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Why 3 out of 5 BWO's in new microwave signal generators are Raytheon 
Certainly it's more convenient to select 
from Raytheon 's 45 different BWO's. 
But most needs are met with six tubes 
covering 1 to 26.5 kMc (above). They're 
unusually compact and incorporate grids 
for low-voltage pulse and amplitude 
modulation or the application of AGC. 
Write for more reasons in technical 
data . Raytheon Co. o Microwave and 
Power Tube Div. , Waltham 54, Mass. 
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MICROMINIATURE general-purpose differential amplifier de­
veloped by Autonetics division of North American Aviation is 
being fabricated by Texas Instruments. It can be used in auto­
matic control systems such as autonavigators, fiight controls 
and computer input-output circuits. S ee p 37 COVER 

ELECTRONICS STOCKS in Wall Street's Shakeout. Prices of our 
industry's issues were more erratic, but are expected to bounce 
back faster. Financing plans of some companies will be affected, 
but general financial health of the industry is sound 20 

OPTICAL MOSAICS of Photosensitive Cells Seen as Future Space 
Guidance Technique. Solid-state mosaic fabrication is outlined 
at IAS meeting. Another proposal: power-generating radiation 
shields 

TV STEREO AUDIO System Splits L-R Channel. Negative and 
positive portions are positioned in horizontal scan. System is 

26 

considered two years ahead of consumer electronics market 28 

LOUDSPEAKER COLOR CODES? Electronic Industries Asso­
ciation is considering new rating system. Customers could tell 
at a glance how good general per/ orrnance is 30 

FIRST DETAILS: Differential Amplifier Grown in Silicon Block. 
Performs functions of five transistors, five resistors and two 
diodes. It accomplishes practically all small-signal audio-fre­
quency and d-c amplifier requirements. Does away with need for 
large transformers and capacitors. By W. F. DeBoice, North 
American Aviation, and J. F. Bowker, Montana State College 37 

COMMUNICATIONS COUNTERMEASURES Wideband Receiver 
Tunes With Passive Elements Only. Unit includes wide band­
pass filter, frequency discriminator with matched detectors and 
crt display. It provides 100-percent intercept probability with­
out tuning oscillators or filt ers. 

By R. B. Hankin, and M. Ross, Hallicrafters 40 

D-C LEVEL SHIFTER Checks New Computer Modules. Gives ad­
justable shift of zero to plus 18 volts. Delay is a few nanoseconds 
and attenuation is 3 db at 32 Mc. It is used in checking out new 
computer modules whose d-c levels differ widely. 

By T. Mollinga, Burroughs 44 

NOVEL DIGITAL SIGNAL GENERATOR Uses Magnetic-Core 
Pegboard. Small permanent magnets are plugged into 64-by-
10-hole pegboard over a magnetic-core matrix to set up desired 
digital pattern . Generator provides programs for testing digital 
control devices ; i ts speed is 300 ,000 st eps a second. 

By Way Dong Woo, Cybetronics 46 
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CROSSTALK 

Competition from Japan 

IT IS APPARENT that Japanese and American 
electronics companies have become intimately 
connected just as U.S. and European electronics 
companies have become financially and techni­
cally intermixed. The companies that have en­
tered into such agreements have done so because 
it has been profitable. 

There seems to be little argument that the two­
way flow of technical information across the 
Pacific raises the state of the art on both shores. 
Another type of partnership is the manufactur­
ing agreement under which a Japanese firm 
makes American-developed products for sale in 
Asia and other overseas markets. Such arrange­
ments have been sought by American companies 
that could not otherwise profitably compete 
against local producers with lower costs, or 
against trade restrictions. 

The Japanese-American business activity that 
most disturbs the U.S. electronics industry is the 
importing of lower-priced components and con­
sumer goods. This cuts into sales of some domes­
tic products, especially transistors and transistor 
radios. Less publicity-chiefly because American 
firms play these cards close to their vest-has 
been given the purchase in Japan of parts of 
components (not the components themselves) 
and subassemblies for consumer products. These 
are assembled here and carry the tag "Made in 
USA." 

Are these practices reprehensible? Should they 
be stopped or restricted? American companies 
that have been hurt think so, and say so. Less 
vocal are American companies that have turned 
to lower-cost Japanese products in their effort to 
remain competitive in world markets. 

More than two years ago, the Electronic Indus­
tries Association petitioned the government for 
import quotas on Japanese transistors, on 
grounds that quotas would preserve our ability 
to produce sufficient transistors for defense. A 
few weeks ago, EIA finally got the answer: No. 
The Office of Emergency Planning said that 
despite the imports U.S. industry was expanding. 
Actually, it has excess production capacity, 
caused partly by foreign and partly by domestic 
competition. ' 

The government's reasons for not imposing 
more trade barriers on Japanese electronics 
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products are potent. For one, Japan is a fruitful 
market for many U.S. products and other indus­
tries would be hurt if we built more trade bar­
riers and the Japanese replied in kind, (Japan 
does impose quotas and minimum quality stand­
ards on some consumer electronics products and 
is trying to control the flow of still cheaper prod­
ucts from Hong Kong and Okinawa). Second, the 
electronics industry is vital to Japan. It is a 
prime source of capital money to buy needed im­
ports, employment and military strength. It 
would be foolish for our government to take any 
action that would materially weaken a strong 
ally in the Far East. 

Our heart is with American companies that 
want protection against Japanese imports. But 
our mind is with those who feel that it is self­
defeating to create trade barriers in an effort to 
solve domestic economic problems. 

Coming In Our July 13 Issue 

AUTOTESTING. Automatic checkout equipment is fre­
quently required for today's complex systems, espe­
cially when the time that would be needed to test all 
circuits by manually operated instruments would be 
prohibitive. Assistant Editor Novotny has surveyed 
the latest trends and techniques in methods used to 
test systems, how checkout equipment is designed and 
made adaptable to varying needs and what changes 
are coming in new automatic checkout systems. 

Another up-to-date report, by A. P. Heyman, of 
GE, gives first design details on a new parametric 
amplifier that tracked a space probe 70,000 miles. 
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CALIBRATED 

Thermistor 
Mounts 

For Greater A cc uracy 
in Power Measuring Systems 

Coaxial Thermistor Mount 
The Model 675-A is a 200 ohm therm­
istor mount for use in the 100 to 
4000 me range. Its extremely long 
thermal time constant virtually elim­
inates effects of ambient tempera­
ture changes. Calibration factor is 
supplied to an accuracy of 2% at 
400, 1000 and 1500 me. 

Models 811, 
813and81S 

X-Band Power Standard 
This 200 ohm thermistor mount­
coupler-temperature chamber com­
bination operates over any specified 
200 me band between 8.2 and 11.2 
kmc. The thermostatically controlled 
constant temperature chamber elim· 
inates effects of ambient tempera­
ture changes. An NBS test report is 
supplied giving the calibration fac­
tor to an accuracy of 1 %. 

Precision Power Bridges 
Weinschel Engineering also manu­
factures precision power bridges for 
use with these thermistor mounts. 
These bridges give accuracies t o 
0.1% of substituted power. 

4 CIRCLE 4 ON READER SERVICE CARD 

COMMENT 

More on Abbreviations 

In his letter printed in the Com­
ment column of your May 18 edi­
tion (p 4), Mr. Charles F. Roberts 
attacked the growing misuse of ab­
breviations, which you answered in 
your note by saying that space may 
be saved by such abbreviations. 

May I add some comment to that 
question from the viewpoint of a 
non-American reader of your jour­
nal. I fully agree that it will always 
be necessary to use abbreviations 
and symbols in technical literature. 
However, a general rule should be 
kept, either by the author himself 
or by the editor of the journal. All 
abbreviations used should be stand­
ard abbreviations which, if neces­
sary, can be looked up in some list 
of standards, preferably an inter­
nationally recognized list such as an 
I.E.C. (International Electrotech­
nical Commission) or an l.S.O. (In­
ternational Standards Organiza­
tion) list of standards. 

Readers of American technical 
literature whose native tongue is 
not English (and especially not 
American) very often are at a loss 
to understand some abbreviations 
which may be in current use in the 
U. S. but which are in contradiction 
with internationally established 
practice and standards. I suppose 
that, for example, most European 
engineers will understand abbrevia­
tions like min for minute, fLSec for 
microsecond (though international 
standards recommend fLS in this 
case), va for volt -ampere (though 
international standards are in fa­
vour of VA instead), etc. These 
are all abbreviations which refer 
to units used by engineers in every 
country of the world. 

A very different thing, however, 
is the use of abbreviations like 
those quoted by Mr. Roberts: iff, 
spdt (where I really do not know 
what is meant), ave and prf, which 
are simply derived from the corre­
sponding American expressions. In 
view of the fact that American 
technical literature is more and 
more read by readers of other coun­
tries, I think it could at least be 
recommended to print in full length 
every expression of that kind the 
fi rst time it appears in the text of 
an article, followed by the abbre-

viation in parenthesis (or the other 
way around, if this is preferred). 

Another, still better, solution 
would be to give a list of the sym­
bols and abbreviations used, just 
ahead of or underneath the article. 
Still another possibility, not so 
good but yet a way out, might be 
the publication of a list of abbre­
viations by the journal which could 
be kept and . used by the reader, 
especially the foreign reader. 

Above all, however, all this 
trouble about abbreviations and 
symbols once again shows the neces­
sity of having international stand­
ards. Some personal experience in 
the field of international standard­
ization has shown me that the rela­
tive importance of such questions 
has not always been recognized in 
the U. S. However, I think that the 
fact of our world getting smaller 
and smaller every day, and of in­
ternational cooperation becoming 
more and more important, will in­
duce a rapid change in that atti­
tude. 

Laboratory of the 
Hasler Foundation 
Zurich, Switzerland 

H. OSWALT 

A technical subcommittee of the 
Institute of Radio Engineers is 
now at work on a list of standard 
abbreviations for use in elec­
tronics that will enable readers to 
look up unfamiliar ones. The fore­
wor d to t he standard echoes reader 
Oswalt's admonition against over­
use of abbreviations. The watch­
word is "When in doubt, spell it 
out." 

Still More on Abbreviations 

May I add my vote to that of 
reader Charles F. Roberts. 

In his case, he understands the 
abbreviations. Too often, I do not. 
It is a poor showing for my BSME 
degree, but to me iff stands for 
"identification, friend or foe." And 
does spdt mean "stupid people don't 
think"? I recognized ave instantly 
as "all value cash,'' or is it Russian, 
meaning "any vacancies, com­
rade?"? That prf throws me com­
pletely, unless it refers to Roger 
Maris and means "position, right 
fi eld." 

BRUCE B. WINTER 

Handy & Harman 
New York, New York 
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mt Here are some C 0 0 l customers for critical hot spots 
Model 094567 
SINGLE STAGE STUD MOUNTED COOLER : 
·Cooling Capacity: 

-33°C with no load 
-30°C with IO mw load 

Heat Sink Capacity: 0.5 watt 
Input Power: 5 amps at 0.1 VOC 

Model 094492 
SINGLE STAGE COOLER 
Cooling Capacity: 

-33 °C with no load 
·-25°C with 200 mw load 

Heat Sink Capacity: 3 we:ttts 
Input Power: 3.5 amps at 0.85 VOC 

Model 094446 
SINGLE STAGE COOLER 
Cooling Capacity: 

-33°C with no load 
-31 °C with 50 mw load 

Heat Sink Capacity: 3 watts 
Input Power: 7 amps at 0.4 VOC 

Model 094447 
TWO-STAGE CASCADE COOLER 
Cooling Capacity: 

-53°C with no load 
-50°C with 20 mw load 

Heat Sink Capacity: 4 watts 
Input Power: 3 amps at 1.2 VOC 

Model 094520 
THREE·STAGE CASCADE COOLER 
Cooling Capacity: 

-75°C with no load 
-65°C with 15 mw load 

Heat Sink Capacity: 1 watt 
Input Power: 6 amps at 0.17 VOC 

Models illustrated are 
act11a1 size. All ratings 
taken in vacuum with heat 
s ink temperatures 27°C. 

l 0740·PC 
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' PESCO 
THERMOELECTRIC 
COOLERS 
GIVE HIGH DELTA-T WITH LOW 
CURRENT INPUT IN A COMPACT 
MINIATURIZED PACKAGE • 

PESCO thermoelectric coolers are entirely elec· 
tronic in operation ... can be used wherever spot 
cooling will increase sensitivity in devices such 
as infrared detectors, semiconductors, electronic . 
components, and specialized instrumentation. 
PESCO'S unique capability to cascade elements 
in miniaturized packages that will withstand 
rugged usage make these units extremely suita­
ble for applications where space is limited. Many 
other designs with greater pumping capabilities 
can be supplied. 

Discuss your cooling requirements 
with thermoelectric specialists at . •• 

PESCO PRODUCTS DIVISION 
BORG •WARNER CORPORATIOIC 
24700 North Miles Road Bedford, Ohio 

Export Sales: 
Borg-Warner International Corporation 
36 South Wabash Avenue, Chicago 3, Ill, 

Model 094438 
FOUR-STAGE CASCADE COOLER 
Cooling Capacity: 

-87°C with no load 
-78°C with 15 mw load 

Heat Sink Capacity: 12 watts . 
Input Power: 20 amps at 0.6 VOC 
Can be provided complete with heat sink, 

blower, motor, and heat exchanger. 

CIRCLE 5 ON READER SERVICE CARD 5 



Versatile programming plug-in programming for each 
individual column, code options 
with plug-in column cards 

Fast data transfer takes just 2 msec; 
prints up to 5 lines per second 

Fl .bl BCD . t 1-2-2-4 BCD input is ex1 e 1npu standard ; dual input available 

SPECIFICATIONS 
Printing Rate: 5 lines/ sec. maximum 
Column Capacity: To 11 columns (12 avai !able 

on special order) 
Print Wheels: 12-position, 0 through 9, a minus 

and a blank (Many special character wheels 
available from stock) 

Driving Source: Parallel-entry 4-line BCD, 1-2-2-4. 
Other codes available on plug-in cards. Source 
reference voltages establish "O" and "1" states, 
which may be as much as 150 v above or below 
ground. "l" state 4 to 75 v above "O" reference. 
Driving power approx. 30 µa into 270,000 ohms 

Print Command: ± pulse, 20 µsec or greater in 
width, 6 to 20 v 

Hold Signal: (Available for each data source) 
-7vto +15vand +15vto-7v 

Transfer Time: 2 msec 
Paper Required: Standard 3" roll or folded 
Line Spacing: Single or double, adjustable 
Size: Cabinet, 20%" x 12112'' x 18112'' ; Rack, 19" x 

10112" x 16'l'a" deep behind panel 
Price: iljJ 562A, 11 digit printer with six logic 

cards, $1,625.00 (cabinet), $1,600.00 (rack 
mount). 12th print wheel, additional logic 
cards, analog output optional 

70B7R 
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all yours with this 
new ~ 562A 

SOLID STATE 
DIGITAL 
RECORDER 

New, solid state ~ 562A Digital Recorder prints digital data on 3" 
paper as fast as 5 lines per second, each line containing up to 12 digits. 
The instrument incorporates a unique data storage unit for each digit 
column that allows the data source to transfer data to the recorder in 
just 2 milliseconds, after which the source is free to collect new data. 

