiometers, manu-

factured by Huggins Laboratories 
Inc., give readings of the intensity 
of each wavelength in the band. 
Previous instruments could not 
measure continuously and only 
made discrete measurements at 
several points in the spectrum. 

Applications for the new radiom-
eters include noncontact infrared 
testing of electronic circuits and 
mapping the spectral characteris-
tics of aircraft and missile exhausts. 
The last is becoming increasingly 
important to the military in devel-
oping countermeasures against in-
frared homing missiles. 
The radiometer is being used on 

the homefront in atmospheric, geo-
logical, and meteorological studies 
for the remote sensing program 
being conducted for the National 
Aeronautics and Space Adminis-
tration, the U.S. Geological Sur-

\---ELECTRONICS 
FOCUSING 
ADJUSTMENT 

vey, the Department of Agriculture, 
and the Naval Oceanographic 
Office. According to the chairman 
of the infrared section of the pro-
gram, R.J.P. Lyon of Stanford Uni-
versity, the spectral radiometer 
provides information needed to 
analyze different rock types, vege-
tation, irrigation patterns, and 
terrain. 
The Mark XIV's are basically 

Cassegrain instruments to which 
has been added the circular var-
iable filter (evF) developed by Op-
tical Coating Laboratories Inc. of 
Santa Rosa, Calif. When the filter 
is at an angular position of 0', its 
transmission wavelength is at a 
minimum. The transmission wave-
length increases linearly to a maxi-
mum at 180° as the filter is rotated, 

and then decreases to its original 
value as the rotation continues to 
360'. It is possible to put octave 
infrared bandwidths on smaller 
segments of the filter wheel, result-
ing in one-, two-, three-, or four-
octave bandwidths at infrared 
wavelengths on only one CVF. 
The Huggins instruments have a 

resolution to 1% or 2% at the cen-
ter wavelength of the cvr. To 
achieve these results, the spectral 
response of the system's infrared 
detector is matched to the specific 
wavelength coverage of the filter 
being used. Huggins furnishes a 
selection of detectors—cooled and 
uncooled infrared detectors that 
cover a wide variety of wavelength 
bands, from a PbS detector for nar-
row band use from 1.5 to 2.7 mi-
crons, to a thermistor bolometer for 
wideband use from visible wave-
lengths to 27 microns. 

Another feature of the radiometer 
is an optical system that maintains 
a constant energy incident on the 
filter wheel to eliminate the de-
pendency of the instrument's cali-
bration on the focus position of 
the secondary mirror. As the sec-
ondary mirror of a Cassegrain op-
tical system is moved, the size of 
the beam on the first image plane 
tends to change. These changes 
affect the energy passed through 
the filter wheel. This image-transfer 
optical system therefore refocuses 
the beam on the filter wheel so that 
the size of the energy bundle is 
constant. 

Since changes in the operating 
environment of room temperature 
infrared detectors cause noticeable 
shifts in the instrument's output, 
Huggins uses a power transistor 
as a controlled heat source to keep 
the detector's temperature con-
stant. The temperature of the de-
tector module is sensed by a ther-
mocouple in a bridge circuit that 
sets the power transistor's dissi-
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New Products 

pation level. 
Aiming is done with a nonparal-

lax sighting system that consists of 
a 45° mirror that is moved into the 
field of the radiometer. The visual 
image is then transferred onto an 
erecting lens with an etched reticle 
enabling that portion of the target 
being viewed to be precisely de-
fined. 

Prices for the Mark XIV series 
start at $8,500 for the standard 
thermistor bolometer instrument. 
The filter adds $3,000, $6,000, or 

$9,000 to the cost depending on 
whether it is a one-, two-, or three-
octave wheel. Delivery is 45 days. 

Specifications 

Detectors available: 

PbS 
PbS (77°K) 
PbSe 
PbSe (77°K) 
InSb (77°K) 
InSb 
Thermistor bolometer 

Wavelength range: 

1.5 to 2.7 
1.5 to 3.9 
2.0 to 4.5 
2.5 to 6.0 
3.0 to 5.5 
vis. to 7.5 
vis. to 27 

Huggins Laboratories Inc., 999 East 
Argues Ave., Sunnyvale, Calif. 94086. 
Circle 349 on reader service card 

Hollow-beam tubes focus on new fields 

Frequency of hollow-beam travel-
ing-wave tubes has been pushed 
down to 200 megahertz, opening up 
additional applications for twt's in 
high-power uhf systems. 
Microwave Associates says it is 

the only company making hollow-
beam twt's. Others tried it several 
years ago, according to a company 
spokesman, but reverted to solid-
beam tubes because suitable meth-
ods of magnetic focusing and other 

needed techniques were unavail-
able at that time. Microwave Asso-
dates, entering the market later. 
exploited newer focusing tech-
niques and has been able to suc-
cessfully build the hollow-beam 
tubes. 

Chief advantage of a hollow elec-
tron beam is greater gain per unit 
length, according to the company. 
The new tube, which operates at 
200 to 400 Mhz, is 33/4 inches in 
diameter and 32 inches long— 
roughly half the size of a conven-
tional solid-beam tube of the same 
freauency. 
The tube, model MA-2015, has a 

continuous-wave power output of 
1 kilowatt. It is intended for use in 
ground or airborne countermeas-
ures systems, phased-array radar, 
communications links, and as a 
driver or intermediate-frequency 
amplifier in megawatt radar sys-
tems. 
Microwave Associates' work on 

hollow-beam tubes began with an 
Air Force contract to determine the 
feasibility of a tube with a wide 
bandwidth in the freauencv range 
of 300 to 900 Mhz. The company 
has since pushed the 'inner fre-
quency to 4 gigahertz and is able 
to work out most tube design with 
a computer, avoiding much trial 
and error. 
Microwave Associates Inc., Northwest 
Industrial Park, Burlington, Mass. 
01803. [350] 

New products in this issue 
159 Spanning the infrared spectrum 
160 Hollow-beam twt's 

Components 

162 Mercury-wetted relays 
162 Tiny component oven 
164 Photomultipliers 
165 Versatile, compact choppers 
166 Q-switching light modulator 
167 Relays use optoelectronics 
168 Transient-free switch 
170 Tiny inertial damped motor 
172 Low-distortion power tetrodes 
174 Plug-in relay affords switching 

versatility 
176 Fast, stable resistive photocells 
178 Rugged rotary switch 
180 10-amp relay with antibounce 

bracket 

Semiconductors 

182 Silicon Darlington amplifiers 
182 Pnp's, npn's are stacked 
182 Cadmium sulphide photocell 

183 Silicon rectifiers 
183 Fast-response photodetector 

Instruments 

184 Paper advance steps up X-Y 
recorder uses 

184 Pressure transducer provides 
high output 

186 Power tester and recorder 
187 Pulser furnishes nsec rise time 
188 Go-no-go transistor tester 
189 Time interval counter 
189 Portable vector voltmeter 
190 Plug-in counter-timer 

Subassemblies 

191 Modular servopower amplifier 
191 Low-loss d-c/d-c converter 
191 Fast incremental plotters 
192 Data set transmits over low-cost 

lines 
193 Test adapter checks p-c boards 
194 Miniature oscillator uses IC for 

heater 

194 Bench-top high-vacuum system 
195 Telemetry power supply 
197 Low-noise charge amplifiers 

Microwaves 

199 Tiny switch spans 1 to 18 Ghz 
200 Directional samplers 
200 Broadband variable delay lines 
201 Matched junction diode 
202 Dual-conversion 

mixer-preamplifiers 
203 Antenna system gets wheels 

Production equipment 

204 Stitch-shift wire bonder 
206 Automatic stud welder 
207 Machine drills p-c board stacks 
208 Vapor system applies photoresist 
209 Transformer winder 

Materials 

211 Plating grows easily in preseeded 
boards 

211 Thermopoxy coating 
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u an 4% is the leading manufacturer 

of screen process stencil film 

...any kind! 

ulan 

In screen processing 
of complex printed circuitry... 
there's no margin for error! 
That's why Ulano offers 
a complete line of 
Screen Process Stencil Films 
especially designed for 
the Electronics Industry. 

610 DEAN STREET, BROOKLYN. N.Y. 11238 

NEW YOFIK • CALIFORNIA• CHICAGO • ZURICH 

In Europe: ULANO A. G., Untere Heslibachstrasse 22, Kusnacht 8700, Switzerland 

For free working samples, write today 
on your letterhead for Kit No. 5848 

Circle 161 on reader service card 



Bulova can 
supply 
the 
crystal 
you need 
to match your specs! 
Many years of supplying crystal control 
units for the most advanced military and 
space programs enable Bulova to offer 
a full line encompassing virtually the 
entire frequency spectrum-2 kc to 125 
Mc for oscillator and filter applications. 
We can supply every type of packaging 
—including koldweld and glass sealed. 
Our military crystals meet latest 
MIL-C-3098D specifications. All 
reasons why you should make Bulova 
your single source of supply. 

HIGH PRECISION GLASS SEALED 
CRYSTALS 1 Mc to 125Mc. Available in 
vacuum sealed, glass enclosures of the 
HC-26/U and HC-27/ U type. 
Example: Precision SSB Crystals 

Frequency: 1 Mc to 5 Mc 
Holder: HC-27/U 
Tolerance: zt-. .0025% 
from — 55°C to +90°C, or 
to specification 
Aging: 3 x 10 .8 per week 
after one week stabilization 
at 75°C 

KOLDWELD SEALED CRYSTALS—low 
aging, high reliability, 1 Mc to 125 Mc. 
Now available in TO-5, HC-6/U 
and HC-18/U type cans sealed by the 
koldweld process to eliminate effects of 
heat and to reduce contamination. 
Example: TO-5 
Frequency: 15 Mc to 125 Mc 
Tolerance: -±.0025% from 
—55°C to +105°C, or to 
specification 
Aging: 1 x 10 -7 per week 
after one week stabilization 
at 75°C I 

\ 

I I \ 

Write or call for specifications on 
Bulova's complete line of crystals. 
Address: Dept. E-17. 

Bu LOYAL 
FREQUENCY 
CONTROL PRODUCTS 

ELECTRONICS DIVISION 
OF BULOVA WATCH COMPANY, INC. 

61-20 WOODSIDE AVENUE 
WOODSIDE, N.Y. 11377, (212) DE 5-6000 

New Components and Hardware 

Mercury-wetted relays 

mount on p-c boards 

Six 2pdt and 3pdt with sealed-
mercury-wetted capsule high-speed 
relays have been introduced for p-c 
board mounting. Called Merc-0-
Scan, •they are designed for low-
and medium-level switching appli-
cations. Typical-uses include indus-
trial process control systems, data 
acquisition, multiplexing, analog 
instrumentation, and sensing de-
vices such as thermocouples. 
Both the two- and three-pole con-

figurations are of the double-throw, 
form-C type switch circuit with 
positive nonbridging action of the 
mercury element. The series 8000 
relays are suited for switching 
rates up to 100 pps and signals as 
low as 1 µv. They are available in 
standard driving coil voltages of 6, 
12, and 24 v. 
Among the chief electrical op-

erating characteristics are low 
thermal noise generation (10% duty 
cycle, single circuit 0.5 mv); an 
operating life in excess of 20 bil-
lion operations when run with 
switching signals below 10 y and 
currents below 10 ma; a nominal 
power requirement for two-pole 
units of 325 mw and of 600 mw for 
three-pole. The relays can be 
driven from • both solid state and 
mechanical sources and from peri-
odic and aperiodic driving trans-
formers. 
The metal case of the nine-pin 

clpdt models C-8001, C-8002, and 
C-8003 measures 2Ye x % x Ley in. 
Case dimension of the 12-pin, 3pdt, 

models C-8025, C-8026, and C-8027 
is 2ile x 3/4 x 11/2  in. Each unit 
is supplied with 3/4 -in.-long gold-
plated brass mounting pins for low 
thermal connection to p-c boards. 
The price set for the 8000 series 

is $9 each in production lots and 
$26 each in sample quantities. 
James Electronics Inc., 4050 N. Rock-
well St., Chicago 60618. [351] 

Uniform temperature 

in tiny component oven 

Claimed to be the industry's small-
est, a self-regulating component 
oven accommodates a TO-18 pack-
age. It cuts user cost by at least 
50% compared to other temper-
ature compensating arrangements, 
the manufacturer says. Since the 
uniform oven temperature keeps 
parameter changes to a minimum 
it can be used with inexpensive 
semiconductors. 
Designated the Klixon 5ST1, the 

oven alloy is 0.570 in. in diameter 
and has a cavity into which the 
critical component is placed. It is 
available in either 80°- or 115°-C 
control temperatures. 
The oven maintains the semi-

conductor in a near constant ther-
mal ambient and provides uniform 
performance characteristics over a 
wide range of external tempera-
tures, and supply voltages. Warm-
up time in a —55°C ambient is 
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z:agAe 
From  RCA 
Versatility Plus Eno lo y '.. 

FROM DC 

CA3000 
• 37 dB Voltage gain (typ) 

• 98 dB Common-mode 

rejection ratio (typ) 

• 90 dB AGC range (typ) 

• Push-pull input and output 

• Temperature range 
stable operation 

from —55' to 125`C 

• 10-lead TO-5 package 

TO RF 

CA3005 
le 0-100 MHz operation 

• 20 dB (typ) Cascode power gain @ 100 MHz 

• 16 dB (typ) Differential power gain at 100 MHz 

• 101 dB (typ) Common-mode rejection ratio @ 1 KHz 

• —60 dB (min) AGC Range @ 1.75 MHz 

• 12-lead TO-5 package 

ECONOMY $2.95 (1,0oo+) 
VERSATILITY 

Schmitt Trigger 

RC-coupled Feedback Ampl 

Mixer 

Comparator 

Modulator 

Xtal Osc 

Sense Amplifier 

AVAILABILITY 
FROM STOCK 

ECONOMY $1.75 1,000+) 
VERSATILITY 
Wideband Ampl Mixer 

Narrowband Ampl Limiter 

AGC Modulator 

Detector Cascode Ampl 

RF Ampl and 

IF Ampl Uncommitted collectors 

Video Ampl for broad 

design flexibility 

AVAILABILITY 
FROM STOCK 

Ask your RCA Representative about CA3000 and CA3005. Or check your RCA Distributor for his price and delivery schedules. For 

technical literature, write RCA Commercial Engineering, SectionICN 52 RCA Electronic Components and Devices, Harrison, N.J. 07029. 

SEE YOUR RCA DISTRIBUTOR FOR HIS PRICE AND DELIVERY 

RCA ELECTRONIC COMPONENTS AND DEVICES (The Most Trusted Name in Electronics 
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THE S. S. WHITE AIRBRASIVE. UNIT 

Airbrasive technicians get carried away with their demonstrations 
sometimes...there's nothing safe from a tool that cuts just about any-
thing hard and brittle. 

What does it prove? The Airbrasive is a unique tool of a thousand uses 
in shop or laboratory. A precise stream of gas-propelled particles (cuts 
as fine as 0.005") made it possible for us to cut this TV tube like a 
radish. The Airbrasive has a cool completely shockless cutting action, 
which can be applied to such hard-to-work materials as germanium, 
tungsten, glass, ferrites, and ceramics. It will clean, cut, abrade, re-
move surface coatings, adjust microminiature circuits, strip potenti-
ometers, debur tiny parts, and perform many more delicate tasks. 

In many cases you will find that the Airbrasive pays for itself on the 
first application by eliminating rejects, reducing handwork, or simply 
performing a job that you had previously thought impossible. For 
under $1000 you can set up your own Airbrasive cutting unit. 

You don't believe in magic wands?... just try us. Send samples of your 
impossible jobs ... and we'll test them free of charge. 

SEND FOR BULLETIN 6407A—Complete Information 

S. S. WHITE, COMPANY, INDUSTRIAL DIVISION, Dept. EU, 
201 East 42nd Street, N.Y., N.Y. 10017, Telephone 212 661-3320 

\Ai S.S.WHITE 

New Components 

three minutes. Drive power is ap-
proximately 1 w at room tempera-
ture. 
The semiconductors are merely 

slipped into the oven, and then a 
retaining cap or plug is placed over 
the assembly. A polycrystalline 
oven lining provides heating, sens-
ing, and regulation. A stable ther-
mal environment is maintained 
over an ambient range of —55°C 
to 115°C of control temperature. 
The oven reacts to thermal change 
and automatically restores the 
thermal equilibrium state. 
Texas Instruments Incorporated, 34 
Forest St., Attleboro, Mass. [352] 

Photomultipliers have 

10 '-arnp dark current 

Recent advances in photocathode 
design have made possible photo-
multipliers with improved charac-
teristics. According to the manu-
facturer, quantum efficiency has 
been almost doubled and now ap-
proaches 30%; the bialkali cathode 
has a sensitivity of 65 pa/lumen; 
and, when the tube is operated at 
maximum gain, the dark current is 
less than 10-" amp. Spectral range 
is 3,400 to 6,500 angstroms, peak-
ing at 4,000. 
The new tubes are of special 

value in low light level applications 
such as scintillation counting with 
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carbon", thermoluminescent dos-
imetry and spectrophotometry. 
They are 2 in. in diameter with op-
tically flat end windows. The H-
dynode type VMP11/44K and the 
13-dynode type VMP13/44K are 
immediately available. 
The tubes are designed as plug-

in replacements for conventional 
types and prices are comparable. 
Each tube is individually cali-
brated and warranted for 1,000 
hours or 6 months. 
Bailey Co., 5919 Massachusetts Ave., 
Washington 20016. [353] 

23 chopper styles: 

versatile and compact 

DC-AC 
CHOPPER 
STEVENS 
ARNOLD 

INC. 
110,0M 

DC-AC CHOPPER 

STEVENS ARNOLD INC 

Electromechanical choppers have 
been introduced that supply the 
need for reliability in a small 
package. Illustrated are two of 23 
stock container styles. 
Low coil consumption makes 

these choppers desirable for bat-
tery-operated equipment. Using 
nonresonant armatures, they oper-
ate over a range from d-c to 600 
hz. Contact ratings cover the en-
tire range from dry circuit to 10 y 
d-c at 1 ma continuous, and 100 y 
d-c intermittent. 

Units are available in practically 
any type of container, base, ter-
minals, or coil lead attachments. 
For example, there are p-c board 
mountings, socket mountings, and 
flange-type mountings. 
Base connections may be made 

to solder terminals or 4-pin or 7-
pin plug-in configurations. Coil 
connections may be made to solder 
lugs or brought in through flexible 

• • 

workability 
(pre-production training) 

WESTern PENNsylvania has a proved-in-use plan by 
which adaptable, productive people with a variety of 
industrial aptitudes will be trained in advance for 
YOUR operation, usually at no cost to you. You can 
also save on labor-turnover costs in WESTern PENN-
sylvania where the "Voluntary Quit rate" is only one-

third the national average. This workability and training program ... plus 
100% financing at low, low interest rates . . . fair tax climate . . . four-
season livability . . . give WESTern PENNsylvania a top combination of 
plant-location values. 

West Penn Power 
Part of the Allegheny Power System a 

Area Development Department, Room 763 
WEST PENN POWER—Greensburg, Pa. 15601 

In strict confidence, I'd like to know more about WESTern PENNsylvania's: 

D Pre-Production Training D Financing Plans 
D Fair Tax Climate D Industrial Properties and Shell Buildings 

D Please have your Plant Location Specialist call. 

Name  Title 

Company  

Address  

City State Zip Code Phone 

Phone: 412-837-3000 
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HIGH VOLUME 
COMPONENT 
TESTING? 

Let Associated speed 
your testing; save you 
space, time and dollars! 

Transistors, diodes, capacitors, resistors, integrated circuits 
and printed circuit modules, micro-logics, relays—Associated 
can test them all, saving you time, money and valuable plant 
space. You or your supplier can ship directly to us ... we test 
to your specs and ship to you, providing a full report. 

Associated, one of the best qualified laboratories in the coun-
try, can handle incoming component inspection screening 
tests, burn-in tests, and complete programs—including accept-
ance, qualification, reliability and environmental testing. 
Why choose Associated? Five good reasons: 

1. All test equipment is Associated-built, to our own de-
sign . . . we can modify quickly to suit your test re-
quirements! 

2. Three-shift operation means quick in and out! 
3- Complete IBM automated data logging and summaries 

available. 
4. In-house quality assurance program provided, based 

on M IL-Q-9858A. 
5- You get the sanie quality testing that Associated has 

supplied to Bendix, Martin, Western Electric, M.I.T., 
IBM, BuShips, BuWeps, etc.—on programs such as 
Polaris, Sprint, Saturn and others. 

You're invited to visit us and inspect our test facilities and 
equipment. We'll be happy to arrange an appointment. For 
more information, circle the Reader Service Card or write us at 
Dept. E-4. 

ASSOCIATED TESTING 
LABORATORIES, INC. 

200 Route 46, Wayne, New Jersey 

(201) 256-2800 

Northwest Industrial Park, 
Burlington, Mass. • (617) 272-9050 

New Components 

lc-acts, either permanently attached 
or removable with separable con-
nectors. 

For operation from d-c rather 
than a-c, there are transistorized 
drive units. Other accessories in-
clude Mu-tnetal hold-down shields 
and coil leads with separable con-
nectors. 
Stevens-Arnold Inc., 7 Elkins St., South 
Boston, Mass. 02127. [354] 

Light modulator 

provides Q-switching 

Precise, electronically controlled 
Q-switching at high repetitive fre-
quencies is offered by a dual-cry-
stal light modulator. The unit, a 
Poekels cell, can be used as a Q-
switch, optical modulator, or shut-
ter. It features low driving voltage 
and a high frequency response. 

odulator performance is inde-
pendent of temperature, because 
two electro -optical crystals 
mounted in temperature-insensitive 
crystal holders are employed. 
Commercial applications for the 

rugged, lightweight (approximately 
2 lbs) device include image-projec-
tion, information-handling, print-
out, and communication systems. 
The .modulator comes in two 

models.. Type LPC-100 has an aper-
ture of 1/4 in. and a switching volt-
age of less than 1,000 v; it can be 
modified for use at infrared fre-
quencies. Type LPC-101 has an 
aperture of 1/8 in. and a switching 
voltage of less than 500 v. The 
voltage ratings for each type are 
given at helium-neon wavelengths. 

Both models are 3 in. in diameter 
and 4 in. long, with a contrast ratio 
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of 200 to 1 and optical transmission 
of 90%. 
Westinghouse Electric Corp., P.O. Box 
868, Pittsburgh, Pa. 15230. [355] 

Solid state relays 

use optoelectronics 

A 2 

«Br 

Low-cost switching devices permit 
electrical isolation between input 
and output circuits with a lamp-to-
photocell light-beam coupling. In-
sulation resistance is about 10° 
ohms with smooth turn-on and 
turn-off. Input and output voltages 
may be either a-c or d-e. Voltage 
gain is high, with signals as low as 
6 y capable of controlling output 
circuits rated to 250 v. 

Called the series 301 Dataeels, 
the devices can control or be con-
trolled by transistors, reed or elec-
tromechanical relays, or other 
Datacels. Functions include isola-
tion interface switching, logic 
switching (AND/on gate, inverter, 
and latch circuits), audio switch-
ing, multiplexing, and data sam-
pling. It also provides feedback 
gain control and acts as a noiseless 
potentiometer. 
Designed for high-density printed 

circuit packaging, the units occupy 
1/4 eu in. and weigh 1/4 oz. Socket 
type AD32-1 converts all types for 
solder-terminal wiring. Apertures 
at each end permit visual checking 
of on-off states. 
A miniature incandescent or 

neon lamp is coupled optically to 
one, two, or four photoconductive 
cells. Input signals of 6, 12, 24, or 
150 y cause resistance to change 
from an off level of 10 megohms 
to an on resistance of less than 500 
ohms. A switching ratio of 11P is 
achieved smoothly and without 
transient effects or bounce. Output 

FULL 1 CU. FT. 
CHAMBER-
ONIY $975"1 
New Associated 
chamber features: 

Cascade refrigeration to —120°F 
Solid-state ± 1/2° controller 
All new design 

Model SK-2101 

The best price we know of for any one-cubic-foot 
refrigeration chamber on the market! Yet, this is not 
a stripped-down model. It operates over an expanded 

temperature range, from - 120 - F to +350°F! It fea-
tures a new all-solid-state controller with ± 1/2 °F 

stability! And, standard equipment includes an ad-
justable high-temperature fail-safe control, complete 
with indicating lamp. 

What's more, everything's in a completely redesigned, 
handsome package with a combination hinged and 

removable door for added convenience. Write today 
for complete specifications! 

FREE CATALOG OF ALL-NEW LINE 
OF ASSOCIATED CHAMBERS WITH 
SOLID-STATE CONTROLLERS! 
WRITE TODAY TO DEPT. E-6. 

ASSOCIATED TESTING 
LABORATORIES, INC. 

200 Route 46, Wayne, New Jersey 
(201) 256-2800 
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New Components 

WIDEBAND OR PULSE 
here are 

eight better ways to 

AMPLIFY YOUR SIGNALS 

_ 

Ideal as... 

Photomultiplier Amplifiers, Oscilloscope Preamplifiers, 

Video Amplifiers ... or what have you 

Bantam or not, these ac amplifiers are made to handle your most 
stringent applications. And do it with low noise. 

Use our wideband-tuned models where constant gain for sinu-
soidal signals is most important and for amplifying from audio to 
180 mc. Try their pulse-tuned companions to enjoy unmatched 

waveform fidelity. Each has less than 3 nanoseconds rise time; 
overshoot of less than 3%. 

Models with decade gains to 1,000 or with unity-gain for im-
pedance matching are available. The decade amplifiers feature 
50-ohms input impedance, less than 35 mv rms noise (8 db) and 
a maximum output of 1.4 volts, p-p. Our unity-gain models, with 
an input impedance of 1 megohm, 10 pf or 10 megohms at 12 pf, 
feature protection from ac overloads of 100 v, p-p, and dc over-

loads of 400 v, p-p. 
No matter which amplifier you choose, you'll get overload re-

covery within 50 nanoseconds and a delay time of less than 5 

nanoseconds. Plus gain accuracy better than 2%. 
What more can you ask for? Only our technical engineering notes 

or an in-plant demonstration. Why not write or call now. 

WIDEBAND TUNED 
Gain 

Model 104 1-102 

Model 106 10-103 
Model 108 10 

Model 110 1-103 

1E-* 

$695 
$695 
$195 
$245 

PULSE TUNED 
Gain 

Model 105 1402 
Model 107 10402 
Model 109 10 
Model 111 1-103 

$695 
$695 
$195 
$245 

IE<1 11E I m _H 11Th 11E 'S 
I N .9 'I"' TR, tj ii i N '1" 9 

28775 Aurora Road • Cleveland, Ohio 44139 
EUROPE: 14 Ave. Villardin, 1009 Pully. Suisse 

cells are suitable for switching 
from millivolts to 250 v, and single 
cell power dissipation is as high as 
500 illw. Response time for 150-v-
input neon-lamp types is 5 insec 
for turn-on to 10 kilohms and 100 
insec for turn-off to 100 kilohnis. 
For 6-, 12-, and 24-v incandescent-
lamp types turn-on time is 100 or 
200 msec and turn-off, 300 to 700 
nisec, depending on input. 
Depending on type and quantity, 

prices range from $2.30 to $7.40. 
Sigma Instruments Inc., 170 Pearl St., 
Braintree, Mass. 02185. [356] 

Transient-free switch 

eliminates arcing 

The ordinary life of power tran-
sistors and other solid state circuits 
can be extended by a switch that 
eliminates power line voltage tran-
sients. Suitable for operating with 
currents from 0.1 to 50 amps, the 
switch eliminates high-frequency 
contact bounce, which prevents 
spike-deterioration and thus in-
creases the reliability of any com-
ponent with which it is used. Be-
cause the switch does not contain 
mechanical contacts arcing nor-
mally encountered in electrical cir-
cuits is completely eliminated. 

Sensing the point at which the 
a-e line voltage goes to zero, the 
switch allows current flow only 
after the null voltage is reached. 
even though mechanical closing of 
the contacts takes place at another 
position ill the a-c cycle. When the 
contacts are opened, the sensing 
element waits until the current 
through the load goes to zero be-
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ELECTRONIC 

New epoxy 
transistors 

011110WAY11,0110 i 
IN ACTION  ) 

2N3605A 
Electrically similar to the 2N914. 
Price: 20 to 25( in volume. 

Vcso 40V 
VE80  5 V 
VCEO 15V 

his  
VCE(SATI 

1,  2Onsec. 
 35nsec. 

t  45nsec. 

30-120@lclOmce; VŒ=1V 
0  25V @ 1c=10mA; Is=.1mA 

This is an excellent medium-speed saturated switch for 
computers and electronic calculators. These transistors 
offer low storage times and are available in sample quan-
tities now. 

2N4424 
Good Beta linearity from 2mA to 100mA. 
Price: 25 to 30e in volume. 

BVcEo 

1c 
40V min. 
400mA 

his @ 2mA 180-540 

Vag)  40V min. 

This general purpose amplifier can add even more epoxy 
economies to auto radios, TV's, home radios and many 
other products. 

2N5027 
Electrically similar to the 2N2539. 
Price: 20 to 25( in volume. 
VC80  

i 60V VCEO 30V it Ed ® 1c=150mA..15nsec. 
, @ 1c=-150mA..20nsec. 

I VCEISAT) ® 150mA.0.45V (man.) t. @ 1c=150mA..35nsec. 

@ I VeEtsATI @ 150mA. 1.3V(max.) ti 1c=150mA..25nsec. 

This transistor for medium-current, high-speed saturated 
switching is available in sample quantities as a core 
driver for computers. Take advantage of its superior h.E 
linearity with current (50 @ 150mA min.). 

2N5029 
Electrically similar to the 2N2369. 
Price: 20 to 25e in volume. 

VCR° 40V 
VCEO 15V 
lee @ 10mA. 40-120 

td t 1c,10rnA lOnsec. 

1, @ lc 10mA  12nsec. 

lc- 10mA 12nsec. 

ti @ Ic=1OrnA  14nsec. 

VCEISAT) ® 10mA 0.25V max. 
VOE(SAT) ® 10mA 0  87V max. 

Now: a high speed saturated switch in an epoxy economy 
package for computers. 

All with the outstanding moisture resistance 
of GE's newest epoxy package 

That's right. These four new NPN 
planar passivated silicon transistors 
are as reliable as the hermetically 
sealed devices you are using now. Yet 
they cost less than half as much. 
The reason is GE's newest innovation 
in epoxy packaging techniques. 
General Electric's new epoxy pack-

age is far less moisture sensitive 
than other plastics; and it will im-
prove performance at higher ambi-
ents and junction temperatures. 

100 

IC 

01 

R H 
20V 

PRIOR TO 
IMPROVED EPDXY 

AP--- ImPROVEO EPC», PACKAGE 

-11,1E IN I P.C,R5 

This is just one more example of 
the total electronic capability you 
get from General Electric. Call your 
GE engineer/salesman or authorized 
distributor for more information. Or 
write to: General Electric Company, 
Section 220-51, Schenectady, New 
York 12305. In Canada: Canadian 
General Electric, 189 Dufferin St., 
Toronto, Ontario. Export: Electronic 
Component Sales, IGE Export Division, 
159 Madison Ave., New York, N. Y. 