Besides the standard parallel-entry 4-line BCD code (1-2-2-4), you can 
easily use other 4-line codes just by substituting plug-in column cards. 
Ten-line code operation (without data storage feature) is also avail­
able with plug-in cards. 

Further, ~ 562A accepts dual input (optional) and prints data simul­
taneously from two unsynchronized sources. A "patch panel" permits 
programming these two separate, unsynchronous inputs (even if 
coded differently) in any manner. Combinations of plug-in column 
code cards and "patch panel" column programming give complete flex­
ibility in both dual-source data acquisition and data print positioning. 
Analog output for high-resolution strip chart and X-Y recording is 
available as an extra-cost built-in feature of the 562A or through the 
new ~ 580A Digital-Analog Converter, a separate solid state, high­
precision instrument. 
Designed for use with solid state and vacuum tube counters, Model 
562A is ideal for a wide variety of individwal and system applications. 
Call your ~ representative today. 

HEWLETT-PACKARD .. COMPANY 
1501 Page Mill Road, Palo Alto, California, Area Code 415, DA 6-7000 

Sales and service revresentq,fJives in all principal areas; 
Europe, Hewlett-Packard S.A., 

54-54bis Route des Acacias, Geneva; 
Canada, Hewlett-Packard (Canada) Ltd., 

8270 Mayrand Street, Montreal 

aoe1 
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ELECTRONICS NEWSLETTER Atlantic Missile Range would be 
pointed to Cape Canaveral. After 
locking onto the beam, a photo­
multiplier tracker would point the 
cameras. The beam's monochroma­
ticity would be exploited by inter­
ference filters. High-speed camera 
shutters, programmed to open as 
the laser flashed , would minimize 
background light. 

Microwave Power Transmission Now Practical 

WIRELESS TRANSMISSION of power through microwave trans­
mitters and receivers is now practical and economically feasible for 
some applications, reports Purdue University. A program begun 
at Purdue in 1960 under Air Force sponsorship has achieved 60 
percent efficiency in converting The hemispheric beam would en­

able several ground stations to 
track the booster. The company 
says maximum practical daylight 
tracking distance would be 500 
miles. 

transmitted microwave energy into 
useful electrical energy. 

Purdue says present techniques 
could be used to transmit power to 
satellites for changing orbital di­
rections and powering radio and tv 
equipment. 

No new hardware is required, 
according to Purdue. Standard 
tubes and semiconductor devices 
are used. Efficiency was raised 
from t he 30 percent attainable a 
few years ago to 60 percent by 
optimizing diode circuits. Maxi­
mum power converted by a single 
circuit is 40 watts. This can be 
increased by paralleling circuits, 
and by further circuit and compo­
nents improvements. It was pointed 
out that microwave tubes gen­
erating 200 Kw to 400 Kw are ex­
pected to become available at a cost 
of $10 a kilowatt. 

The 60 percent conversion effi­
ciency was attained by a team of 
investigators headed by E. M. 
Sabbagh, professor at the School 
of Electrical Engineering. 

Peace Pipe Being Lit 
By FCC and TV Makers 

NEW YORK-Morris Sobin, chair­
man of EIA's consumer products 
division and president of Olympic 
Radio said last week at an EIA 
symposium that industry would 
comply with the all-channel tv 
legislation despite initial objections 
by EIA. He pointed out, however, 
that most manufacturers have just 
introduced their new lines and will 
need more time to start changing 
assembly methods. 

"We have our marching orders," 
said Edward E. Taylor, president 
of Motorola Consumer Products, 
"so let's go after this new market 
aggressively. Competition will pro­
vide the spur." 

Indications that initial FCC 
specifications for all-channel sets 
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will be flexible was reflected in a 
speech by Senator Gale W. McGee 
( D.-Wyo.). FCC appears to be rely­
ing on competi t ion to guarantee 
quality. McGee sa id he was sure 
F CC would make every effort to 
effect the changeover with mini­
mum disturbance to inventories, 
marketing and manufacturing. 

Meanwhile, in Washington, FCC 
and manufacturers began a series 
of meetings to discuss the technical 
aspects. 

To Track Booster, Use 
Hemispheric Laser Beam 

PASADENA - Electro-Optical Sys­
tems, Inc., says that a highly ac­
curate rocket booster tracking sys­
tem could be built around a ruby 
laser beacon carried by the rocket. 
The proposal resulted from a six­
month feasibility study sponsored 
by NASA. 

The beam from a single 20-joule 
laser would be diverged into a 180-
degree hemisphere by cassegranian 
lens and fiber optics bundles. The 
laser would flash every 10 seconds. 

Ballistic cameras now used on the 

Navy Defends Award of 
Contract without Bidding 

WASHINGTON-The Navy told a 
House Armed Services investiga­
tions subcommittee that it has "re­
affirmed" plans to award a contract 
to Collins Radio for production of 
641 uhf AN / PRC-41 radio sets (p 
12, June 22 ) . The contract has been 
delayed for a few months pending 
a Navy review of criticism by Rep. 
Earl Wilson (R.-Ind.) over the 
Navy's failure to seek competitive 
bids. Wilson charged that a bid by 
Arvin Industries was 34 percent 
lower. 

Kenneth E. Belieu, assistant sec­
retary of the Navy for installations 
and logistics, told the subcommittee 
the equipment is urgently needed 
and that Collins, the developer, 
would produce the sets "in the 
shortest possible time." Any other 
producer, he said, took "many 
months longer to deliver." 

J. C. Cruden, of the Office of 

Complexity Isn't Progress, Says Air Force 

WASHINGTON-The electronics industry is being "engulfed" by a 
"disease" that confuses gadgetry and complexity with progress 
and invention, said Brockway McMillan, assistant secretary of 
the Air Force for R&D1 at the IRE's military electronics con­
vention last week. 

He criticized the "notion that the 'best' design is the one with 
the most additional unimportant functions and the greatest 
growth potential." He blamed the military for "specifying com­
plicated equipment, or failing to recognize that there may be 
simple and less elegant ways to solve the problem." 

McMillan said the Pentagon is considering more use of per­
formance specifications in R&D contracts and detailed specifica­
tions or a typical design for "clarifying the intent." Contractors 
would be encouraged by bonuses to reduce cost and complexity 
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Naval Materiel, said that a review 
of the two bids showed that "Ar­
vin's proposal did not completely 
cover the job to be done, that major 
items were omitted or underesti­
mated by Arvin, and that Collins' 
proposal will require adjustments 
downward in negotiations leading 
to the definitive contract." 

Supply Agency Is Not 
Start of Military Merger 

WASHINGTON-Rep. Porter Hardy 
(D.-Va.), chairman of a House 
Armed Services subcommittee in­
vestigating the trend toward unifi­
cation in the Defense Department, 
last week questioned the legality of 
the Defense Supply Agency created 
for centralized procurement of com­
mon use items (p 12, May 25, and 
p 28, Jan. 19). 

Hardy implied that the agency 
was a step toward eventual merger 
of the services. Defense Secretary 
McNamara denied that he plans 
such a merger. The agency was cre­
ated under a 1958 law authorizing 
single-agency supply activities. 

Despite the challenges of Hardy 
and other unification critics in Con­
gress, DSA's future appears safe. 
Strong support is being given the 
agency by other congressmen, nota­
bly House Speaker McCormick who, 
with Rep. Thomas B. Curtis 
(R.-Mo.), introduced the measure 
authorizing DSA. 

Microcore Mosaics Form 
New Computer Memories 

MICROFERRITE techniques will be 
used in a family of high-speed 
computer memories to be sold by 
RCA's Semiconductor and Materi­
als division. Processing speed will 
be up to 2 million bits a second. Ex­
perimental units able to process 10 
million bits a second have been built 
at RCA Labs. 

They consist of small, two-hole 
ferrite squares assembled in flat 
mosaics and interconnected by 
evaporated metal paths. Small hole 
diameters and the use of impulse 
switching for changing magnetic 
field polarity around the holes pro­
vide the high speed, RCA says. 

Initial commercial units will have 
capacities in multiples of 32 30-bit 

a 

words. Typical drive requirements 
will be 350 ma for read pulse, 250 
ma for partial write pulse and 70 
ma for digit pulse. 

Britain Considers Switch 
To 625-Line TV Standard 

LONDON-A gradual changeover 
from the 405-line tv standard used 
in Britain to the European 625-line 
standard was recommended last 
week by a government advisory 
committee. The committee, headed 
by Sir Harry Pilkington, was set up 
in 1960 to consider the future of 
radio and tv in Britain. 

The committee recommends two 
new uhf channels be allowed, one 
for BBC and one for the Independ­
ent Television Authority, operating 
at 625 lines. Existing BBC and IT A 
vhf stations would continue on 405 
lines until the majority of viewers 
have 625-line receivers, then these 
stations would also switch to 625 
lines. 

The committee also recommended 
establishment of color tv service in 
two or three years at 625 lines. 
Which color system will be used has 
not been decided. Radio broadcast­
ing was found adequate, but the 
committee recommended BBC op­
erate local community stations 
financed by revenues from existing 
licenses. 

FAA Still Looking for 
Anticollision Equipment 

w ASHINGTON - Federal Aviation 
Agency will sponsor a government­
industry symposium July 12 and 
13 on airborne equipment to help 
prevent midair plane collisions. A 
broad cross-section of the electron­
ics and aviation industries have 
been invited to participate in the 
Washington meeting to review anti­
collision research and development 
work, outline accomplishments to 
date and discuss future plans. Since 
1958, FAA and seven contracting 
firms have been seeking a solution 
to the problem for both light and 
heavy aircraft. A range-altitude 
type system developed by Bendix 
Radio is currently being tested at 
F AA's Atlantic City research in­
stallation. 

In Brief ... 

HOUSE Commerce Committee has 
approved a resolution allowing 
FCC to authorize power above 50 
Kw in clear-channel radio sta­
tions. 

PAY TV broadcasts were begun last 
Friday by WHCT, Hartford, 
Conn. Broadcasts are decoded at 
the set by a Zenith decoder. The 
station hopes to increase number 
of subscribers, now 300, to 4,000 
or 5,000 by the end of the year. 

EIA REPORTS transistor shipments 
and revenue declined 3 million 
units and $3 million, to 19.6 mil­
lion and $25 million, in April. 

NUCLEAR power source in Transit-
4A satellite had its first anniver­
sary in space last Friday. It had 
produced 23,650 watt-hours of 
electricity, could keep going for 
decades, AEC said. 

TV CAMERA and other sensors, slaved 
to an infrared tracker, have been 
installed on an Air Force plane 
to watch spacecraft reentries. 
Camera was built by Philco. 

SYLVANIA plans to curtail germa­
nium alloy transistor production, 
step up output of germanium 
mesa, silicon planar epitaxial 
types and integrated circuit. 

AEROSPACE Industries Association 
will support the trade expan­
sion bill now before Congress. 

NASA'S DIRECTOR of reliability will 
outline its viewpoint at a relia­
bility training conference spon­
sored by IRE-PGRQC and ASQC 
next week at Princeton, N . J. 

DALMO VICTOR reports it got $6.8 
million in military radar anten­
nas and magnetic system orders 
last month. 

ORTRONIX has received $3.9 million 
in Signal Corps contracts for mo­
bile area communications sys­
tems and shelters. 

GENERAL Services Administration 
has ordered $2.4 million in radia­
tion monitors from Victoreen. 
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DAMAGE 

RUGGED END-CAP .. ... ... ~ ..... .......... . 
~9N~~~.ll~TI~~ FOR 
LONG TERM STABILITY 

$~R~A$~. N'J~.--~:-)Q~.Q~ 
PERFORMANCE 
REQUIREMENTS 

Fl&llllllS'FORe 
METAL FILM RESISTORS 
OFFER S DISTINO 

Providing close accuracy, reliability and stability with low 
controlled temperature coefficients, these molded case 
metal-film resistors outperform precision wirewound and 
carbon film resistors. Prime characteristics include minimum 
inherent noise level, negligible voltage coefficient of resist­
ance and excellent long-time stability under rated load as 
well as under severe conditions of humidity. 

TEMPERATURE 
COEFFICIENTS TO 

MEET ALL CIRCUIT 

Close tracking of resistance values of 2 or more resistors 
over a wide temperature range is another key performance 
characteristic of molded-case Filmistor Metal Film Resis­
tors. This is especially important where they are used to 
make highly accurate ratio dividers. 

Filmistor Metal Film Resistors, in 1/s, V<i , lh and 1 watt 
ratings, surpass stringent performance requirements of MIL­
R-105090, Characteristics C and E. Write for Engineering 
Bulletin No. 7025 to: Technical Literature Section, Sprague 
Electric Co., 35 Marshall Street, North Adams, Mass. 

RESISTORS 

CAPACITORS 

REQUIREMENTS 
For application engineering assistance write: 

Resistor Division, Sprague Electric Co., Nashua, New Hampshire. 
SPRAGUE CO M PONEN T S 

MAGNETIC COMPONENTS 

TRANSISTORS 

INTERFERENCE FILTERS 

PULSE TRANSFORMERS 

PIEZOELECTRIC CERAMICS 

PULSE·FORMI NG NETWORKS 

HIGH TEMPERATURE MAGNET WIRE 

CERAMIC-BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES 

FUNCTIONAL DIGITAL CIRCUITS 

SPRAGUE® 
THE MARK OF RELIABILITY 

'Sprague' and 'Cll are registered trademarks of the Sprague Electric Co. 

July 6, 1962 CIRCLE 9 ON READER SERVICE CARD 9 



Now from LAMBDA new LE SERIES Transistorized Regulated 

DESIGNED 

TO PERFORM ·\ 
~~. TO MILITARY 

ENVIRONMENT 

SPECIFICATIONS 

lft•o£9 ~Ii' ~ 

SHOCK 

VIBRATION SALT SPRAY 

nvironmenl-engineered .. .. 

... al mass-production prices 

LABORATORY INDUSTRIAL MILITARY 
APPLICATIONS 

LAMBDA ELECTRONICS CORP. 
15115 BROAD HOLLOW ROAD • HUNTINGTON, L. I., NEW YORK • 616 MYRTLE 4·41100 

Western Regional Office: 230 North Lake Avenue, Pasadena, Callfornla • Phone: Cod• 213, MUrray 1•21544 
New England Regional Office: 2715 Boston Post Road, Marlboro, Massachusetts • Phone: Cod• 817, HUntley 15·7122 
Middle Atlantlc District Office: 15115 Broad Hollow Road, Huntington, L . I . , New Vork • Phone: Code 1516, MVrtl• 4·4200 

Southeaatern Region: W. A . Brown & Associates, Inc., Engineering Representatives 



Power Supplies' 
CONVECTION COOLED 
No blowers or filters; mointenance free. 

CONSTANT VOLTAGE 
CONSTANT CURRENT 

by automatic switchover. 

8 MODELS 
AVAILABLE 

PATENTS f>ENOING 

COMPLETELY 
PROTECTED 
against-short circuit and 
electrical overload; input line 
voltage transients; excessive 
ambient temperatures. No 
voltage spikes due to"turn-on, 
turn-off" or power failure. 

WIDE INPUT 
RANGE 
Wide input voltage 
and frequency range 
-105-135 VAC, 
45-66 CPS and 
320-480 CPS in two 
bands selected 
by switch . 

REMOTELY PROGRAMMABLE AND 
CONTINUOUSLY VARIABLE 
Voltage continuously variable over entire range. 
Programmable over voltage and current range. 

OTHER FEATURES 

e Adjustable automatic current ll~iting. 
e 0°C to +so0c ambient. 
e Grey ripple flnish. . 
e Ruggedized voltmeters and ammeters per MIL-M­

l 03048 on metered models. 

S·YEAR GUARANTEE 

covers all Lambda Power Supplies 
including LE Series models 

Every Lambda power supply sold since 1953 has been 
backed by Lambda's 5-year guarantee, which covers 
workmanship and materials (except for tubes and 
fuses). 

Visit 

LAMBDA 
at the Wescon Sho~ 

Booths 342t-3422. 

LE SERIES 
CONDENSED TENTATIVE DATA 

DC OUTPUT (VOLTAGE REGULATED FOR LINE AND LOAD) (l) 

Model Voltage Range Current Range Pricel2) 

LE101 0-36 voe 0- 5Amp $420 
lE107 0-36 voe 0-lOAmp 525 
LE103 0-36 voe 0-15Amp 595 
lE104 0-36 voe 0-25 Amp 775 
mos 0-18 voe 0- 8 Amp 425 
lE109 o- 9 voe 0-lOAmp 430 

(l)Current ratinA applies over entire VoltaAe ranAe. 
(2)Prices are for nonmetered models. For models with ru1Medized MIL 

meters add suffix " M" to model number and add $40 to the non· 
metered price. For metered models and front panel control add suffix 
"FM" and add $50 to the nonmetered price. 

REGULATED VOLTAGE: 
Regulation (line) ...•.. Less than .OS per cent or 8 milli­

volts (whichever is greater). For 
input variations from 10S-13S 
VAC. 

Regulation (load) .•••.. Less than .OS per cent or 8 milli­
volts (whichever is greater). For 
load variations from 0 to full load. 

Transient Response 
(line) ••.. Output voltage is constant within 

regulation specifications for any 
lS volt line voltage change within 
10S-13S VAC. 

(load) .... Output voltage is constant within 
2S MV for load change from 0 to 
full load or full load to 0 within 
SO microseconds of application. 

Remote Programming ... SO ohms/volt constant over entire 
voltage range. 

Ripple and Noise .... . . . Less than O.S millivolt rms either 
positive or negative terminal 
grounded. 

Temperature Coefficient .. Less than 0.01S %1°C. 

DC OUTPUT (CURRENT REGULATED FOR LINE AND LOAD) (3) 

Current range 10% to 100% rated load for entire voltage 
range. Full specifications upon request. 

AC INPUT ... ..... . . 10S-13S VAC; 4S-66 CPS and 320-480 
CPS in two bands selected by switch. 

OPERATING AMBIENT 
TEMPERATURE AND 
DUTY CYCLE . . ..... .. . .. . . Continuous duty at full load 0°C 

to +so0 c ( 122°F) ambient. 

OVERLOAD PROTECTION: 
Thermal .. . .. . ...... Thermostat, reset by power switch, 

thermal overload indicator light 
front panel. 

Electrical: 
External Overload 

Protection . ...... Adjustable, automatic electronic 
current limiting circuit limits 
the output current to the preset 

I 
value upon external overloads, in­
cluding direct short, thereby pro­
viding protection for load as well 
as power supply. Current limiting 
settable from 10% to 110% of 
load. 

METERS: .•.•.. • ..•.• ~ .. Ruggedized voltmeter and am­
meter to Mil-M-10304B specifi­
cations on metered models. 

CONTROLS: 
DC Output Controls Coarse and fine voltage adjust and 

current adjust on front panel for 
models with suffix "FM", all other 
models same controls are mounted 

, in rear. 

PHYSICAL DATA: 
Mounting .... . . . ............. Standard 19" rack mounting. 

Size ....... LElOl, LElOS, LE109 31/2" H x 19" W x 16" D 
LE102, Sl/4'' H x 19" W x 16" D 
LE103, 7" H x 19" W x 16l/2"D 
LE104, 10¥2" H x 19" W x 16V2"D 

WRITE FOR COMPLETE CATALOG 
CIRCLE 11 ON READER SERVICE CARD 
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WASHINGTON OUTLOOK 

REVELATION THAT the government is studying ways to put ceil­
ings on salaries of high-paid defense contracting executives has stirred 
up lots of scare talk in industry. Officials in the Budget Bureau, in charge 
of the study, say the scare talk is exaggerated. 

The proposed salary restrictions would apply to a very limited number 
of executives: mostly to those with nonprofit research institutions work­
ing full-time on R&D contracts which have been awarded without com­
petition and whose salaries are directly chargeable to the military 
under cost-reimbursement clauses. 

This means that executives whose salaries are paid out of their com­
pany's fee or profit are not involved. Neither are those working on 
projects which have been awarded through competition or which are 
under fixed-price provisions. 

As things stand now, the salary schedules of executives on non­
competitive, cost-type research contracts have to be approved by con­
tracting officers. The Budget Bureau wants to set uniform standards on 
such salaries, however, to keep the pay "comparable" to salaries paid 
elsewhere. The Bureau is not concerned with salaries paid on competitive 
contracts that, officials say, already have "built-in controls set by the 
market place." 

NEW PENTAGON REPORT documents how burgeoning missile 
and electronic procurement over the past decade has dramatically shifted 
the regional distribution of defense contracts. 

The rate of prime contracts to the five major midwestern states, for 
example, has declined from an average annual level of $8.7 billion during 
the Korean War to $2.6 billion. Overall, the region's share of the defense 
procurement doliar has dropped 57 percent. New York, Pennsylvania, 
and New Jersey are also down in the volume of contracting, but not as 
much as the midw~st. 

The big gainer has been California, which has zoomed from 13.6 per­
cent of prime contracts to 23.9 percent. Massachusetts, Texas, Colorado 
and Florida have also gained. 

ACCELERATION OF THE TREND is anticipated. R&D con­
tracting is particularly concentrated. About 90 percent of R&D contracts 
are centered in 12 states. This means, the Pentagon says, that follow-on 
production contracts are likely to go where the R&D work is now being 
done. 

Behind the regional shifts are these factors: procurement of conven­
tional ordnance (tanks, guns, etc.) has been cut from 50 percent of mili­
tary buying to 12.4 percent; missiles have jumped from 0.5 percent of 
contracting a decade ago to 33.6 percent, and electronics rose from 11.2 
to 18 percent. The R&D shares of missile contracting (57.9 percent) and 
electronics-communications (24.9 percent) are larger than for any other 
type of military hardware. 

What this all boils down to is this: R&D activity, notably basic re­
search by universities and non--profit institutions, lures manufacturing 
industry. The midwest, which has failed to diversify into missiles and 
electronics and to engage heavily in R&D to as great an extent as other 
regions, is rapidly losing stature as a center of defense industry work, 
the report indicates. 
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Of course-but they are much broader than 
you might think. The illustrated units are just 
a few of the difficult and unusual switches that 
CENTRALAB has been called upon to design. 

What kind of special switch do you need? 
CENTRALAB engineers can modify an existing 
type, or design an entirely new switch to solve 
your problems. 

For immediate attention, write directly to 
CENTRALAB's Switch Sales Manager, outlining 
your problem. 

Cen1lalab. 

1. Switches 36 circuits progressively In missile check·out 
application. Used with stepping relay in limited equipment 
area. Glass silicone insulation. 

2. Sub-miniature 24 position switch provides 503 space 
reduction over conventional switch construction. Has 
ru gge d. accurate indexing for long life . Glass epoxy 
insulation. 

3. Low voltage switch with auxiliary high voltage snap action 
switch whi ch breaks heavy load to rotaty switch during 
switch cycle. Has guarded detent. 

4. 5 pole, 9 position low voltage switch with locki ng action 
make and break on integral snap action switch. Snap action 
switch breaks load to rotary switch during switch cycle. 

5. Dual concentric switch in which inner shaft operates rotors 
of all 3 sections while outer shaft operates rotor on front 
section independently. Used in aerial photography 
equipment. 

6. 3 pole, 18 position unit with 6 positions on each section. 
Has high torque for positive positioning of contacts. Glass 
epoxy insulation. Used in ground support equipment. 

THE ELECTRONICS DIVISION OF GLOBE-UNION INC. 
91 4 G E. KEEFE AVENUE • MILWAUKEE 1 , WISCONSIN 
In Canada: Central ab Canada Ltd., P.O. Box 400, Ajax, Ontario 

P·6131 

ELECTRONIC SWITCHES• VARIABLE RESISTORS • CERAMIC CAPACITORS • PACKAGED ELECTRONIC CIRCUITS • ENGINEERED CERAMICS 
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convenience. 

Frequency range of IOLA is from 2 to 20mc, covered 
in 6 bands. Up to 4 independent non-simu ltaneous 
channels are provided. Th ese four channels are 
selected externa lly by exciter channel control. One 
tuning unit is provided fo r each frequency specified 
up to maximum of fou r. 

The IOLA amplifier is designed to work into a 50 
ohm coaxial feed li ne. One output coaxia l receptacle, 

CIRCLE 14 ON READER SERVICE CARD 

common to all four channels, or 4 output coa xial 
receptacles (one for each channel) a re available ; each 
channe l norma lly requi ring its own antenna. For multi· 
channel operation with I antenna it is recommended 
thatAerocom Model ATU-4I0antenna coupler be used. 

A bu ilt-in directional coupler provides monitoring 
of output power and SWR . Grid current, plate current, 
fi lament voltage and high voltage are metered. 

Harmonic output attenuation : second harmonic 
is at least 55 db down and higher harmonics are at 
least 70 db down. Noise level is 40 db below 1000 
watts PEP output. Distortion products , in two-tone 
test, are at least 35 db down, depending on character­
istics of exciter. 

This linear amplifier, like all Aerocom equipment, is 
ruggedly constructed to give long trouble -free service. 
Additional information and technical data on request. 

3090 S. W. 37th Avenue - Miam i 33, Florida 
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FROM VARIAN 

THE MOST COMPLETE 
TWT DRIVER FAMILY 

Varian Associates' family of pulsed driver traveling wave tubes is the most complete in the microwave industry. These 
state-of-the-art tubes are available in power ranges from 5 kW to 50 kW, to satisfy requirements of modern radar sys· 
terns. Tube construction employs contra-wound helix or ring-bar circuits to permit efficient operation. 

Varian's driver TWT family covers a wide range of varying operational requirements. All have wide bandwidth and flat 
gain characteristics. Most are periodic permanent magnet focused, some are solenoid focused for use in phased array 
systems or other special applications. Varian pulsed TWT's feature high duty cycles, long pulse capability, high efficiency. 

If your special radar requirements demand high-performance driver TWT's, Varian has (or can design) the tube for you. 
For additional information, contact Tube Division. 

VA 137C 0.87-1.00 350 600 4S PPM Grid 

VA 133D 1.25-1.40 350 600 so PPM Grid 

VA 131E 1.25-1.70 25 150 35 3S PPM Grid VARIAN associates 
VA 1318 1.25-1.70 so 200 30 40 PPM Grid 

PALO ALTO 1, CALIFORNIA 
VA 121C 2.9-3.35 IS 10 30 PPM 

VA 13tA S.20-5.90 10 10 50 Solenoid 

Varian Subsidiaries: BOMAC LABORATORIES. INC. • S -F- 0 LABORATORIES, INC. • SEMICON ASSOCIATES, INC. 
VARIAN ASSOCIATES OF CANADA, LTD . • SEMI CON OF CALIFORNIA, INC. • VARIAN A. G. (SWI TZERLANO) 
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You have one week to balance this 

Walk down this Farmall tractor assembly line and you'll see 50 distinct products in the 
making. All tractors, but all different. Some farm, some industrial. Diesel, gasoline, LP and 
high altitude engines. Different transmissions, different hydraulic systems, different steer­
ing mechanisms. Different accessories. To suit the customer. 

You 'd think this would make line balancing a problem. But it doesn't-not with an IBM 
Computer helping out. Production line balancing with an IBM Computer has helped 
International Harvester's Farmall Works shave one to two weeks off the task. They now 
balance the line for a complete schedule change in less than a week. 

This frees key technical people for more creative work. It helps International Harvester 
act faster to meet the needs of a changing market. It helps them use men and machines 
more efficiently . . . allocate manpower more accurately. 

It probably can help you. Ask your IBM representative about it. 



mixed line-can you do it? 

• You zone your assembly line, iden· 
tify jobs, give a precedence to each. 
The job list provides the input data for 
all work assignment by the computer. 

• The computer starts the assignment 
process, determines the best set of 
jobs for one operator, prints out the 
detailed information. 

• As all jobs in one zone are as· 
signed, the computer reads in the job 
data for the next zone, repeating the 
process until the I ine is balanced. 

IBM® 
DATA PROCESSING 



Collins communications careers point 
Every American voice from space-from the X-15 and Mercury-has been 

nications. Now, with the accent on reliability, Collins is readying extensive 

most ambitious U.S. space effort, NASA's Apollo manned lunar spacecraft. 

leadership in space communications, Collins requires specialists in HF, 

tal communications, spacecraft antennas, TV, radar, modulation tech­

information theory, and ground systems. If interested in this challenge, 

Rapids, Iowa; Mr. C. P. Nelson, Dallas, Texas; Mr. E. Montano, 

18 

Vp 

carried by Collins commu-

systems for the next and 

D To further extend this 

! VHF, UHF equipment, digi­

niques, tracking and ranging , 

write Mr. L. R. Nuss, Cedar 

Newport Beach, California. 
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The QUALITY line of Rf;>TARV COMPONENTS 

CLIFTON PRECISION PRODUCTS CO .. INC.cp~l~eights,Pa. 11 ~lorado Springs, Colo. 
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Prices of Electronic Stocks Were More Erratic 

But our issues 
are expected to 
bounce back faster 

By THOMAS EMMA 
Ass ociate Editor 

ELECTRONICS STOCKS performed 
more erratically than those of gen­
eral industry during the recent pe­
riod when stocks fell to their lowest 
prices in years. Despite this, there 
are indications that electronics 
prices may show an earlier recovery 
than others. 

The business outlook for our in­
dustry continues to be sound de­
spite the stock situation. Backlogs 
continue high, new contract awards 
are still coming in and industry 
projections on sales and earnings 
are optimistic. 
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Commentators within both the 
electronics industry and the finan­
cial community are beginning to 
speak of some of the positive as­
pects and trends arising from the 
recent stock shakeout: more realis­
tic profit margins, healthier capital­
raising conditions and more accu­
rate price/ earnings ratios. 

PROFIT MARGINS-Profit mar­
gins have been declining for indus­
try in general. In the first quarter 
of this year they fell to 4.3 cents 
per dollar of sales as compared with 
4.8 cents in the last quarter of 1961. 
The 4.3 rate, however, is equal to 
the average of 1961 and 1960. 

Electronics industry profit mar­
gins have also fallen somewhat re­
cently, although no quantitative 
figures exist in federal statistical 
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ELECTRONICS STOCKS ff,uctuated more widely in price than 
industrial stocks during late May and June. Stocks used in 
deriving these curves had appeared consistently among the 
most active in both groups through 1961 

sources of information. 
The Securities and Exchange 

Commission, which tabulates profit 
and sales information for industry, 
includes electronics with electrical 
machinery. In this grouping, sales 
for first quarter 1961 are given as 
$7,023 million, with profits of $206 
million. In the fourth quarter 1961, 
sales rose to $8,083 million and 
profits to $350 million. In the first 
quarter of 1962 sales dipped $7,767 
million and profits dropped to $274 
million. 