SEMICONDUCTOR PRODUCTS DEPARTMENT 

GENERAL ELECTRIC 
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Eliminate Power Supply 
Obsolescence...Simplify 
Stocking Problems 
With These 

ow 
wide Range 
compacts 
from MAI 

Small Size, Wide Range DC Power Modules 
Permit Improved Design & Procurement Flexibility 

The new Transpac® WR Series are ultra-compact, fully repair-
able, 71°C silicon power modules which provide regulated DC 
power over an extremely wide, adjustable voltage range. 
Now you can use a single model for all your regulated 

power requirements ...simplify your stocking requirements ... 
eliminate power supply obsolescence ...and enjoy significant 
purchasing economies. 

STANDARD MODELS 

Output 
Voltage MC) 

Current 
(71.C) 

Size VixtiocH 
(inches) 

Weight 
(lhs.) Model Price 

1-33 0-500 ma 31/4 x 31/4 x 51/4 3.5 WR33P5 $120. 
1-33 0-1 amp 31/4 x 4 x 51 6 5.1 WR331 $155. 
1-18 0-2 amps 4 x 4146 x 5% 6.5 WR182 $170. 

1-33 0-2 amps 41/4 x 5 x 67/8 7.8 WR332 $185. 
1-33 0-4 amps 5, x 71/4 x 61/4 13.3 WR334 $255. 
1-33 0-8 amps 83/4 x 7% x 6% 22.5 WR338 $305. 

SPECIFICATIONS 

Input: 105-125 VAC, 50-400 cps 
Ripple: Less than 800 microvolts RMS 

or 0.005%, whichever is greater 
Line Regulation: Better than ±0.01% 

or 5 mv for full input change 
Load Regulation: Better than 0.05% 

or 8 mv for 0-100% load change 
Voltage Adjustment: Continuous 

(Taps and screwdriver adjustment) 
Short Circuit Protection: Microseconds 

response, automatic recovery 

Vernier Voltage: External provision 
Transient Response: Less than 

50 microseconds 
Maximum Case Temperature: 130°C 
Operating Temperature: —20°C to 

-i-71°C free air, full ratings 
Temperature Coefficient: Less than 

0.01% per degrees C or 3 millivolts 
Long-Term Stability: Within 
5 millivolts 

(8 hours reference) 

WRITE TODAY FOR CATALOG #148 

ELECTRONIC RESEARCH ASSOCIATES, INC. 
Dept. E-5, 67 Sand Park Road • Cedar Grove, N. J. 07009 • (201) 239-3000 

Subsidiaries: ERA Electric Co. • ERA Acoustics Corp. • ERA Dynamics Corp. • ERA Pacific, Inc. 

New Components 

fore turning off the circuit. 
Two models, RFS 115-5 and 

RFS 115-10, both suitable for op-
eration at 110-125 y a-c, 60 or 4(X) 
hz, are rated at 5 and 10 amps, 
respectively. Special ratings are 
available on order from 0.1 to 50 
amps. 

Suitable for panel mounting in a 
3;s-in.-diameter hole, the standard 
models measure 1.5 x 2.8 x 2.5 in., 
and weigh 11 oz. 
Genisco Technology Corp., Genistron 
Division, 18, 435 Susana Rd., Compton, 
Calif. [357] 

Inertial damped motor 

is tiny and rugged 

A size 8 inertial damped servo-
motor is suited for high-gain or 
high-speed servosystem applica-
tions. Weighing only 2.6 oz, the 
component is totally enclosed 
within a single stainless steel 
housing measuring only 1.68 in. in 
length. A rugged and reliable 400-
bz unit, the motor has two wind-
ings on the control phase, per-
mitting either series or parallel 
operation. Stainless steel, high-pre-
cision bearings assure long, trou-
ble-free service. 

Other features of the CM40132 
00:3 include: 115 y phase 1, 33 y 
phase 2 series input voltage; 1.1 
v starting voltage; 0.29 in.-oz stall 
torque; 5,580 rpm no-load speed; 
3.1 tv/phase power input; 44.5 ma 
phase 1, 155 ma phase 2 series 
current input; 0.48 gui cm2 rotor 
inertia; 48,500 rad/sec2 theoretical 
acceleration; 0.014 sec time con-
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YES, THIS NEW MINIATURE SWITCH ACTUALLY 

BREAKS 1 AMPS AT 125 IIIIC 
Model 711 is a single-pole, nonshorting selector 
switch that reaches a new high in compactness. It's 
a load-break, power switch beyond any doubt, but with 

a 11/8" body diameter, it is smaller than many instru-
ment switches of much lower rating. 
How can Ohmite cram such a whopping rating into 

such a small "package?" Only because the Model 711 
reflects 25 years of experience in switches up to 100 

amps. It's your guarantee for reliability and long life. 

Small: Only 11/4 " in body diameter; extends 13,e behind 
panel. 

Breaks:7 Amps, 125 VAC (75% power factor) load. 
Carries:. 15 Amps, AC or DC, 125 volts. 

Contacts: Solid-silver-alloy to solid-silver-alloy; 2 to 11 
contacts. 

Dual-Purpose Terminals: Solder 'em, or push on a 34" 
quick-connect terminal. 

Slow-Break, Quick-Make Action: Minimizes sparking 

CARRIES 15 AMPS AT125 V 
and increases contact life with AC. Wiping-action contacts 
are self cleaning. 30° Indexing. 

Superb Construction: Melamine-phenolic body has high 
insulation rating and resists arc-tracking. Unlike most small 
switches, thick conductors, not 
thin springs, carry the current. 
Stainless steel shaft, 1/4 "-32 brass 
mounting bushing. 

Singles and Gangs: Single 
decks can be supplied enclosed; 
gangs of two or more decks are 
enclosed. All mount on 1/4 ' thick 
maximum panels. 2-Gang Model 

NEED SWITCHES UP TO 100 AMPS? Then write for 
Catalog 400. It covers nonshorting, power-type switches 
with load-break ratings from 15 to 100 amperes (2 to 12 
taps) and an extensive line of unenclosed types with 2 to 
77 taps. Many variations are described along with valuable 
information on switch selection. 

Write for Bulletin 403 

RHEOSTATS • POWER RESISTORS • PRECISION RESISTORS • VARIABLE TRANSFORMERS • RELAYS 

TAP SWITCHES • TANTALUM CAPACITORS • SEMICONDUCTOR DIODES • R.F. CHOKES 

OHMITE MANUFACTURING COMPANY 

3610 Howard Street • Skokie, Illinois 60076 

Phone: (312) ORchard 5-2600 
o 
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No small print 
The Nytronics name on the package is all the insurance you 
need, to know your sub-miniaturized ceramic capacitors 
represent the highest standards of quality, stability, and 
capacitance-to-size-ratio. Available in four complete lines: 

NYT-CHIP — An ultra-stable chip capacitor with tinned 
terminals, 0.170" x 0.065" x 0.070", with capacitance range 
of 4.7 pf through 82 pf, and 0.280" x 0.195" x 0.070" for 
100 pf to 4700 pf. Temperature coefficient does not exceed 
-±40 ppm/°C over a temperature range of —55°C to 
+125°C. Working voltage 200 volts D.C. 

NYT-CAP — An ultra high stability ceramic capacitor 
series packaged in a miniature molded epoxy tubular 
package 0.1" diameter by 0.250" in length, with capacitance 
range of 4.7 pf to 82 pf. The remainder of series in miniature, 
molded epoxy case 0.350" long by 0.250" wide by 0.1", with a 
range of 100 pf to 4700 pf. Temperature coefficient does 
not exceed ±40 ppm/°C over a temperature range of —55°C 
to +125°C. Working voltages 200 D.C. 

DECI-CAP — A subminiature ceramic capacitor with an 
epoxy molded envelope 0.100" diameter by 0.250" long, 
axial leads, with capacitance range 4.7 pf to 27,000 pf, 
tolerance -.±10(7. Unit designed to meet MIL-C-11015. 

HY-CAP — Offers extremely high capacitance range 
.01 mfd. to 2.5 mfd. in ±-20,70 tolerance. Voltage 100 WVDC, 
no derating to 125°C. Designed to meet MIL-C-11015. 

Write or call for more information. In addition to ceramic 
capacitors, our inventory of other standardized high quality 
components includes inductors, delay lines, and resistors. 

VraN'i riet° al% or C V ISF 

. . . fi)r Preficion EbeinInic Compeenenk 

D 

550 Springfield Ave , Berke/ey Heights, N J. 07922 1 (201) 464-9300 g TWX: 710-984.7977 

New Components 

stant; 196 dyne-cm-sec flywheel 
damping; and 4.6 gm cm2 flywheel 
inertia. 
The motor operates through a 

temperature range of —54° to 
+165°C, is equipped with color-
coded leads, and has a pinion shaft. 
General Precision Inc., Kearfott Prod-
ucts Division 1150 McBride Ave., Lit-
tle Falls, N.J.; 07424. [358] 

Low distortion assured 

with power tetrodes 

Two tetrode power tubes are de-
signed for low-distortion linear am-
plifiers, lass As) single sideband 
service. Both the 8679 and 8744 
tubes feature high linearity and 
guaranteed minimum intermodula-
tion distortion. Both are of ceramic 
and metal conical type construc-
tion and cooled by forced air. The 
construction provides high mechan-
ical strength, low inductance elec-
trode connections, and low thermal 
resistance paths for effective cool-
ing of the electrodes. Special tem-
perature compensating materials 
have been incorporated to in-
sure uniform characteristics with 
changes in operating temperature. 
The 8679 has an oxide coated 

cathode and can dissipate 4 kw. 
Under class AB conditions it pro-
duces 5 kw peak envelope power 
(PEP) output at a 3d order distortion 
level of 40 db, while the 5th 
order products are down at least 
45 db. At frequencies of 30 Mhz, 
these figures are --4.-38 and 
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VERSAI IL You name it 

C Eaul Bunyan of 3M Recorders 

FFORDAB A \aeiseh.emice eldm:fstthe 

a*.ema MODEL 34 -0 3 

( 
VERSATILE—With direct frequency 
response to 600 kHz, and IRIG FM to 
80 kHz, the Mincom Model 34 does many 
things in many ways. Rack-mounted or in 

easily portable carrying cases. 1/4, 1/2 or 1-inch tape. 101/2 -inch or 7-inch 
reels. Speed options: 1%6, 17/8, 33/4 , 71/2, 15, 30, 60 or 120 ips. 

CAPABLE —Practically the only thing that's not an option is 3M quality 
— that's standard on all configurations of the Model 34. Starting with the 
Isoloop Drive® on the tape transport (the same as on recorders costing 
several times as much), Model 34 can record 7 or 14 channels of the 
cleanest data for over twelve hours. All types of record/reproduce 
modules are interchangeable, allowing any channel combination 
desired. Push-button controls. Dynamic braking in all modes. Fail-safe 
braking for AC failure. End-of-tape sensing. Solid state electronics. 
Input/output meters. 

AFFORDABLE —As you can see, there are a lot of different ways to 
configure a Model 34 — and there are just as many prices. 

But this we can be definite about: Model 34 is the recorder for people 
who've always wanted 3M quality — but couldn't afford it before. Give 
us a call. 

Revere-Ellincom Division in 3 COMPANY 
300 SOUTH LEWIS ROAD • CAMARILLO. CALIFORNIA 93010 
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New Components 

20 

HOLES 

COUNT 

' EN' 

Or 37 holes! Or 2 — or 86! With 

press brake or punch press, 

Di-Acro Adjustable Punches and 

Dies are quickly arranged to fit 

your layout exactly. Easy to re-

peat a setup. Use over and over. 

Ask for 12-page folder . . . Tells 

about starter-set too. See your 

distributor or write us. 

DI-ACRO 
division of 

435 EIGHTH AVENUE 
LAKE CITY, MINNESOTA 55041 

HOUDAILLE 
INDUSTRIES INC 

NOTCHES 

COUNT, 

TOO 

db respectively. 
The 8744, having 10 kw of plate 

dissipation, utilizes a thoriated 
tungsten cathode and produces 10 
kw PEP output with a correspond-
ing d3 and d5 of --40 and 38 
db respectively. At frequencies of 
about 30 Mhz these figures are 
—36 and —45 db. 

Electrical specifications for the 
8679 and 8744, respectively, are: 
plate voltage, 5,000 and 6,000 v; 
two-tone plate current, 1.3 and 2.4 
amps; grid No. 1 drive voltage, 160 
and 250 y peak; two-tone power 
output, 5 kw and 10 kw PEP. 
Amperex Electronic Corp., Hicksville, 
N Y., 11802. [359] 

Plug-in relay affords 

switching versatility 

Four-pole standard and latching 
magnetic relays can switch up to 4 
Form A (make) plus 4 Form B 
(break) in separate circuits, or up 
to 4 Form C (transfer) contacts, or 
any combination thereof. The 
switching versatility of the Printact 
relay eliminates the need to stock 
a variety of different units and cuts 
costs. Among other savings claimed 
for the relay are space, weight and 
production time. 

Contacts on the rocking arma-
ture of the Printact relay mate with 
rhodium or gold-alloy over nickel-
plated fixed conductors on the p-c 
board module, an arrangement that 
eliminates sockets and soldering. 
More than seven different com-

binations of switching arrange-
ments can be achieved with a sin-
gle relay. A variety of suggested 
configurations and stick-on con-
ductor patterns for a custom p-c 
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MAGNETIC 
SHIELDING 
TAILOR MADE... 
QUICKLY... BY YOU... 

Ideal for initial experimental evaluation. Also 

for production applications. Eliminate inter-
ference in your display or system by wrapping 

permanently effective Netic Co-Netic Magnetic 
Shielding Foils around offending components. 
Presto! No more interference. Easily shaped 

with ordinary scissors to your outline. 

Co-Netic and Netic foils are not significantly 
affected by dropping, vibration or shock and 
do not require periodic annealing. High 
attenuation to weight ratio performance. 

Available in any required length in thickness 

from .004" in rolls 4", 15", and 19 3/3" wide. 

Foil Performance Evaluation 

Spiral Counter 
Spiral Cable 
Shielding 

Adhesive 
backed Foil 

MAGNETIC SHIELD DIVISION 
Perfection Mica Company 

1322 N. ELSTON AVENU(, CHICAGO, ILLINOIS 60622 

ORIGINATORS OF PERMANENTLY EFFECTIVE NETIC CO-NETIC MAGNETIC SHIELDING 

Circle 243 on reader service card 

 a 

FREE 
TECHNICAL 

MICA 
MANUAL K-6 
gives electrical and physical 
data on all types of mica 
No tooling cost on numerous fabri-
cated parts of natural and built-up 
mica. 

Pre-punched insulating wafers to 
electrically isolate transistors, 
diodes, etc. from heat sinks. 

Corrugated mica to reduce handling 
and fabrication costs for thermal 
elements. 

All grades of mica offered. 

Immediate delivery from stock on 
many items. 

PERFECTION MICA CO. 
1322 No. Elston Ave. 

Chicago, Illinois 60622 

Phone: 312. EV 4-2122 

Circle 244 on reader service card 

(Illus. approx. actual size) 

507-3836-1531-600 

re 
—unimmimmut 

507-4538-0931-610 

507-3918-•1471-600 

250-8745-1631-504 

250-8738-1471-504 

508-8738-504 Holder 
w 507-3918-1471-600 cartridge 

ÈAMLÉ)1,' 
SPACE SAVING INDICATOR LIGHTS! 

For Computer, Data Processing & Automation Applications 

Ultra-miniature Datalites—with Neon or In-
candescent light sources, give you greater de-
sign flexibility ...and save you needed space. 

• Space-saving: Datalites mount in 3;8" 
clearance hole; can be mounted as close 
as 1/2" center-to-center; are perfect for 
computer, data processing and automation 
applications. 

• Greater design flexibility: Dialco Datalites 

are offered in a wide range of lens shapes, 
colors and finishes—and too—permit the 
choice of up to seven lens colors; legend 
markings may be hot-stamped or engraved 
in "positive" or "reverse" presentations 
for even greater flexibility. 

• Prompt delivery: We offer the widest selec-
tion obtainable—all designed and built to 
Dialco's usual high reliability standards... 
and they are available off the shelf! 

• Complete data: Ask for our new 12 page catalog. 
Contains ordering information, drawings and all 
necessary data to design a space-saving display! 
Do it today! 

SAMPLES ON REQUEST—AT ONCE—NO CHARGE 

Foremost Manufacturer of Indicator Lights 

DIALIGHT ,oR PORATION 

DIALC®0 

60 STEWART AVE., BROOKLYN, N.Y. 11237 • AREA CODE 212 497-7600 
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...In conductive plastic and wire wound 

precision potentiometers by BLISS-GAME WELL 
Higher and even higher standards of performance at competitive prices are 
being demanded of your electronic designs. How do your precision potentiom-
eters stack up under these requirements? We believe they become almost a 
necessity. With Gamewell, you specify exactly what you want, no more and no 
less. We offer a comprehensive line of conductive plastic elements, pots in 
rotary and translatory styles — with resistance values to 100 k. ohms and 
accuracy as fine as 0.05%. We also manufacture wire wound types in metal 
and plastic cases. Rotary units vary from 7/8 inch to 5 inches. Linear and non-
linear outputs to meet your requirements. Gamewell pots are tough! Depend-
able! And remarkably precise! In most cases, they actually cost less when all 
is considered, than so-called "economy" types. Worried 
about choice? Send for our ... 

FREE—NEW COLOR CATALOG 
... which gives complete details of our capabilities 
and facilities. Let your pot requirements take a turn 
for the better. Call your local Gamewell representative 
today, or write to Bliss-Gamewell, 1305 Chestnut 
Street, Newton, Mass. 02164. 

BLISS 

CUSIOM Pfl ECISION POI91110MEIbIS 

GAM [WELL 
A DIVISION OF THE E. W. BLISS COMPANY 

.FIRST... WHEN PRECISION COUNTS! 

New Components 

board layout are provided by the 
manufacturer. 
With an estimated mechanical 

life of 100 million cycles, reliability 
test results for the relay indicate 
a 10-million-cycle meantime-be-
tween-failures rate from dry cir-
cuitry to 1/4 amp, with proportion-
ately good ratings for up to 2-amp 
resistive loads. 

Coils are available for 6, 12, and 
24 y d-c. Standard Series G and 
single-coil latching Series LS re-
lays require 320 mw to pull in at 
80% of rated voltage. Double-coil 
latching relays, Series LD, require 
800 mw to pull in at 80% of rated 
voltage. Operate time is 10 msec 
max at rated voltage, and tempera-
ture range is —30° to +95°C. 
The balanced armature of the 

standard Printact relay resists 
shock and vibration in excess of 
30 g. 

Encapsulated coils offer protec-
tion against galvanic action and 
corrosion. Double-break contact, 
enclosed housing, snap action and 
the use of permanent ceramic mag-
nets to eliminate return springs and 
mechanical linkage are other fea-
tures of the device. The coil and 
motor assembly is molded in a 
Vs-in., high-impact plastic cube. 
The relay, with moving armature 
and mounting clamp, weighs less 
than 1 oz. 
Executone Inc., Printact Relay Division, 
47-37 Austell Place, Long Island City, 
N.Y. 11101. [360] 

Resistive photocells 

are fast and stable 

Resistive photocells combine cad-
mium sulfide and cadmium selen-
ide to achieve the high stability of 
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Cold camera 

on the air in 30 seconds at WBAL-TV. 

The MTI Image Orth is a problem solver 
at WBAL-TV in Baltimore. Crash news 
programs can be on camera in seconds with 
a flick of the switch. No need to interrupt 
camera crews who might be in the middle 
of a taping session. Operational set-up is 
minimal too. Here's how WBAL-TV makes 
use of the MT! Image Orth. 
Camera is aligned and locked in fixed 

position in a small announce booth studio. 
Few lights are used due to the excellent 

m ti MARYLAND TELECOMMUNICATIONS, INC. 
yo,k & 'ideo Roads. Cockeysville, Ma. / 301-666.2727 /ltl's largo( manufacturer of low light level television cameras. 

low-light capabilities of the camera. And as 
a result, no additional air conditioning 
facilities are required. While desk and chair 
are fixed furnishings, backdrop can be 
quickly changed to fit any presentation 
situation. 
WBAL-TV engineers claim camera needs 

little maintenance, has good depth of focus 
and needs trimming only once per week. 
Low light levels do not affect picture 
quality. 

You might have other uses for a camera 
of this size and quality. If so, give us a call. 
We'll have a sales engineer to see you 
quickly—but not as quickly as the MT! 
Image Orth warm-up period. 
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Now Silk City Offers 
Complete Ceramic 
Production Facilities 
From Development 

Through Volume Production 

Major Ceramic Services Offered By Silk City 

PROTOTYPE DEVELOPMENT 

In the development of precision proto-
types for the electronic industry, we are 
equipped to offer multi-shaped parts and 

varied-ceramic formulations to meet every 

possible design and economy require-

ment. We produce precision ceramics that 
are machined from alumina, die formed, 

isostatic pressed, extruded, molded or 
cast. Materials range from high-aluminas 

through forsterite. 

PRECISION MACHINING 

Where the tolerance or surface finish is 

extremely critical, we are skilled and 

equipped to provide the necessary 

ceramic machining. We offer a complete 

range of grinding, polishing, lapping and 
ultrasonic machining. 

METALIZING AND PLATING 

We offer prototype development or volume 
production of metalized and plated 

ceramics for use in hermetic seals and 
other sub assemblies. Both high and low 
temperature metalizing are available. We 

prepare surfaces for customer brazing 
or numerous other sealing requirements. 

SUB ASSEMBLIES 

We produce complete sub assemblies 
to customer specifications, as well as 

provide a capability to design parts to 
meet your requirements. Final assembly 

includes brazing of ceramic to ceramic 
and metal to ceramic for either mechanical 

or hermetic seals. 

SHORT PRODUCTION RUNS 

After prototypes have been developed and 
approved, we are staffed and equipped to 
carry the item through to a test produc-
tion run or fill initial stock orders. You are 

assured precision products that meet the 
highest quality standards. 

VOLUME PRODUCTION 

With the addition of our new plant in 
Hendersonville, North Carolina, we are 

now prepared to handle your full produc-
tion requirements. Our present equipment 
will produce ceramic parts with diameters 
ranging from a fraction of an inch up to 

15 inches. 

We invite your inquiry! 

SILK CITY INDUSTRIAL CERAMICS 
INCORPORATED 

Subsidiary of Basic Incorporated 

221 Seventh Avenue • Hawthorne, New Jersey 07507 

Phone 201-427-4211 

OFFERING A COMPLETE CERAMIC SERVICE FROM PROTOTYPE THROUGH PRODUCTION 
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New Components 

one with the fast decay time of the 
other. The cells are designed for 
photochopper service in sensitive 
low-level d-c amplifiers and instru-
ments, but are also useful in other 
switching and control circuit appli-
cations. 
Dark resistance of all the photo-

cells in the 4600 series is typically 
500 megohms. Light resistances of 
4,000, 10,000, and 100,000 ohms are 
available. Typical decay time is 1.2 
msec (time for resistance to change 
by a factor of 10 when illumination 
is removed). The cells are useful 
in choppers operating at rates up 
to 500 hz and achieve chopping 
efficiencies of 95%. Peak spectral 
response is 6,550 angstroms, mak-
ing the cells sensitive to neon glow 
lamps and incandescent lamps. 
The photocells are hermetically 

sealed in a TO-5 package. Maxi-
mum permitted voltage (case to 
leads) is 200 v. A transparent con-
ducting layer on the window is 
available optionally for shielding a 
cell from electrical transients gen-
erated by switching the illumina-
tion. 

Prices begin at $2.90 in quantities 
of 1 to 9, and $2.45 in quantities of 
10 to 99. Electrically shielded units 
cost 15 cents more each. Delivery 
is from stock. 
HP Associates, 1501 Page Mill Road, 
Palo Alto, Calif. 94304. [361] 

Rugged rotary switch 

for all environments 

Completely enclosed to guard 
against exposure, contamination, 
and production damage, a 11/2 -in.-
diameter rotary switch is designed 
for confined space applications. 
Corrosive atmospheres, dust, dirt, 
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HYBRIDIZATION ... the fine art 
of converting your discrete 
component circuit to a microcircuit. 

MEPCO 

MANUFACTURERS OF PRECISION 
ELECTRONIC DEVICES 

Volume microcircuit production of your analog or digital 
circuit is accomplished at Mepco by HYBRIDIZATION. 
The ability to manufacture precision passive film 
components is complemented by a wide variety of semi-
conductor attachment techniques. These capabilities 
provide the required flexibility to microminiaturize your 
circuit at the lowest possible cost. Consider these 
exceptional performance characteristics. 

In Matched semiconductor parameters 

In Ratio match of resistance values to .1% 

• Power dissipation — 10 watts per sq. inch 

In Temperature coefficient tracking of .-20ppm maximum 

Write or call today for complete details. 
Mepco, Inc., Columbia Road, Morristown, N.J. 07960 
(201) 539-2000 TWX: 710-986-7437 
O.E.M. Sales Offices from Coast to Coast 

A Heritage of Reliability 

Resistors... Potentiometers... Microcircuits ... Capacitors 
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New Components 

talk algebra, 
log, trig. 

or talk price. 

mathatron 4280 
talks 
your language. 

Name familiar but you can't remember the face? The insides of 
this new Mathatron computer calculator are different, too. Log, 
antilog, sine, cosine, and arctan are performed at the touch of a 
button. Storage 4000 bits. Simplified program control. And the 
price-performance ratio is higher than any other computer/ 
calculator. Starts at $6990. 
Of course, Mathatron 4280 has all the features that made the 

original Mathatron famous. You tap in algebraic problems and 
decimal numbers just the way you write them — parentheses, 
powers-of-10 exponents, decimal points, and square root. Elec-
tronic circuits compute answers accurate to 8 digits plus a 2-digit 
power-of-10 exponent and sign. 
Tape printer output is a permanent record. Punched tape input 

is a great time and error saver for re-insertion of frequently used 
programs. Optional Teletype provides alpha-numeric page-
printed output, paper tape reader, and paper tape punch. 
A companion like Mathatron 4280 can save hours of a tech-

nical man's day. To get acquainted, ask us to send the brochure. 

mathatron 4280: Formula memory 480 steps • 
Addressable number storage, 42 registers; 82 
if Formula storage is reduced • Number range 
-±10-42 to 10.58 • Speed 100 accumulations per 
second • Basic operators: plus, minus, times, 
divided by, left paren, right paren, square root, 
exponent, log, antilog, sine, cosine, arctan. 

MATHATRONICS 
a division of Barry Wright Corporation CED 

241 Crescent Street, Waltham, Massachusetts 02154, Telephone: 617-893-1630 

and moisture are permanently 
sealed out. Solder and solder flux 
cannot get into vital switch parts. 
Rugged one-piece terminals and 
contacts, precision molded into 
impact grade thermosetting plastic, 
are locked into position and will 
not move even under extreme sol-
dering heat. 

Reliable and long-life switching, 
with low and consistent contact 
resistance, are assured with a 
unique mode of switching, the 
company says. Complex switching 
arrangements, with intermixed 
shorting, and nonshorting, are now 
attainable not only on single sec-
tions but also between sections. 

Additional features include spac-
ers, intersection shields, dual con-
centric switches with attached line 
switches or potentiometers, binary 
coded switches and high voltage 
switches. 
Stackpole Carbon Co., St. Marys, Pa. 
15857. [362] 

Antibounce bracket 

in 10-amp relay 

Elimination of armature bounce is 
claimed for an antibounce bracket 
now incorporated in a 10-amp, 
crystal-can relay. This develop-
ment substantially reduces total 
bounce time, and greatly increases 
relay stability, particularly while 
undergoing shock and vibration, 
according to the manufacturer. 
The relay—called the BR7—is 

designed for critical aerospace ap-
plications. It provides dry-circuit 
switching to 10 amps. The relay 
withstands shock to 100 g (11 msec) 
and vibration to 30 g. Operating 
temperature is —65° to +125°C, 
and life is 100,000 operations mini-
mum at a load rated at 125°C. 
Units are offered for both a-c and 
d-c operation. 

It is available in a wide range of 
pole combinations, contact ratings, 
terminal styles, and mounting ar-
rangements. 
The unit meets the requirements 

of MIL-R-5757. 
Babcock Relays, Division of Babcock 
Electronics Corp., 3501 Harbor Blvd., 
Costa Mesa, Calif. 92626. [363] 
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Have you got 
these latest 
switch reference 
guides? 

Liincier,teel:te/50°se peryrottoiestilotyrt-Lrooief.. 

and mercur---e, 

eleitekies 3' 

If not, 
order yours 

today 

These three catalogs are bibles of the industry. They present 
detailed design information on the widest selection of 
switches available, organized to simplify your selection. 
Order the catalogs you want. Each is free. 

Catalog 50. Over 1000 switch listings including limit, en-
closed, explosion-proof, proximity, basic snap-action, mer-
cury and miscellaneous types of commercial/industrial 
switches. Reader Service No. 513. 

Catalog 51: Over 400 listings including lighted push-
buttons, modular pushbuttons, toggles and other manually 
operated switches and indicators. Reader Service No. 514. 

Catalog 52: Over 700 listings including limit, basic snap-
action and manual switches for military, aero-space and 
commercial aircraft. Reader Service No. 515. 

MICRO SWITCH 
FREEPORT, ILLINOIS 61032 

A DIVISION OF HONEYWELL 
HONEYWELL INTENNATiONAL—Sales and service offices in all principal cities of the world. Manufacturing in United States, United Kingdo m.Canada,Netherlands, Germany. France.Japan. 
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A source 
you can depend on 
Whether you need custom headers or 
off-the-shelf single-pin terminals, Atlas 
offers uncommon reliability. That's be-
cause we have extensive manufacturing 
equipment and in-house test facilities 
to make any header you design, and 
then test to your specifications or 
MIL specs. 

Electron-beam welding . . . altitude. 
temperature and humidity cycling cham-
bers ... metallographic and cross-sec-
tioning photography. In-house facilities 
such as these mean unmatched quality 
and reliability for you. Over 150 sizes 
and configurations of single-pin termi-
nals in stock. Custom headers to your 
drawings. Send today for complete in-
formation. Or phone 215 666-0700. 

altà "TLAS 
CHEMICAL INDUSTRIES, INC. 

Aerospace Components Division 

Valley Forge, Pa. 19481 

New Semiconductors 

Compact, versatile 

Darlington amplifiers 

Useful in military and aerospace 
applications, a 10-amp silicon Darl-
ington amplifier series in 3/4-in. flat- • 
packs is also adaptable to many 
commercial and industrial circuits. 
Designated the SDM 2300 series, 

the devices have a minimum gain 
of 2,000 at a collector current of 
5 amps with collector-emitter volt-
age of 5 v. Under the same condi-
tions, base-emitter voltage is 2 
maximum. The saturation voltage 
(VrE) of the units is 1.5 y maximum 
at a collector current of 5 amps and 
a circuit gain of 500. Leakage cur-
rents are typically in the nanoam-
pere range for both collector-base 
and emitter43ase current. 
The SDM 2300 series features 

sustaining voltage from 40 y to 
100 y, collector-base breakdown 
from 60 y to 125 v, and emitter-
base breakdown of greater than 
15 v. Typical gain is 50 when meas-
ured at 5 Mhz. 
Solitron Devices Inc., 1177 Blue Heron 
Blvd., Riviera Beach, Fla. [364] 

Pnp's, npn's stacked 

for high voltage 

A combination of four pnp and npn 
high-voltage transistors are now 
being stacked in one TO-5 package. 
The units can be. used for high-
voltage switches and solid state re-
lay circuits. 
The space savings afforded by 

incorporating four transistors in 
one package would be attractive to 
firms that normally series-stack 
conventional transistors to reach a 
required voltage. 