These figures, which represent 
sales and profits after taxes for 
publicly held companies, give some 
indication of our industry position 
as compared with all industry. 

Sales for all industries amounted 
to $82,592 million, and profits to 
$2,900 million, in the first quarter 
of 1961. In the fourth quarter of 
1961, sales rose to $95,154 million 
and profits to $4,609 million. The 
all-industry figures for 1962's first 
quarter also show a drop, to $92,833 
million in sales and $4,004 million 
in profits. 

"Profit margins for different seg­
ments of the electronics industry 
will be affected in different ways," 
according to Donald Siebert of 
Electronics Capital Corp. 

"Some manufacturers of nonpro­
prietary items have been handling 
orders at greatly reduced profit 
margins just to keep busy. In many 
cases this has been based on the 
philosophy that indications of high 
volume and backlog in the annual 
reports and other financial state­
ments would retain the interest of 
the investing public. 

"In cases where this philosophy 
translated itself into lower and 
lower profit margins, the idea just 
didn't work. 

"Companies with proprietary 
products and sound financial phi­
losophies haven't had to rely on 
such financial devices and are likely 
to see their stock prices recover in 
much better order," Siebert says. 

VULNERABILITY - Chance for 
continued downturns for the elec­
tronics industry is lower than for 

electronics 



During the Market's Shakeout 

industries based primarily on con­
sumer products, in the opinion of 
William Prior, a partner in Ham­
mond, Kennedy & Co. 

"Consumer-oriented businesses 
are likely to see continued effects of 
the indecision and lack of confi­
dence the investing public is feel­
ing. The electronics industry, on 
the other hand, is built to a major 
extent on a stable base of govern­
ment contracts, giving an advan­
tage not many other industries have 
at this time." 

RAISING CAPITAL-Ways of ac­
quiring capital are due for some 
changes as far as the electronics 
industry is concerned. From all in­
dications, public underwritings are 
likely to remain scarce for some 
time. Public underwriting firms 
have been withdrawing applications 
filed with SEC, counseling clients 
to bide their time and in some cases 
turning a deaf ear to companies 
wanting to talk about going public. 

Jerome Kohlberg, Jr., a partner 
in Bear Stearns, told ELECTRONICS 
"There's a hiatus now. A new set 
of values are coming into play and 
maybe preferred stocks and bonds 
will see a more prominent role in 
financing. Common stock investors 
have learned a sharp lesson and, 
hopefully, the market has run out 
of customers who buy first and 
think later. Let's hope so anyway." 

A commentator for one major 
brokerage house describes the mar­
ket for equity financing as "soft". 

"Capital is available," he adds, 
"but not through public underwrit­
ings. Issues right now would be 
hard to sell even though the elec­
tronics industry is sound. We deal 
with some of the more sizable com­
panies in the electronics industry 
and they agree with us that they 
should wait before initiating public 
underwritings." 

Hardie Shepard, a partner in 
Payson & Trask, says "there's no 
problem in the electronics industry. 

"It's just that ion the past some 
companies had too easy a time in 
obtaining public underwritings and 
then the investing public let com-
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mon sense run away from them. 
Many truly souI)d electronics com­
panies enjoyed price-earnings ra­
tios that were higher than industry 
averages, and deserved these ratios. 

"The trouble started," Shepard 
thinks, "when companies not really 
meriting such price-earnings ratios 
began seeing them. There'll be a re­
covery, but for some of the one­
time glamor stocks the old saying 
that 'a month of boom takes a year 
of recovery' may apply." 

MERGER PATTERNS - Merger 
patterns are not likely to be af­
fected, so far as the number of 
transactions that take place go. 
However, mergers and acquisitions 
that were in process at the time of 
the decline will be reexamined. 

"This situation will kill some 
deals and make possible others 
which would at one time have been 
unfeasible," said one commentator. 

Lower stock prices will certainly 
affect transactions based on ex­
changes of shares. Many prelimi­
nary merger talks are now being 
based on statements like "we will 
sign on the dotted line if the price 
of the stock doesn't go below X dol­
lars before the closing date." 

SBICs-Several analysts indicate a 
belief that current financial condi­
tions will mean more business for 
Small Business Investment Com­
panies (ELECTRONICS, p 26, Aug. 
25, 1961). Many SBICs have been 
sitting tight on portions of their 
available capital, preferring to 
maintain a reserve in the form of 
government bonds rather than risk 
funds in an uncertain market. With 
the avenue of public offerings fre­
quently closed off by present condi­
tions, there will be a growing num­
ber of applications and transactions 
with SBICs, according to some Wall 
Streeters. 

Summing up a good portion of 
financial opinion about the present 
state of the electronics industry is 
the comment from one financier, 
"Technology as a creater of wealth 
is still strong, market conditions 
notwithstanding." 

Technical Paper Available from 

PC>TTER 
11High-Speed 

Computer 
Bulk Storage11 

by Dr. Andrew Gabor 
Systems Engineering Manager 

The operation and theory of magnetic 
drums, magnetic discs, magnetic cards 
and magnetic tapes is described in a 
new technical paper which surveys 
present·day bulk storage devices. A 
summary details magnetic tape drives 
and cites the advantages that account 
for their frequent use in modern com· 
puter systems. These include: 

• Fast start-stop time (between 1 
and 2 milliseconds) 

• High storage capacity (40 million 
to 400 million bits/reel) 

• High transfer rates (100,000 to 
over one million bits/second) 

• Extreme economy (cost per bit is 
several times lower than with 
any other recording medium) 

To receive your copy, simply write us. 

• Dl&ltal Magnetic Tape SJst1m1 
• Pertorated Tape Readers 
• High Speed Printers 
• Data Stara1e SJstems 

POTTER INSTRUMENT CO., INC. 
Sunnyside Boulevard • Piainvuw, New York 
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SILICONE NEWS from Dow Corning 

For protection of value 

New casting resin-Sylgard® 182-
is tough, flexible and repairable 
Visual inspection .. . environmental protecti on ... ease of processing ... 
simplicity of repairs - these and other features make Sylgard 182 an 
important new tool when engineering for value. 

Tough yet flexible, this solventless silicone casting resin cushi ons against 
shock and vibration from -70 to 225 C ... assures consta nt dielectric 
strength in any environment ... resists the effects of ozone, voltage stress, 
hea t aging and thermal cycling. 

Processing is simplified since Sylga rd 182 and its curing agent are 
not toxic to the skin . .. nor do they give off toxic fumes or heat during 
blending or curing. Curing time can be controlled b y the external heat 
applied - from as little as 15 minutes at 150 C to four hours at 65 C. 

Deep sections curp thororighly. There 
are no solvent fum es to be trapped ... and 
vis ibility is excellent. Applied as a fluid. 
Sylga rd 182 resin fl ows readil y around in­
tri ca te shapes ... cures even in deep sec­
tions without damage from internal stresses 
or exothermic hea ting. 

Repairability is assured when circuits are 
embedded in Sylgard 182. Defecti ve com­
ponents can be removed and replaced after 
cutting away the cured resin with a sharp 
knife. 1ew res in , poured over the re­
paired area , adheres to the existing encap­
sulant restoring the entire unit to its 
original condition. 
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Dow Corning is your best source for a broad 
line of s ilicone fluid s, gels, elaslorncrs and 
rigid forms for polling, filling, embedding and 
encapsulating. • Dow ~orning 
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-- specify these 

Visually inspect . . . instru ment 
check and replace faulty 
parts w ith ease 

Dielectric Gel permits both visual and instrument 
inspection of potted circuits and components. 
Poured as a liquid, Dielectric Gel fills all voids, then 
sets up as a transparent, heat-stable, resilient mass. 
No significant stresses or exothermic heating devel· 
ops during cure. Even the most delicate electronic 
components are safe. Instrument probes can be 
inserted and withdrawn repeatedly without dam· 
aging the outstanding dielectric properties of this 
Dow Corning silicone potting material. 

Circuit R epair is easy to accomplish. Simply cut 
away the gel surrounding a defective component 
with knife or scissors. After the circuit is repaired, 
simply pour new gel into the repaired area to re­
store original high quality protection. 
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Deep section . .. rugged 
protection with 
repairable Silas tic® RTV 

Silastic RTV, Dow Corning's fluid silicone rubber 
that vulcanizes at room temperature, is available in 
several variations. Select the best one suited for 
your application or processing requirements. All 
have excellent dielectric properties, low water ab­
sorption, stability under extreme temperatures, 
resistance to thermal cycling and aging. The new­
est Silastic RTV cures in thick sections in 24 hours 
at 77 F. Variations in thickness have no significant 
effect on curing rate or material uniformity. 

Vulcanized Patch. Defective parts embedded or 
encapsulated in Silastic RTV ... even where thick 
sections are used ... can be replaced. The cured 
Silastic RTV is cut away with a knife, the com­
ponent replaced, and new Silastic RTV applied to 
the repair area. The fresh material bonds to the 
original, restoring the encapsulant's integrity. 
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silicones 

VISIT OUR BOOTH 3905-3906-3907, AT WESCON SHOW 

Free 12-page manual, "Silicones for the Electronic Engineer". 
Write Dept. 3907, Dow Corning Corporation, Midland, Michigan. 
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l'EltMEANCE COEFFICIENT - BI N 

IM--- *' -JGilllc:I e 
DEMAGNETIZING fOltCE-H-OEltSTEDS fG/UHTS PEI CM I 

DEMAGNETIZATION AND ENERGY PRODUCT CURVE 

Alnico V-7 produces more magnetic energy per unit volume or weight than any of the Alnicos - 7 million 

BH max. This space age Alnico allows considerable reduction in magnet size and weight without sacri­

ficing energy. Typical applications are: lightweight ground and airborne generators and alternators in 

a full range of frequencies; oscillographs, galvanometers, recording instruments, magnetometers and 

meters; and missile-borne guidance and recording equipment. Indiana General engineers - backed by 

over 50 years of permanent magnet application experience - are specialists in designing the right magnet 

for your application. Call or write for technical assistance to Indiana General Corporation, Magnet Di vision, 

Valparaiso, Indiana. Ask for bulletin #350. 

INDIANA GENERAL ~a 

MINIATURE 
MOTORS MAGNETS 

MEMORY 
SYSTEMS 

FERRI TES 
LOAD 
ISOLATOR 
MAGNETS 

.• J 
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NEWS FROM 

BELL LABORATORIES 

A simple, highly sensitive 
microwave amplifier 

Bell Laboratories engineers have developed an 
extremely sensitive parametric amplifier which 
approaches the maser in sensitivity. Both will be 
used in experiments with Telstar, the Bell Sys• 
tern's experimental communications satellite. 

• Heart of the parametric amplifier is a newly 
developed semiconductor diode with very low 
intrinsic noise. Previously, the sensitivity of 
such amplifiers at microwave frequencies was 
severely limited by the unwanted noise gen­
erated in their diodes. The new diode, no 
bigger than the eye-end of a needle, solved 
this problem. 

Our engineers also devised new circuitry to 
stabilize precisely the output of the klystron 
(microwave generator) supplying power for the 
amplifier. To reduce further the intrinsic noise 
of the amplifier, they immersed the diode and 
its circuits in liquid nitrogen, utilizing a new 
cooling arrangement which economically 
maintains a low temperature for many days 
without attention. 

The new amplifier fills a need in the com­
munications field for a simple microwave ampli­
fier of high sensitivity in applications for which 
the higher sensitivity of the maser does not 
justify its additional complication. 

Bell Laboratories' Michael Chruney adjusts waveguide assemb ly 
(in circle) housing the diode. After adjustment the entire parametric 
amplifier will be immersed in liquid nitrogen in dewar at left. The 
new amplifier operates at 4170 megacycles (center of band) and 
provides an almost flat gain of 38 db over a 50-megacycle band with 
a noise fi gure of approximately 0.6 db. 

Close-up of the waveguide as­
sembly, in which Bell Telephone 
Laboratories' newly developed 
diode is located. 

Heart of amplifier-a hermet· 
ically sealed gallium arsenide 
diode-is compared with eye of 
average-sized sewing needle. 

BELL TELEPHONE LABORATORIES 
World center of communications research and development 



Designers See Space Guidance Systems 

AEROSPACE MERGER 

LOS ANGELES-Proposed merger of the Institute of the 
Aerospace S ciences and the A merican Rocket Society 
was urged by L . E ugene Root, l AS president, at the l AS 
meeting. H e said m erger w ould eliminate much dup lica­
tion of effort by two organizations having para llel pw·­
poses and activities. 

VA CUUM DEPOSI TED GOLD 

Pb S OR OTHER PHOTOCOND UCTIVE 
MATERIAL 

RE CTAN GULAR QUAR TZ SLAB 

I AS and ARS offic ers are to review merger plans 
shortly . Members would v ote this f all. I f t he 71 lans go 
through, the new Insti tu te of A eronautics and Astro­
nautics would be created on F ebruary 1 , 1 963. Combi11ed 
mem bership of !AS and ARS is 30,000 

ROW OF DETE CTOR CELLS 

~~~DETECTOR LEADS TO ASSOCI ATED ELECTRONICS 
I : I 

:-:::)~~ - PREAMPLIFIER SLA B OF SEM ICOND UCTOR 
I I : MATERIA L 
I I I 

:;:fi:::@'@4ii#-- SIGNAL PROC ESSING SLAB OF SEMICON­
DUCTOR MATERIA L 

Another proposal: radiation shields 
converting nuclear energy to power ~;~ASSEMBLED SUBDETECTO R STRIP WITH 

'- MICROBONDED AND DEPOSI TED INTER-

LOS ANGELES-Plans for longer 
spacecr aft missions have been 
steadily directing guidance compo­
nent development away from iner­
tial reference systems and toward 
optical guidance, it was reported in 
a survey paper on advanced mosaic 
guidance systems presented at the 
National Summer Meeting of the 
Institute of the Aerospace Sciences 
late last month. 

Goal is an optical guidance sys­
tem that will not require an expen­
sive and complex inertial platform 
and high-accuracy sensors, said 
Eugene F. Lally, of Jet Propulsion 
Laboratory, and Mortimer Penberg, 
of Aerojet-General. Development of 
optical systems, they added, will be 
based on developments in visual 
and infrared sensors, thin-film and 
semiconductor network fabrication, 
and microminiature computers 
with high-capacity memories. 

MAKING MOSAICS-Lally and 
Penberg described a method of fab­
ricating mosaic guidance compo­
nents that would reduce noise and 
the volume of detector channels. 
Arrays of photocells, each with its 
own solid-state, signal-amplifying, 
shaping and processing circuits, 
would feed an onboard computer as 
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MOSA IC GUIDA NCE f abrication technique 

shown in the di agram. 
The cells would respond to visual 

and infra red stimuli originating 
from stellar and planeta ry bodies. 
The stimulus information presented 
by the optics of the system to the 
image plane ( the mosaic of cells) 
would then be refined to a signal 
useful for guidance. 

To fabricate the primary compo­
nents, photoconductive material is 
deposited on long, rectangular 
quartz strips 3 mils wide. Gold de­
posits mask off each side of the 
strip, leaving a center strip of pho­
toconductive material 1 mil wide. 
Detector cells 1 mil wide are pro­
duced by etching and are bonded to 
a semiconductor substrate contain­
ing the information channels. 

RADIATION SHIELDS - Other 
developments outlined at the IAS 
meeting include new methods of ra­
diation shielding. 

Space vehicle shielding may be 
provided by dipole-like magnetic 
fields using superconducting coils, 
said Robert F . Tooper and William 
0. Davis, of Armour Research 
Foundation. Shielding is necessary 
to protect crews from charged par­
ticles in space. 

Regions of shielding obta ined 

with a dipole magnetic field are de­
pendent on the Stormer unit, C,,, 
as shown in the diagram. T h is 
length represents the radius of a 
circula r particle or bit in the equa­
torial plane of a dipole, and is de­
pendent on the total energy of t he 
particle. Computations indicate 
that a dipole of moment 3 x 10u 
gauss cm• over the equator of a 
sphere of 2 meters diameter will 
completely shield protons of energy 
less than 866 Mev and partia lly 
shield protons of energy less t han 
8.1 Bev. 

Axially symmetrical reg ions are 
obtained by rotating the fi gu re 
shown about the dipole axis. 

The discovery of materials that 
maintain their property of super­
conductivity in the presence of 
strong magnetic fi elds, s uch as the 
niobium-zirconium alloys and cer­
tain other niobium intermetallic 
compounds, has led to the possibil­
ity of magnetic shields. 

Tooper and Davis feel this type 
of shield will lead to a significant 
payload weight saving. Disadvan­
tages to be overcome include t he 
continuous cooling power requi r ed, 
the vulnerability of the system to 
mechanical and electrical damage, 
and the effect of the strong mag-

electronic s 



Turning in to Mosaics of Optical Cells 

FIRST 

GAMMA AND SLOW NEUTRON 
CONVERTER 

DETECTOR FILTER 
CELL 1-1 PREAMPLIFIER r-1 ASSEMBLY f-1 AMPLIFIER 

STAGES 

l 
J 

AUDI O THRESHOLD SCANNING OR 
GAIN I-+ OR SIGNAL ~ ELECTRONIC f-: ON - BOARD 

CO NTROL PROCES SI NG COMMUTATION COMPUTER 

SUBDETECTOR input and output electronics for mosaic 
guidance 

~COMPLETELY 
=SHIELDED REGION 

'j I U) 01-(L x 
- <I 
Cl 

I 

EQUATORIAL 

PLANE 

(A) 

(B) 

FAST NEUTRON CONVERTER 
AND ELECTRON COLLECTOR 

+ 

PROTON 
COLLECTOR 

~PARTIALLY 
SHIELDED REGION 

MAGNETIC DIPOLE field shielding regions 

RADIATION SHIELD to conve1·t neutrons and gamma 
rays into electrical energy. Electrodes (A) may be 
arranged into stack of plates (B) or solid cell (C) 

netic fields on instrumentation. 
This work is being supported by 
the Air Force. 

ENERGY CONVERSION-A tech­
nique for converting escaping nu­
clear reactor radiation directly into 
electrical energy by an active shield 
was proposed by Bernard Raab, of 
Republic Aviation. 

As illustrated, the shield would 
consist of three electrodes that 
could be stacked in plate or solid 
form to provide a conversion cell. 

The first electrode, composed of 
a high-atomic-number material, 
would be a gamma and slow neu­
tron converter that would emit neg­
ative particles and have a positive 
charge. Compton scattering con­
verts gamma rays to electrons. The 
target, of high-absorption cross­
section, converts slow neutrons by 
transmuting them to beta-decaying 
isotope with a short half-life. 

The second electrode, composed 
of a low-atomic-number material, 
collects the negative particles. Fast 
neutrons would penetrate to this 
electrode and scatter protons from 
this thin, hydrogenous target, in­
creasing this electrode's negative 
charge. A third electrode, a high­
atomic-number material, collects the 
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protons and has a positive charge. 
A 1,500-watt solar thermionic 

power system, based on state-of­
the-art components, was reported 
by T. J. McCusker, of Thompson 
Ramo Wooldridge. The system in­
cludes thermionic generators, ori­
entation systems to keep the gener­
ators aligned with the sun, storage 
batteries for use during the shaded 
portion of the orbit, power regu­
lators for the system, and a system 
for deploying the generators. 

A goal of one-year life is pro­
posed for the system. Mccusker 
feels that neither the thermionic 
converter nor the battery has fully 
demonstrated this capability. 

PECAN-The Pulse Envelope Cor­
relation Air Navigation (Pecan) 
system, which enables airborne 
measurement of v e 1 o city and 
ground-track, was described by 
James Salerno, of Diamond Ord­
nance Fuze Laboratories. The sys­
tem correlates variations in pulse 
radar terrain returns received by 
two antennas, mounted fore and aft 
along the longitudinal axis of an 
aircraft. The two antennas receive 
identical return signals at a time 
differential determined by aircraft 
velocity. 

Experiments support the feasi­
bility of the Pecan system, Salerno 
said. Experimental data indicate 
that system errors may be less than 
1 percent. We1ght problems are ex­
pected to become negligible with 
the development of solid state sig­
nal processing circuits. Salerno 
pointed out that conversion from a 
modern pulse-type radio altimeter 
to the Pecan system would require 
only the addition of a third antenna 
and a signal processing package. 

Bell Telephone System 
Hardening I ts Arteries 

EASTERN THIRD of a blast-resistant 
transcontinental cable system, run­
ning from Washington to New 
York, will be completed late this 
summer by the Bell Telephone Sys­
tem. Underground cables, amplifier 
stations and communications cen­
ters are designed to withstand all 
but direct nuclear hits. 

The system will be completed to 
the west coast by 1964. Costing 
about $200 million, it will include 
4,000 miles of coaxial cables, 900 
amplifier stations and nine commu­
nications centers. 
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TO 
F-M 
SOUND 
TRAN S­
MITTER 

STEREO TV SOUND system 
employs three information 
channels . L+R signal can be 
received on unmodified sets 

l 
(HORIZONTAL SCA\ FREQUENCY~ 

1ST HARMONIC 2ND HARMONIC 3RO HARMONIC 
UJ 
0 
:::> ,_ 
~i---------
(1. L+R 

"' "" 

15.75 

POSIT IVE 
L-R 

23.625 31.5 

NEGATIVE 
L-R 

39.375 

SIGNA L FREQUENCY IN KC -

47.25 POSITIONING of L+R a11d 
two halves of L-R signals in 
horizontal scan frequencies 

Latest Design Idea for 

Television Audio Stereo 
Negative and positive 
portions are positioned 
in horizontal scan 

DES PLAINES, ILL.-Stereo audio 
system for television considered by 
its designers as two years ahead of 
the consumer market was intro­
duced at the IRE's Spring Confer­
ence and Television Receivers. Mul­
tipath interference tests of the 
system are being completed this 
summer by General Electric. Filing 
for approval will follow. 

Other topics at the conference in­
cluded the feasibility of using 
silicon planar transistors in tv re­
ceivers, ways of cutting cost by im­
proved circuits and components and 
new transistor tuners for f-m ra­
dios and uhf tv (p 25, June 29). 

R. W. Galvin, president of Mo­
torola, urged those attending the 
conference to support passage in 
Congress of HR 11088, to help limit 
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government patent activity to li­
censing. Attendance totaled more 
than 700 persons, over 100 more 
than last year. 

TELEVISION- The t v audio 
stereo system, described by R. B. 
Dome, of GE, transmits three audio 
channels (see illustrations). The 
positive half of the L - R signal 
is positioned midway between the 
first and second harmonic of the 
horizontal scan (23.625 Kc). The 
negative half is positioned midway 
between the second and third har­
monic (39.375 Kc). The L+R sig­
nal, is transmitted between 50 cps 
to 15 Kc, can be received by an un­
modified receiver. 

A noise-reducing system recom­
bines the signals in a circuit con­
taining coils and four diodes. Sig­
nal degradation would be about 23 
db down from monaural-about the 
same as for· f-m stereo. 

John Macintosh, of Fairchild 

Semiconductor, discussed the feasi­
bility of using silicon planar tran­
sistors for a tv receiver. He said a 
circuit using 22 transistors and 13 
diodes outperformed a 19-inch, 110-
degree top-of-the-line tube ver­
sion, except in small-signal modula­
tion. Push-pull, r-f amplifier and 
common base operations more 
than equals tube performance, and 
further improvements are still to 
be expected, Macintosh claimed. 

Significant economies without 
loss of performance or reliabi li ty 
can be obtained by toroid coils in 
vertical deflection yokes, reported 
Kenneth Fulton, of Motorola. He 
said a less costly 6FK6 tube and a 
smaller and more economical output 
transformer can be used. Trans­
former cost is cut 25 percent be­
cause the higher inductance of the 
toroid requires lower transformer 
inductance, for the desired time 
constant. Core size may then be re­
duced by ~ by ii inch. A 140-volt 

electronics 



supply has proven adequate for 
114-degree deflection in one con­
figuration. Total power input of H 
watts in one circuit and 9 watts in 
another is comparable with the 13 
watts required for saddle yoke .de­
flection . Tubes run cooler and more 
reliably, Fulton added. 

Strap frame grid manufacturing 
techniques were credited with en­
hancing life and reliability of a new 
uhf tv local oscillator discussed by 
L. R. Maguire, Sylvania. Eliminat­
ing the possibility of intermittent 
grid-to-cathode shorts, the tubes 
are said to operate 17 percent 
cooler, due to reduced heater power 
and current drain. 

RADIO - Post-alloy-diffused ger­
manium transistors operating on 
voltages as low as 1 v were intro­
duced in a two-transistor, f-m car 
radio tuner circuit by William King, 
Amperex. Permeability tuning is 
least susceptible to the auto's me­
chanical vibration. Signal sensitivi­
ties of 1.6 µ.v and 2.6 µ.v for 20 db 
and 30 db of quieting, with in­
herent power gains of 28 db and 
image rejections of 42 db, are at­
tainable, he said. Diodes help coun­
ter overload, a leading trouble in 
transistor receivers. High cutoff 
frequency transistors, such as the 
padt 2N2494 connected in a com­
mon-emitter configuration as an r-f 
amplifier, deliver more power gain 
in the front end. A zener-regulated 
power source c o m p e n s a t e s for 
changes in tuning caused by varia­
tions in supply voltage and signal 
strength. 

Robot Draftsman 

NUMERICALLY controlled draft­
ing machine built for General 
Dynamics/Fort Worth by Ekstrom, 
Carlson and Co. prepares design 
drawings and master lofting lay­
outs. Rate is 10 linear f eet a minute 
and accuracy is 0.005 inch over a 
12-foot span 
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services for aerospace contractors: 

ENVIRONMENTAL EVALUATION 
Arma environmental laboratories are among the finest in the natfon, 
originally designed for stringent testing of the all-inertial guidance equip­
ment now in operational service on Air Force ATLAS missiles. These 
facilities, including the world's most precise large centrifuge test unit, can 
now provide complete engineering evaluation services for contractors. Out­
standing simulation equipment plus a competent staff of experienced 
engineers is available to help design and develop better, more reliable 
equipment and components through environmental testing. 

STANDARDS AND MEASUREMENTS 
Comparable in many respects to National Bureau of Standards facilities, 
the Arma standards & measurement laboratory is available to outside con­
tractors for assistance on specialized measurement problems and quality 
control activities. Certification of reference and working standards and 
maintenance of records can be provided. Facilities for electrical measure~ 
ments in the audio spectrum are the finest available. 

These Arma laboratories were used in the development and production of 
the Atlas all-inertial guidance system and the B-52 fire control system. 
These sophisticated projects fully demonstrate Arma's qualifications to 
offer expert assistance to those seeking the finest in facilities, personnel, 
and experience. 

Complete technical information on the services available is 
contained in a 24 page brochure ESAT-1. Write Corporate 
Government Marketing, Arma Division, American Bosch 
Arma Corporation, Garden City, N. Y. 
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SPRAGUE® 
1> MODEL 500 
~ INTERFERENCE LOCATOR 
~ 

~ 

30 

This versatile instrument is a 
highly sensitive interference lo­
cator- with the widest frequency 
range of any standard available 
unit! Model 500 tunes across the 
entire standard and FM broad­
cast, shortwave, and VHF-TV 
spectrums from 550 kc.· to 220 
me. in 6 bands. 

It's a compact, portable, rug­
ged, versatile instrument- engi­
neered and designed for most 
efficient operation in practical 
fi eld use. It features a transistor­
ized power supply, meter indi­
ca tions proportional to carrier 
strength as well as sensitivity of 
5 microvolts minimum for 5% 
meter deflection over entire tun. 
ing range. 

For full details, send for bro­
chure IL-106. 

SPRAGUE ELECTRIC COMPANY 
35 Mcirohall Street, North Adams, Mass. 
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Loudspeaker Rating System Proposed 

CHlCAGO-Loudspeaker rating sys­
tem for consumers and industrial 
buyers was proposed by Lincoln 
Walsh, of Walsh Engineering, at 
the Loudspeaker Industry Meeting 
late last month. The rating and 
color-coding system would tell cus­
tomern three things about a loud­
speaker: frequency range, acoustic 
power producing capacity, and a 
number which indicates general 
performance. 

"The rating system serves prima­
rily the customer by giving accu­
rate information on the perform­
ance capabilities and limitations. It 
does not distinguish between prod­
ucts that are in the same perform­
ance range. It does point out the 
products that are in the category 
he wants," Walsh said. 

The general performance number 
is the sum of scores on six tests: 
i-esponse uniformity, transient ef­
fects, distortion, diffusion of sound, 