Voltages up to 2,000 y (collector 

to emitter) are obtainable-1,000 
for the pnp, and 1,000 y for the npn. 
This is the first time, the manufac-
turer claims, that high voltage pnp 
and npn transistors have been com-
bined in the same package. 
The 10-pin units can be cus-

tomed to specific voltage require-
ments compatible with standard 
hybrid lc computers. For example, 
two lower voltage standard units 
could be combined with two h-v 
transistors, or three lower-voltage 
standard units could be combined 
with one h-v transistor. 
To manufacture its four-in-one 

package, the maker uses one metal-
izing pattern on a ceramic disk. 
Each disk could accommodate two 
transistors in the Darlington ampli-
fier configuration. This is often use-
ful in series stacking of h-v transis-
tors. Each base .lead is accessible 
to outside connections. 
Industro Transistor Corp. 35-10 36th 
Ave., Long Island City, N.Y. 11106 
[365] 

CdS photocell 

rated at 2,000 

A cadmium sulphide photoconduc-
tive cell will find its main applica-
tion in illumination controls operat-
ing at higher voltages such as 220 
or 550 y a-c. Yet its low capacitance 
and high voltage rating may lead 
to new applications in such areas 
as h-v power supplies and video 
attenuators. The new device has a 
resistance of 10,000 ohms -1=40% at 
35 footcandles; dark resistance, 100 
megohms; maximum voltage, 2000 

peak; maximum dissipation, 1.0 
w; capacitance in the dark, 5.6 pf; 
spectral response, similar to the hu-
man eye. 
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The device, type NSL-1682, is 
hermetically sealed in a metal and 
glass case with a 1.1-in, body diam-
eter, 1.25-in, flange diameter, and 
0.250-in. height. Its leads are 0.040 
in. in diameter, 0.500 in. long. 
National Semiconductors Ltd., 2150 
Ward St., Montreal 9. [366] 

Silicon rectifiers 

rated at 300 amperes 

Several manufacturing refinements 
incorporated in a series of 300-
ampere silicon rectifiers include 
improved materials, assembling 
techniques, and advanced junction 
processing. The new devices are 
supplied in the D019 package. 
The series 300U offers a maxi-

mum nonrepetitive peak reverse 
voltage rating of from 100 to 1,600 

and a maximum repetitive pr' 
rating of from 50 to 1,200 v. Units 
are available with standard polarity 
(cathode to stud) or reverse polar-
ity (anode to stud). 
International Rectifier Corp.. 233 Kan-
sas St., El Segundo, Calif, 90245. [367] 

Photodetector with 

fast response time 

A photodetector with standard 
transistor mounting in a low-profile 
TO-5 can has been designed for a 
wide range of radiation-detection 
systems. Applications include laser, 
spectrometer, and pattern-recogni-
tion systems, star trackers, and 
light waveform and color-detection 
systems. The PIN-5 covers three 
times the wavelength of a photo-
multiplier, and has a short wave-
length response that can't he ob-
tained with ordinary silicon p-n 
detectors, according to the manu-
facturer. 

Response time of the unit is 
measured in nanoseconds: it's said 
to be faster than any other solid 
state detector type, as fast as a 
photomultiplier, and, 100 times 
faster than ordinary silicon p-n de-
vices. 
Response runs from the ultra-

violet to the near infrared range: 
detectivity is as large as lead sul-
fide. 
United Detector Technology, P.O. Box 
2251, Santa Monica, Calif. [368] 

We'd like to 
hand you a line. 

It belongs to Mallory MOL 
film resistors. 

It's a stability curve. And when you put it 

on its graph, it shows that Mallory MOL 
metal oxide film resistors change less than 5% on 10,000-hour load life. 
IC is ±250 ppm/°C. All MOL's are 100% tested. Delivery is prompt. 
The price is right. 

It all adds up to one thing: you get premium performance without premium 
price. That's the reason most major TV manufacturers use MOL's. For 
details, call or write Mallory Controls Company. 

MALLORY MALLORY CONTROLS COMPANY a division of P. It. MAI .1,011Y & CO. INC. 

Box 231, Frankfort. Indiana 400.11 
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These all-silicon modules are 
ideal for logic circuits and opera-
tional amplifier applications. Pre-
ferred features include: 

111 Low ripple—high stability 

• ± 5mv Tracking 

NI Automatic short circuit 
protection 

• 12v or ± 15v outputs 
@ 300 ma 

• Fully reparable 

is Fully compatible with 
Trygon's broad range of 
single output modules 

• No external heat sinks 

▪ 60,000 hour MTBF 

Get the facts on all Trygon's 
exclusive power supply advances. 

MAIL COUPON TODAY! 
IMI Ulan BIM NM 

TRYGON 
POWER SUPPLIES 
Pleasant Avenue 
Roosevelt, N.Y. 11575 

Please rush me your new 52-page 
Power Supply Handbook—FREE 

Name 

Title  

Company  

Address  1 
• City  State Zip 

Mill MIR MIMI INII OM MI I 

New Instruments 

Paper advance steps up x-y recorder uses 

With a new automatic paper ad-
vance unit, x-y recorders can be 
made to perform many other func-
tions besides x-y plotting. The unit 
allows the recorder to operate in 
three different modes: incremental 
paper advance, continuous strip-
chart action, and frame-by-frame 
paper advance, a new mode. 

In the incremental advance mode, 
the 17005A, manufactured by the 
Hewlett-Packard Co.'s Moseley 
division for its 11 x 17-inch re-
corders, uses the input signal pulses 
to trigger the automatic paper 
drive. The paper moves ahead in a 
predetermined increment after each 
pulse. This feature is particularly 
useful in nuclear measurements. 
where pulses occur at variable in-
tervals. In such measurements, it is 
undesirable either to waste paper 
by moving it continuously or by not 
moving the paper at all and allow-
ing pulses to plot over each other. 
The size of the step—from 0.005 

inch to 0.01 inch—is set by a circuit 
consisting of a unijunction transis-
tor oscillator, gating circuitry, a 
ring counter, and a stepping motor. 
The ring counter has four stages 
that correspond to the four wind-
ings on the motor. The oscillator 
operates at a frequency set by the 
variable resistor in its RC network. 

The gating circuitry—two transis-
tors and a silicon controlled rec-
tifier—allows the oscillator to drive 
the stepping motor for a prese-
lected number of steps. 
The incremental advance supple-

ments the continuous advance 
mode by expanding the data chart 
for more detailed analysis. 

In the continuous advance mode, 
the chart paper moves an entire 
17-in, frame at a time. This mode 
enables the recorder to act as a 
large-scale strip-chart recorder. 
Chart rates range from 0.01 to 1 
inch per second. In continuous 
drive, the trigger input and gate 
are eliminated, and the oscillator 
drives the motor directly. Speed is 
set by the variable resistor. 

Chart paper can be fed from rolls 
or fan-folds. The rolled paper unit 
is priced at $895. The device can 
be retrofitted to most of the Mose-
ley line. 

Moseley Division, Hewlett-Packard Co., 
North Fair Oaks Ave., Pasadena, Calif. 

91102. [371] 

Pressure transducer 

provides high output 

Accuracy and a high output are 
combined in a semiconductor pres-
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SEVERAL DIFFERENT VERSIONS OF THE F-111 ARE UNDER 
CONTRACT FOR USE BY THE ARMED FORCES OF 

AUSTRALIA 
GREAT BRITAIN 

UNITED STATES 
USAF TACTICAL AIR COMMAND 
USAF STRATEGIC AIR COMMAND 

U. S. NAVY 

Information Technology 
Mission Simulation, Display Technology 

Radar and Fire Control 
Airborne Systems and Simulators 

Navigation, Stability, Guidance & Control 
Stability and Control, Computer Design, 
Servo Analysis 

Electronic Systems 
ECM, Penetration Aids 

Electronic AGE 
Microwave and Computer Design 

Electronic Laboratories 
Circuit Design, Flight Test 
Instrumentation 

Electrical Installation Design 

Engineering and scientific action is required to 
solve the intriguing problems posed by aero-

space projects now in progress at the Fort 
Worth Division of General Dynamics. If your 

creative background and education qualify you 
for advanced assignments, you'll find room to 

satisfy your potential. You'll enjoy action living, 
too, in smog-free Fort Worth, where residential 

areas are easily reached via uncrowded freeways 
... and where a broad range of cultural, 

recreational, and upper level educational facilities 
is at hand. A mild climate and low living costs 

make an added contribution to your 
career satisfaction. 

Call collect-817 PE 2-4811 extension 3551 
or send a résumé of your education and 

experience to J. B. Ellis, Industrial Relations 
Administrator, Engineering, General Dynamics, 

Fort Worth Division, P. 0. Box 748E, Fort Worth, 
Texas. An equal opportunity employer. 

GENERAL DYNAMICS 

Fort Worth Division 
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*A— I 
Hi-voilage, 
himily leads I 
solve 
lough 
design 
Problem 

Customer needed a quick connect/disconnect feature on a 20 KVDC 
connector which would feed two CRT tubes from a single terminal 
20 feet away. We designed a compact assembly using glass epoxy 

receptacles and silicone insulated leads that features hand mating 
with complete safety, yet is rated at 25 KVDC at 70,000 feet! Here 

are some added features: 

e Lightweight, flexible assembly 

• Meets applicable 

MIL specifications 

• RFI shielding available 

• Rated at 10 amps 

• No exposed high-voltage 

• Corona and radiation 

resistant 

Let us design an assembly that meets or exceeds your requirements. 
We're the leading maker of high-voltage, high-altitude custom lead 

assemblies. For immediate action, write or call today. 

AtUIVII 
INCORPORATED 
CAPITRON DIVISION 

155 Park Street • Elizabethtown, Pa. • 717-367-1105 A 

New Instruments 

sure transducer designed for aero-
space applications. The type 4-420 
has an output range of 250 my d-c 
for an excitation voltage of 10 y d-c 
or a-c rms. Units come with in-
tegral electronics for an output of 
0 to 5 y d-c and an isolated input 
of 28 y d-c. Weight is less than 3 
oz. 

Specifications of the unit include 
linearity and hysteresis accurate 
within 0.15%, and temperature 
compensation from 0 to 200°F, 
with a thermal sensitivity shift of 
less than 0.010% per °F over the 
compensated range. 
Consolidated Electrodynamics Corp., 
360 Sierra Madre Villa, Pasadena, Calif. 

[372] 

A-c power recorder 

shows voltage, current 

A portable power tester and re-
corder handles voltage, current, or 
both. The instrument features a 
time-sharing system that permits 
the stylus to record independent 
traces for both voltage and current. 
This system provides full chart-
width resolution with voltage 
plotted as a continuous trace and 
current as an interrupted trace for 
easy identification. 
A dual concentric switch selects 

a-c voltage ranges of 0 to 150, 0 to 
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300, or 0 to 600 v, and a-c current 
ranges of 0 to 15, 0 to 30, 0 to 60, 
or 0 to 150 amps. The model 113B 
can be calibrated for any frequency 
from 50 to 400 hz. Accuracy of each 
parameter is 3% of full scale, the 
manufacturer reports. 
The unit is equipped with a con-

venient carrying handle that can 
be used as a tilting support for 
easy viewing. Clip leads for volt-
age and a clamp-on transducer for 
current are furnished with each in-
strument, and there is a storage 
compartment on the rear of the 
case. 
The standard chart speed is 1 

inch per hour, producing a 30-day 
record on a roll of chart paper. 
Other chart speeds are available 
on order. 
The recorder measures 71/4 x 55/s 

x 71/2 in. and weighs 6 lbs. Price is 
$205. 
Rustrak Instrument Co., Municipal Air-
port, Manchester, N.H. 03103. [373] 

Pulser furnishes 

nsec rise time 

Pulses with rise and fall times less 
than a nanosecond are supplied by 
a new pulse generator. The unit is 
suitable for testing state-of-the-art 
oscilloscopes, broadband ampli-
fiers, high-speed solid state switch-
ing circuits, nuclear instruments, 
coaxial cables, (by time domain re-
flectrometry) and other analog cir-
cuits. 
Overshoot and ringing on lead-

ing edges are less than 3% of pulse 
amplitude (6% on trailing edges). 
Pulse tops are flat within 2%. Pulse 
amplitude is continuously variable 
from 0.04 y to 10 y across 50 ohms. 
Polarity can be either positive or 
negative with respect to ground. 
Pulse width is also continuously 
variable, from 100 nsec to 500 nsec, 
and jitter is less than 100 picosec. 

Pulse repetition rates between 
100 hz and 200 khz are generated 
internally. The pulser can be trig-

SPACELESS AGE RELAYS 

DUNCO 
LOW   °:  PROFILE 
REEDS FIT WHEN 
THE SQUEEZE IS ON 

For detailed specifications, write for Data Bulletin 3124. 

S-D  
STRUTHERS-DUNN, INC. 

PITMAN, NEW JERSEY 08071 
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A Great Society for Industry? 

Right. 

And it's located in Louisiana. We figured it was 
about time somebody made it easier (instead of 
harder) for industry to turn an honest profit. 

The core of our Great Society is some no-nonsense 
legislation, known as The Right-To-Profit Laws. They pro-
tect industry, large and small, from unfair taxation and 
excessive government regulation. In short, they help 
you make money .. . if you decide to open a plant in 
Louisiana. 

Since our Great Society hasn't received as much 
publicity as the other one, we'd like to give you some 
details. If you're interested, write to W. T. Hackett, 
Department of Commerce and Industry, Room 214, 
Capitol Annex, Baton Rouge, Louisiana 70804. 

The Right-To-Profit State 

New Instruments 

gered externally at rates from zero 
to over 200 khz; a countdown cir-
cuit allows locking to external fre-
quencies up to 10 Mhz. For single 
pulses, there's a front-panel push-
button. 

Oscilloscopes, counters and the 
like can be triggered by the pulsees 
trigger output. The main pulse can 
be moved anywhere from 100 nsec 
ahead of the trigger pulse to 300 
nsec after it. 

Tests for double-pulse resolu-
tion, narrow-pulse impulse, and 
pedestal linearity can be made by 
combining the outputs of two pul-
sers in a model 1504A pulse adder. 
One adder is furnished with each 
pulser. 
Model 8001A is 51/2 in. high and 

can be mounted in a 19-in. rack. 
It weighs 17 lbs. Price is $990; 
delivery from stock. 
Hewlett-Packard Co., 1501 Page Mill 
Rd., Palo Alto, Calif. 94304. [394] 

Go-no-go tester 

checks transistors 

A go-no-go type, battery-operated 
instrument determines whether 
transistors are operational or 
faulty. Model 20 will show, in two 
steps, whether the transistor type 
is npn or pnp, if it is operating 
properly, and its d-c beta. 
Checking is accomplished by 

setting two controls—a slide switch 
and a knob. The nature of the 
transistor fault, whether an open 
or shorted junction, is interpreted 
from the meter reading. Open or 
shorted junctions on diodes and 
rectifiers are also determined by the 
model 20. 
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The transistor checker's small 
size and battery operation suit it 
for many work areas while the low 
cost makes it practical to have per-
manently stationed units. Since the 
battery is used only when a semi-
conductor is being tested, battery 
life approaches shelf life. 
Among the applications for the 

model 20 are: troubleshooting 
breadboards and prototypes; manu-
facturing tests; component inspec-
tions, and maintenance and repair 
activities. 

Price in small quantities 
$19.95. 
Lucci & Co., 3216 Clark Road, Sara-
sota, Fla. 33581. [375] 

Time interval counter 

spans wide range 

2 4 0.1 5 

Time interval such as pulse length, 
pulse spacing, and time between 
electrical events can be measured 
by a wide-range counter that fea-
tures d-c level gating. Measure-
ments of from 10 tzsec to 100,000 
seconds are possible. Model CF-
530R has start-stop d-c levels which 
are adjustable from +30 to —30 
y with LI= slope control. A switch 
is provided for single-line or two-
line gate inputs. 

Display is furnished by long-life, 
wide-angle Nixie tubes with range 
and lighted decimal point selected 
by front-panel switch. Digital read-
out may be displayed for an ad-
justable interval or the display may 
be held indefinitely until reset. 
Designed for either rack or bench 

mounting, the unit measures 134 x 
19 x 131/2 in. The unit with five 
digits is priced at $845. 
Anadex Instruments Inc., 7833 Haskell 
Ave., Van Nuys, Calif., 91406. [376] 

Lightweight, portable 

vector voltmeter 

A portable, battery-operated vector 
voltmeter can test control systems 
where common line voltages may 
be unavailable. 

Standard type-D flashlight cells 

From the Problem Solvers at Ucinite... 

A redesigned electronic 
two-conductor patch cord 
that cut costs nearly 50% 
...met tough retrofit specs 

The customer using this two-conductor patch cord, which mates with 
jacks on printed-circuit boards, came to Ucinite for help in lowering unit 
production costs. Ucinite engineers were asked to redesign the parts, 
staying within the same envelope dimensions for retrofit with equip-

ment in the field. Since the patch cords are used in classified communi-
cations equipment, all modifications had to meet tight military speci-
fications. Ucinite design specialists first replaced costly machined parts 
with more economical stamped parts of equivalent reliability. A com-
plex toroidal spring wound contact was replaced with a stamped six-
finger contact, and a second toroidal spring wound contact replaced 
with a standard closed-entry napkin ring contact. By elimination of all 
parts that required screw-machining, and simplification of the contact 
design, Ucinite engineers reduced manufacturing costs nearly 50%. 
This is just one example of how Ucinite's unique engineering and man-
ufacturing capabilities can work for you in the design and manufacture 
of electro-mechanical assemblies. Your local Ucinite field engineer will 
be happy to drop by for a firsthand survey of your problems ... to show 

you how Ucinite Know How can help you do it better for less. Just call or 
write, outlining your needs, and we'll take it from there. 

The Ucinite Company, Division of United-Carr Incorporated, Newton-
ville, Mass. 02160 • 617-527-8400. 

ILJ I INa I T 

DIVISION OF UNITED-CARR 
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HOW 
CAN 
YOU  
USE 
THIS 
NEW 

WRINKLE 
IN 

PLASTIC 
TUBING? 

FLEXITE SHRINKDOWN TUBING is 

fast becoming an "indispensable" to 

design engineers. It shrinks 50% in 

diameter, upon application of mod-

erate heat, to form a tough, tight-

fitting sheath of plastic around ob-

jects of irregular shape. Primarily 

intended for insulation, it is also 

being used in many other ingenious 

ways. Like binding things together 

— adding strength and rigidity — 

protecting against abrasion, wear, 

breakage — resisting corrosion, heat, 

moisture — preventing vibration and 

noise —etc. How can you use it? 
We'll be glad to send you our "Hot 

Idea" experimental sample kit of all 

3 types of Markel Shrinkdown. Just 

write for it. No cost or obligation. 

L. FRANK MARKEL & SONS 
Norristown, Pa. 19404 • 215-272-8960 
INSULATING TUBINGS AND SLEEVINGS 

HIGH TEMPERATURE WIRE AND CABLE 

New Instruments 

provide the power for all transis-
torized circuitry. Model 300PB 
measures in-phase voltage, quad-
rature voltage, true rms voltage, 
and phase angle. It operates over 
a wide frequency range, and re-
jects noise and harmonic voltages 
without the use of filters. 

Specifications include a fre-
quency range of 50 hz to 10 khz; 
a voltage range of 1 mv to 300 
full scale; accuracy, -±-2% to full 
scale; input impedance, 1 megohm 
shunted by 20 pf; reference volt-
age, 0.4 to 130 y rms; phase angle 
range, 00 to 360'; phase angle ac-
curacy -±-1%; noise and harmonic 
rejection, 40 db down (without 
filter); crest factor (for rms meas-
urement), 3; size, 7 x 91/4  x 71/4 in.; 
weight, approximately 9 lbs. 
Industrial Test Equipment Co., 20 
Beechwood Ave, Port Washington, N.Y 
[377] 

Plug-in counter-timer 

is small and reliable 

Use of lc's provides top reliability 
and compactness (31/2 in. high) in 
a 125-Mhz mainframe plug-in coun-
ter-timer. The mainframe has built-
in programability. Additional fea-
tures of the 1500A are adjustable 
trigger lever, overflow and gate in-
dictators, and provision for a 100-hz 
to 10-Mhz external time base. 

Plug-ins for the 1500A are the 
1102A preset unit priced at $645; 
the 1103A converter, with a fre-
quency range from 50 to 500 Mhz, 
priced at $495; and the 1104A con-
verter, with a frequency range from 
300 Mhz to 3 Ghz, priced at $795. 
Additional plug-ins will be an-
nounced. 

Price of the 1500A mainframe is 
$2,850. 
Monsanto Co., 620 Passaic Ave., West 
Ca !dwell, N.J. 07006. [378] 
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New Subassemblies and Systems 

Servopower amplifier 

in modular design 

6. AY, 1 
0•4.r, 

Designed for control of direct-drive 
d-c torque motors, a modular 300 
watt d-c servopower amplifier has 

a full-output bandwidth of 1,000 
hertz. 
The amplifier, known as 30013 

Hyband, includes a high-gain 
operational preamplifier, with 
negative voltage internally gener-
ated. The amplifier operates di-
rectly from a +28 y d-c supply. 
An internal plug-in board provides 
for custom preamplifier compensa-
tion. 

Protective circuitry includes a 
current-limiting adjustment effec-
tive over -± 15 amps, and a thermal 
trip circuit that opens if baseplate 
temperature exceeds 95°C. The am-
plifier contains a detachable heat 
sink and fan assembly, permitting 
versatile packaging arrangements. 

Amplifier dimensions are 5.5x2.5 
x4.9 in. without the heat sink 
assembly, and 5.5x5.5x4.9 in. in-
cluding the sink assembly. 
Inland Controls Inc., 342 Western Ave., 
Boston, Mass. 02135. [381] 

D-c/d-c converter 

stingy with losses 

Suitable for airborne and ground-
based applications, a d-c to d-c 
voltage power supply (converter) 
is all solid state and permits doubl-
ing of voltages over a range of 10 
to 18 y input. Power loss is very 
small. 
The unit, designated FR-0004, 

operates efficiently under varying 
load conditions and provides up to 
500 ma of current. A mean time 
between failures of 50,000 hours is 
another feature. Operating tem-
perature range is —22° to +185°F. 
The converter measures 1 in. 

square x 2 in. long and weighs less 
than 3 oz. 
Fairchild Controls Division of Fairchild 
Camera & Instrument Corp., 225 Park 
Ave., Hicksville, N.Y. 11802. [382] 

Incremental plotters 

are fast and accurate 

The first of a new family of in-
cremental plotters operates at 800 
steps per second. The series fea-
tures high speed and accuracy, 

Need MICROWAVE COMPONENTS Fast? 

Call The Man Who 
Makes Things Move* 

PHONE 315-454-4418 
egmomm.•••••••11..••••••••••••••••••••••••10Y~N• 

When you need microwave com-
ponents yesterday — call us. 
You'll have them within a week 
(within four weeks on custom 

orders). 
Give us an hour to quote you on 
standards, up to 24 hours on 
custom. It probably won't take 
that long. Price? We price on 
costs—strictly competitive. (We 
win 30% of quoted business. 
And that's no coincidence.) 

When you call us, you talk to a 
microwave engineer. He has the 
answers and the authority to 
make things move. To move 
them along even faster, here's 
a thumbnail guide to who can 
tell you what fastest: 

GEORGE DISQUE (Absorbers, Loads, 
Terminations) 

GLYN BOSTICK (Antennas, Duplexers, 
Filters, Multiplexers, Preselectors, 
Tuners) 

RICHARD ROSTECK (Adapters, Attenu-
ators, Couplers, Detectors, Phase 
Shifters, Power Dividers) 

5.YEAR WARRANTY on every 
ROC product! For the first 
time in the microwave in-
dustry, this additional as. 
surance of reliability. 

Send For Complete Information 
A Complete Source of Microwave Components 

R.A.DA R. DESIGN» 

COR.PORATION 

se flUARD DR • SYRACUSE. N Y 13511 

PHONE 3{5.454 
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NEW THERMOCOUPLE REFERENCES 

WITH 25 CHANNELS ONLY $259.00! 

Now — ACROMAG Series 330 Thermocouple References with 25 
channels of 0°C ice-point compensation for only $259.00, including 
ALL 25 thermocouples! Uniformity 0.05C, one-second warmup, easy 
to use. Ideal for scanned TC systems, DDC, and laboratory use. 
Series 340 References (150°F oven-type) with 25 channels for 
$289.00! Series 320 Single-Channel 0°C References, AC powered, 
for only $75.00! Stocked in ISA Types, J, K, T, R & S. Others to order! 

Request Technical Data 32 . . . . 

in\ Ft 0 IVI A G 
INCORPORATED 

30765 Wixom Road • Wixom, Michigan 48096 

Phone (313) 624-1541 

Makers of Precision Instrumentation and Controls 
acromag 

Circle 249 on reader service card 

Now! Select from 
the most complete line of 
Vinylon Filament Non-Linting Uniform 
and Gloves in the world. 
See the comparison table below. 
Comparison Table: 

Type of Fabric Voltage of Static Charge 

Taffeta (Vinylon•F) 
for this new products 

70V. 

Nylon Taffeta 
on the market 

3100 V. 

Vinylon-F NON-LINTING UNIFORM AND 

GLOVES ARE WIDELY USED not only in the 

precision machinery industry, where complete 
dust control is required for quality control, 

but also in other places where management 

can be effectively carried out only by pre.. 

venting dust from being generated through 

replacement of the conventional white robes 

with this new product. Details please write us 

INDUSTRIAL AGENCIES OF JAPAN LTD. 
C.P.O. Box 2014 Tokyo, Japan 
Cable Address: ARKENIAJ TOKYO 
Tel: 861-4631---5 
manufacturer 
FIRST NON-LINTING UNIFORM CO., LTD. 

Tokyo, Japan 

New Subassemblies 

with a resolution up to 0.0025 in. 
According to the manufacturer, this 
increase in incremental perform-
ance will extend the use of digital 
plotting for applications previously 
requiring high-precision drafting 
systems. 

Series models 8125 and 8325 
feature an 0.0025-in, step size. 
Models 8105 and 8305 feature 
0.005-in, step size. All models use 
a technique that the manufacturer 
calls Delta Control Logic to save 
computer overhead costs. This 
technique generates multiple plot-
ting commands from a minimum of 
digital input. Over an average run 
of plotting applications, it saves 
from 50% to 90% of comnuter 
write-time. By shrinking plotter 
command lists, the same principle 
also reduces input media. 
The 8000 series operates on-line 

with computer, multiplexed to a 
time-sharing system, or off-line 
with magnetic tape input. Used 
off-line, the plotters accept either 
7-track or 9-track magnetic tape. 

Plotter output formats can be 
produced up to 30 in. in width, 
120 ft in length. 
The line is. supported with field-

proven software, including com-
prehensive 360 programing. 
Purchase price is $38,000. Lead 

time on delivery is 90 days. 
Benson-Lehner Corp., 14761 Califa St., 
Van Nuys, Calif. [383] 

Data set transmits 

over low-cost lines 

Transmission of digital data at a - 
4,800-bit-per-second clip over un-
conditioned Schedule 4 telephone 
lines is the key ability of a new data 
set. The unit, called the Model 
4400/48 uses a relatively narrow 
bandwidth to transmit over the 
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lowest cost lines. It avoids the fre-
quencies that are severely distorted 
on such lines. 

Before this development, trans-
mission at the rate of 4800 bps re-
quired high-cost custom-equalized 
lines, plus frequent adjustments of 
the transmission equipment to com-
pensate for varying line character-
istics, the manufacturer says. 

Since mid-March, the company 
has been holding advance demon-
strations of the 4400/48, transmit-
ting over a 3,000-mile, uncondi-
tioned Schedule 4 telephone line. 
Despite the use of the lowest-cost 
transmission line, errors were held 
to a rate of less than one in 1 mil-
lion bits. 
Migo Electronic Corp., 7620 N.W. 36th 
Ave., Miami, Fla. 33147 [384] 

Test adapter checks 

p-c boards 

Quick, low-resistance connections 
to internal test points on p-c and 
multilayer interconnection boards 
are provided by a test adapter that 
checks for both continuity and in-
sulation resistance. The Model 
TA101 connects to both sides of a 
four-layer board, checking the two 
sides simultaneously by means of 
some 700 plated-through holes on 
0.100-in. centers. 
The board under test is posi-

tioned in a sliding holder that is 
manually moved into the measure-
ment sector. A battery of pneu-
matically operated test probes then 
make contact with the network of 
test points; the unit under test is 
energized and the probe contact 
is maintained as long as test con-
tinues. Any defect in continuity 
or resistance is instantly signaled 
by a separate automatic circuit 
tester to which the adapter is con-
nected. 
Nominal contact resistance is 50 

Why did Bethlehem Steel 
bet another $250 million 
on the Niagara Frontier? 

1 Why did 34 small businesses 
invest $33 million? 

Why did Ford come up with 
another $4 million? 

Why did Textron's 
Bell Aerosystems go for 
another $26 million? 

How's business on the Niagara Frontier? Let's take a look. Slightly 
over a half billion dollars in growth and expansion money was 
invested in Erie County during the past few years. That's a pretty 
good sign that the Frontier is a healthy place for your plant. A lot of 
smart businessmen are making money here. Come join them. 
What else have we got? You name it. Cheap power. Plentiful 

water. Superb transportation. Skilled labor. Customers by the 
millions all around us. Cooperative business and government 
leaders. And pleasant living. But we can't tell you all about us in 
one ad. Write us on your company letterhead for our new "Erie 
County" book. It tells a pretty thorough story. 

r RIM MMMMM MMMMMMMMM 

in 

Mr. Edward Rath 
Erie County Executive 
Erie County Hall, Dept. E-17 
Buffalo, N.Y. 

Name  

Company 

O.K. Mr. Rath. Send me your 
new book that tells why the 
Niagara Frontier (Erie County) 
is a profitable spot for our plant. 

Address   

nal Mifflin' Mil Mil 

City   State   Zip   

On ffl NMI MI ffl In ffl an Mifflin nil» Ina 

The future is here on the Niagara Frontier 
(BUFFALO AND ERIE COUNTY, N.Y.) 
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Service...Engineering...Experie 
MAKE THE BIG DIFFERENCE 
BETWEEN A YOKE SPECIALIST 

AND A YOKE SUPPLIER 

Stator Type Y65 
Miniature Encapsulated 
Precision 1" ID Yoke 

• 

ce 

Syntronic Yoke Specialists have 
more yoke knowledge and provide 
more engineering assistance than 
anyone else in the field. 

The most extensive line of deflection 
yokes available is offered by Syn-
tronic ... in production quantities or 
custom designed to special require-
ments. See the BIG Difference for 
yourself the next time you specify 
a yoke. 

syntronic INSTRUMENTS, INC. 100 Industrial Road, Addison, Illinois Phone 312, 543-6444 

Circle 250 on reader service card 

Are You a 
Synchro to Digital—Digital to Synchio 

Converter Designer? 

YES? 

Available From Stock at Magnetic° 

3 WIRE SYNCHRO) to 4 WIRE ,RESOLVER 
CONVERTER TRANSFORMERS 

4 WIRE (RESOLVER) to 3 WIRE (SYNCHRO 
CONVERTER TRANSFORMERS 

FEATURES: 

• Hi Transformation Ac-
curacy (30"-2' arc) 

• Optimum Impedance 
Matching 

• Designed to meet Mil-
T-2713, Grades 5 & 6 

Write, call or circle the 
iU send complete data 

Iteferenee Transformers 

• Minimum size & weight 
—I cu. in. available 

• 11.8 & 90 v. units 

• —55"c to -1-125"c 
Operation 

reader service card. We 
or evaluation sample, 
also available 1.01U I. 

MAGNETICO, INC. 
6 Richter Court 

East Northport, N.Y. 11731 

Phone 516-261-4502 

Gen Res PRIMARY 
STANDARD 
VOLTAGE DIVIDER 

8 DIALS — -1- .01 PPM RESOLUTION 

-±-1 PPM ACCURACY 

THE GENERAL RESISTANCE MODEL DV5008 

IS THE LOWEST PRICED 1 PPM KELVIN 

VARLEY DIVIDER EVER PRODUCED, BEING 

ABOUT Vs THE PRICE OF COMPARABLE 

UNITS. THIS PRICE BREAKTHROUGH RE-

SULTS FROM THE COMPANY'S MASS PRO-

DUCTION CAPABILITY AND IN-DEPTH EX-

PERIENCE IN THE MANUFACTURING OF 1 

PPM DIVIDERS. STABILITY IS 3:1 PPM/YR. 

UNITS ARE AVAILABLE FROM STOCK. 

Write for Bulletin #711 

GENERAL 
RESISTANCE, INC. 

430 Southern Blvd., Bronx, New York, 10455 
Tel.: 212-292-1500 TWX 212 824-4880 

New Subassemblies 

milliohms. The test adapter can op-
erate safely under test voltages of 
500 y d-c with an insulation re-
sistance of 200 megohms. 
The unit is priced at $5,000. 

McKee Automation Corp, 7315 Green-
bush Ave, North Hollywood, Calif. 
91605 [385] 

Miniature oscillator 

uses IC for heater 

A self-contained oscillator has been 
designed primarily for use in port-
able test equipment. The unit, de-
signated type F 3181, uses an inte-
grated circuit as a heating element 
for temperature stabilization. The 
lc is enclosed in a tiny transistor 
can, together with a temperature-
sensing device and the quartz 
crystal that controls the frequency 
of the oscillator. 
The complete unit occupies 2 

cubic in. and weighs less than 13/4  
oz. Preset frequencies are avail-
able in the range of 10 to 20 Mhz. 
A long-term frequency stability of 
one part in 1 million is obtained 
over the complete temperature 
range from 0 to 60°C without the 
use of conventional ovens. 
Marconi Co., Chelmsford, Essex, En-
gland. [386] 

High-vacuum system 

for bench-top use 

Production evaporation work, ma-
terial testing, laboratory demon-
strations, space-simulation studies 
lasting 10,000 hours, and various 
high vacuum experiments are pos-
sible with a bench-top high-vac-
uum system. 
The VI-221 system offers base 
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pressures below 5x10-9 torr. Rapid 
cycling is obtained with the high-
throughput 140 liter per sec Vac-
Ion pump and its optional isola-
tion valve. High performance is 
achieved when the VacIon pump 
is used with the 3,800 liter per see 
titanium sublimation pump. A large 
working space is provided by the 
1134 in. i-d stainless steel base 
chamber with 10 usable feed-
through ports and the 12x12-in. 
Pyrex bell jar. A choice of rough-
ing systems and port closures is 
also available. 
Varian Associates, 611 Hansen Way, 
Palo Alto, Calif., 94303. [387] 

Small power supply 

used in telemetry 

Transducer excitation in advanced 
instrumentation applications is pro-
vided by a telemetry power sup-
ply that measures 0.73 x 0.52 x 
0.50 in. and weighs 0.24 oz. It fea-
tures reversible polarity, overvolt-
age and short-circuit protection. It 
also has adjustable output voltage. 
isolation of output from input and 

Here's a do-it-yourself PCB rack 
you can squeeze up...stretch out... 
cut off by the inch! 

It's the Birtcher 55 Series Universal PCB Rack, made spe-
cially for prototype work. You buy it as a kit of components and 
design it (and if need be, re-design it) as you go. 

Everything about it is variable: length, card size, centerline 
spacing, connector style, insulation. 

Card spacing is infinitely variable, from Wg" up; rack length 
is infinitely variable up to 191/2 ". 

Kits are available for cards from 3" to 41/2 " high, with 
guides 3" to 6" long in 1/2 " increments. (With minor adaptation, 
height capacity can be extended to 61/4 ", length to 7".) Connector 
brackets are available in all sizes and styles, inline or offset; card 
guides and spacers can be insulated or plain. 

It's the most in flexibility, and it's available off-the-shelf 
from any Birtcher distributor. Contact one, or write us, for de-
tailed data sheets. 

,5•.•4 

the BIRTCHER 
CORPORATION 

INDUSTRIAL DIVISION 

745 MONTEREY PASS ROAD / MONTEREY PARK, CALIFORNIA 91754 

TELEPHONE (213) 268-8584 TWX (910) 321-3076 

Electronics I May 15, 1967 
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Get Trouble-Free Fuse Protection 
in Wet Locations with a 

IN-THE-LINE 

WATERPROOF 
Fuseholder 

FOR USE ON: 
• Electronic Components 

at Missile Sites 

• Marine Equipment 
• Mobile Power Supply 
Units 
• Yard Lights 
• Military Field 
Applications 
• Communications 
Equipment 
• Any circuit operating 

in exposed locations. 

FOR PROTECTION OF CIRCUITS 

OF 600 VOLTS OR LESS 

Watertight construction; resis-
tance to damage by weather, wa-
ter, salt spray or corrosive fumes 
permit use of TRON fuseholders 
in exposed locations where safety 
and long life are of vital impor-
tance. 
TRON f useholders are available 

to take two sizes of fuses, 13à..2" x 
1 I and 13" x 1/"; and take 
many sizes of solid or stranded 
wire. 

Write for BUSS Bulletin SFH-11 

INS/ST ON 
PissQUALITY 
BUSSMANN MFG. DIVISION, McGraw-Edison Co., ST. LOUIS, MO. 63107 

Circle 196 on reader service card 

BUs 

Write for BUSS 
Bulletin SIB. 

"Quick-Acting" fuses for protection of 
sensitive instruments or delicate a ppara-
tus;—or normal acting fuses for protec-
tion where circuit is not subject to current 
transients or surges. 

INSIST ON 

S QUALITY 
BUSSMANN MFG. DIVISION, McGraw-Edison Co., St. Louis, Mo. 63101 

Circle 196 on reader service card 

Buss: The Complete Line of Fuses and .. 

Great editorial is something he takes on a business trip 
(What a climate for selling!) 

Electronics 
1 A McGraw-liill Market-D:rected Publication 

MO Weed end Street, Neu. York, N.I: IDOni 



New Subassemblies 

excellent regulation. 
Standard specifications for the 

model 5501 include an input volt-
age range of 24 to 32 y d-c; output 
voltage, adjustable from 4.8 to 5.2 

d-c; output current, 5 ma; and 
operating temperature range, —55 
to +100°C. 
The supply is sealed for humidity 

and salt spray, and meets stringent 
environmental requirements of 
MIL-STD-202. Vibration is rated 
at 20 g and shock 100 g. 

All units undergo 100% in-proc-
ess and final inspection and are 
guaranteed. 
Boums Inc., 6135 Magnolia Ave, 
Riverside, Calif. 920506. [388] 

Charge amplifiers 

feature low noise 

Key features of a charge amplifier 
series are low noise and elimination 

MIMI= •••••••••• 

je...t7Lli..a, .. It.,,, 

*e.I••• E 

of parallax-caused operator errors 
during gain range selection. 

Circuit isolation from power 
ground and rack prevents ground 
loops and contributes to the low 
noise level. A new gain range 
switch, said to be unique in com-
mercially available amplifiers, pro-
vides positive, easily identified gain 
selection. 
The 2710B solid state amplifiers 

have a calibrated dial for insertion 
of accelerometer charge sensitivity, 
an internal 1,000-hz sinusoidal cali-
bration signal, hat frequency re-
sponse from 2 to 20,000 hz, and an 
instantaneous overload recovery 
from loads as high as 55,000 pico-
coulombs. 
Four models of the series include 

the 2710B with voltage output for 
tape recorder, oscilloscope, or me-
ter; the 2711B with additional 
power output for galvanometers 
and long lines; the 2712B with volt-
age output and meter; and the 
2713B with voltage output, power 
output, and meter. 
Tedious calculation of cable ca-

pacitance is eliminated by the 
2710B family because the units are 
used with charge-sensitive trans-
ducers whose response is inde-
pendent of varying shunt capaci-
tance. Thus, long input cables can 
readily be used without degrada-
tion of frequency response or gain 
characteristics, according to the 
manufacturer. 
Endevco Corp., 801 South Arroyo Park-
way, Pasadena, Calif. 91109. [389] 

Fuseholders of Unquestioned High Quality 

"Slow blowing" fuses prevent needless outages by not 
opening on harmless overloads—yet provide safe, pro-
tection against short-circuits or dangerous overloads. 

Write for BUSS Bulletin SFB 

INSIST ON 

PUSS  Q U ALITY 

Blocks for 
fuses 

TYPES AVAILABLE FOR ALL APPLICATIONS 

Single pole, multiple pole, small base, full base, 
molded base, laminated base, porcelain base for 

fuses from h x inches up. Also signal type 
fuse blocks and special blocks of all types. 

Tell us what you need or... 

Write for BUSS Bulletin SFB 

INSIST ON 

PeS s  QUALITY 
BUSSMANN MFG. DIVISION, McGraw Edison Co., St. Louis, Mo. 63107 

Circle 196 on reader service card 

DUSSMANN MEG. DIVISION, McCraw-Edison Co., ST. LOUIS, MO. 63107 

Circle 196 on reader service card 



Who's crazy enough to tear down and 
rebuild $100,000 worth of machinery 
just to turn out an 18-inch spherical 
commutator? 

Some company called Poly-Scientific. 

.068" wide insulation. 

Sometimes we get pretty strange projects in the house. But we 
find a way to deliver—even if it means busting up our own expensive 
equipment to do it. And that's just what we did for a Navy job. 

An 18-inch spherical sonar device required 53 concentric 
circles machined on its hand polished, three-microinch finish, 
silver contact surface. It then had to be quartered into 212 seg-
ments. Angular tolerance of segments .00025 inches. 

Tough enough order. But with one additional catch: the 
Navy wanted it in a rush—there wasti't time to test new ma-
terials or new processes. 

This meant we had to do with what we had—knowing 
there'd be warping and stress problems. We solved 
them. But we had to tear down and rebuild three 
machine lathes, design and develop our own 
feeds, cutting heads and bonding ma-
terials to do it. What's more, delivery 
was made in less time than promised. 

It's been seven years since the 
first unit was installed in one of our 
nuclear subs. And it's still there. How 
satisfied was the Navy? Well, today 
Poly-Sci is still making these devices— 
and other, more sophisticated ones. 

Care to have a crazy company 
like this working for you? 

POLY-SCIENTIFICEB 
A DIVISION OF LITTON INDUSTRIES 

Filled epoxy formulated to 
Poly-Sci specs. Hardness 
compatible with silver 
segments to equalize wear from 

sliding brush contacts. 

.030" wide insulation. 
Rings concentric within 

.004" TIR. Radius of adjacent 
rings from center of sphere 

equal within .0005". 
Insulation and silver 
surface flush within 

.0005". 

Outline of conductive segments 
machined to true ellipse pattern. 

Cast aluminum frame with 
anodized finish. 



THE BIGGEST product line we offer 
includes slip rings, brush blocks and 
capsule assemblies of every size and 
shape—all tailored to meet your most 
stringent requirements. Whether 
it's over-all performance, long life, 
lot control, qualification testing, 
cost...or a little of all five. 
We also place day-to-day emphasis 

on standard designs like our $2.85 
Delrin-insulated slip ring. And on 
developing new dielectric materials, 
new processes, and new products to 
improve circuit reliability—and to 
solve your slip-ring wear, contact 
noise, or size and weight problems. 

So specify your problem to 
Poly-Sci. We'll specify your slip ring. 
Mail coupon or call Robert Gardner 
at 703/ 552-3011. Or TWX 
710-875-3692. On the West Coast, 
call Jim Swallow, at 213/887-3361. 

Poly-Scientific Division * * 
Litton Industries 
1111 N. Main St., Blacksburg, Va. 

I have a slip-ring problem. Tell me 
how Poly-Sci is qualified to solve it. 

Name  

Title  

Company  

Address  

City State Zip_ 

New Microwave 

Miniature switch spans 1 to 18Ghz 

Once limited to moderate band-
widths, miniature switches can now 
range across the 1- to 18-gigahertz 
microwave band. Somerset Radia-
tion Laboratory Inc. claims that it 
has the first microwave switch that 
can cover this frequency range in 
a single unit. 
Although other manufacturers 

have 60-to-1 bandwidth units oper-
ating at lower frequencies, Sam 
Levine, Somerset's president, main-
tains that getting an 18-to-1 band-
width in the microwave range is 
more difficult. Designated model 
M400, the coaxial switch is a me-
dium power unit that handles 
2 watts continuous wave power 
and switches in less than 40 nano-
seconds. 
A better way of using microwave 

diodes—the basic switching ele-
ments—contributes to the wide 
bandwidth capability. The capac-
itances of the two diodes are de-
signed into the circuit as part of 
a low-pass filter consisting of a 
shunt-input capacitor, a series in-
ductance, and a shunt-output ca-
pacitor. The inductor is formed by 
slightly reducing the diameter of a 
short section of the coaxial center 
conductor. 

If the diodes are reversed biased, 
the switch allows a signal at the 
input to flow to the ouput. When 

the diodes are forward biased, they 
produce an r-f short that prevents 
signal flow. 
Another factor is the wideband 

biasing network that provides d-c 
current for the diodes while pre-
venting the r-f from flowing in the 
d-c network. The switch uses a 
shunt bias network, thus avoiding 
the problems of placing series ca-
pacitors—chip or sleeve type—in 
the coaxial line. The d-c path runs 
through an r-f choke between the 
center conductor and the switch's 
case, through the center conductor 
and the diodes, and then back to 
the bias source via feed-through 
capacitors. The feed-through ca-
pacitors conduct d-c current, but 
short the r-f signals to the case. 

In many other switches, the bias 
network contains series capacitors 
to isolate the d-c current from the 
input and output ports. These ca-
pacitors limit the bandwidth and 
increase the switch's complexity. 
Somerset's simpler shunt biasing 
technique eliminates these capaci-
tors. 
The M400 has applications in 

various microwave circuits includ-
ing pulse modulators and shapers, 
amplitude modulators, transmit-
receive switches, and redundant 
microwave systems. 

Specifications 

Frequency 
Isolation (at 50 milli-
amperes forward bias) 

Forward bias voltage 
Insertion loss (at zero 

bias) 
Switching speed 
Power handling capability 

Continuous-wave 
Peak power (for 1 ,sec 

pulse with 1% duty 
cycle) 

Spurious signals 

Voltage standing wave 
ratio 

Impedance 
Temperature range 
Size of block (no 

connectors) 
Connectors 
Weight 
Price 
Delivery 

1 to 18 Ghz 
20 db above 1 Ghz 
40 db above 8 Ghz 
0.8 y max 

0.5 to 2 db 
40 nsec max 

2 

100 w 
40 db below output 

level 
2.5 to 1 max (at 

zero bias) 
50 ohms 
—65 C to 150 C 

0.5 x 0.5 x 0.75 in. 
OSM type 215 
1 ounce 
$215 
20 days 

Somerset Radiation Laboratory Inc., 
2060 North 14th St., Arlington, Va. 
22216 [391] 
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VECTOR PLUGBORDS 
CUT CONSTRUCTION TIME 

Why drill holes? Use prepunched Vector 
Plugbords to save time, work, and money. 

• New "COPPC0"—Copper plus film plus 
Vectorbore. User "pokes" holes through. 

• "KARDEJ"—Aluminum framing stiffens 
cards 1/32" to 1/16" thick. 

• VECTORBORD:* "P" Type—.042" holes, 
0.1 grid for D.I.P.s; "M" Type—.025" holes 
on .050" grid for I.C.P.s; "G" Type—.062" 
holes, 0.2" x 0.1" grid for transistors and 
discrete components. 

• EDGE PINS stake to card — fit New 
"VECTORCONN" receptacles. 

• "MINIKLIPS"—Vector "Push Pins" and 
turned terminals for leads. 

• ELCO VARICON*, 12-47 contacts, or 
printed tabs. 

.Trademark 

For complete information contact: 

ELECTRONIC COMPANY, INCORPORATED 

1100 Flower Street, Glendale, California 91201 

Circle 252 on reader service card 

MUC 
NEW MODEL 885 

SEVEN RATIO 
WIDE-RANGE ENGRAVER 

SS5 FOR LONG AND 
MULTI-LINE WORK 

AMERICAN 

MADE 

• A time-saver for large plate work. 
• Engraves 3" x 19" area in one set-up. 
• Seven pantograph ratios—from 1:5:1 to 6:1. 
• Choice of 3-ball-bearing spindle assemblies for 

3/16" or taper-shank cutters. 
• HSS. COBALT and Solid Carbide Cutters. 
• Single and multi-line copy carriers for holding. 

blanks .4" to 3' ¡. high. 
• Accommodates Mico standard accessories. 

tivnil fur bulletin, and uric,. 

MICO INSTRUMENT CO. 
77 Trowbridge St. Cambridge, Mass. 02138 

poly varicon 
for FM. AM 

4X--I6BET 

Main Features: 
• Micro-miniature sized yet with large capacity. 
• High reliability against temperature and humidity. 
• 4 Trimmers of AM.FM sections. 
• Good howling-proof. 
• Smooth rotation torque. 
• Excellent "Q" characteristics. 

San-Esu is always contributing to cut your production 

costs through precise delivery by mass - production 
under conditions of the rigid quality control. 

SAN -ESU ELECTRONICS CO., LTD. 
1 2, 6.chome Nishioi•Shinagawa-ku. Tokyo, Japan 
Tel. Tokyo(783/7311 Cable: SANESVARICON TOKYO 

Please send me tree literature on your poly 
varleon. 

Name•   

Firm•   

Address. 

New Microwave 

Directional samplers 

feature flat response 

Precision directional r-f samplers 
covering 0.25 to 2.4 Ghz in four 
octave bands have an amplitude 
variation less than ±-0.3 db and 
calibrated detection sensitivity of 
10 mv/mw up to 20 mw. Desig-
nated models 1009, 1010, 1011. and 
1012, each consists of a directional 
coupler, a built-in crystal detector 
and a low-pass input filter. The 
frequency ranges are 250 to 500 
Mhz, 0.5 to 1 Ghz, 1 to 2 Ghz, and 
1.4 to 2.4 Ghz. 
The units are suited for sensing 

power levels as in automatically 
controlling «the level of sweep oscil-
lators. Power variations caused by 
cables, connectors, and compo-
nents between r-f source and load 
can be virtually eliminated. The 
crystal detector is square law with-
in 0.2 dl) up to 20 mw and is usable 
to 500 mw. The built-in filter at-
tenuates input frequencies above 
the range of the sampler and thus 
prevents waveform distortion that 
can cause errors in the response of 
the crystal detector. This also re-
duces distortion in the output. 
Body length dimensions range 

from 2.14 to 6.31 in. Price of the 
samplers is $290 each, and all are 
available from stock. 
Kruse-Storke Electronics, 790 Hem' 
meter Lane, Mountain View, Calif. 
94040. [392] 

Variable delay line 

covers broad band 

Derived from a traveling-wave 
tube, an 0-type electron-beam van-

200 Circle 200 on reader service card 
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able delay line features a dynamic 
bandwidth of approximately 2 oc-
taves, making possible a pulse dis-
tortion lower than that attainable 
with other r-f delay devices, ac-
cording to the manufacturer. The 
unit's design allows rapid variation 
of delay, handling of multiple sig-
nals without cross modulation, and 
moderate insertion loss. Among 
other applications, the delay line, 
called the MA-2021, has been de-
signed for target simulation in 
the fields of radar testing and 
phased arrays. 

Specific variable delays up to 
250 nsec have been obtained with 
a minimum residual delay of ap-
proximately 30 nsec. Over the fre-
quency range of 1.1 to 2.3 Chz, the 
insertion loss is approximately 40 
db at 150 nsec of delay. Experi-
ments have shown that this ap-
proach will yield variable delays of 
several tenths of a microsecond at 
insertion loss and power levels 
comparable with those of other de-
lay devices, but with substantially 
wider bandwidths. 
Microwave Associates, Burlington, 
Mass. [393] 

Matched junction diode 

handles uhf range 

Closely matched Schottky-barrier 
junction diodes have been de-
veloped for use as balanced modu-

Where trace recording 
is crucial 

B-C Oscillotrons 
are preferred 

In critical situations where reliable, accurate recording of CRT 
phenomena is vital, Beattie-Coleman Oscillotrons are specified 
more often than any other 'scope camera. 

For use in field test instrumentation, the MII Oscillotron 
(above) is designed to withstand severe environmental condi-
tions, shock, vibration and dust. Recording ratio is adjustable 
from 1:1 to 1:0.5. Camera is hinged to swing away at lens as 
well as at 'scope, permitting camera mount to serve as a 
shadow box for the CRT. Result: parallax-free adjustments are 
possible under high ambient light with minimum phosphor 
excitation. Indicator light gives assurance shutter is open. 
Records fast transients with either Polaroid or 4x5 sheet film. 

Model 565A has 86mm f 1.2 lens for recording nanosecond 
traces at 1:1 ratio. Other Oscillotrons for 35mm rapid 
sequence or streak recording. Whatever your needs, from rou-
tine lab use to highly critical field tests, we have a model to do 
the job or will design one for you. Send for brochure. 
Coleman Engineering Co Inc., Box 1974, Santa Ana, Calif 92702 

BEATTIE-COLEMAN 
• OSCILLOTRON 

'SCOPE CAMERAS 

COLEMAN 
ENGINEERING COMPANY, INC. 
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HEW] 
VACTEC 
Photocell-Lamp 
Control Module 

 AMMAR 

H 5/8 

(min) 

LEADS .016 

9/16 
200 

LAMP 
100 

. 200 

LEADS .008 

The first of a complete line designed for 
' improved, noiseless volume and tone con-
trols in transistorized amplifiers. Perfect 
for guitars, organs, musical instruments, 
radio, TV and the like. 
Combines a proven dependable Vactec 
photocell with an extremely long-life in-
candescent lamp. Complete low-cost 
module in a unique epoxy sealed metal 
enclosure. Leads are spaced on standard 
.100" centers to simplify circuit board 
mounting. 
Six and 10-volt units now available. 
Special characteristic designs on request. 

VACTEC, INC. 

New Microwave 

lators for operation at frequencies 
through the uhf range. The diodes 
are applicable as single units and 
matched pairs for detectors and 
discriminators. 
Designated series MA-4860 and 

MA-4878, the diodes utilize a bi-
lithic process which encapsulates 
the metal-silicon junction in a 
hermetic glass seal. This technique 
produces a large-area for the top 
contact to the diode junction reduc-
ing loss and improving reliability. 
Pulse burnout is rated at 5 ergs. 
Microwave Associates Inc., Burlington, 
Mass. [394] 

Dual-conversion 

mixer-preamplifiers 

afr 
\ fixer-preamplifiers offering dual 
conversion feature two intermedi-
ate frequencies that provide high 
selectivity and gain at a low i-f 
while reducing image frequencies 
of the high i-f. Dual conversion 
simplifies systems requiring a fre-
quency synthesizer as a local os-
cillator. A vhf synthesizer can be 
• used as the second I-o, with a crys-
tal-controlled microwave source as 
first l-o, eliminating the need for 
an expensive, complex microwave 
synthesizer. 
A high first i-f—in the 100-to-

• 500-Mhz range—permits use of a 
simple, low-cost microwave low-
or high-pass filter for 20-db image 
rejection. Instantaneous bandwidth 
can be as high as 100 Mhz. 
A second i-f provides high skirt 

selectivity, high gain at reduced 
cost, and center frequencies in the 
range between 15 and 100 Mhz. 
Bandwidths can range from 2 to 
100 Mhz. 
The mixer-preamp is complete 

except for the first l-o, and consists ALLENTOWN, PENNSYLVANIA 

you can bu9 
NEON) 

XENON and 
KRYPTo N 

;:Rm 
PRODUCTS 

that's 
a 

esser. 

When you're under less 
pressure, write for 

"spec" sheets on the 
gases you need and our 
folder which points out 
the benefits of buying 
your high-purity spe 
cialty gases from Air 
Products. 

SPECIALTY OS DEPT. 
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of mixer, first i-f, low-pass image 
filter, second mixer, second 1-o, afc 
varactor, and second i-f amplifier. 
An afe in the second 1-o circuit 

can operate over a 5-to-50-Mhz 
band and allows use of a fixed-
tuned microwave first 1-o. Compen-
sation applied to the second 1-o can 
correct for first ho drift. 
The preamplifiers can be de-

signed for applications from 2 to 
16 Ghz, and r-f bandwidths up to 
an octave. Noise figure is from 7 
db, depending on diodes used and 
on selection of first i-f. 

Units measure approximately 
4% x 2% x 1% in., and weigh about 
11 oz. Price is from $400 in quanti-
ties. 
International Microwave Corp., River 
Road, Cos Cob, Conn. 06807 [395] 

Antenna system 

gets wheels 

A complete trailer-mounted micro-
wave antenna system can be put 
in operation by four men in eight 
hours. The two-wheel, 11/2 -ton 
trailer unit includes a 100-ft pneu-
matic telescoping mast, 6-ft micro-
wave antenna, azimuth/elevation 
antenna positioner with remote-
control system, 140 ft of Heliax 
elliptical waveguide, automatic de-
hydrator, and gasoline-operated air 
compressor. 
The telescoping mast provides 

for a top load of 600 lbs with wind-
load of 125 mph. The antenna posi-
tioner can adjust elevation to :_1- 15° 
and azimuth to -±45°. Beam deflec-
tion of the antenna unit meets EIA 
Spec RS222. 
With the flexible elliptical wave-

guide, the 140 feet of feeder line 
can be payed off a reel and in-
stalled automatically during the 
erection of the mast, and recoiled 
on the reel in dismantling. The 
jacketed waveguide incorporates 
the control cables for the antenna 
positioner and power cable for the 
obstruction light. 
The mobile antenna system was 

originally developed for the Air 
Force under a subcontract. As for 
commercial applications, the manu-
facturer suggests its use for emer-
gency restoration of disrupted com-
mon-carrier microw ave links. 
Andrew Corp., P.O.Box 42807, Chi-
cago, III. 60642. [396] 

Guaranteed 
to cure 

headaches 

CEC's new line of magnetic recording 
heads can now eliminate the major 
pains of data recording. Such as rapid 
head wear, frequent cleaning and limited 
frequency response. 

Fact is, CEC recording heads are guar-
anteed to have a life in excess of 1000 
hours. In most cases, these heads will 
far surpass that figure with little or no 
indication of wear. And cleaning is 
seldom required. 

Result: replacement costs have been 
dramatically reduced, and recorders 
(both analog and digital) can stay "on 
line" for far longer periods of time 
without repairs. Furthermore, recalibra-
tion of electronics is greatly reduced 
since head parameters are not subject 
to continual change due to wear. 

The secret is due to CEC's unique, solid 
metal pole-tip design which completely 
eliminates the weakness of conventional 
lamination and rotary head design. 

Cleveland l'rofilometer trace of 
typical comparative head wear 

rates after 150 hours 

CHAN 1 CHAN 2 CHAN 3 

il\A 750 
MICRO 
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50 

MICRO 
f INCHES 

BRAND X 

  CEC   CEC   
, 
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Other advantages: 

CEC has more than 100 different re-
cording heads to choose from, ranging 
from simple 2-channel audio types up 
to high performance 42-channel instru-
mentation models. And high frequency 
response has been extended as high as 
2.0 MHz. 

Furthermore, the mechanical specifica-
tions of every CEC head exceed IRIG 
standards. 

For complete specifications and all 
the facts about this complete line of 
advanced recording heads, call your 
nearest CEC Field Office. Or write Con-
solidated Electrodynamics, Pasadena, 
California 91109. A subsidiary of Bell 
& Howell. Bulletin 1662-X5. 

CEC/DATATAPE PRODUCTS 

BELL4HoWELL 
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New Production Equipment 

Stitch-shift wire bonder 

Like Detroit's newest sports cars, 
Hugle Industries' newest ultrasonic 
wire bonder for integrated circuits 
has a combined manual and auto-
matic shift, and independent sus-
pension. 
Manual control of height at 

which bonds are made allows the 
machine to bond wires to devices 
Id different thicknesses that are 
used in hybrid ic's. In automatic 
operation, it bonds at constant 
heights at top speed. 
The chuck that holds the circuit 

slides independently on a grease-
plate. This provides a movable axis 
of workpiece rotation that allows 
bonds to be made quickly any-
where in a 3-inch diameter area. 
Conventional automatic ultrasonic 
bonders usually have a 3/8-inch 
work area. The movable axis facili-
tates bonding of large hybrid ic's 
and monolithic lc arrays as large as 
a complete slice of silicon. 

The additional features are pm-
vided by a few simple mechanisms 
worked out mostly by Mrs. William 
B. Hugle, who is her husband's 
partner in the company. The fea-
tures don't raise the price of the 
machine—the Hughes earlier auto-
matic bonder costs the same. 
Key to the dual-shift operation is 

an extra-broad camshaft. At one 

0.2" MAX. 

end, it has an eccentric shape; in 
automatic operation, a bump raises 
and lowers the bonding tool a 
standard distance as the shaft ro-
tates. The other end is perfectly 
round; when this part of the cam-
shaft is in position, the cam no 
longer moves the tool. Bonding 
height is manually controlled by 
the machine operator. 
The operator uses two pushbut-

tons to make the bonding height 
100 mils higher or lower than the 
nominal height. The buttons actu-
ate a motor-driven adjusting screw. 
One bond can be made to a 3-mil-
high silicon chip, another to a 40-
mil-high capacitor, and a third to a 
film resistor on the substrate of a 
hybrid lc, as in the lc profile shown. 
The movable axis of the chuck 

facilitates stitch-bonding wires to 
both sides of a device. To do this 
properly, either the device or the 
bonding tool must be rotated to 
align the tool tip and the device. It 
is quicker to rotate the device. 
However, the field of view of the 
operator's microscope is only 30 
mils. If the device is revolved by 
rotating the chuck about its center, 
the device moves out of view when 
the substrate is large, as shown by 
the right-hand sketch. 