efficiency or sensitivity, and listen­
ing quality (a test to be made by 
impartial judges). Measurements 
based on fundamental acoustic 
principles determine what quality 
rating any speaker receives. 

The coding system uses different 
colors to indicate frequency range, 
and several kinds of symbols to in­
dicate acoustical power capacity. 
The number of symbols indicates 
performance number. For example, 
five gold stars would indicate an 
excellent speaker with one watt of 
acoustical power capacity and a 
frequency range of 20 to 20,000 
cops. 

Walsh said that essentially the 
same form of quality rating system 
can be used for radio and television 
receivers and phonographs, whether 
monaural or stereo. In modified 
form it could be used to rate audio 
performance of tuners, amplifiers 
or pickups, he added. 

Walsh's rating system started 
two months ago when the FTC 
asked Electronic Industries Associ­
ation to develop a definition of hi-fi. 
EIA, in turn, asked its members to 
give their definition; they received 
154 replies, of which Walsh's was 
one. 

Another EIA meeting was to be 
held late in June to try to hammer 
out a definition of hi-fi "with which 
the industry can live," said one 
spokesman. This definition will be 
submitted to the FTC. As one mem­
ber put it, "the problem is to de­
velop a definition which will not be 
too stringent." 

Portable Tv Recorder 
Uses Helical Scanning 

NINETY-POUND, portable, closed-ci r­
cuit tv tape recorder was demon­
strated last month by Mach-Tron­
ics, Inc., a newly-formed company 
in Mountain View, Calif. It em­
ploys the helical scanning principle, 
using two recording heads 180 de­
grees apart. 

Some 96 minutes can be recorded 
on a lOiHnch reel of 1-inch tape 
running at 72 inches a second. The 
company says video frequency re­
sponse will be ±3 db from 30 cps 
to 3 Mc with reference to 100 Kc 
and will be down no more than 6 
db at 3.5 Mc. Signal to noise ratio 
will be 40 db. Price, with an eight­
inch tv monitor, is pegged at 
$10,800. 

TV RECORDER is also expected 
to find applications in cro and radar 
recording 

electronic < 
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Type 551 Dual-Beam Oscilloscope 
Here's one of many applications possible with 
the Tektronix Type 551 Dual-Beam Oscillo­

scope ... 

At Motorola Semiconductor Products Divi­
sion in Phoenix, the Quality-Control Perso:-ine ' 
rely upon accurate waveform displays fro!T' 
the Type 551 to verify total turn-off tim e c' 
epitaxial Germanium and Silicon Mesa switch ­
ing transistors. In this quality-control tes"., 
the upper trace on the oscilloscope shov.•s t~io 
inverted input to a silicon saturated switchino 

circuit, and the lower trace shows the outpu~. 
Observing time-coincidence characteristics 
from the sharp dual-beam display, the opera­
tor can determine quickly and accurately if 
the Mesa transistors meet test specifications. 

For you r own dc-to-25 me applications, con ­
sider the signal-handling ease and capabili­
ties of this high-performance dual-beam 
osci I loscope. 

By interchanging combinations of 16 letter­
series plug-in units, you can equip the Type· 
551 for applications such as dual-beam pulse 
sampling ... strain-gage and other tr?.'13-
ducer measurements ... semicondu c~o r­

diode-recovery-time studies . . . differential­
comparator work ... as well as multiple-trace 
displays in most waveform-comparison ana­
lyses-and you can do it simply and depen d­
ably. 

CHARACTERISTICS OF TYPE 551 
DUAL-BEAM OSCILLOSCOPE 

Common X- Independent Y Deflection 
DC-to-25 MC, 14-nanosecond risetime with 
Fast-Rise Plug-In Units • 24 Calibrated Sweep 
Rates from 0.1 µsec/cm to 5 sec/cm • 5X 
Magnifier • Single-Sweep Provision • Am­
plitude-Level (Manual) Selection or Full y Auto­
matic Triggering Facilities • 10-KV Acceler­
ating Potential • 4-cm by 10-cm Display for 
Each Beam, with 2-cm Overlap • Amplitude 
Calibrator. 

TYPE 551 DUAL-BEAM OSCILLOSCOPE 
(without plug-in units) ........ $1850 
Includes: Indicator Unit, Power Supply, 

4 Probes, 7 other accessories. 

Type L Plug-In Unit (as illustrated) .. . $ 210 
U.S. Sales Prices f.o . b. Beaverton, Oregon 

Ask your Tektronix Field Engineer to demonstrate 
the value of this dual-beam oscilloscope in your 
own application. 

Tektronix, Inc. P. o. Box 500. BEAVERTON. oREGoN 1 M1rche114-0161·rwx-BEAv311 ·cable.· TEKrRoN1x 

TEKTRONIX FIELD OFFICES: Albuquerque, N. Mex . • Atlanta, Ga. · Baltimore (Towson) Md. · Boston (lex1noton) Mass. · Buflalo, N.Y. · Chicago (Park Ridge) Ill.· Cleveland, Ohio · Dallas, Texas · Dayton, Ohio 
Denver, Colo. • Oe\1c.r.\\\:a\hrnp Village) Mich .• Endicott (Endwell) N.Y. • Greensboro, N.C . • Houston, Texas • lnd1anapol1s, Ind. • Kansas City (Mission) Kan. • Los Angeles, Calif. Area (Encino • Orange 
Pasadena • West Los Angeles) • Minneapolis, Minn. • New York City Area (Albertson, l.I., N.Y. • Stamford, Conn. • Union, N.J.) • Orlando, Fla. • Philadelphia (Bata-Cynwyd) Pa. • 2hoenix (Scottsdale) Am: . 
Pittsburgh (Monroeville) Pa. • Portland, Ore . • Poughkeepsie, N.Y. • San Diego, Calif. • San Francisco, Calif. Area (Lafayette • Palo Alto) • Seattle, Wash. • Syracuse, N.Y. • Washing Lon, D.C. (Annandale, Va.). 
TEKTRONIX CANADA LTD: Montreal, Quebec • Toronto (Willowdale) Ontario. 

ENGINEERING REPRESENTATIVES: Kenlron Hawaii ltd., Honolulu, Hawaii. Tektronix is represented in twenty-five oyerseas countnes by qualified engineering organizations. 
European and African countries, the countries of Lebanon and Turkey, please con tact TEKTRONIX INTERNATIONAL A.G .. Terrassenweg 1A, Zug, Switzerland, for the name of your local engineering representative.. 
Other Overseas areas, please write or cable directly to Tektronix, Inc., International Marketing Department, P. 0. Box 500, Beaverton, Oregon, U.S.A. Cable: TEKTRONIX. 
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HOW CHEAP 
IS "CHEAP"? 

"Why should we buy from you when 
we can get the 'same thing' from 
other suppliers at a lower price?" 

In selecting a supplier of lacing tape (or any component), price and compli­
ance with specifications are not the only criteria. But too often, manufacturers 
ignore the other factors involved and consequently lose money. 

For example, in a $15,000 piece of equipment there may be only 15 cents 
worth of Gudebrod lacing tape. It costs $75 to work this tape. It may be possi­
ble to buy the same amount of tape from other suppliers for 2 or 3 cents 
less ... it "will meet the specs" according to these suppliers. But one of our 
customers recently pointed out why he still specifies only Gudebrod lacing 
tape in such cases. 

"We tried buying some cheaper tape that 'met the specs.' Within a few 
months our production was off by 503 ... boy, did the production people 
really scream about that tape. And our labor costs doubled ... our 
costing people really flipped! 

"Another thing, why should we risk the possible loss of thousands of 
dollars when the original material cost difference is only a few cents. 
Once you put cheaper tape on and something goes wrong after the equip­
ment is finished ... you've had it. No, thank you! We learned our lesson! 
We buy Gudebrod lacing tape!" 

Whether your firm uses one spool of lacing tape or thousands, there are four 
advantages in specifying Gudebrod for all your lacing requirements: 

1. Gudebrod lacing tape guarantees increased production I 

2. Gudebrod lacing tape guarantees reduced labor costs! 

3. Gudebrod lacing tape guarantees minimal maintenance after 
installation I 

4. Gudebrod guarantees quality! On every spool is a lot number 
and seal which guarantees that all Gudebrod lacing tape is pro­
duced under strict quality control. Our standards are more 
exacting than those required for compliance with Mil-T. 

Our Technical Products Data Book explains in detail the complete line of 
Gudebrod lacing tapes for both civilian and military use. For your copy 
write to Mr. F. W. Krupp, Vice President, Electronics Division 

GUDEBROD BROS. SILK CO., INC. 
Electronics Division 
225 West 34th Street 
New York 1, New York 
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Executive Offices 
12 South 12th Street 

Philadelohia 7, Pa. 

MEETINGS AHEAD 

RADIO PROPAGATION COURSE, NBS and 
University of Colorado; NBS 
Boulder Laboratories, Boulder, Colo., 
July 16-Aug. 3. 

RELIABILITY TRAINING CONFERENCE, 
IRE, ASQC; Princeton Inn, Prince­
ton, N. J., July 9-13. 

LUNAR MISSIONS MEETING, American 
Rocket Society; Pick-Carter and 
Statler-Hilton Hotel s, Cleveland, 
Ohio, July 17-19. 

MEDICINE & BIOLOGY DATA ACQUISITION 
AND PROCESSING, IRE-PG ME, AIEE, ISA; 
Strong Memorial Hosp., Rochester, 
N. Y., July 18-19. 

INTERNATIONAL SOUND FAIR, Institute 
of High Fidelity Manufacturers, 
Magnetic Recording Industry Assoc., 
et al; Cobo Hall, Detroit, July 25-29. 

INDUSTRIAL RESEARCH CONFERENCE, 
Columbia University; Arden House, 
Harriman, N. Y., Aug. 5. 

ENERGY CONVERSION PACIFIC CONFER­
ENCE, AIEE; Fairmount Hotel, San 
Francisco, Calif., Aug. 13-16. 

PRECISION ELECTRONIC MEASUREMENTS 
INTERNATIONAL CONFERENCE, IRE­
PGI, NBS, AIEE; NBS Boulder Labs, 
Boulder, Colo., Aug. 14-16. 

CRYOGENIC ENGINEERING CONFERENCE, 
University of California; at UCLA, 
Los Angeles, Calif., Aug. 14-16. 

ELECTRONIC CIRCUIT PACKAGING SYM­
POSIUM, U. of Colorado, et al; 
Boulder, Colo., Aug. 15-17. 

AIRCRAFT & MISSILES CONFERENCE, ASQC; 
Benjamin Franklin Hotel, Seattle, 
Wash., Aug. 16-18. 

APPLICATIONS & RELIABILITY SYMPO­
SIUM, Precision Potentiometer Man­
ufacturer's Assoc.; Statler-Hilto]l 
Hotel, Los Angeles, August 20. 

WESTERN ELECTRONICS SHOW AND CON­
FERENCE, WEMA, IRE; Los Angeles, 
Calif., Aug. 21-24. 

METALLURGY OF SEMICONDUCTORS; the 
American Institute of Mining, et al; 
Ben Franklin Hotel, Philadelphia, 
Pa., Aug. 27-29. 

BALLISTIC MISSILE & SPACE TECH NOL­
OGY SYMPOSIUM, us Air Force and 
Aerospace Corp.; Statler Hilton Ho­
tel, Los Angeles, August 27-29. 

MAINTAINABILITY OF ELECT R 0 NI C 
EQUIPMENT, EIA Engineering Dept. 
& Dept. of Defense; U. of Colo­
rado, Boulder, Colo., Aug. 28-30. 

ADV ANGE REPORT 
ULTRASONICS SYMPOSIUM, IRE-PGUE; Co .. 
lmnbia Universi.ty, New Yoi·k City. Nov . 
28-BO. A"O· 1 .1 is the deadline fo1· s11b­
mittino 3 covics of a 200-wo1'Cl abstract 
to: R. N . Thurston, Technical Program 
Chainnan, B e ll Tele11honc Labonttories, 
JJI11rray Hill, N. J. Particulcl1' emphas·is 
'Wi ll be given to niicro1cai·e ultrasonics. 
b1't contributed vap ers are beinr1 so11oht 
in any of the varions svecialties of 
ultrasonics. 
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iei Solid Tantalum Electrolytic Capacitors 
These widgits are midgets because they have the 
highest capacitance-voltage product per volume unit 
of any type capacitor. And their one-piece, sintered 
core makes them inherently rugged and reliable. 

STANDARD HIGHEST TYPICAL 
CASE SIZE CE VALUE RATING 

D 2000 lOOmfd, 20WVDC 
c 1200 120mfd, lOWVDC 
B 390 39mfd, lOWVDC 
A 49.5 3.3mfd, 15WVDC 

• • iei Solid Tantalum "dry slug" capacitors equal 
or exceed all requirements of MIL-C-26655. They 
are completely dry and inorganic. 
• • iei processes them from start to finish with 

utmost care to exclude moisture and impurities. 

• • IeI "dry slugs" show stable capacitance ± 5% 
from 125° to -50° C. They can be operated down 
to -80° C. 

• • IeI solid tantalum units have a true hermetic 
seal made with high-temp solder. Leads are secured 
at the case for extra strength (no external welds). 

• • IeI solid tantalum capacitors are 100% stabilized 
to give peak performance even after long shelf life. 
Full specifications in Form 2743, free on request. 
Write to International Electronic Industries, Box 
9036- 94, Nashville, Tenn. A Division of Standard 
Pressed Steel Co. 

------------------------------------------------• • :aeI Solid Tantalum capacitors, as well as wet 
slug, tantalum foil and aluminum foil miniature 
electrolytic capacitors, are in stock NOW at lead­
ing distributors. 
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International Electronic Industries Div. 
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where reliability replaces probability 
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How many of these do you know? 

They're all from CEC- instruments for measuring 
and recording physical and chemical phenomenon ... 
analytical instruments ... process control instrumen­
tation ... high vacuum technology. They deliver one 
important end product: FACT - mathematical fact 
-vast amounts of data obtained quickly, accurately 
and reliably. If information is a key element in your 
industry ... whether in research and development 
or in production ... CEC instrumentation may be of 

service to you. Why not find out? A call to your 
nearby CEC sales and service office will bring an 
expert to consult with you - or your request will 
bring our new 28-page brochure describing CEC's 
capabilities. Ask for Bulletin CEC 203. 

CEC/ Bell & Howell 
CONSOLIDATED ELECTRODYNAMICS, Pasadena.California. divisions: 
ANALYTICAL&. CONTROL • TRANSDUCER• DATA RECORDERS 
DEVAR-KINETICS •subsidiary: CONSOLIDATED VACUUM CORPORATION 



NEW PC CONNECTOR 

29 dual contacts 
on o.1oon centers 

interlocking body 
design for close 

tolerance stacking 

low insertion 
force; only 

.21" insertion 
depth 

gold plated 
phosphor 

bronze contacts 
for 1/16~ 
PC boards 

right angled ends are 
.channeled to guide board into receptacle, 

assure positive alignment 

FOR HIGH DENSITY CIRCUITS 
Model 600-121-29X connectors pictured here are Continental's At Continental, new high density connector designs are con­
answer to tough problems of high density printed circuit stantly under development. Our Engineering Department will 
packaging. Designed for 1/16" PC board, they provide 29 dual be pleased to assist you in solving special connector problems. 
contacts on .100 center-to-center spacing. And-their inter- Simply call or write, outlining your requirements. 
locking body design permits connectors to be stacked in any D E S 1 G N E RS , D AT A F I L E 
reasonable quantity, with less than .02" cumulative width If you're designing for high density packaging you'll 
tolerance in a stack of ten. The unique right angled ends are want to have Continental's Con.Dex File PC, compiled 
channeled to guide the circuit board into the receptacle, assure to help you select and specify the PC connectors best 

. suited to your needs. For your copy, please write to: 
positive alignment and contact with minimum board insertion Continental connector Corporation, 34-63 56th Street, 
depth. Solder lug terminations accept #24 A WG wire. Woodside 77, New York, or call TW 9-4422. 

MICRO-MINIATURE• SUB-MINIATURE• MINIATURE• PRINTED CIRCUIT• RIGHT ANGLE PIN & SOCKET • CENTER SCREWLOCK 

·~ OR CORPORATION• WOODSIDE 77, NEW YORK 
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Power transistors can be rated by at least a score of char­
acteristics. For most of these, the ratings of an ordinary 
transistor may be equivalent to the ratings of a Tung-Sol 
transistor-under optimum conditions. 

But Tung-Sol engineers have long recognized that power 
transistors are rarely operated under the so-called optimum 
conditions. Circuit requirements vary widely and so do op­
erating environments. A better measure of power transistor 
quality and capability are the characteristics which contrib­
ute to transistor reliability and performance under less-than­
optimum conditions. 

One such characteristic is saturation voltage. Tung-Sol 
transistors are designed with the lowest possible saturation 
voltage consistent with other performance requirements. 

Low saturation voltage results in lower transistor dissipa­
tion and lower junction temperature. This reduces the varia­
tion of th:_ temperature dependent parameters of the tran-

.. 
16 

·~ ,. 
lOOOllA 

f 
~ 12 

80011A 

~ 
~ 10 

600MA 
~ 
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20011A 

la= lOOMA 

0o - .2 - .4 - .& - .a -1.0 -1.2 -1.4 -u -1 .a -2.0 