Putting the chuck on a grease-

ALUMINUM OR GOLD WIRE SUBSTRATE 

I ) 

MICROSCOPE FIELD OF VIEW 

AXIS OF ROTATION 

Some other 
EPIGIELINAIM. 

products 

IRIDIUM CRUCIBLES, for growing 
crystals above the range platinum-
rhodium crucibles, can be custom 
made to your specifications. High 
metal recovery and low conversion 
charges ensure low use-costs. 

E-70 BRIGHT GOLD PROCESS pro-
duces mirror bright electroplates from 
flash deposits to 500 microinches in 
thickness. This highly efficient, neutral 
bath produces hard, wear resistant fin-
ishes suitable for the complete range 
of decorative applications. 

SEMICONDUCTOR MATERIALS are 
supplied in a wide range of precious 
and base metals and their alloys. 
These include solid sheet, wire, tape, 
base tab materials and clad products, 
fine gold wire, and ribbon. New mate-
rials are constantly under develop-
ment. Technical assistance is available. 

SILVER SHEET AND STRIP is avail-
able in virtually any size and thick-
ness for manufacture of electrical 
contacts and other components. 
Forms include coin, sterling and fine 
silver. In addition, alloys and sin-
tered materials are provided to cus-
tomer specifications. 

PRECIOUS METAL RECOVERY yields 
high returns from spent catalysts, 
filings, floor sweeps and other indus-
trial residues. Engelhard will return 
recovered metals or offer highest pur-
chase prices. Our modern facilities 
are backed by an experienced tech-
nical service group. 

GOLD COATING on printed circuits, 
knobs and other parts is simple and 
effective with Atomex® Solution. 24K 
gold is deposited by ionic displace-
ment in a thin, dense, uniform pro-
tective layer. Atomex is the first practi-
cal gold coating solution with no free 
cyanide. 

THIN WIRE AND FOIL are produced by 
Engelhard's Baker Platinum Division 
to meet rigid electronic design re-
quirements. Both extruded and Taylor 
Process thin wire are available in di-
ameters as small as .001". Thin-
gauge foil is supplied in sheets up to 
8" x 18". 

WAVEGUIDE TUBING is produced to 
meet JAN and EIA specifications and 
precision tolerances beyond these re-
quirements. It is fabricated in coin 
silver, aluminum, brass, laminated sil-
ver on brass, copper, and copper clad 
invar. 

PRECIOUS METAL CONTACTS in pure 
or alloyed forms of silver, platinum, 
palladium and gold provide unmatched 
resistance to atmospheric corrosion 
and electrical pitting. Engelhard will 
manufacture to specifications or pro-
vide material in wire, rod or sheet 
form. 
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EIWIGEZINIIIERM Platinum Rhodium helps 
growth of YIG crystals. 

Thanks to Engelhard crucibles, the Xtalonix Products 
Div. of Harshaw Chemical is able to supply the laser 
and ultrasonic industries with the larger, higher quality 
YIG (Yttrium Iron Garnet) crystals they now require. 
In fact, Xtalonix finds the crucible absolutely vital in 
this production. It retains its shape at high tempera-
tures and resists chemical action, which could cause 
crystal impurities and crucible erosion. 

Production begins when a mixture of yttrium oxide, 
iron oxide, lead oxide, lead fluoride and boron oxide are 
poured into the Engelhard crucible. Within 24 hours the 
loaded crucible is heated to 2500-2600°F and held at this 
temperature for another 24 hours. Then, the tempera-
ture is lowered 1-3°F per hour to 1652°F, accurately con-

Electronics , May 15, 1967 

trolled by an Engelhard platinum vs. platinum 10% 
rhodium thermocouple. After excess flux is removed, the 
furnace is turned off. When brought to room tempera-
ture, the crystals are removed from the crucible by 
leaching with nitric acid. Then the crystals are ready 
for polishing and further processing. 
For information on Engelhard precious metals to 

improve your product or process, write our Technical 
Service Department. 

E'PIGELPE41111111. 
INDUSTRIES. INC. 

EXECUTIVE OFFICES: 

113 Astor Street, Newark, New Jersey 07114 740 
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It's difficult to make 
repairs out here... 

...so leading firms use 
REEVES-HOFFMAN 
crystals down here 

To guard against failure of 
the crystal "heart"—in outer 
space, under the sea, and in 
commercial and consumer 
applications — leading elec-
tronics firms specify Reeves. 
Hoffman. If reliability is im-
portant to you, we invite your 
inquiry concerning crystals 
and crystal-controlled filters 
and oscillators. 

(Unit shown: RH 2967 micromin-
iature oscillator in RH-13 en-
closure, 1.5" x .725" x .317") 

RI, REEVES-
____ F-1 IFFIVIAN c  

DIVISION OF DCA 
400 WEST NORTH STREET. CARLISLE. PENNSYLVANIA 17013 

Production Equipment 

plate keeps the device to be bondrd 
within the field of view, as in the 
left-hand sketch. The chuck can be 
swung freely about the device. 

Specifications 

Work area 
Manipulator ratio 
Wire size 
Speed (automatic 

model) 
Bonding height range 

(manual) 
Size 
Power supply 

Price 
Availability 

3 inches diam. 
6:1 
0.0007 to 0.004 in. 
16,000 bonds per 

shift typical 
±-100 mils 

22 ,4, x 8 x 21 1/2  in. 
110 y a-c, 50 or 
60 hz 

$3,770, plus optics 
Six weeks 

Hugle Industries, 587 North Mathilda 
Ave., Sunnyvale, Calif. 94086. [401] 

Automatic stud welder 

is fast and reliable 

CAP   

A high-precision stud welder pro-
duces a two-piece lead wire by butt 
welding a precut molybdenum slug 
to a Dumet wire. The slug is auto-
matically fed into a six-head index-
ing turret, and the wire is then 
straightened, cut, and welded to 
the slug. The machine produces 
two-piece lead wires with the com-
ponents in various lengths, diam-
eters, and materials. 
The machine has a variable 

speed drive, a sliding motor-driven 
straightener and a motor-driven 
wire payoff device. It produces less 

Compact 
electronics package? 

...with a small size, long life, 
high output AiResearch fan. 

Garrett-AiResearch special 
purpose fans are individually 
designed and custom built 
to deliver more flow and greater 
pressure rise with a minimum 
envelope size. 
Take a typical AiResearch small 

size fan: computer-optimized for 
required performance under all 
operating environments; our own 
motor, engineered and manu-
factured for a perfect match to its 
fan; and up to 40 percent more 
airflow than any other ventilating 
fan of similar input, size, and weight. 

Next time you need a ventilating 
fan for a very special airborne or 
ground electronics enclosure 
specify AiResearch. Available for 
high temperature and cryogenic 
applications, with flow rates and 
power requirements as specified. 
AiResearch Manufacturing 
Division, Torrance Facility, 
2525 190th Street, 
Torrance, California 90509. 

FAN 
4 

PRESSURE RISE IN H,0 POWER, WATTS 
50 

/ WATTS 
40 

30 

PRESSURE RISE -..-
20 

20 40 60 80 
FAN FLOW. CFM 

AIRESEARCH 
SPECIAL PURPOSE 
FANS RRETT EGA. 

Air 
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Rosemount precision 
resistance ratio 
bridge disregards 
lead resistance 
and thermal emf's 
Rosemount's VLF 51 Precision Re-
sistance Ratio Bridge measures 
resistance ratios with exceptional 
accuracy, stability and speed. It dis-
regards both lead resistances and 
thermal emf's, which can disrupt 
conventional dc resistance measure-
ments. Leads hundreds of yards long 
and varying from one to another in 
resistance will not seriously degrade 
the accuracy. Thermal emf's from bi-
metal connections and ambient vari-
ations have no effect on accuracy. 

The digital ratio readout is accu-
rate to 10 ppm at ratios near 1.0 in 
the range of 0.1 to 500 ohms. This is 
achieved by employing current trans-
formers and a unique scheme of 
modulation and demodulation. 

Full specifications and operating 
data are available from Rosemount. 

SPECIFICATIONS 

Accuracy  +10 ppm to zs_- 400 ppm 
Resolution   1 in 10, 
Resistance Range 

Full accuracy 0  1-500 ohms 
Reduced accuracy ..10-s to 104 ohms 

4, 
ell 

ROSEMOUNT 
ENGINEERING 
COMPANY 

4900 West 78th Street 

Minneapolis, Minnesota 55435 

than 1% rejects, at speeds up to 
6,000 per hour, and can also weld 
wires to end caps. 
Weight is 2,000 lbs. Dimensions 

are 6 x 3 x 3 ft. 
Kahle Engineering Co., 3,328 Hudson 
Ave., Union City. N.J. 07087. [402] 

Machine drills 

p-c board stacks 

Though the prime purpose of a 
new production drill is to make 
holes in stacks of circuit boards, it 
is also useful for drilling very small 
holes, to exact specifications. 
Among the latter applications 

would be the drilling of graphite 
and carbon blocks for semiconduc-
tor boats; the production of stepped 
holes; the drilling of flat-bottomed 
holes in aluminum; the drilling of 
Mylar films for welded circuits; and 
work in Teflon, Melamine, brass, 
and a wide range of other mate-
rials. 

For use with circuit boards, a 
stack is positioned beneath a tem-
plate containing tapered drill-
location holes. As a stylus drops 
into a location hole from above, the 
stack is automatically clamped in 
position, and the drill advances up-
ward from below the table. 

Fully adjustable feed-rate and 
drill-speed controls cut down on 
glaze, burrs, and drill breakage. 
through stacks up to 5/8 in. deep 
in the standard model and up to 
1 in. deep in a special version. 
The automatic drill cycle with 

stylus centering provides hole lo-
cation to an accuracy of 0.001 in. 
Spindle speeds in the standard 
model are up to 45,000 rpm. con-
tinuously adjustable; a 100,000-rpm 
spindle is also available. 
Other features of the model 105 

Palomar inverted drill machine in-
clude an accessory rear-projection 

plug-in 
new measurement 

capabilities 
IMOYMPIO VP UP 

me•vve. 

, 

Pifit/PhITIAL P.O., 

• 

— TYPE 1A5 

• 

88.1. 

YU 

DISPLAV 

new 
Tektronix 
Type 1A5 

Differential Plug-in 

• ?. 1,000:1 CMRR at 10 MHz 

• 50 MHz at 5 mV/cm 

• 40 MHz at 1 mV/cm 

III Solid State Design, FET Inputs 

The Type 1A5 Differential Amplifier Plug-in 
has a DC-to-50 MHz bandwidth with a 7-ns 
risetime from 5 mV/cm to 20 V/cm (40 MHz 
at 1 mV/cm, 45 MHz at 2 mV/cm) in Type 544, 
546, 547, and 556 oscilloscopes. The Type 
1A5 also can be used to advantage in any 
other Tektronix oscilloscope that accepts 
letter and 1-series plug-ins. 

As a differential amplifier, the common-
mode rejection ratio of the Type 1A5 is 
1,000:1 at 10 MHz, increasing to 10,000:1 at 
1 MHz. An active probe (available Fall 67) 
will extend the CMRR to higher frequencies. 

When used as a calibrated differential com-
parator, a comparison voltage of ±5 V can 
be internally applied to either the -4- or — 
input. The accuracy of the comparison volt-
age is within 5 mV or 0.5%, whichever is 
greater. 

Type 1A5 Differential Plug-in   $550 
U.S. Saln, Price FOB Beaverton, Oregon 

For complete information, con-
tact your nearby Tektronix field 
engineer or write: Tektronix, 
Inc., P.O. Box 500, Beaverton, 
Oregon 97005. 
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Need 
high-flown 
data on, say, 
a one-man 
chopper 
in action? 

Lockheed's 28-lb. 
417 recorder 
goes and gets it. 
You can't top the 417's portability. 
Carry it almost anywhere with one 
hand. Any comparable recorder scales 
at least 50 lbs. more. And accuracy? 
The 417 matches even large rack 
machines. 
Durability is another advantage. The 
417's dual capstan transport provides 
precision operation under vibration 
and in any position. 
The 417 operates from its internal 
battery or from 110/220 volts AC with 
power consumption as low as 10 
watts. Frequency response is 100kc 
direct, 10kc FM. And it comes in a 
neat 14" x 15" x 6" package—small 
enough to fit under an airplane seat. 
The price is compact, too. Starting at 
$7,000. 
Next time you're in a spin for data, 
remember the lightweight 417. For 
more information, write Dept. E515, 
Edison, New Jersey. 

LOCKHEED 
LOCKHEED ELECTRONICS COMPANY 
A Division of Lockheed Aircraft Corporation 

Production Equipment 

microscope with high-intensity 
light source, and a target reticule 
to focus on the drill location. 
H&M Mfg. Co., P.O. Box 6022, San 
Francisco, Calif. 94101. [403] 

Vapor system applies 

coat of photoresist 

Silicon wafers and substrates of 
glass, ceramic, and thin-films of any 
size and shape can be automati-
cally coated with photoresist on a 
large-scale production basis by a 
vapor carrier system. The process 
applies pure, uniform coatings in 
the angstrom range, thereby assur-
ing fine line definition. 

Production quantities of printed 
circuit boards with plated-through 
holes can be coated without pud-
dling or depositing photoresist in 
the holes. 
The system includes a patented 

vapor generating unit, automatic 
traversing unit, and ultraclean 
spray chamber. A fluid circulating 
system is available. 
An atomizing agent such as 

Freon TF113 is superheated to a 
vapor. The heavier-than-air vapor 
is fed into a low-pressure spray 
gun where it atomizes the material 
to be sprayed. A traversing unit is 
automatically programed for each 
coating process. While the speed-
adjusted spray gun moves from side 
to side the table holding the sub-
strates moves from front to rear in 
preset indexed steps. The traverse 
unit is enclosed in the company's 
class 100 ultraclean spray chamber. 
Highly purified laminar-flow air 
filtered to 0.3 micron moves hori-
zontally across the surface of the 
substrates. It removes overspray, 
solvent vapor, and controls flash-
off of solvents in the coating mate-

ENGINEERS 

Exacting, 
scientific 
challenges 
Join a sophisticated team of engi-

neers and scientists at UNIVAC 

Twin Cities. We build computer 

equipment of special design for 

exacting applications. 

Our computer systems are being 

used by agencies of the Federal 

Government such as NASA. Bureau 

of Census. Department of Defense, 

Federal Aviation Agency and by 

prime contractors for use in scien-

tific applications. 

We have developed dozens of ad-

vanced products for national de-

fense and space programs ... rang-
ing from room-sized computers to 

micro-miniature aero-space com-

puters ruggedized to meet extreme 

environmental conditions. 

Already acknowledged as world 

leader in advanced computer tech-

nology, we are looking for talented 

engineers and scientists to lengthen 

our lead. If you want to feel useful. 

come to UNIVAC and work in 

areas like .. . 

• Computer Systems Design 

and Analysis 

• Computer Graphics and 

Displays 

• Electronic Packaging and 

Thermo Analysis 

• Magnetic Memories (Thin 

Film and Ferrite Core) 

Write now and tell us your goals for 

today and tomorrow. Write to: R. K. 

Patterson, Employment Manager, 

Dept. 115, address below: 

UNIVAC 
DIVISION OF SPERRY RAND CORP. 

FEDERAL SYSTEMS DIVISION 

2750 WEST SEVENTH BLVD. 

ST. PAUL, MINNESOTA 55116 

An equal opportunity employer M/F 
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Design. 

Today's Best Buy 
... 84e per db 

Our rugged SA-50 and SA-70 rocker 
switch attenuators cover a range of 0 to 
102 db in 1 db steps; the SA-58 and 
SA-78 cover a range of 0 to 82.5 db in 0.5 
db steps from DC to 1000 MHZ. Typical 
insertion loss is 1.5 db at 500 MHZ, 3.0 
at 1000 MHZ. The rocker switches enable 
the user to vary attenuation quickly and 
accurately with finger tip control. Good 
attenuators come in small (61/2" x 13/4 " x 
13/4 1 packages. Connectors are BNC fe-
male. Designed for durability and con-
sistency, the price is right—$85.00. SA-50 
and SA-58 are 50 ohm; SA-70 and SA-78 
are 75 ohm. Quick delivery from stock. 

Specialists In Electronic Instrumentation 

CORPORATION 

51 Koweba Lane 

Indianapolis, Indiana 46207 

Ph. (317) 632-7351 

rial while keeping contamination 
low. 
The vapor generating unit weighs 

approximately 300 lbs and meas-
ures 29 x 23 x 20 in. The spray 
chamber and traverse unit pictured 
weigh approximately 1300 lbs and 
measure 72 x 68 x 72 in. 
Systems are available in a ,vide 

range of sizes for large-scale pro-
duction, pilot-line operation and 
laboratory use. 
Zicon Corp., 63 E. Sandford Blvd., 
Mount Vernon, N.Y. 10550. [404] 

Transformer winder 

takes the wrinkle out 

A new ballast-transformer winder 
uses an automatic paper-insertion 
technique that eliminates paper 
wrinkles and speeds the winding 
process. The paper is fed laterally 
so that its fibers are always kept 
parallel to the winding arbor, or 
coil stick, preventing wrinkles. 
Paper length is preset simply by 
adjusting a dial. 
Other features of the model 

ANI99 include: 99 feeds that can be 
set for different wire diameters by 
turning just two dials; a new &-
reeler system for wire from pail 
packs; a special reversing clutch; 
and a new static. electricity elimina-
tor. A differential gear box elimin-
ates gear changing. and adjustable 
end stops eliminate cams. 

Individual pulley-type wire 
guides are located above the wind-
ing arbor where they can quickly 
be set up or changed. The finished 
coil stick is taped with one strip 
of tape. 
Associated American Winding Machin-
ery Inc., 111 Plain Ave., New Rochelle, 
N.Y. 10801. [405] 

Miniature Lamps 
Our miniature lamp prices are so low 
—about one-half the cost of competitive 
lamps—people sometimes wonder 
about their performance. So we're 
giving away samples to prove they are 
top quality, in spite of the low cost. In 
fact, most of our aged and selected 
lamps are priced lower than competitive 
lamps that are not aged and selected. 
Simply drop us a line on your com-

pany letterhead, describing your appli-
cation, and we'll send you a sample box 
of 10 IEE lamps. You select the lamp 
numbers. We'll do the rest. 
We have a wide selection available in 

stock right now. So drop us a line and 
we'll send you some. Free. 

IEE INDUSTRIAL ELECTRONIC ENGINEERS, INC. 

Dept. E, 7720 Lemona, Van Nuys, Calif. 
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Mike Kama keeps busy managing conceptual studies on 
a variety of reentry vehicle programs. One recent 
day he chaired a data review session, worked up a plan 
for spending allocated funds, asked a technical 
support group to study a potential trouble spot, and 
read through contractors' reports to prepare for a mutual 
meeting. Mike has all the problems that technical 
managers have everywhere: he must make tough decisions, 
reconcile opposing viewpoints, fight the calendar, 
race the clock. But he also has his reward: 
he has a direct influence on the technical 
advancement of some of our most urgent 
defense programs. He's a Member of 
the Technical Staff at Aerospace. 

The Aerospace Corporation performs systems 
engineering attd preides technical direction 
for the C.S.Geernment on military space and 
missile programs. For inlormation abottt technical 
posietes, contact The Aerospace Corporation, an 

equal opportunity employer. Write to Thomas 0.tiewburg. V.O. Ito% 249. San Sersardino. 

Ceeerlee 92102' Ilif. Af.110SVNCE COUVOUNTIO'S 
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New Materials 

Plating grows easily in preseeded boards 

Dielectric impregnated with a 
chemical catalyst eliminates sev-
eral of the steps needed to convert 
a copper-clad laminate into a 
printed circuit board with plated-
through holes. No matter where the 
holes' walls will be presensitized, 
boards or in multilayer boards, the 
hole's wall will be presensitized, 
ready for plating with copper. The 
copper plating makes a good bond 
to the board because the catalyst is 
more than skin deep. Since smooth 
hole walls are no longer needed 
because of the improved bonding, 
less expensive hole punching can 
replace drilling. 
These are some of the advant-

ages claimed by the NVF Co. for 
its Catabond copper-clad lami-
nates. 

In a conventional copper-clad 
laminate, after the holes are drilled, 
the board is immersed in a catalytic 
seeding bath because copper will 
not bond to an untreated hole. The 
catalyst acts as a fluxing agent so 
that a very thin film of copper can 
be built up chemically on the walls 
of the holes. 
The chemical coatings on the 

board's surfaces usually are re-
moved by sanding and scrubbing. 
Then the holes are electroplated 
with more copper. The sanding, 
however, can damage the contact 
of the hole coating where it meets 
the copper cladding. 
Sanding off the chemically 

plated copper is necessary because 
the catalyst adheres poorly to the 
clad copper. The combined chem-
ical plating and electroplating 
could peel off the board surfaces. 
The Catabond material eliminates 
the sanding because no seeding 
bath is needed. 

Five grades of Catabond lam-
inates are produced with properties 
that correspond to existing NEMA 
grades such as xxxrc, FR-2, FR-4 
and G-10. 
Copper-clad laminates are made 

in cured sheets up to 48 by 39 
inches in size. Thicknesses range 
from 0.031 to 0.250 inches. Copper 
foil is available on both sides in 
1- or 2-ounce thicknesses. 
NVF Co., Maryland Ave. and Beech St., 
Wilmington, Del. 19801. [406] 

Thermopoxy coating 

pots and protects 

Extensive printed circuit applica-
tions are anticipated for a thermo-
poxy compound that is also an ef-
fective coating for electronic com-
ponents where resistance to mois-
ture, humidity, and vibration is 
required. 
The compound, designated Y-

697-126, is a 100% solid, semirigid, 
unfilled pre-evacuated system. It 
affords good pot life, a conveni-
ent mix ratio, low viscosity, high 
film build, and controlled thixot-
ropy. 
The material can be cured in 24 

hours at 25°C or in 2 hours at 75°C. 
It can be applied by dipping, spray-
ing, or brushing. 
Sterling Varnish Co., Sewickley, Pa., 
15143. [407] 

Aerospace Corporation performs 
systems engineering and provides 
technical direction for the U.S. 
Government on military space and 
missile programs. 

GUIDANCE AND CONTROL Conduct 
studies to evaluate the effectiveness of 
alternative guidance approaches to 
various ballistic systems. Analysis re-
lating weapon system errors to overall 
missile accuracy. Develop and evaluate 
guidance equations for advanced 
weapon systems. Devise and evaluate 
the flight control systems used during 
the boost and free fall trajectories of 
ballistic missiles. Develop and evaluate 
navigation, guidance and control of re-
entry vehicles, specifically including 
active and passive terminal guidance 
systems. 

WEAPON CONTROL Communication 
system engineer/analyst to establish 
and evaluate design requirements for 
ground and air to ground communica-
tions systems for advanced ballistic 
missile command and control systems. 
Responsibilities include the definition 
and determination of communication 
system performance specifications and 
the technical direction of funded 
industry studies supporting the develop-
ment of command and control systems. 

COMMAND AND CONTROL COMMU-
NICATIONS Determine communication 
modes and equipments needed to meet 
ballistic missile command and control 
requirements. Responsibilities include 
the analysis of equipment performance 
in hostile environments leading to the 
definition and subsequent technical 
direction of advanced development pro-
grams. Technical direction on major 
missile programs will also be performed. 

SYSTEMS DESIGN Develop conceptual 
and preliminary designs of booster and 
re-entry vehicles. Integrate study re-
sults from solid mechanics, fluid me-
chanics, propulsion and reliability into 
a composite design. Perform design 
studies and analysis in specialized areas, 
such as recovery systems, decoys, and 
other penetration aids. 

If you have an advanced degree and 
a minimum of five years experience, 
contact Aerospace Corporation, an 
equal opportunity employer. Write 
T. D. Newburg 
P.O. Box 249 
San Bernardino, Calif. 

THE AEROSPACE CORPORATION 
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Solve Your 
Special Purpose 
Filter, 
Transformer, 
Inductor and 
other Wire 
Wound 
Component 
Problems 
at SIE! 

DRESSER  

.0001. 'flit • 

Dresser SIE now offers a complete 
engineering and manufacturing service 
to fill all your needs for special 
purpose wire wound components for 
your ordnance, aircraft, aero space 
and siesmic applications. 

Send your specifications today to the 
address below for complete information, 

cem=essieFt 

I E 
INC. 

INDUSTRIAL PRODUCTS GROUP 
P 0 Box 2928/Houston, Texas 77001 

one of the (_f_DREssEk) I nd u stnes 

New Books 

Sound designing 

Circuit Design for Audio, AM/FM, 
and TV 
Engineering staff of Texas 
Instruments Incorporated 
McGraw-Hill Book Co., 352 pp., $14.50 

Serving as a practical guide for the 
circuit designer working in con-
sumer electronics, this book is the 
fifth in the Texas Instruments Elec-
tronics Series. It's an updated, hard-
cover version of two earlier TI pa-
perbacks, "Audio and AM/FM Cir-
cuit Design Handbook" and "Tele-
vision Circuit Design Handbook." 
The chapters on audio design be-

gin with the basic considerations 
such as operating classes, coupling 
schemes, and transistors, but 
quickly move on to design proce-
dures for output and driver stages 
for class A and B operation. The 
procedures are discussed in a num-
ber of design examples that cover 
a wide range of output powers. 
The sections on a-m and f-m con-

centrate on intermediate-frequency 
amplifier design, giving a practical 
approach to meeting gain and 
bandwidth requirements for low-
cost systems as well as high-cost 
component-quality systems. 

Separate chapters are devoted to 
each major block in a television re-
ceiver. Step-by-step procedures em-
phasizing time- and cost-saving 
techniques accompany most of the 
design examples given. Mathemati-
cal clutter is reduced by grouping 
the derivations of significant equa-
tions in a separate section. 

Time for everyone 

On-line Computing: Time-shared 
Man-computer Systems 
Edited by Walter J. Karplus 
McGraw-Hill Book Co., 336 pp. $14.50 

This is a creditable, though lim-
ited, collection of articles on time-
shared systems. 
Major concepts are concisely il-

lustrated by descriptions of a small 
time-shared system, the software 
and hardware requirements for a 
graphic display console, and the 
design philosophy and hardware 
for a specialized remote console. 
The economic aspects of on-line 

computers are explored thoroughly, 

from the standpoint of batch ver-
sus on-line processing, configura-
tion decisions, and the factors af-
fecting additions to hardware and 
software. Even such mundane busi-
ness matters as deciding what to 
charge the customer are touched 
on. 
The editor has wisely included 

B.E. Fried's chapter on solving 
mathematical problems with on-
line techniques, including graphic 
displays. This is a particularly out-
standing discussion of how mathe-
matical explorations are aided by 
a computer terminal. 

Unfortunately, less attention is 
given to the sociological, psycho-
logical, and physiological aspects 
of on-line systems design, and little 
insight is gained on the human fac-
tors which affect the man-machine 
relationship. 

Despite its limitations, the book 
is worthwhile for those in the data 
processing field who want to know 
more about on-line computing. The 
applications-oriented reader will 
not learn much from it unless he 
is a mathematician, although he 
will come away from the book with 
some understanding of why his 
own little real-time terminal can-
not deliver miracles. 

Frank Yee 
International Business 
Machines Corp. 
White Plains, N.Y. 

On Targets 

Modulation, Resolution and Signal 
Processing in Radar, Sonar and 
Related Systems 
R. Benjamin 
Perga mon Press, 184 pp., $8.50 

The author, an expert in resolution 
problems of radar and sonar sys-
tems, shows the relationship be-
tween modern- resolution techs• 
niques, the associated devices used 
to implement them, and the result-
ant performance. While extensive 
background in the subject is re-
quired to digest fully the subtle 
concepts presented, anyone famil-
iar with basic principles will find 
this a challenging and rewarding 
work. 

This is not a reference work in 
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ENGINEERS: 
UNIVAC and you: 

words to program 
a career by . . . 

"Boot 
Str " 

"BOOTSTRAP" (noun). 
To a programmer this word has its standard 
technical meaning, of course. In terms of 
your career outlook too, the first steps are 
a bootstrap kind of an operation. You've got 
to pull yourself up and make the first move. 
You probably know that UNIVAC is the 

number one technical leader in the com-
puter field. You may also have heard that we 
are on the grow and looking for top flight 
engineers and technicians right now in ... 

• Advanced Electronic Circuit Studies 

• Integrated Circuits and Thin 
Film Studies 

• Ultra-High Speed Integrated 
Circuit Interconnections 

• Computer Manufacturing 
Engineering 

• Advanced Mechanical Design 
Engineering—Rotating Apparatus 

But the bootstrap effort has to come from 
you. If you have the initiative to write us 
outlining your qualifications and experience, 
as well as what you hope to grow into in the 
future, well do our part and tell you every-
thing we can about opportunities here. 
Write: John D. Hallenberg, Employment 
Manager, Dept. 507. 

Write today and make an 
appointment with tomorrow. 

UNIVAC 
DIVISION OF SPERRY RAND CORPORATION 

data processing division 
2276 highcrest drive 
roseville, minn. 55113 
telephone 612-633-6170 

An equal opportunity employer M 'F 

which to look up mathematical for-
mulations applicable to a detailed 
analysis of resolution techniques. 
The author purposely avoids the 
clutter of complex mathematics 
and uses elementary relationships 
and simple, yet effective, illustra-
tions. Smoothly, he progresses 
from a logical extension of simple 
pulse and continuous-wave dop-
pler principles to the most ad-
vanced target resolution tech-
niques. 
A discussion of long-pulse mod-

ulation and the use of short pulses 
to aid resolution leads to a con-
sideration of doppler effects on 
various pulse compression tech-
niques. An examination of methods 
of doppler extraction relate the 
system's performance to time and 
bandwidth and other equipment re-
quirements. The author describes 
how basic antenna characteristics 
relate to and interact with range 
and doppler resolution techniques. 

In later chapters, Benjamin in-
troduces ambiguity functions, re-
lating range and doppler resolution 
as a natural outgrowth of the earlier 
discussions. He then applies am-
biguity functions to a consideration 
of sidelobe effects, and the effects 
of "noisy" signal sources on 
matched receiver design. Also in-
cluded are the effects of varying 
propagation paths on signals with 
large time-bandwidth characteris-
tics and the use of logical and non-
linear processing. 

Dean D. Howard 
U.S. Naval Research Laboratory 
Washington 

Painless primer 

Electronic and Magnetic Behavior 
of Materials 
Allen Nussbaum 
Prentice-Hall Inc., 155 pp., 
cloth $5.95, paper $2.95 

Too often, an engineer searching 
the library stacks for a basic book 
on an unfamiliar subject finds only 
turgid tomes. It's refreshing to 
come across a book that promises. 
in 155 pages, to give at least 
a fundamental understanding of 
semiconductors, dielectrics, mag-
netism, and quantum electronics. 
Professor Nussbaum of the Uni-
versity of Pennsylvania should be 
congratulated for accomplishing 
this and the publishers should be 
commended on snaking the book 

GIANNINI 
on Frequency 
Manipulation 

46We can do just about anything 

you want with frequency—divide 

it, multiply it, measure it, alter 

it, sense it, produce it. 

The little unit pictured above, for 
example, is a frequency divider. 
It brings 31.5 Kc down to 60 CPS. 
It weighs only 3% oz., measures 
just 1" x 1" x 234". 

Some typical uses of our fre-
quency dividers are TV Horizon-
tal or Vertical synchronization, 
event counting and time coding. 
You can undoubtedly think of 
many others. 

We make frequency dividers 
which will provide discrete divi-
sion with statistical tolerances of 
zero even under aerospace condi-
tions, with any input and output 
specifications you want! 

In fact, if you get the urge to 
manipulate frequency in any way 
whatsoever, a call on us might 
well solve your problem before 
it develops. Why not give it a try? 

GIANNINI II 

VOLTEX 

12140 E. RIVERA RD., WHITTIER, CALIF. 90606 
PHONE: 213-723-3371, TELETYPE: 213-685-6261 

An Independent Company'An Equal Opportunity Employer 
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New Books 
Specify 
PERMACOR® 
where iron cores 
is our one and 
only business 

Illustrated: flexible 
shielding and threaded 

iron cores 

In this age of specialists, 
PERMACOR stands above all 
others in the production and 
design of powdered iron cores. 
This is our sole business and our 
cord specialists can solve any 
problem. We have a full line of 
stock cores and unexcelled facili-
ties for manufacturing any cus-
tom cores. 

IRON CORES... Plain, Hollow, 
Threaded, Insert, Tuning, Cup, 
and Toroidal Iron Cores, Iron Coil 
Forms, Sleeves, Flexible Magnetic 
Shielding, Bobbins and special 
shapes...our only business and 
were the world's largest. We 
invite your inquiry. 

PERMACOR® 
A Division of Radio Cores, inc. 

9540 Tulley Ave., Oak Lawn, III. 60454 
Phone: 312-422-3353 

available in paperback form. 
The book isn't much more diffi-

cult to read than many of the latest 
novels and may even be more en-
joyable. The first chapter, on elec-
tric and magnetic fields, could be 
skimmed or even skipped, but it 
provides a handy reference when 
reading later chapters. In the sec-
ond chapter, Nussbaum presents a 
neat treatment of energy bands and 
manages to make the mathematics 
of semiconductors palatable. 
The chapter on dielectrics con-

tains an interesting physical de-
scription of such ferroelectric ma-
terials as barium titanate, BaTiO:;. 
After describing the cubic crystal 
structure, Nussbaum suggests that 
the remanent dipole is due to 
molecular asymmetry. The titanium 
ion that should lie at the center of 
the cubic structure actually has six 
stable positions slightly off center 
which give a dipole moment to the 
molecule. 
The atomic basis of diamagne-

tism, \\here the induced magnetic 
polarization tends to reduce the to-
tal internal field, is given eight 
pages in the chapter on magnetism. 
Ferrimagnetism is covered well 
with a series of illustrations of the 
molecular structures. 
Problems are interspersed 

throughout the five chapters and 
represent challenges, but no insur-
mountable ones. The concepts can 
be understood without solving the 
problems, but once the reader gets 
in the spirit of the book, it would 
be surprising if he didn't reach for 
pencil and paper and find himself 
playing undergraduate. 

Recently published 

Fundamentals of Silicon Integrated Device 
Technology—Vol. 1: Oxidation, Diffusion, and 
Epitaxy, Edited by R.M. Burger and R.P. 
Donovan, Prentice-Hall, Inc., 495 pp., $15.00 

The editors prepared a comprehensive 
source of information on three basic tech-
nologies employed in the fabrication of 
silicon integrated circuits. Each process is 
discussed theoretically, and followed with 
practical details about its implementation. 

Computers: Their Impact on Society, AFIPS 
Conference Proceedings, Vol. 27, Part 2-
1965 Fall Joint Computer Conference, Thomp-
son Book Co., 181 pp., $6 

A supplement to the basic proceedings 
volume, including the remarks of invited 
speakers, records of the panel sessions, and 
final versions of papers not appearing in the 
earlier work. 

Complete 
Shaft 

Encoder 
Systems 

DECITRAK® is the only 
complete system, encoder plus 
all electronics, for transforming 
shaft rotation as well as 
synchro/ resolver outputs into 
digital readout. Low-cost 
DECITRAK systems are available 
in 3-digit to 6-digit versions 
Nith 523 solid-state accessories. 
They interface precisely with 
most digital computers . . . also 
offer digital outputs for 
sequencing, motor control and 
set-point programming. All have 
extraordinarily long life. Fast 
delivery, too! 

Write for Free Engineering 
Catalog, which gives details on 
hundreds of encoder systems. 

INSTRUMENT 

CORPORATION 

22 SPIELMAN ROAD 
FAIRFIELD, NEW JERSEY 07006 
(201) 227-1700 • TWX: 710-734-4331 
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Technical Abstracts Fiberfil High-Performance FRTP's In Action 

Picturing the problem 

OLCA: an on-line circuit analysis system 
Hing C. So 
Bell Telephone Laboratories, 
Murray Hill, N.J. 

To make the computer an effective 
tool for network design, the cou-
pling betWeen the designer and the 
machine should be as efficient as 
possible. The designer would like 
to tell the computer what he has, 
what he wants to know, and be 
able to get an instantaneous solu-
tion. Using tapes and punched-
cards that follow a rigidly specified 
format is too unwieldly and time 
consuming. A new technique for 
achieving the desired effective 
coupling is an on-line computer 
analysis program developed at Bell 
Laboratories, called OLCA. 
With OLCA, a user at a specially 

designed console can maintain a 
continuous dialogue with a main 
computer while using it to imple-
ment his design. The console con-
tains a cathode-ray tube linked to 
a small local computer that is used 
to set up circuit problems at the" 
console. The main computer actu-
ally performs the circuit analysis. 
Thus, there is no need to interrupt 
the central computer for every local 
task. 
Using a light pen, the designer 

draws the circuit under study on 
the crt. Numerical data, such as 
circuit element values and fre-
quencies, are inserted via a tele-
typewriter. If the designer wishes 
to perform a tolerance or sensitivity 
analysis he can easily set up trial 
circuits that represent deviations 
from the initial circuit. After the 
entire problem lias been defined at 
the console, it is sent to the main 
computer for analysis. 
OLCA has the following features: 
• No control button. Instead, in-

struction words—called light but-
tons—are displayed on the oscillo-
scope. Whenever a light button is 
pointed at by the light pen, pro-
grams written for the local com-
puter take over and perform the 
corresponding function. For ex-
ample, to delete unwanted material 
the operator points to the "delete" 
function. 
• Step-by-step guide. At any 

stage of the problem-defining proc-
ess, OLCA displays only those light 
buttons that the user needs. In ad-
dition, whenever action is expected 
of the user, a guiding comment is 
displayed. The user cannot proceed 
without heeding the instruction. 
Thus, the user is steered step by 
step through all operations. Com-
plicated operating rules needn't be 
memorized by the user. 
• Error prevention. For example, 

if at some stage the user is ex-
pected to select a node, the local 
computer checks the displayed 
item selected to prevent the acci-
dental selection of a wire or a com-
ponent by the light pen. 
• No punched cards or tapes. 

Data is fed directly to the machine 
by a teletypewriter. 
• Speed. Solution is not delayed 

because no turn-around time oc-
curs. 

Presented at the Computer-Aided Circuit 
Design Seminar, Cambridge, Mass., 
April 11-12 

MOST memorable 

Integrated MOS-transistor, laminated-
ferrite memory 
A.D. Robbi and J.W. Tuska 
RCA Laboratories, Princeton, N.J. 

Batch-fabricated mass memories 
with capacities of up to 107 bits are 
possible with a specially designed 
laminated ferrite memory plane 
driven by an array of metal oxide 
semiconductor transistors. Operat-
ing in a word-organized mode to 
allow wide tolerances in the inte-
grated drivers, an experimental 25,-
600-bit version has cycled in 2 
microseconds. 
The memory plane consists of a 

MgMnZn ferrite sheet with two 
sets of laminated embedded plati-
num conductors-256 word con-
ductors and 100 sense-digit con-
ductors. Over-all thickness of the 
plane is 8 mils. 
The 256 word lines are driven by 

groups of 64 mos transistors in-
tegrated on four chips measuring 
700 by 100 mils each. The rela-
tively large size of the chips is 
necessitated by the 90-millampere 
current drive required for the read 
operation. The transistors are n-
channel depletion-mode devices 

Styrafil tape reels for UNIVA0e COMPUTERS 
are molded for the Sperry Rand Corporation's 
Univac Division by Data Packaging Corporation, 
Cambridge, Massachusetts. 

Styrafil keeps wide 
flanges stiff on UNIVAC 
magnetic tape reels! 

Warpage would be a problem 
with computer data tapes 

If the wide flanges on a tape reel warp, the 
reel will wobble and the tape will rub which 
can cause problems for a computer. 
The reels that hold magnetic tape that 

stores the data for UNIVAC COMPUTERS 
are molded from Fiberfil Styrafil, fiberglass 
reinforced polystyrene. By choosing fiber-
glass reinforced material with extra com-
pressive strength, stiffness, and dimensional 
stability, the Sperry Rand Corp.'s Univac 
Division eliminated the danger of warped 
flanges. 
The extra performance of the FRTP's 

can improve your product. Check the facts. 

Compare physical properties 

Unit 

Unrein-
forced Styrafil 
poly- G-30/30 

styrene 

Tensile Strength 
73 F 

lzod Impact Strength 
C.. 73 F 

Flexural Strength 

Compressive Strength 

Coefficient Linear 
Thermal Expansion 

Heat Distortion Temp. 
re 264 PSI 

PSI 5.000 14,000 

Ft./lb./in. 

PSI 

PSI 

.F/In./In. 

op 

0.25 2.5 

8,700 

11,500 

4.4 o 10 5 

20.000 

17,000 

2.19 x 10-S 

205 220 

Styrafil is just one of many fiberglass reinforced 
thermoplastics by Fiberfil. As originators of the 
FRTP's only Fiberfil can give you complete tech-
nical data and widest practical experience on 
all the fiberglass reinforced thermoplastics. 

Send for your free copy of the Fiberfil engineer. 
ing manual, 24 pages of detailed information. 
Write Fiberfil Div., Resell Chemical Co., Evans-
ville, Indiana 47717. 
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Minutes 
approved! 
TWA performs 
like clockwork. 

Western Electronic Show 
& Convention 
San Francisco 
August 22-25 

A TWA timetable performs as read. No 
omissions, no corrections. A jet just 
when we promise. Smooth service on 
the ground, too. You're out of the ter-
minal and on your way... fast! If you're 
making the convention, make time with 
TWA. We cover the convention circuit 
...like clockwork. Call TWA and ask 
for our convention specialist, or see your 
travel agent. 

Welcome TWA 
to the world of   

Trans World Airlines* 
`tier, ice mark owned exchnnylv I v Tnon Wnrld .1irline5, Inc. 

Technical Abstracts 

that need 10 volts to turn them on 
and -9 volts to turn them off. 
The switches are controlled by a 

second set of mos devices acting 
as a decoding tree. Digit currents 
are also controlled by 1\ tos devices, 
but these can be smaller and less 
densely packed because the cur-
rents are in the 5-ma range. Bipolar 
integrated amplifiers serve as sense 
amplifiers for the 2- to 3-millivolt 
sense-line signals. 

Presented at the lntermag Conference, 
Washington, D.C., April 5-7. 

Numbers for blocks 

Considerations in block-oriented 
systems design 
Dana H. Gibson, Systems 
Development Division, 
International Business Machines 
Corp., Poughkeepsie, N.Y. 

A computer simulation of block-
oriented memory operation shows 
the optimum size of data blocks, 
the number of blocks to be kept in 
a local storage unit, and the rules 
to be followed in replacing used 
blocks. 

Block-oriented memories can re-
duce the processor's waiting time 
after data fetch from the main 
memory is initiated. Data is fetched 
in blocks containing many words, 
and stored in a small, fast, local 
unit from which the processor has 
access to one word at a time. The 
usefulness of this memory opera-
tion depends on the location of the 
desired data in the main memory. 
Its efficiency is maximized when 
successive words are fetched from 
consecutive locations. However, 
this type of operation could be 
more of a nuisance than an aid if 
successive words are fetched from 
randomly scattered locations. 
Twenty programs from inm 7000-

series customers were analyzed. 
The simulation tested the programs 
with varying block and local stor-
age sizes, and several different re-
placement algorithms. In general, 
the smaller the block, the more 
often the processor must go to an-
other block for its next word; and 
the smaller the local store, the more 
often another block must be 
fetched. When a block is fetched, 
another block in the local store 

Microcircuit 
Engineers 
(Southern California) 
Hughes Research and Development 
Division is opening a new Micro-
circuit Facility in Culver City. This 
Facility will provide experimental 
and prototype microcircuits of all 
kinds to System Design Engineers. 
The following assignments offer a 
unique opportunity for advancement 
in the field of microelectronics: 

THIN FILM ENGINEERS. Primary 
responsibility is to convert sche-
matic diagrams into functioning thin 
film microcircuit substrates. Must 
be experienced in a wide range of 
thin film techniques used to fabri-
cate microelectronic circuits such 
as substrate layout; vacuum evapo-
ration of resistive, conductive and 
dielectric materials and photo-
etching. 

THICK FILM ENGINEERS. Primary 
responsibility involves fabrication of 
thick film microcircuit substrates 
starting from schematic drawing or 
substrate layout. Must be thor-
oughly familiar with the processing 
steps of screen printing, firing and 
trimming and understand effect of 
process variables on thick film per-
formance. 

These assignments require: an ac-
credited applicable degree, a mini-
mum of two years of professional 
experience and U.S. citizenship. 

For immediate consideration, please 
airmail your resume to: 

Mr. Robert A. Martin 
Head of Employment 
HUGHES Aerospace Divisions 
Dept. 35 
11940 W. Jefferson Blvd. 
Culver City, Calif. 90230 

HUGHES 
HUGHES AIRCRAFT COMPANY 

AEROSPACE DIVISIONS 

An equal opportunity employer 
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for 
maximal 
performance 
in critical 
applications... 

---..!ffl.!Mehmenner-

COAXITUBE 
PRE-FAB PARTS 
& ASSEMBLIES 

Orders of Coaxitube can 
be furnished cut to size, 
stripped, preformed to 
shape or assembled with 
connectors to meet your 
exact specifications. 
Semirigid construction 
assures the retention of 
shape and closely held 
tolerances. Well gladly 
send data or quote your 
needs . . . no obligation. 

is returned to the main memory. 
The simulation showed that 

small blocks of from four to 16 
words were better than large 
blocks, and that fairly large local 
stores of from 2,000- to 4,000-word 
capacities were better than stores 
of less than 100 words. It also 
showed that the amount of swap-
ping is related to the program's 
address pattern rather than its size. 
Presented at the Spring Joint Computer 

Conference, Atlantic City, N.J., April 18-20 

Behind the IC mask 

Automatic mask and wiring pattern 
generation 
H. Freitag and W.E. Donath 
IBM Watson Research Center, 
Yorktown Heights, N.Y. 

One of the most serious obstacles 
to building more complex inte-
grated circuits is the artwork 
needed to generate the masks. Two 
computerized techniques have 
therefore been developed—one to 
design and fabricate the artwork 
for device diffusion masks, and the 
other to design and fabricate the 
circuit interconnections. 
The artwork-generating tech-

nique includes a language to en-
able the designer to describe the 
patterns and structures required in 
the masks, a computer procedure 
for translating the language into 
commands, and equipment to take 
commands and generate masks. 
To obtain the highest possible 

level of integration on the chip, the 
programed interconnection process 
(PIP) was developed to generate the 
interconnection pattern despite the 
presence of faulty circuits. With 
Pw, a semiconductor wafer is fab-
ricated with an array of circuits, 
but without wiring. Each circuit is 
probed and the result is fed to a 
computer for evaluation. The com-
puter then designs an interconnec-
tion pattern for the usable circuits. 
The computer's- output, a mag-

netic tape, controls a light table. 
The wafer, having been coated 
with a metalization layer and then 
a photoresist layer immediately fol-
lowing the probing, is placed on 
the light table. The photoresist is 
exposed in the desired interconnec-
tion pattern. Every wafer has its 
own interconnection pattern deter-
mined by its particular pattern of 
good and had circuits. 

Presented at the Computer-Aided Circuit 
Design Seminar, Cambridge, Mass., 
April 11•12. 

PRECISION 

rneule 

..1.11.11.1«.111M0 

a 

Semi-rigid 
COAXITUBE 
These high perform-
ance solid-jacketed 
cables offer broad 
frequency response, 
low attenuation, zero 
radiation and lowest 
possible VSWR. The 
splined, air-articu-
lated types provide 

minimum attenuation and high-
est cutoff frequencies, eliminate 
periodicity phenomena, and in-
sure phase stability in the order 
of 20 PPM/°C from 10°C to 
40°C, and 35 PPM/°C from 
— 40°C to +125°C. They also 
provide excellent external RF 
shielding. For critical applica-
tions in severe environments, 
your best decision is Precision. 

PRECISION TUBE COMPANY, INC. 
SPECIAL PRODUCTS DIVISION 

North Wales, Pennsylvania 19454 
Phone 215 699 4806 TWX 510-661-8427 
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7frtete dew a 
CATALOG 

VITREOSIL 

THERMAL AMERICAN 

FUSED QUARTZ COMPANY 

PURE FUSED QUARTZ 
More complete than most 
text books, the 48 pages 
cover Vitreosil pure fused 
quartz and Spectrosil, syn-
thetic fused silica, the pur-
est form of quartz known. 
Complete data on prop-
erties, applications, chemi-
cal behavior, and many oth-
ers. Thermal American's full 
lines of products for indus-
try, laboratory and special 
applications are illustrated 
and described. A 16 page 
list is pocketed in the rear 
cover. 

If you use quartz—this book 
is a must for your library. 

Write for your free copy 
today. 
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New Literature 

Analog multiplier. Transmagnetics Inc., 
134-25 Northern Blvd., Flushing, N.Y., 
11354, offers a two-page description of 
the series 380 analog multiplier for d-c 
wideband use. 
Circle 420 on reader service card. 

Delay line. Sealectro Corp., 225 Hoyt 
St., Mamaroneck, N.Y. 10543. Bulletin 
DT-25 discusses the Deltime Model LD-
100 magnetostrictive delay line with 5 
to 100 p. sec adjustable delay. [421] 

Microminature commutator. Sonex Inc., 
20 E. Herman St., Philadelphia, Pa. 
19144, has issued a bulletin describing 
a microminiature electronic commuta-
tor designed for the time division multi-
plexing of high-level analog signals. 

[422] 

Electronic glass. General Electric Co., 
Lamp Glass Department, 24400 High-
land Road, Cleveland, Ohio 44121. A 
technical specification sheet gives the 
characteristics of Type 012 high-resis-
tivity electronic glass. [423] 

Solid state modules. BRS Electronics 
Division of Tech Sery Inc., Beltsville, 
Md., has published an 88-page catalog 
containing information on DigiBit solid 
state modules and related equipment. 
[424] 

Microwave catalog. DeMornay-Bonardi, 
division of Datapulse Inc., 1313 N. Lin-
coln Ave., Pasadena, Calif. 91103, has 
published a microwave equipment cata-
log and reference handbook designated 
C-6. [425] 

Dielectric ceramics for capacitors. 
American Lava Corp., Manufacturers 
Road, Chattanooga, Tenn. 37405. Bul-
letin 673 contains 36 pages of data, 
charts and graphs on AlSiMag dielectric 
ceramics for capacitors. [426] 

Electronic counters. Computer Measure-
ments Co., 12970 Bradley Ave., San 
Fernando, Calif. 91340. An eight-page 
brochure on the series 700 instruments 
covers four solid state electronic coun-
ters capable of measuring frequencies 
up to 500 Mhz. [427] 

Voltage reference standard. I nstrulab 
Inc., 1205 Lamar St., Dayton, Ohio 
45404, has prepared Evenvolt data 
sheet 700-29, which discusses the 771-
PK series voltage reference standard. 
[428] 

Germanium power transistors. KSC 
Semiconductor Corp., 437 Cherry St., 
West Newton, Mass. Germanium power 
transistors featuring greatly improved 
secondary breakdown characteristics 
are described in three new data sheets. 
[429] 

Precision-machined connectors. Frazar 
& Hansen, 150 California St., San Fran-
cisco, Calif. Detailed specifications on 

more than 1,000 connectors—both 
standard and waterproof types—in 
sizes from 1/4 in. to 1% in. in diameter 
are contained in a 16-page catalog. 
[430] 

Power supply modules. ACDC Electron-
ics, 2979 N. Ontario St., Burbank, Calif. 
A 16-page catalog provides detailed 
specifications for a full line of d-c power 
supply modules that carry a "guaran-
teed forever" warranty. [431] 

Spectrum-analyzer preselector. Hewlett-
Packard Co., 1501 Page Mill Road, Palo 
Alto, Calif. 94304, has available an ap-
plication note describing techniques for 
improving wideband spectrum analyzer 
displays by use of a wide-range, elec-
trically-tunable preselector. [432] 

Punched-card readers. Taurus Corp., 
Academy Hill, Lambertville, N.J. 08530, 
offers a catalog on punched card read-
ers that are used for multiple switching 
and control functions in military, com-
mercial and industrial applications. 
[433] 

Thermistors and varistors. Victory Engi-
neering Corp., 122-48 Springfield Ave., 
Springfield, N.J. 07081, has prepared a 
condensed catalog to acquaint engi-
neers, designers and purchasers with a 
large variety of thermistors and vans-
tors, and the various assemblies and 
special instrumentation which are avail-
able. [434] 

Pulse instruments. Datapulse Inc., 
10150 Jefferson Blvd., Culver City, 
Calif. 90230. A six-page 1967 con-
densed catalog describes outstanding 
features and provides major specifica-
tions and prices for over 30 pulse gen-
erators. [435] 

Directional couplers. Elpac Inc., 3760 
Campus Drive, Newport Beach, Calif. 
92660, has issued a two-page data 
sheet on a line of solid state, stripline 
directional couplers that are available 
in 27 stock models. [436] 

Peripheral equipment tester. Scientific 
Data Systems, 1649 Seventeenth St., 
Santa Monica, Calif. 90404. Publication 
64-14-05A covers Model 7901, a self-
contained, compact unit that allows the 
manufacturer's peripheral devices to be 
checked out without interrupting com-
puter operation. [437] 

Phase-angle devices. Dytronics Co., 
4800 Evanswood Drive, Columbus, Ohio 
43224. Catalog No. 467-PA describes 
a complete line of phase-angle stand-
ards and phase-angle measuring de-

vices. [438] 

Components. James Millen Manufactur-
ing Co., 150 Exchange St., Malden, 
Mass. An eight-page catalog illustrates 
and describes a broad line of compon-
ents for the electronics industry. [439] 
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Simple, versatile, space-saving, 
noncontacting, fail-safe, easy-to-read, 
electronic control meter 

We put a lot of fine-sounding adjectives in front of our electronic 
control meter. Because our reputation for leadership in contact-
less controls and edgewise meters stands behind it. 
Consider versatility. We can supply a control meter to control 

virtually anything you can measure electrically. You can have it 
with either trigger or anticipating on-off control signals. With relays 
or other final control elements. With a wide choice of current, 
voltage, or temperature ranges. Or with slip-in interchangeable 

scales (above) for flexibility in breadboarding or testing applica-
tions. Even with an inexpensive plug-in adapter that completely 
rearranges your output signal format. 

Our compact edgewise control meter gives you up to a two-thirds 
savings in panel space, an anti-parallax bi-level scale, and all-new, 
all-silicon circuitry. Our Bulletin 389 gives you all the details. Write 
for a copy. 

international instruments inc. 
8703 Marsh Hill Road • Orange, Connecticut 06477 

3441 

Circle 245 on reader service card 

New from Hebpot  

First elm cermet trimmer 
sealed for board washing 

New Helitrim' Model 77: 
only trimmer in its price class made fail-safe 

for solvent washing on the board ... and 
offering essentially infinite resolution, 
10 ohm — 2 megohm resistance range and 

105°C. max. operating temp. No general 
purpose adjustment potentiometer has 

wider performance parameters. Directly 

interchangeable with competitive 

models 3067, 3068. $1.10 in quantity 
— ask your Helipot rep for 

a free sample. 

Beckman' 

INSTRUMENTS, INC. 

HELIPOT DIVISION 

FULLERTON CAL IFORNIA • 92634 

INTERNATIONAL SUBSIDIARIES. GENEVA; MUNICH. GLENROTHES. 
SCOTLAND: TOKYO; PARIS; CAPETOWN; LONDON; MEXICO CITY 

Our ultrasonic 
waves have made 
quite a stir. 
Take these three Blackstone 
cleaning systems for example. 

Blackstone VR-0.7 

Makes it easy to put vapor rinse 
and ultrasonic cleaning at every 
work station. Requiring no water 
drains or hood because of its 
built- in refrigeration system, 
the VR-0.7 runs on 110 volts, 
delivers 21,000 cycles (nominal), 
has a filter spray which controls 

particulate matter to 5 microns (nominal) and provides solvent 
vapor rinsing. To assure long, trouble-free life, the lead zirconate 
titanate transducer is mechanically held by a retainer which is 
silver brazed to the bottom of the 6"x6"x41/2" stainless steel tank. 

Blackstone Small Tank 

Ultrasonic Cleaners 

‘, 

Enables precision scrubbing of a variety of small parts including 
... electronic components, printed circuit boards, sub-assemblies, 
optical equipment and assembled instruments or parts at stra-
tegically located cleaning stations. Available with two tank 
capacities — .5 gallon (Model SOBCT.5) and 1 gallon (Model 
SIBCTI). Tanks removable from assembly for emptying. High 
efficiency lead zirconate titanate transducer. Solid state, auto-
matically-tuned generator. 

Blackstone 

2-Solvent 

Cleaners 

Gives you a combination 
of solvents, time, power 
control and unlimited 
processing sequences to 
handle both oil and 
mineral salt cleaning problems. Available with two ultrasonic 
cleaning tanks (of 5, 10 or 20 gallon capacities) and a vapor rinse 
tank. 0 to 100% power control with 0 to 15 minute timers on 
each of the generators. 

Let us solve your problem. Special ultrasonic processes and 
recommendations can be developed for you. Write and tell 
us about your cleaning problem. 

BLACKSTONE ULTRASONICS, INC. 
1400 Howard Street • Sheffield, Pa. 
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for fast 

delivery of 

cables up to 

2" in diameter 

with virtually 

any number 

and any type 

of conductors 

\\ 

tie-in with 

Columbia Wire, 

they deliver 

what you needa 

write for our fully-illustrated catalog 

WIRE PRODUCTS COMPANY 
2850 Irving Park Rd. • Chicago, III. 60618 

New Literature 

Diode catalog. Unitrode Corp., 580 
Pleasant St., Watertown, Mass., has 
available a 36-page catalog on con-
trolled avalanche rectifiers and zener 
diodes. [440] 

Coil-winding machines. Geo. Stevens 
Mfg. Co., 6001 N. Keystone Ave., Chi-
cago, III. 60646. A 68-page catalog con-
tains complete data on 62 machines for 
virtually every coil-winding need in high 
production, prototype or laboratory ap-
plications. [441] 

Pulse generators. Solid State Electron-
ics Corp., 15321 Rayen St., Sepulveda, 
Calif. 91343, has issued a catalog sheet 
describing models PG-111 and PG-112 
silicon-transistor, crystal-controlled 
pulse generators. [442] 

Silicon transistors. Industro Transistor 
Corp., 35-10 36th Ave., Long Island 
City, N.Y. 11106. An eight-page catalog 
details a complete line of high-voltage, 
pnp silicon transistors. [443] 

Power modules. Electronic Research 
Associates Inc., 67 Sand Park Road, 
Cedar Grove, N.J. A two-page catalog 
sheet describes the ST series of wide 
range, silicon d-c power modules. [444] 

Induction motors. McLean Engineering 
Laboratories, Princeton Junction, N.J. 
08550. Data sheet CM671 contains 
complete specifications for a line of 
computer designed induction motors. 
[445] 

Rotary switch. Daven, a division of 
Thomas A. Edison Industries, Man-
chester, N.H., has published a catalog 
sheet describing the series X sub-
miniature, multideck rotary switch. 
[446] 

Logic modules. Honeywell Inc., Com-
puter Control Division, Old Connecticut 
Path, Framingham, Mass. 01701, has 
issued a 12-page brochure on a line of 
5-Mhz IC modules designed for digital 
systems applications. [447] 

FET micromodulators, James Electron-
ics Inc., 4050 North Rockwell St., 
Chicago, III. 60618, offers a bulletin 
containing data on FET micromodula-
tors for operational amplifiers and 
modulator/demodulator switc hing. 
[448] 

Integrated-circuit soldering. Develop-
ment Associates Controls, 725 Reddick 
Ave., Santa Barbara, Calif. An eight-
page catalog presents a lineup of equip-
ment and accessories for temperature-
controlled, flatpack IC soldering. [449] 

Operational amplifiers. Nexus Research 
Laboratory Inc., 480 Neponset St., 
Canton, Mass. 02021. A 12-page cata-
log includes all of the latest additions 
to the company's product line of opera-
tional amplifiers, logarithmic modules 
and power supplies. [450] 

"DIPLOHMATIC" . 

TRIMMING 
POTENTIOMETERS 
Wirewound, 27 turns, clear plastic case, 
printed circuit mounting configuration. 
TYPE 101, as illustrated above: 

Temp. range, —50 to 135° C Available from stock 
12 stnd. values, 10 to 25K12 

T $1.80 - $2.16 
Tolerance, 10% 
Linearity, 0.5% 

per unit; lower 
Temp. coeff., 130 ppmrC in quantity 

Other low cost 
"Diplohmatic" products: 

SLIDER 411 POTENTIOMETERS 
Type 301; 10 to 10Kr2 
Unit price, $1.00 

CERAMIC POWER RESISTORS 
to 3-watt power dissipation. Per unit, $0.20 

•.1011•111.1fe • 

Widely accepted abroad, the "Diplohmatic" 
line is now represented and stocked in the 
U. S. OEM inquiries invited. Some territories 
open to qualified reps. Write Diplohmatic Div. 

HARRY LEVINSON CO. 
1211 E. Denny Way, Seattle, Wash. 98122 
Tel. (206) 323-5100 TWX 910-444-2154 

Circle 260 on reader service card 

FIXED COMPOSITION RESISTOR-S 

=re-- RC I 

SEMI FIXED RESISTORS 

/7 

e 
NOISE SUPPRESSORS 

FOR CAR RADIOS 
TYPE Kill) 

r—euguamoinime 

ZZ=.Li 
TYPE LA 

TYPE S 

1° 
TAIT° DENKI CO., LTD. 
1-12, 3-Chome, Sunamichi 

Sakai c., Osaka, Japan 
TEL SAKAI (3) 6841 
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NYLO 

CONNECTORS 
Up to 15 circuit capacity with these low-cost, 
miniature nylon connectors! Contacts automatically 
crimped to leads, then securely snap-lock into the 
housings. Positive polarity prevents misconnec-
tions and integral mounting ears provide easy 
panel installation. 

Write for complete specifications and samples 
on any of these connectors. 