TYPICAL (2Nl74) COLLECTOR - EMITTER VOLTAGE (Ve.> VOLTS 

IN THE SATURATION REGION 

Saturation voltage VcE (sat) is an extremely important 
transistor characteristic. When the collector to base 
voltage of a transistor is either zero or in the for­
ward direction and the emitter to base voltage also 
is in the forward direction the transistor is said to 
be in saturation. Low saturation voltage improves 
circuit efficiency and reduces transistor dissipation 
in applications in which the transistor is driven into 
saturation. This results in lower junction tempera­
ture and improved temperature stability. 

sistor with resultant improvement in circuit and operational 
stability. Low saturation voltage decreases internal resistance 
and temperature and increases useful power-handling. There­
fore, a low saturation voltage becomes increasingly important 
as the transistor is operated closer to its maximum power or 
in a high-temperature environment. 

Low saturation design is typical of the care taken by Tung­
Sol to provide the industry with transistors that reliably de­
liver full power. Ratings, based on stringent environmental 
and electrical tests, are given for junction temperatures of 
110°C. Thermal resistance is low, while breakdown voltages 
are high. 

Two more power pluses are Cold-Welded copper cases, for 
better heat dissipation and prevention of contamination, and 
flat-ground mounting surfaces, for full contact with heat sinks. 
Talk to Tung-Sol about your transistor problems. Tung-Sol 
Electric Inc., Newark 4, N. J. TWX:NK193. 

®Tu N G·S or FULL POWER 

POWER TRANSISTORS 
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SOLID BLOCK differential 
amplifier circuit, showing con­
nections and component iden­
tification 

NPN 

FIRST DETAILS 

electronics 
July 6, 1 f}62 

PNP TRANSISTOR 

OUTPUT 

_.e--~BULK RESISTANCE OF 

__,,,_--BULK RESISTANCE 

P TYPE MATERIAL 
FORMS LOAD RESISTANCE 
APPROX 2K OHMS 

LOAD RESISTOR: 2K OHMS 

PACKUE SIZE IS 
0 . 250X0. 125X0.035 IN OUTSIDE 
(STANOUO T.I . NETWORK PACU$EI 

Differential Amplifier 
Grown in Silicon Block 

Push to analyze circuit functions for trans­

lation into silicon block equivalents leads 

to simple block version of general-purpose 

difjerential amplifier. Device fulfills many 

needs in navigation, fire-control and com­
puter circuits 

By W. F. DeBOICE 
Senior Technical Specialist. 
Autonetics Divi s ion . 
North American Aviation, Inc., 
Downey, Calif. 

J. F. BOWKER 
Research Engineer, 
Electronics Research Laboratory, 
1• tana State College, 
B .?.tnan, Montana 
;, ... ... ..,, 

A CONCERTED EFFORT to put molecular electronic 
techniques to use in inertial navigation, armament 
and flight control systems led to an examination of 
system requirements for small-signal linear amplifiers. 
In high-gain audio-frequency amplifiers, large reac­
tive elements were being used in bypass and coupling 
circuits to reduce d-c gain to a point that bias uncer­
tainties would not result in d-c saturation of the 
amplifier. Counterparts for these large reactive ele­
ments did not exist in molecular form. It appeared, 
however, that this problem might be avoided if an 
amplifier circuit having sufficiently low bias uncer­
tainty could be developed. Such a circuit would also 
be useful as a d-c amplifier. Thus development of a 
direct-coupled general-purpose amplifier that dupli­
cated in molecular form was undertaken. 

Techniques of molecular electronics lend them­
selves to the fabrication of well matched pairs of ele­
ments. A differential amplifier was chosen to exploit 
this capability. For simplicity in application of the 
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o, RL 

INPUT Ep OUTPUT 

RL 

E2 

-= EN 

GENERAL PURPOSE ampli/iel'. Circuit design, ampli­
fi er characteristics, and di fferential characteristics are 
analyzed for block production-Fig. 1 

basic amplifier block the nominal quiescent bias 
potential at both input and output should be zero. 
The transfer function of the amplifier block should be 
s imple so that feedback circuits of considerable va­
riety can be attached without creating excessive sta­
bility problems. 

CURRENT CONTROL-The long-tail circuit, in 
which t ransistors are biased by an active current 
source, achieves low common-mode gain, but does 
not, however, solve the problem of common-mode bias 
offset. A means of actively controlling the current 
source was needed to bring the common-mode out­
put voltage to zero. This was achieved feedback to 
the emitter of the long-tail current-source transistor, 
Q, ( Fig. 1). 

Neglecting the effect of finite current gain in the 
transistors and assuming that each of the diode 
voltages, V n, and the base emitter voltage of Q,., V 8 , ., 

are equal 
Vo= Vne. ( I) 

Also 
(2) 

and 
Re = l / 2RL (3) 

Defining the common-mode output voltage 

(4) 

Under these conditions, 

l / 2 (E N - 2Vn) + Vn e =l / 2(EN - E o) (5) 

Equation 5 is satisfied when E 0 = 0 which is de­
sired. This result is independent of values of supply 
voltages and absolute values of the circuit param­
eters, and depends on ratios of certain quantities. 

The principal effect of finite current gain in the 
transistors is to introduce an error due to transistor 
emitter current in R ,.. For the transistors in use in 
the circuit, the maximum common emitter current 
gain, f3 is 200 and the minimum is 50. With these 
rntios for {3, the Q, emitter current in R" is approxi­
mately 1/ 2 percent and 2 percent of the bias current 
in R E. The error in E . may be reduced slightly by 
adjusting R ,, to correct the effect at the design center. 
This is, however, a trivial refinement because the to!-

38 

erance that can be obtained on the r a tios of the re­
sistors is probably no better than one percent. 

Although the experience in production of the cir­
cuit in molecular form is inadequate to determine the 
magnitude of reasonable tolerances, results indicate 
that the resistance and f3 spreads and the other less 
significant uncertainties can be held to a combined 
tolerance of 10 percent, or possibly 5 percent. The 
common-mode offset voltage due to this tolerance is 
computed by applying the tolerance to one-half the 
magnitude of the negative supply voltage, E ,.. Hence, 
for a negative 10-v supply, the common-mode offset 
may be held to a tolerance of 0.25 to 0.5 volt. An 
additional common-mode offset-voltage term is due to 
the unequality of V n and V nE· The term may be held 
to a maximum of about 0.1 volt. 

ANALYZING GAIN-The circuit's low-frequency 
gain characteristics are analyzed with the general 
diode equation 

I = l.(e e.tp k~ -1) (6) 

which may be solved to determine the approximate 
incremental input resistance of a common-emitter 
transistor. At typical operating temperature of 300 
K, the incremental input resistance (neglecting the 
small difference between collector and the emitter 
current) is 

R R h 
lcT /ipg 

B~ g FE ~ -q- 1;" 

at normal temperature: 

0.026 
R n = -y;- hpe 

(7) 

(8) 

where l e is the collector current and h ,.r. is the incre­
mental common emitter current gain. 

Assuming that the transistor pa irs and the load re­
sistors, R1,, are perfectly matched and that the com­
mon-mode voltage is zero, the differential voltage 
gain may be formulated based on 

(3 = cl-c r uncnt ga in of transistol' 
hn1 = Rnmll-Rigna l curl'cnt gain of transistor 

I 1· = <l-f' co llcf'tO I' r ul'rcnt 
1 11 = d-r base rurn'nt 
Voltage across each of the load resistors is one­

half E x. Thus 

And 

EN 
l ea= l e•= - -

2RL 

Making use of Eq. 8 

(9) 

(10) 

(11) 

The input signal current is related to the input 
voltage by the input resistance. The differential 
voltage gain is 

G 
RL 

V = hpmhFE3 - ­
RBI 

Substituting Eq. 11 and reducing 

( 12) 

Gv = E NhFE, ( l 3) 
0.052(3, 

In typical transistors, h,,FJ is nearly equal to f3 and 

. ' . .. 



so the parameters may be dropped out of eq. 13. The 
resulting conclusion that the voltage gain is independ­
ent of circuit constants is found to be valid to within 
10 percent. 

In the derivation of Rn (Eq. 7), / 8 is negligible 
compared to I c· For silicon transistors the error is 
less than one percent. A more significant source of 
uncertainty in the gain stems from the 5 to 10-per­
cent tolerance on the common-mode bias. The linear 
dependence of R . on absolute temperature in Eq. 11, 
is also noted. 

This circuit analysis also neglects the effects of 
internal feedback in the transistors, base ohmic re­
sistance, and collector leakage currents. These effects 
are, however, trivial in view of the magnitude of the 
other uncertainties. 

Equation 13 states that the voltage gain of the am­
plifier is linearly dependent upon the negative supply 
voltage, EN· This characteristic is useful in mechan­
izing automatic gain control, amplitude control and 
signal multiplication. The amplifier functions with 
E N as low as 3 volts, which results in a voltage gain 
of about 30 db. With a supply voltage of 20 volts, the 
gain is 50 db. , 

The collector-base capacitance of the second pair of 
transistors affords the primary limitation to the am­
plifier's frequency response. Transistors used in ex­
perimental models have resulted in an upper fre­
quency response down 3 db at 50 to 100 Kc. This 
characteristic may be improved by more optimum 
design of the transistors in the molecular version of 
the circuit. Because of the push-pull operation of the 
circuit, second harmonic distortion is low. 

The differential input impedance and the differen­
tial output impedances are 2 R s and 2 R i. In a differ­
ential load, a current flowing out of one of the output 
terminals is returned to the other output terminal. 
These two currents add to zero at the junction of the 
two load resistors, Ri , and so the common-mode con­
trol circuit does not sense the presence of the load. 
If a single-ended load is connected between one of the 
outputs and ground, however, the common-mode cir­
cuit maintains the sum of the currents in the two load 
resistors, Ri , at the value existing under no load con­
ditions. The action alters the current from the E ,. 
supply (while maintaining constant current from the 
E N supply) by changing the currents in Q, and Q. 
equally. Analysis shows that the single-ended output 
impedance is 

!RL 
The common mode control circuit also augments 

the common-mode input signal rejection of the am-

Ep -----EN 

LE-ENDED amvlifier, a simvle variat ion of the 
.... 0 a_ • cuit on p 38-Fig. 2 

.y 6, . 
5 .~ 

plifier. Analytical determination of common-mode re­
jection is laborious and involves many transistor par­
ameters that are at present not determined for the 
molecular version of the circuit. Experimental re­
sults show common-mode rejection of 100 db and 
higher. 

Data is not sufficient to predict the balance ob­
tained in the transistor pairs and in the load resis­
tors. It is expected that the sum of the mismatch in 
hFE of the two pairs of transistors, and mismatch of 
the load resistors, may be specified at 20 percent 
maximum. The differential voltage offset, therefore, 
may be specified to a maximum of 10 millivolts. Be­
cause many applications will not require particularly 
close matching, parts will be graded by the manu­
facturer with respect to matching. 

CURRENT-GAIN-Mismatch and load-resistance 
mismatch are: the sum of the effects operates 
on the input d-c bias current to produce an input 
current offset; mismatches unbalance the gain to 
the two output terminals; and the sum of 
the unbalance of {3., f3, and the load resistors results 
in a differential input current offset term that oper­
ates on the incremental input resistance, R 11 , to pro­
duce an offset voltage that adds to the unbalance in 
the V ne of the two input transistors to determine the 
effective differential-voltage offset. 

If the single-ended output of the amplifier is used, 
the common-mode offset adds to the differential offset. 
The typical common-mode offset of 0.5 volt and voltage 
gain of 40 db, however, results in an offset of only 5 
millivolts when referred to the input. 

A variation of the basic circuit, suggested by Lee 
Evans of Texas Instruments is shown in Fig. 2. This 
circuit has the advantage of simplicity, and a factor­
of-two increase in voltage gain over the circuit in Fig. 
1 when the single-ended gain is considered with equal 
bias voltage across the load resistors. 

This circuit does not operate the transistors in 
pu:;ih-pull, and so second-harmonic distortion is high. 

The preliminary model of the operational circuit 
was formed as shown on p. 37. This device was an 
embodiment of the circuit shown in Figure 2. Model 
shows two pnp transistors at the ends of the bar of 
silicon. The two npn transistors are along the cross 
axis of the bar. The p type bulk material is the re­
sistance element between the two pnp collectors with 
the p + pads provided for connection to the pnp col­
lectors and to the junction of the two load resistors. 
Interconnections between the circuit elements were 
formed in this preliminary model by jumper wires 
bonded to the contact points on circuit elements. 

The authors acknowledge the valuable leadership of 
T. Mitsutomi of Autonetics in establishing the Mol­
ecular Electronics Team (MET), and express appreci­
ation to other members of the group. 

Acknowledgment is also given to personnel of the 
Electronics Research Laboratory of Montana State 
College for their assistance to J. F. Bowker in carry­
ing out additional work on the circuit. 

Personnel of the semiconductor networks depart­
ment of Texas Instruments and particularly John 
Kilby, Art Evans and Lee Evans have been most 
helpful. 
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Countermeasures Receiver 

Frequency-determining section is a discriminator composed of passive elements. 

The WHIP (Wideband High-Intercept-Probability) receiver consists of a wide band­

pass filter, the discriminator and a crt that displays the frequencies of input signals 

THIS RECEIVER gives frequency in­
formation over a wide spectrum 
and provides a 100-percent proba­
bility of detecting incoming sig­
nals. It does this without tuning 
oscillators or tuning filters, unlike 
typical frequency-determining re­
ceivers. Since its frequency-deter­
mining elements are entirely pas­
sive, only the video amplifiers and 
the display require a power supply. 
The receiver may be packaged in a 
volume of less than one-tenth cubic 
foot, exclusive of the display. The 
weight of the frequency-determin­
ing section should be under one 
pound. Frequency resolution is 
about 1 or 2 percent. This is com­
parable to a channeled receiver 
using 80 filter sections in the 
S-band. 

The receiver consists of a wide­
bandpass filter, frequency discrimi­
nator ( including two matched de­
tectors and display. The display 
consists of two video amplifiers, crt 
and low- and high-voltage power 
supply. The display does not re­
quire sweep or synchronization cir­
cuits. 

Absolute frequency indication is 
independent of incoming power as 
long as the law of the video detector 
does not change. This suggests the 
use of a broadband limiter ahead of 
the frequency discriminator if 
large signal environments are 
expected. Manually operated r-f 
attenuators may also be used to 

SHORTED LINE 

Z;n = Zo Zo -- -L1 

P;n +--L3 

Zo 

OPEN LINE 

examine an occasional large signal. 

DISCRIMINATOR - Figure 1 
shows the discriminator, which can 
be used at any frequency at which 
a TEM mode can be maintained. 
Although the schematic is shown in 
two-wire lines, coaxial, or other line 
configurations, may be used. The 
table defines the circuit parameters. 

If the line lengths comprising 
the short circuit and the open 
circuit are identical, and of the 
same characteristic impedance (sec­
tions L1 to L, (see Table on p 43 ) 
have the same Z. ) and are termin­
ated in a resistance R. equal to the 
z. of the lines, then the ratio of V,.", 