MOLEX® PRODUCTS COMPANY 
5241 Katrine Avenue 
Downers Grove, Illinois 60515 
(312) 969-4550 TWX 910- 695-3533 

Circle 247 on reader service card 

New Butt Welder 

Saves Setup Time! 
Weltek's new fine-wire butt welder—the Model 910—fea-
tures: multifaced "Roto-trode" electrodes, excellent force 
repeatability, and advanced design. To change electrodes 
just rotate the Roto- trodes one notch! They're easy to 
align, and quick to set up. Send for details. 

Free Sampling Service! 
Send us all of your microjoining problems 
...we sample quickly. No obligation. 

Precision Welders 
WELLS ELECTRONICS, INC. 

1701 S. Main Street, South Bend, Indiana, U.S.A. 

Circle 248 on reader service card 

Here's What Heath 

Means By Value... 
New Solid-State High Impedance V-0-M 
Factory Assembled $115; Kit $80 

The Unique New Heathkit I IVI-25 
With Features and Performance 
Never Before Available At Less Than $200 
• Built-in 120/240 VAC, 50-60 Hz Power Supply Plus In-Cabinet Holders 
For Battery Supply During Portable Operation • 13 Silicon Transistors Plus 
2 Field Effect Transistors • 11 Megohm Input Impedance on DC • 10 Megohm 
Input Impedance on AC • 9 DC Voltage Ranges from 150 Millivolts Full 
Scale to 1500 Volts Full Scale ... Accuracy ±3% Full Scale • 9 AC Voltage 
Ranges from 150 Millivolts Full Scale to 1500 Volts Full Scale ... Accuracy 
+5% Full Scale • 7 Resistance Ranges, 10 Ohms Center Scale x1, x10, x100, 
x1k, x10k, x100k, x1 meg . . . Measures from one ohm to 1000 megohms 
• 11 Current Ranges from 15uA Full Scale to 1.5A Full Scale • Superior 
Accuracy on Current Measurements... ±4% on DC... 5% on AC • AC Re-
sponse to 100 kHz • 6", 200 uA Meter With Zero Center Scales For Positive 
and Negative Voltage Measurements Without Switching • 1% Precision 
Resistors • Separate Switch For Each Function Eliminates Constant Changing 
• Ten-Turn Thumbwheel Zero Adjustment For Precision Settings • Easy 
Circuit Board Assembly • New Heath Instrument Styling With "Unitized" 
Construction and Low Profile Appearance; Color Styled in Handsome 
Beige and Black 

Kit IM-25,10 lbs. (Available May) $80.00 
Assembled IMW-25, 10 lbs. (Available June) $115.00 

New Lower Kit Price on Professional 
10-14 DC Oscilloscope ... Now Save $40 

It en et,) 
9 ' 

A Better Buy  
Than Ever ... 

Kit Now Only $259, Factory Assembled $399 

• High stability 5" DC oscilloscope with triggered sweep • DC to 8 MHz 
bandwidth, 40 nanosecond rise time • Vertical signal delay through high 
linearity delay lines — capable of faithful reproduction of signal waveforms 
far beyond the bandwidth of the scope • Calibrated vertical attenuation • 
Calibrated time base • Forced air cooling • Input for Z axis modulation 
• Input for direct access to vertical deflection plates • Easy circuit board 
construction & wiring harness assembly • Components are packaged sepa-
rately for each phase of construction • Easy to align • Fulfills many pro-
duction and laboratory requirements at far less cost • Wiring options enable 
115/230 volt, 50-60 Hz operation 

Kit 10-14, 53 lbs. Was $299.00, Now Only 5259.00 
AssembledIOW-14, 47 lbs 5399.00 

I HEATH COMPANY, Dept. 520-28 
Benton Harbor, Mich. 49022 
In Canada, Daystrom Ltd. 

Please send my FREE 1967 Heathkit Catalog. 

Enclosed is S  

Please send model(s) 

Name 

plus postage. 

Address  

City State Zip  
Prices & Specifications subject to change without notice. 7E-161  e. 
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Some organizations 
can use competent men 
who aren't particularly 
imaginative. 

We can't. 
Our eight laboratories have no routine, unexciting jobs for engi-

neers or scientists. 

We do basic and applied research on projects directly related 
to the security of the nation. Much of it advances the state of 
the art. Work like this can't be done by men who are merely 
competent. It demands imagination, intuition—sometimes even 
more than a touch of genius. 

If you would like to work with some of the country's top engineers 

and scientists in one of the best equipped facilities in existence, 
we invite you to consider a career with us. To explore the pos-

sibilities, write Employment Officer (Dept. C) of the particular 
laboratory which interests you. He'll bring you up to date on the 

benefits of career Civil Service and the unique recreational and 
educational opportunities of the Washington, D.C. area. 

Naval Laboratories of the Washington, D.C. Area' 
1. Naval Research Laboratory 
Washington, D. C. 20390 
—places heavy emphasis on pure and basic 
research in the physical sciences to in-
crease the store of knowledge of the sci-
ences, as well as on applied problem-solving 
research under the sponsorship of various 
government activities to improve materials, 
techniques and systems. 
2. Naval Ordnance Laboratory 
White Oak, Maryland 20910 
In addition to being one of the nation's 
leading establishments for research and 
development in undersea warfare. NOL is 
the Navy's principal aeroballistic activity 
and a leader in the development of air and 
surface weapons, with a broad research pro-
gram including explosives, electrochemistry, 
polymers, magnetism, acoustics, materials, 
solid state and nuclear phenomena. 

3. Naval Oceanographic Office 
Washington, D. C. 20390 
—engaged in long range technical and sci• 
entific research in general oceanography, 
geophysical and geodetic surveys, bathym-
etry, oceanographic instrumentation, infor• 
mation processing, cartography and other 
important areas. 

4. David Taylor Model Basin 
Washington, D. C. 20007 
—fundamental and applied research lead-
ing to the development of advanced ship 
design concepts and related to the resist• 
ance, stability, and propulsion of ships and 
aircraft; the strength of ship structures and 
the survivability of ships under attack; 
hydro•structural acoustics and mechanical 
vibration, as applied particularly to silent 
operation of ships; the application of math-
ematics and high-speed computer tech-
niques to engineering and logistics problems 
of the Navy; and development of new ship 
types such as surface-effects ships and 
hydrofoils. 
5. Naval Weapons Laboratory 
Dahlgren, Virginia 22448 
—engaged, first, in studying and analyzing 
advanced weapons systems, ballistics, and 
astronautics through basic and applied re• 

search in mathematics, physics, and engi-
neering ... and, second, in achieving 
maximum degree of competence in various 
sophisticated DOD projects utilizing the 
most advanced computer technology and 
systems available. 
6. Marine Engineering Laboratory 
Annapolis, Maryland 21402 
—R&D in naval shipboard and submarine 
machinery and auxiliary systems (electrical, 
propulsion, control, etc.). Emphasis on ship 
silencing, new concepts in energy conver-
sion and control, ways to minimize friction 
and wear, special operating machinery for 
deep diving vessels; naval alloys to meet all 
ocean environmental conditions; minimiza-
tion of ships' magnetic signatures; and 
systems engineering. 
7. Naval Propellant Plant 
Indian Head, Maryland 20640 
—develops and maintains the Navy's tech-
nical competence in missile, gun and rocket 
propellants. Conducts R&D in chemistry, 
propellants, propellant ingredients, propel-
lant processing; performs product and pro-
duction engineering, chemical engineering, 
chemical process development and pilot 
plant operations in the field of solid and 
liquid propellants and explosives. 

8. Naval Observatory 
Washington, D. C. 20390 
—continued fundamental observations of 
positions and motions of celestial bodies 
... basic research in positional astronomy, 
astrophysics and celestial mechanics ... 
determination of precise times and frequen-
cies .. . control of world-wide Department 
of Defense distribution systems for time and 
frequency . . . computing and publishing 
astronomical ephemerides and catalogs. 

*An Equal Opportunity Employer 
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Why hasn't 

Hewlett-Packard 

ever had 

a layoff? 
Hewlett-Packard has never had a layoff. And we 
just don't intend to have one—here's why: 

Hewlett-Packard will never be solely dependent 
on any particular industry or at the mercy of sudden 
product obsolescence or the uncertainties of gov-
ernment contracts. Our success is based upon filling 
the needs of all technical disciplines in the science 
of measurement—from biomedical to chemical to 
industrial. 

Our people don't become obsolete, either. Your 
job will be as broad as you want to make it. You 
may choose research and development, production 
or sales, or follow your own project through all 
these steps. 

So if you're looking for a place with freedom 
and flexibility, with opportunity for creative growth 
in any and all directions—and a place where you 
can anticipate the future rather than worry about 
it—write Ray Wilbur, 1501 Page Mill Road, Palo 
Alto, Calif. 94304. An equal opportunity employer. 

HEWLETT ià PACKARD 

I 5 
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for Sale 

VACUUM METALIZER 

or COATING SYSTEM 

engineers 
Here is your opportunity to associate with a high calibre staff in its for-
mative state. At our research center in Ithaca we are engaged in explor-
atory activities in aircraft and ocean instrumentation. Our job is to come 
up with new ideas and new designs for transducers, modules and sub-
systems using the latest techniques and components. We seek the help 
of talented and resourceful engineers (E.E. & M.E.) having up to ten 
years applicable experience. 

Technical domain of this work will range through... Solid-state applica-
tions • Servo-mechanisms • Transducer design • Circuit design • Elec-
tromechanical design • Subsystems design & testing • Analog and 
digital techniques. 

This is a real ground floor opportunity. Your opportunity also to live and 
work in the stimulating atmosphere of Ithaca, the educational, recrea-
tional and scenic center of the Finger Lakes region. 

Inquiries will be treated in confidence. Send resume to: Mr. R. G. Thrasher, Dept. E 

THE BENDIX CORPORATION Bend-
FLIGHT & ENGINE INSTRUMENTS DIVISION 
RESEARCH CENTER, CORNELL RESEARCH PARK, ITHACA, N.Y. 14850 

An Equal Opportunity Employer 

Aerospace 
Products 

SEARCHLIGHT SECTION 
• CLASSIFIED ADVERTISING • BUSINESS OPPORTUNITIES 

• USED OR .SURPLUS EQUIPMENT 

N.R.C. Type 314313.42301. Chamber size 36" dia. 
X 6' long complete with diffusion pumps, me-
chanical pumps, gauges and power supplies. Over-
all dimensions 19' long. 8' 6" high. Used 3 

months. 

Also 2 G.E. 5 HVI dielectric heaters, 45 mega-

cycles. 

INSTRUMENTS 8. MACHINES, INC. 
1200 Grove St. Irvington, N.J. 07111 

Telephone: (201) 371-7900 

CIRCLE 966 ON READER SERVICE -CARD 

RADAR AUTO .TRACK & TELEMETRY ANTENNA PEDESTALS 
10 CM. SCR 584 AUTOTRACK RADARS. M 33 RADAR 

TPS•1D SEARCH. APSK15 TP5.10D HT. FINDERS. WX RADARS. 
FPN•32GCA. APS 10 APS•15B APS•27 (AMTI1 SEARCH. • • 
APN•102 DOPPLER. DOZENS MORE. CARCINOTRONS PEN'S. 
.25..5.1.2.3 6 MEGAWATT PULSE MODULATORS. CAVITIES. 
PULSE TRANSFORMERS. IF STRIPS. WAVEGUIDE, BENDS 
200 MC. 1 KMC. 3 KMC. 6 KMC. 9 KMC. 24 KMC. RF PKGS. 

RADIO RESEARCH INSTRUMENT CO. 
550 5TH AVE., NEW YORK 36. N.Y. .11.1 6-4691 

CIRCLE 967 ON READER SERVICE CARD 

FOR 

When you have used electronics 

equipment to sell, advertise 

in Electronics Searchlight 

Section for fastest results. 

For information: 

Searchlight Section 

Classified Advertising Division 

Post Office Box 12 

New York 10036 

Semi-

conductor 

Integrated 

Circuits 

San Francisco Bay 

Area Positions 

PROCESS 
ENGINEERS 

Responsibilities include the analysis of existing 
processes; determination of process improve-
ment; relating electrical parametric variable, 
with process variables; and to develop new 
fabrication processes which will result in the 
most efficient and optimum production yield of 
integrated circuits. 

A BS or MS in Chemistry. Physics or EE is 
required, with 2 or more years experience in 
the above including a background in °pansy. 
diffusion and photolithographic techniques. 

Additional professional opportunities are avail-
able in the folowing areas: 

PRODUCT ENGINEERING 
DIGITAL CIRCUIT DESIGN 

LINEAR CIRCUIT DESIGN 
APPLICATIONS ENGINEERING 

Write to Jim Lewis, Professional Placement 

SIGNETICS 
CORPORATION 

811 E. Argues Ave., 

Sunnyvale, California 

An Equal Opportunity Employer 

ADDRESS BOX NO. REPLIES TO: Box No. 
Classified Adv. Div. of this publication. 
Send to office nearest you. 
NEW YORK, N. 1. 10036: P. 0. Box 12 
CHICAGO, III. 60611: 645 N. Michigan Ave. 
SAN FRANCISCO, Cal. 9¡I11: 255 California St. 

SELLING OPPORTUNITY WANTED 

Far East Electronics Industry Resident 
Representatives:— American President visit-
ing States next month. We establish and 
supervise distribution your U.S. made 
products or set up their local manufactures. 
We provide resident liaison and contract 
management; also maintain surveillance all 
technical and commercial developments 
affecting your products. Multilingual tech-
nically trained Western and national staffs 
managed by two electronically trained 
Americans, located Tokyo, Hong Kong. 
Taipei. For appointment cable Joafel Tokyo. 
or air-mail O'Connel Associates. 17-2 
Akasaka 7-chome, Minato-ku, Tokyo. 

PROFESSIONAL 

SERVICES 

Donald C. Harder., Inc. 
Magnetic Component Engineers 

Reactors—Transformers— Filters 
Serving the Research Laboratory 

200 K Street, San Diego, Calif. 92102 
Phone (714) 23941021 

CIRCLE 968 ON READER SERVICE CARD 
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i,SU CAMINO REAL A LA BUENA VIDA? 

LOOK TO LINK 
OPPORTUNITY, RECOGNITION...AND THE GOOD LIFE 

LINK combines the resources of a huge 

company with the freedom, individual rec-

ognition and opportunity of a smaller com-

pany. Present projects include sophisticated 

electronics ranging from general purpose 

digital computers to graphic data conver-

sion systems, flying spot scanners, CRT 

displays and other advanced areas; con-

tinued world leadership in aircraft and 

space simulators; and in ordnance, from 

products vital in today's and tomorrow's 

manned space programs to land, sea and 

sub-sea ordnance, to new research in rapid 

reaction processes. 

At the heart of the San Francisco Penin-

sula, a half-hour radius or less from San 

Francisco, Stanford, Cal, and three other 

great schools, bay and ocean, redwood for-

ests and the world-famous Santa Clara 

Valley fruitland and wine country. If you're 

young in years or outlook and meet qualifi-

cations, call or send resume. The good life, 

in every way, may be only a phone call or 

postage stamp away. 

* CIRCUIT DEVELOPMENT ENGINEERS 

* ELECTRONICS SALES ENGINEERS 

* CONTRACT ADMINISTRATOR 

* DIGITAL TEST ENGINEERS 

* SERVO DESIGN ENGINEERS 

*LOGIC DESIGN ENGINEERS 

* PROPOSAL ENGINEERS 

* ORDNANCE ENGINEERS 

Interested candidates are invited to submit resume in confidence or call: 

Mr. A. J. Tasca — (415)326-2773 — Dept. 1C 

-11Dpe    
PPrFcaeacpma7_. 
LINK GROUP 

1451 CALIFORNIA AVENUE 

PALO ALTO, CALIFORNIA 94304 

A Plan For Progress Company • An Equal Opportunity Employer 
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difficult installations made easy 
The long continuous lengths of HELIAX® coaxial cable make any type of installation possible. 

Whether across a vast ravine or up the tallest tower, the installed cost is less. Corrugated inner 

and outer conductors absorb all stress. Andrew connectors firmly anchor both conductors to 

eliminate electrical problems. Consult your Andrew sales engineer or write Andrew Corporation, 

P. 0. Box 807, Chicago, Illinois, U.S.A. 60642. 

870-foot self-supporting catenary instal-
lation of 5-inch HELIAX air dielectric co-
axial cable (Type HJ9-50) at mountain 

top site of Station KBYU-TV, Provo, Utah. 

30 YEARS OF ENGINEERING INTEGRITY 

CORPORATIO 
10-66 

IN EUROPE: Andrew Antenna Systems, Lochgelly, Fife, Great Britain 
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Newsletter from Abroad 
May 15, 1967 

ICT plans to run 

computer printout 

with fluid logic... 

An experimental computer printout system controlled by fluid-logic 
circuits will probably be built in Britain this summer. Success would mark 
one of the first inroads by fluidics into a major preserve of electronic 
circuits. Because fluid logic is much slower than its electronic counter-
part, it has generally been used only when reliability in extreme environ-
ments has been demanded. 
But a spokesman for International Computers & Tabulators Ltd. 

asserts that the electronic-control circuits now used in computer periph-
erals are unnecessarily fast. The speed of a printer, for example, is limited 
by electromechanical components that operate in milliseconds. ICT 
expects to build the printer this summer, but doesn't anticipate full-scale 
production of fluid-logic systems for several years. 

... along with ICT hopes to cut the cost of its peripheral equipment by using fluid logic, 
while retaining the size advantages of integrated circuits. To produce 

integrated groups the fluid-logic circuits, it is developing a method of vacuum-casting 
of circuits epoxy resins to make integrated groups of the circuits. An interface 

between the fluid-logic and electrical portions of the equipment is 
required. An electrical-pneumatic interface used in the development 
program is simply a moving-coil loudspeaker element. 
The use of unpackaged IC's in the central processors of its computers 

is also being considered by ICT as a means of cutting costs and raising 
speed. Miniature multichip assemblies are being developed, containing 
an average of four gate circuits per chip. The assembly of about 50 chips 
would be bonded face-down to the wiring, providing about 200 circuits 
per module. 
Modules in experimental production measure about 1 by 2 inches. After 

ground and power planes are prepared on a ceramic substrate, insulation 
layers and two layers of signal wiring are formed by vacuum deposition 
and etching. 

ITT subsidiary 

has 'mini-station' 

for rural markets 

Telefunken devices 

may mend color tv 

split in Europe 

Standard Telephone and Cable Ltd. will try to open a largely untapped 
market—rural communities in Asia and Africa—with a miniature 
medium-wave radio station. The Australian subsidiary of the Interna-
tional Telephone & Telegraph Corp. plans to start selling the $5,000 
station package in August. 
Along with a completely solid-state medium-wave transmitter with a 

range between 300 and 800 square miles, the package includes two 
microphones, a turntable, tape recorder, mixer, control console, and a 
small generator. The complete station is 51/2 -feet high and less than 
1-foot wide. STC's export manager Bruce Wight says the station "can 
be operated by any bloke off the street." 

Europe's two incompatible color television standards may prove less 
divisive than first appeared to be the case [Electronics, June 13, 1966, 
p. 161]. This month, West Germany's Telefunken AG introduced a color 
transcoder that converts Secam signals into PAL signals without 
degrading picture quality. Developed by Telefunken, the PAL (for phase-
alternation-line) system has been adopted by most West European and 
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Nordic countries; the Secam (for sequential-and-memory) system was 
developed in France. It will be used there and in the Soviet bloc. 

Telefunken unveiled its color transcoder at the Telecommunications 
Conference held during Hanover's Industrial Fair. At the same time, the 
company previewed a technique, dubbed Tripal, for taking the output 
from a black-and-white home video tape recorder and reproducing it as 
a PAL picture in color. 

Japan's EIA breaks 

with French FNIE 

Computer makers 

seek reassurance 

on U. K. utility plan 

Elliott petitions 

government to buy 

scientific computers 

Japan's Electronic Industries Association and the French Federation 
Nationale des Industries Electroniques are at odds over a five-year-old 
accord engineered to help Japanese producers get around restrictive 
French trade regulations. 
The Japanese claim the agreement has backfired and, as far as they 

are concerned, it is finished. The French maintain the deal remains in 
force until they complete their investigation of the Japanese claims, 
which will take another two or three weeks. 
The deal set up between the two trade associations provided for 

imports of Japanese products by "counterpart" manufacturers in France 
rather than through regular trading-company channels. But in most cases 
producers found their counterparts half-hearted or ineffective marketers. 
Japanese manufacturers were especially unhappy when French com-
ponents makers who lacked access to the appropriate consumer outlets 
wound up with import rights on items like tape recorders. 
End result, say the Japanese, was at best a negligible reduction of 

trade barriers. Balked in France, the Japanese have broken the agreement 
and figure to step up their marketing effort in West Germany. 

British computer makers are concerned about the upcoming competition 
from a nationwide computer utility the General Post Office is planning 
[Electronics, April 17, p. 217]. The computer makers, some of whom run 
commercial data-processing enterprises themselves, say such a utility 
could stifle growth of competing services because the Post Office controls 
all the transmission lines linking customers to computer centers. 
The computer makers have gone to the government for reassurance 

on fair access to data links in the future. But so far neither the govern-
ment nor the Post Office has replied. 

Elliott-Automation Ltd. has revived a «year-old proposal for the British 
government to underwrite a large general-purpose computer system for 
scientific and research applications. Elliott's system is based on a 
hierarchy of processors to sidestep the internal organization problems 
that plagued IBM's lame-duck 369/90 machines. 

Design studies are half-finished and Elliott says it could deliver the 
first complete system within 31/2  years. However, before it goes into pro-
duction, Elliott wants the government to order a minimum of six systems 
for the nation's universities and research labs. Without such backing, the 
company feels, the risks and costs of the undertaking are too high. The 
government, although greatly interested in establishing a viable national 
computer industry, is reportedly waiting for reaction from Elliott's 
principal competitors—ICT and English Electric—before finally acting 
on the proposal. A year ago, the government ignored Elliott's project. 
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The Switch to IC's: 

In The Best Families 
Before you marry your design to integrated circuits you should look 

into their family credentials. Both the cost and the performance of the 

equipment you are designing will be influenced by the family charac-

teristics of the integrated circuits you pick. And even the best families 

have their limitations. Obviously what you are looking for is the best 

performance and the lowest cost. But sometimes these two param-

eters are incompatible, at least within a single family. You have two 
choices: either decide in favor of the parameter most important to 

you, or look for some way to optimize your system by selecting cir-

cuits from different families. The second choice is the better one, but 

you may run into problems of incompatibility if you don't plan ahead. 

WHAT IS COMPATIBILITY? In the simplest terms, compatibility means 

that similar functions from different families are interchangeable. For 

example, you should be able to use a quad 2-input TTL gate instead 
of a quad 2-input DTL gate, if the families are compatible. Put in 
another way, you should be able to design by function, picking for 

each function the circuit best suited to it from a performance stand-
point. This is a logical way to design. Unfortunately you are at the 

mercy of the manufacturer: if his circuits are compatible you can 
proceed on this rational basis. If they are not, then you have to com-

promise or pick a different manufacturer. 

LOGIC TYPES: In spite of the proliferation of family names, there are 

really only three types of logic: current sourcing logic, which drives 

current out of its output when in the high state; current sinking logic, 

which draws (or "sinks") current when in the high state; and current 

mode logic, which can either draw or drive current. There are several 

conventional family divisions within each type: current sinking logic 
encompasses DTL, TTL and LPDTL. If these families are compatible 

in a manufacturer's line, you have Compatible Current Sinking Logic 
(CCSL). 

OPTIMIZING YOUR SYSTEM: To get back to your design 

problem, suppose your system must accept inputs at 

a rate in excess of 3MHz, but the output is at the 

rate of only 300KHz. The input rate clearly 

points to TTL logic as the only family with suffi-
cient speed. But does that mean you should use 

it throughout the system? The 300KHz output rate 

is well within the limits of DTL and LPDTL. If you try 
to design your complete system with TTL you will not 

only pay more for the circuits, but you will also use 
more of them and you will increase your power con-

sumption by a significant factor. With CCSL you can pick 

TTL circuits for those functions for which you need the 
speed, and use DTL circuits for the rest of the functions. 

The circuits are compatible: They are mechanically inter-
changeable, they perform the same functions, and they obey 

the same loading rules. Note that you don't give up anything 

in performance: you are still meeting all the input and output 

requirements. But you reduce your power dissipation and save 
money doing it. 

USE THEM NOW: Fairchild is now committed to the compatible logic 

concept, and other manufacturers will, no doubt, follow suit. This 
means that you can expect most of the new developments to happen 

within the Compatible Current Sinking Logic group. There will be 

more functions to choose from, more functions per device, and greater 

compatibility between families. Increasingly you will become con-

cerned with the total system instead of designing sub-systems and 
isolated functions. You will become a systems designer instead of a 

circuit designer. But the time to get started is now, so that you'll 

accumulate some experience with the concept and the devices. A 
good way to start is to write us on your letterhead, and ask for our 

CCSL literature pack. 



laureled Readout Circuitry 
Integrated circuits have gained wide acceptance in appli-
cations which involve pulse counting. And for good rea-
sons. It is often possible to substitute a single monolithic 

counting circuit for 20 or 30 discrete components re-
quired to do the same job. NanoFast, a Chicago manu-
facturer of analog and digital measuring equipment, has 
built an integrated circuit module which is used to count 
pulses and drive the visual output devices in a variety of 

the firm's instruments. 
LASER RANGE MEASURING UNIT: One of the more inter-
esting new instruments in which this module is put to 
work is a laser range measuring computer. The instru-

ment is compact and portable and can be used in map-
ping, surveying and other range finding applications. The 

standard instrument has a range of 19,995 meters, a reso-
lution of 5 meters, and a magneline readout. Modified 

versions are available, however, with tube readout and/or 
resolutions up to 1/4  ft. The use of integrated circuits in 
this instrument made the unit small and portable, and in 
addition made the circuitry deceivingly simple and highly 

reliable, for the complex, accurate functions it performs. 
OPERATION: The flow-chart illustrates the main principles 

of operation. The range measurement is accomplished by 
counting pulses during the interval between Start and 
Stop pulses, which are generated by the laser beam. The 
Start pulse begins the count by setting the B flip-flop to 
1. A crystal oscillator provides the frequency time base 
and its pulses are counted until the Stop pulse resets the 

B flip-flop to 0. The counting itself is performed by 
decade counters which channel their output into the 
Magneline Indicator drivers in BCD code (1248). Two flip-
flops are also used. The decade counters, the storage 
readout and the drivers are Fairchild Counting Micro-

logice integrated circuits (9958, 9959 and 9960). Other Fair-
child IC's are used in the gating and flip-flop functions. 

ADVANTAGES OF IC's: The principal benefit, in this appli-
cation, for the use of IC's is their small size and the sim-

plicity of the circuitry. A reduction in components count 
of about 30 to 1 was achieved in the sections of the cir-
cuitry where the integrated circuits are used. The sim-

Model M 53645 Range Measuring Unit 

Integrated Readout Module 

plification also resulted in greatly reduced labor costs, 
offsetting the higher costs of the integrated circuits. As 
integrated circuits of the type used by NanoFast come 

down in price, further savings will result. 
OTHER APPLICATIONS: NanoFast also uses the integrated 
circuit readout module in a Particulate Analysis System 

which it manufactures for several industrial customers. 
The system is equipped with optics that scan particles 
present in the substance to be analyzed and classify 
these particles by size. The number of particles in each 

classification is totaled by the readout modules, and 

directly displayed in digital form. 
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Great Britain 

The connection 

Like many a semiconductor maker, 
Britain's Standard Telecommuni-
cations Laboratories believes that 
discretion—in the interconnection 
of cells on a silicon chip—is the 
better part of valor in attempts to 
build custom subsystems from 
mass-produced standard large-
scale arrays. 

In their approach to low-cost 
discretionary wiring, engineers at 
Standard Telecommunications have 
turned to laser machining under 
computer control. The technique 
can be used to cut masks for inter-
connection patterns, but the long-
range goal is direct deposition of 
connections onto substrates. 
On the table. T.M. Jackson, A.D. 

Brisbane, and C.P. Sandbank, a 
trio of engineers from the company, 
a subsidiary of the International 
Telephone and Telegraph Corp., 
reported on their laser-machining 
experiments at an integrated cir-
cuits conference held in England a 
fortnight ago. 
Using digital data picked off a 

computer-prepared design for the 
circuit layout, Sit. develops a 
punched-tape that controls the 
movement of a machining table 

Unmasked. Standard Telecommunications Laboratories is working on a laser-
machining technique that deposits—without using masks—interconnection 
patterns on large-scale integrated circuit arrays. 

carrying the substrate. The table 
has total travel of about 2 inches in 
both X and Y directions and moves 
in steps of 12.5 microns. The 
punched tape also has on it instruc-
tions for turning the machining 
laser off and on. The laser, which 
operates in the infrared region, has 
a peak output of 200-watt pulses of 
500-nanosecond duration. 

Across the gap. To deposit inter-
connection patterns directly on a 
large-scale array, the Standard 
Telecommunications researchers 
mount it on the machining table 
just below a transparent donor sub-
strate carrying a metal film. The 
film and the array are so close to-
gether that both lie for practical 
purposes at the focal point of the 
lens that focuses the laser beam. 
(Standard won't disclose the exact 
gap but hints that it's next to 
nothing.) When the beam hits the 
film, a small spot on the film evap-
orates and deposits as a dot on the 
substrate below. Interconnection 
lines build up as a series of over-
lapping dots; the line widths run 
down to 25 microns. Good adhesion 
has been obtained, Standard says, 
with connection patterns showing 
a sheet resistivity of 1 ohm per 
square. 
Standard Telecommunications 

Laboratories admits there's much 
work to be done before the laser-

machining process can be used on 
production lines. One• problem is 
reevaporation of deposited metal 
film back onto the donor substrate. 
A way out seems to be an addi-
tional film of nonevaporizing ma-
terial between the transparent sub-
strate and the metal film. The inter-
mediate film would transmit the 
burst of laser heat needed to vapor-
ize the metal film but afterward act 
as a filter. 

Classy chassis 

Convinced that a bold technologi-
cal move now will lead to a strong 
competitive position as Britain's 

mass market for color-tv sets de-
velops, Thorn Electrical Indus-
tries Ltd. is producing an all-tran-
sistor 25-inch set. 
The move makes Thorn the first 

major tv producer in the world to 
go completely solid state for a pro-
duction large-screen color set. 
Other British set makers plan to 
enter the color market with hybrid 
sets, as do most European produc-
ers [Electronics, May 1, p. 161]. 
Hybrids also prevail among U.S. 
color sets; but in America, inte-
grated circuits most likely will 
turn up in the first solid state re-
ceivers. 
Pay now. Thorn quite frankly ad-

mits its all-transistor set costs a 
lot more to make than a hybrid at 
present. The Thorn receivers will 
sell at the outset for $870 to $970, 
depending on the cabinet. That 
puts them in the upper half of the 
price range for British color-tv re-
ceivers. 
But Thorn figures that within a 

year or two the total cost for the 
transistors in its set will drop be-
low the tube cost for an equivalent 
set. Thorn then expects to have an 
edge on the field since competitors 
will have to redesign their receiv-
ers to take advantage of low-cost 
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plastic-encapsulated transistors. 
Collect later. Even when tran-

sistor costs drop, Thorn feels 
there'll be cheaper hybrids on the 
market. That's because its set has 
an inherently expensive modular 
design usually found only in com-
puters and military hardware. But 
Thorn thinks the added construc-
tion cost will pay off in the British 
market. There, most tv sets are 
rented, rather than bought out-
right, and the rental contracts in-
clude free servicing. Thorn plans 
to set up a circuit-board exchange 
scheme so that repairmen will have 
only to find the faulty board and 
replace it. 

Plugged in. Thorn's basic color 
chassis consists essentially of a 
rectangular metal frame fitted with 
10 plug-in circuit boards that hold 
the set's 90 transistors and their 
associated passive components. 
The chassis is entirely isolated 
from the high d-c voltages. 

In addition to the boards, there 
are seven other major assemblies 
mounted on a second frame and 
the shadow-mask tube. They in-
clude the tuner, the power trans-
former, a high-voltage rectifier-
tripler, and the convergence coils. 
Any of these assemblies, Thorn 
says, can be unplugged and re-
placed in two minutes or less. 

Specials. About 90% of the tran-
sistors are standard catalog units 
and most are supplied by Mullard 
Ltd., a British subsidiary of N.V. 
Philips' Gloeilampenfabrieken. The 
most critical—and most expensive 
—transistors in the set are two 
used in the high-voltage generator 
for the picture tube and two others 
in the line time-base board. The 
high-voltage board output, for ex-
ample, is between 8 and 9 kilo-
volts. This is boosted to 25 kv in 
a "jelly pot" rectifier-tripler 
mounted on the picture tube. To 
protect the transistors against high-
voltage flashover, Thorn uses in-
dividual spark gaps in the elec-
trodes and series impedances in 
their leads. 
For the critical transistors, Thorn 

went to Texas Instruments Incor-
porated. To hold down the prices 
of the specials, the two companies 
worked out a package deal under 

Fast service. Thorn opted for an easily serviced modular design for its all-transistor 
color-tv set. Most of the components are contained in 10 circuit boards 
that plug into a metal frame that slides out for servicing. 

which Thorn bought standard TI 
transistors along with the specials. 
Mullard developed two special 
transistors for the output stage of 
the frame board. 

France 

G whiz 

A French government research 
center has developed for the coun-
try's space effort what may be the 
most sensitive accelerometer any-
where. 
The three-axis device, says Mi-

chel Delattre, chief of the elec-
tronics section at the Office Na-
tional d'Etudes et de Recherches 
Aerospatiales, can detect displace-
ments caused by near-infinitesimal 
forces—down to 10-9G. 

In the U.S., accelerometers with 
like performance are generally des-
tined for military hardware and are 
therefore under security wraps. 
Apprised of the French develop-
ment, a research executive of a 
leading U.S. accelerometer pro-
ducer hinted he'd be concerned if 
a U.S. competitor had readied a 
device with 10-9G sensitivity. 

Delattre anticipates application 
of the accelerometer both in space 
research probes and in inertial nav-
igation systems for satellites. The 
sensitivity level of 10-9G, he points 
out, was selected for the device so 
that it could measure, with an ac-
curacy of 10%, the braking effect 
of solar radiation on a 220-pound 
spherical satellite with an effec-
tive frontal surface of 1 square 
meter. 
Suspended sphere. The high sen-

sitivity of the Onera accelerometer 
comes from an electrostatic sus-
pension system. At its heart is a 
beryllium sphere 40 millimeters in 
diameter. The sphere lies inside 
an evacuated cage whose inside 
diameter is about 40 microns larger 
than the sphere's diameter. The 
electric field set up by three an-
nular electrodes on the wall of the 
cage holds the sphere centered. 
Any upset in the sphere's equi-

librium is sensed by dome-shaped 
sensing electrodes inside the an-
nular electrodes. The sensing elec-
trodes form part of a capacitance 
bridge fed by a 500-kilohertz ref-
erence voltage. When the sphere 
starts to move, the bridge is un-
balanced and its output amplified 
to develop a compensating voltage. 
This voltage, applied to the an-
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nular electrodes, recenters the ber-
yllium sphere. The compensating 
voltage needed to keep the sphere 
centered is a measure of the force 
acting on the accelerometer. 
Vacuum inside the cage is main-

tained by a small ionic pump that 
holds internal pressure to less than 
1 microtorr. The entire unit—cage, 
pump, and electronics—weighs 6.6 
pounds and consumes 10 watts. 

West Germany 

Playing the field 

Although it's been known for more 
than a century that some materials 
change resistance sharply in a 
magnetic field, the magnetoresistive 
phenomenon was little exploited 
until West Germany's Siemens AG 
developed its so-called "field 
plates" two years ago. 
Now it looks as if a mild boom 

could develop for the devices, es-
pecially in analog computers and 
control systems. The reason: a new 
semiconductor crystal combination 
that extends the range of resistance 
change and at the same time sim-
plifies the manufacture of field 
plates. 

Herbert Weiss, a Siemens scien-
tist, reported on the new crystal 
combination at the European meet-
ing on semiconductor device re-
search at Bad Nauheim last month. 
Meandering. For the field plates, 

Siemens deposits a layer of indium 
antimonide about 20 microns thick 
onto an insulating substrate, either 
a ferrite or a nonmagnetic ceramic 
material. A typical plate measures 
4 by 5 by 0.5 millimeters. Depend-
ing on the length and width of the 
meandering InSb path, a plate's 
basic resistance—with no magnetic 
field applied—can run from a few 
ohms to several thousand ohms. 
This resistance rises drastically in 
a magnetic field. At a field strength 
of 10 kilogauss, for example, the 
resistance may be up to 17 times 
the basic value. The exact increase 
depends on the doping of the basic 
material. 

Needled. To get large field-in-

duced resistance variations, though, 
it's necessary to eliminate the Hall 
effect—the electric field set up 
across a current-carrying conduc-
tor in a magnetic field. Siemens' 
first field plates had small metal 
bars placed across them to short 
out the electric field. In the new 
versions, needle-like nickel anti-
monide structures dispersed within 
the indium antimonide perform 
this function. 
The nickel antimonide needles 

have a mean length of about 50 mi-
crons and a diameter smaller than 
1 micron. Their conductivity is 
7 x 104 (ohm-cm) -1, some two or-
ders of magnitude greater than the 
surrounding InSb material. When 
there's no magnetic field present, 
electrons travel in a straight line 
through the device. But when a 
field is applied, the electrons are 
deflected and forced to travel for 
a distance along the needles, ori-
ented at right angles to the current 
flow. The net result is a longer cur-
rent path through the device and 
thus a higher resistance. 
Stepping out. Siemens expects 

field plates made of the InSb/NiSb 
material to turn up more and more 
in electronics equipment. In analog 
computers and control systems, 
they can be set up to multiply, 
divide, or square inputs or outputs. 
Field plates, too, can modulate sig-
nals at microvolt levels. Potenti-
ometers made up of field plates 
mounted on an armature inside a 
permanent-magnet field structure 
have linearity of a few tenths of a 
percent and practically unlimited 
life since they have no wipers. 

Austria 

Better armed 

After building some 200 electron-
ically-controlled artificial hands for 
clinical tests and evaluation at a 
government-run rehabilitation cen-
ter near Vienna, a small Austrian 
electronics company this month 
started volume production of its 
prosthetic hand. 
The company, Viennatone Hoer-

gereate, expects to turn out nearly 
200 units during May and then con-
tinue at a pace of 2,000 units a year. 
Viennatone has a substantial back-
log of orders from Austrian social 
security organizations, the quasi-
official insurance institutes that 
handle the country's health benefits 
program. 
The company hopes to find ex-

port markets as well. Experimental 
forearm-hand prosthetics with elec-
tronic control have been developed 
in Russia, Great Britain, West Ger-
many, and the United States. But 
only Viennatone is producing in 
volume. 

Viennatone has set a $420 price 
for its Myomot MM2, as the pros-
thetic hand is called. The price in-
cludes everything but the polyvinyl. 
chloride sleeve that attaches to the 
forearm stump. The sleeve must be 
custom made for each user. To fa-
cilitate fitting the devices Vienna-
tone has developed a special test 
instrument. It helps spot the best 
location on a patient's forearm for 
the two electrode pairs that pick up 
the muscle-voltage signals. These 
signals control the hand's move-
ments. 
Muscle control. Like most elec-

tronic prosthetics available now, 
the Myomot uses as its input con-
trol signals the low-level electro-
myographic (Emc) potentials devel-
oped in muscles when the brain 
signals them to contract or relax. In 
the Myomot, the EMG potentials are 
amplified in three transistor stages, 
rectified, shaped, delayed for 80 
milliseconds and then used to trig-
ger a circuit that drives a small 
motor in the artificial hand. Finger 
movements are accomplished 
through gearing driven by the mo-
tor; the gripping force is just under 
15 pounds. 

Selective. The amplifier circuits 
operate from 200 to 3,000 hertz. 
This range protects the user from 
unwanted finger movements that 
could be triggered by radiation 
from electric power lines and the 
like. The gain against the 50-hz 
power frequency used in Europe is 
about 20 decibels, for example. The 
circuitry, together with a 12-volt 
dry cell supply, is housed in a case 
that the user carries in his pocket. 
The test set Viennatone devised 
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Steady. Electromyographic-controlled 
artificial hand manufactured in Austria 
has selective amplifier circuits 
that protect users from spurious 
finger movements. 

to help fit the artificial hand is es-
sentially an electronic voltmeter 
that handles two low-level inputs 
(30 to 100 microvolts is a typical 
value for EMG potential) at the same 
time. Two inputs are needed be-
cause the difference between the 
potentials of adjacent groups of 
muscles is the most important fac-
tor in finding the optimum location 
for the two electrode pairs, one to 
control opening, the other closing, 
of the hand. 

International 

Mavericks 

President Charles de Gaulle long 
has held that Europe couldn't af-
ford to let the United States con-
trol Western-world space communi-
cations. Now he's signed on a part-
ner—Kurt Georg Kiesinger's West 
German government—to help break 

the U.S. stranglehold. 
The two countries agreed this 

month to build a communications 
satellite that they hope to launch 
by the end of 1970. Cost of the 
program still has to be fixed, but 
French space planners say the bi-
national bird will closely resemble 
their Saros project whose tab— 
exclusive of ground stations—was 
estimated at about $32 million. 
The Franco-German move came 

as no particular surprise to U.S. 
space circles. In recent months 
there's been increasing discontent 
by other countries over the 54% 
share that the U.S. Communica-
tions Satellite Corp. holds in the 
International Telecommunications 
Satellite Consortium, the 50-nation 
organization set up to handle multi-
national programs. As it now 
stands, the Intelsat agreement 
won't come up for a thoroughgoing 
review until 1969; but delegates 
from the member countries will 
meet in Tokyo later this month to 
work out ground rules covering re-
gional or domestic satellites. 
Long reach. The proposed Fran-

co-German satellite, though, can't 
be classed as regional. It will be 
put into a stationary orbit over the 
mid-Atlantic and from there could 
cover most of Europe and Africa, 
the Middle East and northern 
Latin America. The satellite will 
weigh about 400 pounds and have 
a capacity of 1,000 telephone chan-
nels. 
Launching site for the satellite 

will be the French space center 
now being constructed in French 
Guiana. To get the satellite in or-
bit, the two partners plan to use 
the improved Europa rocket under 
development by the six-nation Eu-
ropean Launcher Development Or-
ganization. 

France and West Germany, both 
of whom had tentative national 
communications satellites projects 
on the drawing boards before they 
decided to go it together, will split 
costs and ownership equally. The 
hardware will be built half in Ger-
many and half in France. Centre 
National d'Etudes Spatiales will 
oversee the French part of the pro-
gram and Gesellschaft fuel- Wel-
traumforschung the German part. 

Japan 

Time to share 

Unlike most computer makers the 
Tokyo Shibaura Electric Co. 
doesn't think only of big machines 
when it comes to time sharing. 
Toshiba sees time sharing as a way 
of cutting desk calculator costs and 
is backing its view with a system 
that ties up to eight desk keyboard 
units into a single central processor. 

Toshiba sells the full system— 
with eight desk consoles—for 
$5,840. That works out to $730 a 
calculator, lowest price in Japan 
for a 12-digit machine with a mem-
ory register. The company says the 
time-shared desk calculator system 
holds a clear-cut edge in price 
whenever there's a need for six 
to eight desk calculators. 

In the U.S., Wang Laboratories 
Inc. has done the same thing but 
on a smaller scale. Wang's time-
shared calculator introduced last 
fall handles up to four desk units. 

IC packages. In Toshiba's new 
system, common logic circuits of 
the central processor are shared by 
time division. Along with the arith-
metic logic, the processor has a 
pair of registers plus a memory 
register for each desk-top console. 
Except for the memory registers, 
the central-processor circuitry is 
made up of diode-transistor-logic 
integrated circuits developed by 
Toshiba—in all, 460 lc packages. 
For the memory registers, Toshiba 
uses diode-capacitor circuitry. To-
tal power consumption for the sys-
tem is 150 watts. 

Clock frequency for the common 
logic circuits is 50 kilohertz, rela-
tively slow for time-sharing. But 
Toshiba maintains that operators 
working out problems on the desk 
consoles normally won't notice any 
wait for access to the central 
processor. For the worst case— 
eight operators calling simultane-
ously for a long division—it takes 
less than 4 seconds for the answer 
to appear on the last desk console. 

Toshiba's specifications for the 
system set a maximum of 98.4 feet 
for the distance between desk con-
soles and the central processor. 
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But company engineers say they've 
run tests successfully at distances 
up to 328 feet. Because it expects 
requirements of users to vary, Tosh-
iba will build each time-shared 
calculator system to order. Initial 
plans call for production of about 
10 systems a month. 

Around the world 

Japan. Researchers at the govern-
ment's Electrotechnical Laboratory 
say they're well along in develop-
ment of a new thyristor that will 
operate at 5,000 volts, double the 
rating for current commercially 
available thyristors. The new device 
has a p-i-n structure rather than 
the pnpn structure of conventional 
thyristors. 
Great Britain. Technology Minis-

ter Anthony Wedgwood Benn has 
moved to counter the outflow of 
British engineers and scientists to 
the United States [Electronics, 
March 20, p. 171]. Benn's ministry 
has hired a London firm to recruit 
graduates of American universities 
for jobs in British industry. 

Thailand. The Thai Ministry of 
Communications has awarded a 
$5.75 million contract to the Gen-
eral Telephone & Electronics 
Corp. for construction of a satellite 
ground station at Sriracha, about 
60 miles southeast of Bangkok. The 
facility will have a dish antenna 
97 feet in diameter and transmit-
ting-receiving equipment to handle 
300 channels simultaneously. It is 
scheduled to go into service on 
April 1, 1968. 
South Africa. Work has begun 

on a $70 million underseas cable 
that will link Cape Town with Lis-
bon, 6,000 miles away. The project 
involves 643 transistorized re-
peater-amplifiers, spaced at inter-
vals of 91/2  nautical miles, plus 51 
equalizers. The cable's capacity 
will be 360 channels. Standard 
Telephone & Cables Ltd., a British 
subsidiary of the International 
Telephone & Telegraph Corp., has 
the prime contract for the job, 
which will take about 18 months to 
complete once cable-laying starts 
later this year. 

Transitube 
breaks through 
with another first-
off-the-shelf 
immediate delivery 
of Beam Klystrons 

Types 5721, 6236, 6390, 
6390A, 1315, 
1316, 2K48 

Tubes can be supplied to either commercial 
or military specifications. 
Call or write immediately to Transitube, the exclusive 
distributor and sales representative for 
Beam Tube Corp. 

Get on the "hot-line"—we're waiting for your call. 

Transitube Inc., 300 Park Avenue South • 
NewYork 10010, Phone: (212) 533-5580, 
cable address: Transitube, New York 

Qie 
TRANSITUBE 
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PYROMETERS 
immediate delivery from your distributor's shelves! 

RANGES 

Simpson 4 ," Standard Model 29 and Rugged 
Seal Model 3324 Pyrometers are now stocked 
by your electronic distributor —ready for 
your call. 

Simpson Pyrometers known for quality, 
dependability and accuracy, feature high 
sensitivity, ruggedness and precise tracking. 
Both models are compensated for ambient 
'temperature changes and include copper cir-
cuit compensation. 

Order them from your nearest electronic 
distributor today! 

Write for Brochure 2077 on complete panel 
meter line. 

Representatives in Principal Cities 
...See Telephone Yellow Pages &GM 

DIVISION 

Model 29 
"F "C 

External Current 
Resistance Sensitivity 
Ohms MA- Cat. 
(max.) Approx. No. 

—150 to +250 
0-300 
0-500 
0-750 

—100 to +120 
— 20 to +150 
— 20 to +260 
— 20 to +400 

Price 

$33.00 
33.00 
33.00 

10 .40 21200 
5 .40 21202 
10 .35 21204 
10 .30 21206 33.00 

Model 3324 
—150 to +250 —100 to +120 10 

0-300 — 20 to +150 5 
0-500 — 20 to +260 10 
0-750 — 20 to +400 10 

.40 21201 45.00  

.40 21203 45.00 

.35 21205 45.00 

.30 21207 45.00 

THERMOCOUPLES 
All Simpson thermocouples are iron-constantan and calibrated to exactly 5 or 10 ohms 
1V8) per table. 

Cat. No. Resistance Overbraid* Length Gauge Price 
162 in. 20 $1.2.25 - 
137 in. 24 —4.50 
34 in. 30 3.75 — 

325 in. 20 23.25 — 

21221 5 ohms SS 
21222 10 ohms GC 
21223 10 ohms GC 

' 21224 10 ohms SS 
SS-Stainless Steel GC-Glass Cloth 

SIMPSON ELECTRIC COMPANY 
5202 W. Kinzie Street, Chicago, Illinois 60644 • Phone: (312) 379-1121 
Export Dept: 400 W. Madison Street, Chicago, Illinois 60606, Cable, Simelco 
IN CANADA: Bach-Simpson Ltd., London, Ontario 

IN INDIA: Buttonsha-Simpson Private Ltd., International House, Bombay-Agra Road, Vikhroli, Bombay 
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4 23 42 61 80 99 118 137 156 175 194 213 232 251 270 289 308 327 346 365 384 403 422 441 460 479 498 517 965 

5 24 43 62 81 100 119 138 157 176 195 214 233 252 271 290 309 328 347 366 385 404 423 442 461 480 499 518 966 
6 25 44 63 82 101 120 139 158 177 196 215 234 253 272 291 310 329 348 367 386 405 424 443 462 481 500 900 967 

7 26 45 64 83 102 121 140 159 178 197 216 235 254 273 292 311 330 349 368 387 406 425 444 463 482 501 901 968 

8 27 46 65 84 103 122 141 160 179 198 217 236 255 274 293 312 331 350 369 388 407 426 445 464 483 502 902 969 
9 28 47 66 85 104 123 142 161 180 199 218 237 256 275 294 313 332 351 370 389 408 427 446 465 484 503 951 970 

10 29 48 67 86 105 124 143 162 181 200 219 238 257 276 295 314 333 352 371 390 409 428 447 466 485 504 952 971 

II 30 49 68 87 106 125 144 163 182 201 220 239 258 277 296 315 334 353 372 391 410 429 448 467 486 505 953 972 

12 31 50 69 88 107 126 145 164 183 202 221 240 259 278 297 316 335 354 373 392 411 430 449 468 487 506 954 973 
13 32 51 70 89 108 127 146 165 184 203 222 241 260 279 298 317 336 355 374 393 412 431 450 469 488 507 955 974 

14 33 52 71 90 109 128 147 166 185 204 223 242 261 280 299 318 337 356 375 394 413 432 451 470 489 508 956 975 
15 34 53 72 91 110 129 148 167 186 205 224 243 262 281 300 319 338 357 376 395 414 433 452 471 490 509 957 976 

16 35 54 73 92 Ill 130 149 168 187 206 225 244 263 282 301 320 339 358 377 396 415 434 453 472 491 510 958 977 

17 36 55 74 93 112 131 150 169 188 207 226 245 264 283 302 321 340 359 378 397 416 435 454 473 492 511 959 978 

18 37 56 75 94 113 132 151 170 189 208 227 246 265 284 303 322 341 360 379 398 417 436 455 474 493 512 960 979 

19 38 57 76 95 114 133 152 171 190 209 228 247 266 285 304 323 342 361 380 399 418 437 456 475 494 513 961 980 
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Reprint service 
All Electronics editorial matter available in reprint form: 

For reprints of special reports and feature articles see list 
on right side of this page. Send your order to Electronics 
Reprint Department at the address indicated. To expedite 
mailing of your order for single reprints please send cash, 
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Business reply mail 
No postage stamp necessary if mailed in the United States 

Postage will be paid by 

Electronics 

Reader service department 
Box 444 
Hightstown, N. J. 08520 

10 Please Print Clearly 

•••• ••• 

Bulk reprints of editorial matter can he ordered from cu 
rent or past issues. The minimum quantity is 100 copie. 
The higher the quantity ordered, the more economical th 
cost per copy. Prices quoted on request. 

First class 
Permit no. 42 
Hightstown, N. J. 

May 15, 1967 Card Expires July 15, 1967 14 

Name title  

Company  

Add re is 

For Subscriptions 

D new Ei renewal 

D 3 years $16.00 

D 1 year $8.00 

City state   zip code  

1 20 39 58 77 96 115 134 153 172 191 210 229 248 267 286 305 324 343 362 381 400 419 438 457 476 495 514 962 

2 21 40 59 78 97 116 135 154 173 192 211 230 249 268 287 306 325 344 363 382 401 420 439 458 477 496 515 963 

3 22 41 60 79 98 117 136 155 174 193 212 231 250 269 288 307 326 345 364 383 402 421 440 459 478 497 516 964 
4 23 42 61 80 99 118 137 156 175 194 213 232 251 270 289 308 327 346 365 384 403 422 441 460 479 498 517 965 

5 24 43 62 81 100 119 138 157 176 195 214 233 252 271 290 309 328 347 366 385 404 423 442 461 480 499 518 966 

6 25 44 63 82 101 120 139 158 177 196 215 234 253 272 291 310 329 348 367 386 405 424 443 462 481 500 900 967 

7 26 45 64 83 102 121 140 159 178 197 216 235 254 273 292 311 330 349 368 387 406 425 444 463 482 501 901 968 

8 27 46 65 U 103 122 141 160 179 198 217 236 255 274 293 312 331 350 369 388 407 426 445 464 483 502 902 969 

9 28 47 66 85 104 123 142 161 180 199 218 237 256 275 294 313 332 351 370 389 408 427 446 465 484 503 951 970 

10 29 48 67 86 105 124 143 162 181 200 219 238 257 276 295 314 333 352 371 390 409 428 447 466 485 504 952 971 

11 30 49 68 87 106 125 144 163 182 201 220 239 258 277 296 315 334 353 372 391 410 429 448 467 446 505 953 972 

12 31 50 69 88 107 126 145 164 183 202 221 240 259 278 297 316 335 354 373 392 411 430 449 468 487 506 954 973 

13 32 51 70 89 108 127 146 165 184 203 222 241 260 279 298 317 336 355 374 393 412 431 450 469 488 507 955 974 

14 33 52 71 90 109 128 147 166 185 204 223 242 261 280 299 318 337 356 375 394 413 432 451 470 489 508 956 975 
15 34 53 72 91 110 129 148 167 186 205 224 243 262 281 300 319 338 357 376 395 414 433 452 471 490 509 957 976 
16 35 54 73 92 Ill 130 149 168 187 206 225 244 263 282 301 320 339 358 377 396 415 434 453 472 491 510 958 977 

17 36 55 74 93 112 131 150 169 188 207 226 245 264 283 302 321 340 359 378 397 416 435 454 473 492 511 959 978 

18 37 56 75 94 113 132 151 170 189 208 227 246 265 284 303 322 341 360 379 398 417 436 455 474 493 512 960 979 
19 38 57 76 95 114 133 152 171 190 209 228 247 266 285 304 323 342 361 380 399 418 437 456 475 494 513 961 980 

Business reply mail 
No postage stamp necessary if mailed in the United States 

Postage will be paid by 

Electronics 

Reader service department 

Box 444 

Hightstown, N.J. 08520 

First class 
Permit no. 42 
Hightstown, N. J. 
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11-24 copies 35e each; 25-99 copies 25r 
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by key number. 

Key no. R-01 Computer-aided Design: Part I 
The Man-machine Merger. 1f 
pages. $1.25. 

Key no. R-02 Vietnam Communications Net-
work Growing Into Southeast 
Asia's Best. 3 pages. 250. 

Key no. R-03 Sense Amplifier Fits Any Prod-
uct. 6 pages. 25e. 

Key no. R-04 Multilayer Circuit Boards: 
Sharpening An Imperfect Art. 
7 pages. 

Key no. R-05 Topology Cuts Design Drudg-
ery. 12 pages. 500. 

Key no. R-06 Report on Japanese Technol-
ogy: Sony. 20 pages. 50e. 

Key no. R-07 European Electronics Markets 
1967. 22 page forecast report 
with 4 page foldout chart. 
$1.00. 

Key no. R-08 U.S. Electronics Markets 1967. 
26 page forecast report with 
6 page foldout. $1.00. 

Key no. R-09 1966 Electronics Index to 
Technical Articles and Authors. 
Free. 

Key no. R-90a Communications Satellites. 
Parts I and II. 42 pages. $1.25 

Key no. R-88 Belting Out Plastic Transistors 
On Mechanized Assembly lines. 
8 pages. 25e 

Key no. R-87a The Packaging Revolution in 
Microelectronics. Parts I 
through VI. 64 pages. $200. 

Key no. R-86a Computer Time Sharing. Parts 
I and II. 32 pages. $1.00. 

Key no. R-79 MOS Integrated Circuits. 12 
pages. 

Key no. R-78 The Overlay Transistor. 15 
pages. 

Key no. R-75 Biotelemetry. 2 part series, 16 
pages. 

Key no. R-74 Unijunction Transistors. 24 
pages. 

Key no. R-64 Field Effect Transistors. Parts 
I, II, and III. 64 pages. $1.00. 

Key no. R-63 Silicon Power Transistors. 8 
pages. 250. 

Key no. R-60 Transistor Heat Dissipators. 32 
pages. 

Key no. R-31 Electromagnetic Spectrum 
Chart. (22" x 30" foldout. 
chart). $1.00 



See More! Do More! 

Designed and engi-
neered from the user's 
viewpoint in, the new 
high-frequency, 30-
pound hp Model 180A 
Oscilloscope is packed 
with new ideas and in-
novations to give you 
step-ahead electrical 
performance—and big-
picture CRT, plug-in 
versatility, minimum 
weight and rugged 
design. You get more 
performance, more us-
ability than you get 
from any other scope 
on the market! 
The dual channel 50 

MHz at 5 mv/cm verti-
cal amplifier has low-
drift FET input stages 
for accurate DC meas-
urement ... plus quick, 
15-second warm-up. 
Vertical attenuation, 
which sets vertical deflection factor, is ahead of the 
amplifier. This prevents trace jump as you change 
ranges; bandwidth is maintained on all ranges even 
when verniers are used. 
Time base plug-ins offer new easy-to-use delayed 

sweep for examining complex waveforms in detail. Tun-
nel diode triggering circuits lock-in waveforms to be-
yond 90 MHz. Exclusive hp mixed sweep feature com-
bines display of first portion of trace at normal sweep 
speeds, and simultaneously expands trailing portion of 
trace at faster delayed sweep speed to allow magnified 
examination. 
New horizontal amplifier has wide bandwidth with 

X10 magnification to provide linear 5 nsec/cm sweeps, 
giving you greater resolution of high frequency signals 
and fast pulses. 
Mainframe and plug-ins of the hp 180A are all-solid-

state. Mainframe is the first with power supplies spe-
cifically designed for solid-state circuitry—gives you full 

New hp 180A OSCILLOSCOPE 
GIVES STEP-AHEAD 

ELECTRICAL PERFORMANCE! 
• 50 MHz at 5 my/cm! .Triggering beyond 90 MHz! 

• Sweeps to 5 nsec/cm! • 8 x 10 cm CRT! 

• All-solid-state! 

performance benefits 
from solid-state de-
vices in all present and 
future plug-ins. 
Accurate measure-

ments are easierto read 
and view on the new hp 
180A scope, because a 
new design break-
through offers a com-
pact 17-inch long, high-
frequency 8 x 10 cm 
CRT with extra-large 
picture area — 30% to 
100% larger than any 
other high-frequency 
scope! With the black 
internal graticule, cali-
brated in centimeters, 
the brighttrace and a 12 
kv accelerating poten-
tial, you get sharp, crisp 
traces for accurate res-
olution of waveform de-
tails—even at 5 nsec/ 
cm sweeps. 

For a demonstration of the step-ahead electrical per-
formance of the new hp 180A Oscilloscope, and full 
specifications, call your nearest hp field representa-
tive. Or, write to Hewlett-Packard, Palo Alto, California 
94304, Tel. (415) 326-7000; Europe, 54 Route des 
Acacias, Geneva. Price: hp Model 180A Oscilloscope, 
$825.00; hp Model 180AR (rack) Oscilloscope, 
$900.00; hp Model 1801A Dual Channel Vertical Am-
plifier, $650.00; hp Model 1820A Time Base, $475.00; 
hp Model 1821A Time Base and Delay Generator, 
$800.00, f.o.b. factory. 

HEWLETTeâ PACKARD 
An extra measure of performance 
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RCA Engineers strive to give you 
better tube performance at lower cost 

Never satisfied with existing performance, RCA Engineers 
are intent on improving receiving tube designs. For example, 
consider the unique RCA developmental A55280 tube—with 
three individually-controllable outputs from a single cathode 
in a pentode-triode-triode configuration. Far more significant 
to you than the development of this particular tube, however, 
is the dedication that lies behind it: a determined and con-
tinuing effort to give circuit designers products that provide 
ever better performance at the lowest possible cost. 

For more information on RCA's developmental A55280, con-
tact your nearest RCA District Office. For complete informa-
tion on RCA's Commercial and Industrial Receiving Tubes, 
write RCA Commercial Engineering, SectionE-19-DE.Harrison, 
New Jersey 07029. 

Advantages of RCA's developmental A55280 include: 
• Frame-grid pentode in series with two 
triodes...and all in one envelope 
• Very high pentode-unit transçonduc-
tance (45,000 umho) 
• Noise-immune sync automatically ob-
tained from one of the triode units 
• High-gain bandwidth product 

RCA DISTRICT OFFICES—OEM SALES: EAST, 2075 Milburn Ave., 
Maplewood, N.J. 07040, 1201) 485-3900 • MID-ATLANTIC, 605 
Marlton Pike, Haddonfield, N.J. 08034, (609) 428-4802 • MID 
CENTRAL, 2511 East 461h St., Bldg. 02, Atkinson Square, Indiana 
polis, Ind. 46205, (317) 546-4001 • CENTRAL, 446 East Howard Ave. 
Des Plaines, III. 60018, (312) 827-0033 • WEST, 6363 Sunset Blvd., 
Hollywood, Col. 90028, (213) 461-9171 • INTERNATIONAL OPER 
ATIONS, RCA International Division: Central and Terminal Aves. 
Clark, N.J. 07066, (201) 485-3900 • 118 Rue du Rhone, Geneva, 
Switzerland, 35 75 00. 

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

The Most Trusted Name in Electronics 
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