to V,.", will uniquely define a fre­
quency if that frequency has been 
fed into the r-f input. The fre­
quency range over which the 
uniqueness of frequency is deter­
mined is defined by the lengths of 
the shorted and open line sections. 

If n = 1 and X0 is the wavelength 
of the lowest frequency (/.) to be 
determined, then the ratio of V1.u• 
to V,.u, will be unique from f . to 2/. 
or an octave. If n is greater than 
1, then the frequency range will be 
smaller. The ratio of V1.u• to V,.u, 
will uniquely describe the fre­
quency from f . to 2/. if the stub 
lengths are X./4 = c/4/. ; also Z," 
= Z 0 , independent of frequency. 

Voltage V10u, is fed to the hori­
zontal deflection plates of a crt, and 
V,.", is fed to its vertical deflection 

nX 0 
-4-

Zo 

1-L2-: 
1-L4-1 

Zo Ro 

nXo 

4 

plates. Thus, the crt bright spot 
is deflected from the origin when 
there is an incoming signal. 

If a signal at f 0 produces the de­
flection shown in the inset of Fig. 
1, a signal at 2/. will be angularly 
displaced from the signal at f . by 
90 deg (02 = 90 deg) and all fre­
quencies between / . and 2/. will 
have angular displacements between 
0 and 90 deg, as illustrated by ()" 
Although this is not the only dis­
play method, it is s imple. 

At higher frequencies, where a 
waveguide is required instead of 
wire transmission line, it is not 
feasible to use open-end stubs ; a 
discrimination method is available 
using shorted stubs only. In this 
system (Fig. 2A) the incoming r-f 
power is equally divided by the 
power splitter and fed through fer­
rite isolators to shorted stubs. In 
one arm, the stub is in shunt (nar­
row-wall stub) with the main line. 
In the other, the stub is in series 
(broad-wall stub ) with main line. 

With this system, as in the co­
axial system, if the shorted-stub 
lengths are X./4 long, then the ratio 
of V1 to v. will determine the fre­
quency uniquely over the r ange 
from f 0 to 2/0 • If the length of the 
shorted stubs is chosen to be n x./4 
then the frequency range will be 
from f 0 to less than 2/ 0 , depending 
on the integer n. 

Figure 2B shows another sys tem 
of frequency discrimination that 

BASIC CONFIGURATION of WHIP receiver discriminator. Ins et shows frequency display appearing on crt--Fig. 1 
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Tunes With Passive Elements 

By ROBERT B. HANKIN 
MONTE ROSS 
Research and Deve lopment Div. , 
Th e Hallicrafters Company, 
Chicago, Ill . 

uses only one shorted stub line. 
This system also provides a unique 
relationship between the ratio of 
V1 and V 2 and the incoming fre­
quency over an octave or less, de­
pending on stub length. Although 
the stub is shown in series with the 
load, it may be also in shunt. 

Figure 2C shows a frequency dis­
criminator that uses two shorted 
stubs and a broadband hybrid. This 
is easy to construct and reproduce. 
Since the stubs are in shunt with 
the line, when the frequency is such 
that the stubs are >./4 long, all the 
signals entering the signal input 
port will be transmitted to termina­
tions A and A' after being equally 
divided and shifted in phase by the 
hybrid. At the frequency where the 
stubs are >./2 long, the stubs appear 
as short circuits across the output 
lines and all the signals at output 
lines 3 and 4 are reflected. Because 
of the phase-shift characteristics of 
t he hybrid, none of the signal is 
returned to the input port 1, but 
all of it is reflected to termination 
B at Port 2. This scheme has been 
experimentally verified in the 500 
to 1,000-Mc range. 

EXPERIMENTAL M 0 DEL S­
Several models have been built and 
tested. An X-band unit has been 
constructed in a waveguide for a 
feasibility demonstration. This unit 
operates over the range of 8.5 Ge 
to 10 Ge with a crt display operat­
ing over one quadrant. A uhf model 
had been built with microstrip and 
was successful. Additional uhf 
models as well as S-band models 
have been built using the hybrid 
technique and these have worked 
well. The hybrid technique (Fig. 
2C) seems attractive since it is 
possible to use shunt coaxial ele­
ments while series elements are re­
quired in some of the other types. 
This type is, therefore, simple to 
construct. The frequency-determin-
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X-BAND DISCRIMINATOR (top) is shown in Fig. 2.A'. Lower photo 
shows the demonstrator unit and display 
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CIRCULATOR 

TERMINATION B 

(A) 

(B) -= 

(C) 

WAVEGUIDE DISCRIMINATOR of (A) is shown in photo. Discrimina­
tor (B) uses circulator , discriminator (C) uses hybrid-Fig. 2 
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SMALL SIGNAL PLUS NOISE (A). Pu lses in (B) are coin cident in 
time and pulse width. Traces in (C) and (D) are two par tially coincident 
signals. Displays of (E) and (F) show c-w plus pulse signals; (G) two 
par tially-coincident pulses-FIG. 3 

ing devices using series elements 
should most easily be constructed 
in Stripline or Microstrip. 

The sensitivity of this receiver is 
within three db of a crystal video 
receiver. This sensitivity can be 
improved by a twt preamplifier in 
front of the receiver; however, tan­
gential sensitivity with this type of 
receiver is not useful for frequency 
determination. The highest attain­
a ble working sensitivity of this 
type of device is about 5 db lower 
than the normal tangential sensi­
tivity . Frequency resolution hn­
proves with improved signal-to­
noise ratio (see Fig. 3A). 

The crystal detectors used in 
each of the frequency determining 
sections of the receiver have been 
matched pairs of refiectomefer 
crystal and crystal mounts made by 
Hewlett-Packard. These detectors 
have been selected for their good 
r-f match to the transmission line, 
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as this is a prime requirement for 
accurate operation of the frequency 
determining elements; in fact, that 
is a general requirement as well as 
a limitation to the frequency reso­
lution. Matching is important since 
mismatches cause frequency errors. 

Difficulty has been encountered 
in increasing the frequency range 
of the X-band unit above 10.5 Ge. 
This difficulty can occur when the 
physical dimensions of the wave­
guide stubs become comparable to a 
wavelength at the higher operating 
frequencies. It may be possible to 
lower the impedance of the guide to 
overcome this problem. 

SIGNALS-In spite of multiple 
s'ignal inputs, the receiver provides 
frequency information for each 
signal input as long as two or more 
of the incoming signals are not 
received in time and pulse-width 
coincidence. Pulses that are not al-

ways coincident in time and pulse 
width will be correctly displayed. 
Pulses that are absolutely coinci­
dent, as in Fig. 3B, will give an 
erroneous frequency indication, 
which in the crt display is the 
vector sum of the incoming signals; 
however, in most signal environ­
ments, consistently coincident sig­
nals are rare. 

Incoming signals that are only 
partially coincident will provide a 
display of the original frequencies 
as well as the vector products. The 
original frequencies are easily dis­
cernible from the vector products 
as shown in Fig. 3C and 3D. 

A c-w signal provides a special 
problem since it is coincident with 
all other incoming signals. This 
signal may be handled in several 
different ways: 

(1) Eliminate c-w signals from 
the display by a-c coupling to the 
video stages. 

(2) Use all d-c coupling to dis­
play 'i;he c-w component as a dis­
placement of the origin according 
to the c-w frequency. The pulse­
signal display then starts from the 
new origin, (Fig. 3E). The angle 
cf> from the x coordinate to a line 
drawn through the original origin 
and displaced origin is equivalent 
to the frequency of the c-w signal. 
The pulse signal may now be meas­
ured from its new origin or the in­
put to the video amplifiers may be 
switched to a-c coupling, eliminat­
ing the c-w signal. 

An operator can recognize sig­
nals that are pulses mixed with c-w 
just as they were recognized in the 
d-c coupled case. Figures 3F and 
3G illustrate this. 

The photographs show the wave­
guide assembly and X-band feas­
ibility demonstration model. The 
waveguide circuit is that of Fig. 
2A, containing a power divider, fer­
rite isolators, series and shunt 
shorted stubs, and a pair of 
matched crystal mounts. This unit 
operates over the 8.5-Gc to 10-Gc 
frequency range, providing an 
angular frequency display on a 
modified commercial cro. The 
tangential sensitivity is -38 dbm 
with an operating sensitivity of 
-33 dbm. The feasibility model has 
two video preamplifiers, plus the 
cro inregral video amplifiers. 

The modifications to the cro con­
sist of: 
(1) Adding video clamping- d_iodes 
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DEFINITIONS OF ClllCUIT 
PARAMETERS 

Term Definition 

P;n R-f power input point 
Z0 Line characteristic 

impedance 
Ro Line termination, resistive 

(=Z.) 
~. Wavelength of lowest fre­

quency to be discriminated 
n Integers 1, 2, 3, 4 
V1 out Detected voltuge output of 

shorted line 
Vi out Detected voltage output of 

open line 
L,,£,,,L3,L, Length of line 

Length of shorted or open 
line given as integral num­
ber of quarter wavelengths 
at lowest frequency to be 
discriminated 

to the cro input circuit to provide 
a fixed d-c reference level independ­
ent of input voltage. 
(2) Using capacitive feedback in 
the video channels to provide an 
integrated output. 
(3) Increasing the high voltage to 
brighten the trace. Oscilloscope 
displays of this unit are shown in 
Fig. 4A and 4B. Figure 4C is a 
block diagram of the test setup. 
Integration of the pulses in the 
video amplifier provides a bright 
line trace, rather than a bright dot 
at the end of a dim line. The clamp­
ing diodes at the scope input allow 
the use of a-c coupling in the pre­
amplifiers, providing drift-free op­
eration with an overall preampli­
fier gain above 80 db. The cro video 
amplifiers are identical d-c coupled 
channels. The detectors are Hew­
lett-Packard matched-pair reflec-­
tometer diodes having a vswr of 
less than 1.25. The input vswr of 
the discriminator is less than 1.25 

R-F 
IN 

TRACE IN (A) shows pulse signals at three frequencies and (B) trace 
shows swept r-f input; (C) shows test setup-FIG. 4 

over 8.2 to 10.2 Ge. 
In the future, improved fre­

quency resolution or increased fre­
quency range- may be obtained in 
the following manner: Consider 
the inherent repetitive nature of 
the frequency-determining ele­
ments. That is, since 

tan 8 = tan (n7T/2) (f/f.) 
if stubs are cut to a quarter wave­
length at f ., then from 2f. to 3f ., 
the angle 8 goes from 7T/ 2 to 7T and 
then repeats from 3f. to 4f,, to 5f,,. 

It is now necessary only to deter­
mine whether the incoming signal 
is between f. and 2f. or 2f. and 3f ., 
and to use this information to con­
trol the display. 

DESIGN PROBLEM-Display fre­
quency in the range 2 to 3 Ge over 
a 180-degree angle on a crt, using 
one discriminator. 

If the stub lengths of the discrim­
inator are cut to correspond to 1 
wavelength at 2 Ge, the angle will 

rotate 90 deg every 500 Mc. 
The deflection plates (Fig. 5A) 

of the two guns are in parallel ex­
cept for the horizontal deflection 
plate of gun II, which receives a 
phase-inverted signal. Then the 
gun I display is in quadrant I, 
while the gun II display is in quad­
rant II (Fig. 5B). To prevent each 
signal from being displayed simul­
taneously in both quadrants, part of 
the incoming r-f signal is fed to a 
pair of band-pass filters with pass­
bands of 2 to 2.5 Ge and 2.5 to 3 Ge. 
Pulses from the filters are de­
tected, amplified and fed to the con­
trol grids (G,, G11) of the crt guns, 
and used to turn on the electron 
beam, which is normally cut off. 

The authors are indebted to H. 
Hodara (Hallicrafters) and to A. C. 
Todd (Illinois Inst. of Technology). 

BIBLIOGRAPHY 
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Discriminator Using Open and Shorted 
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AUTHOR CHECKS response of level converter 

D-C Level 

Transistor level converter 

has adjustable shift of 0 to 

18 volts. Circuit operates up 

to 32 Mc and has only few 

nanoseconds delay 

By THOMAS MOLLINGA, ElectroDa t a Div. , Burroug hs Corp., Pasadena, Calif. 

IN CIRCUITS it is often necessary to 
shift a d-c level or signal. This shift 
should be such that any change in 
input causes the same change in 
output. That is, the output signal 
should be an exact replica of the in­
put signal. 

Described here is a high-speed 
level converter with an adjustable 
shift of 0 to +I8 volts. Delay be­
tween input and output is of the or­
der of a few nanoseconds; attenua­
tion is 3 db at 32 Mc. 

The circuit has a high input im­
pedance and a low output imped­
ance and is useful for restoring or 
adjusting the signal level in wide­
band d-c amplifiers, or for revel'sing 
the polarity of the output signal of 
a square-wave generator. 

The basic circuit is shown in Fig. 
IA. The emitter impedance of Q, 
includes constant-current generator 
Q,. Thus, the current through R . is 
constant and any change in input 
voltage causes the same voltage 
change at any point along R ... The 
signal is coupled into output emit­
ter-follower Q. from which the out­
put is taken. 

Due to the finite input impedance 
of Q. and the finite output imped-
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ance of Q,, some loss of amplitude 
will occur. Maximum loss will be at 
point L. 

LOSS REDUCTION-This loss is 
reduced by connecting a low im­
pedance zener diode (D.) across 
R . as shown in Fig. IB. Thus, L 
becomes a low impedance point and 
maximum loss occurs when R . is 
about half value. Maximum loss is 
now reduced to l the original value. 

When the frequency of the input 
signal becomes sufficiently high, the 
output impedance of constant-cur­
rent source Q, will decrease. The 
ratio of the impedances between L 
and N and between K and L will de­
crease. To keep this ratio high, 
capacitor C is connected across one 
section of R •. The change of charge 
across C will always be small since 
the voltage between K and M is 
practically constant. Capacitor C 
corrects differences between K and 
M that may occur during high-speed 
or transient conditions. 

The complete circuit is shown in 
Fig. IC. A maximum signal shift 
of I8 volts in the positive direction 
can be obtained. The constant cur­
rent source supplies a current of 

about 7.3 ma. The 652C5 zener di­
odes each have a breakdown voltage 
of 6 v. A current of 3.6 ma flows 
through R., leaving 3.7 ma for the 
zener diodes. Dynamic impedance 
of each diode at this current is 
about I 7 ohms. 

At high frequencies the input im­
pedance of Q, decreases due to a de­
crease in {3. To compensate for t his, 
Q, is preceded by emitter-follower 
Q,. When high-speed signals are 
applied to the input, Q, and Q, will 
be cut off when the signal goes posi­
tive due to unavoidable circuit ca­
pacitance at the emitters. High­
speed diodes D1 and D, discharge 
the stray capacitance through their 
low forward impedances. 

Output stage Q. is an npn emitter ­
follower. Diode Da conducts during 
the fast negative-going edge of a 
signal. Transistors can be used in 
place of D,, D , and D,. Then Q,, Q, 
and Q, would be replaced by comple­
mentary emitter-follower stages. 

Resistors R, and R, are for pro­
tection purposes and do not affect 
the characteristics of the circui t. 

At low frequencies, the signal 
source is loaded with a current C\f 
approximately 7.3/ f3(Q,) X {3 (Q, ) 



Shifter Checks New Computer Modules 
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BASIC CONVERTER (A) is improved in (B) to reduce loss and improv e h-f response. Final circuit (C) uses 5-percent 
tolerance resis tors-Fig. 1 

~ 0.01 ma. When the frequency be­
comes of the order of 20 Mc this 
load current will be much larger 
(1 ma) due to the smaller va lues 
of fJ ( Q,) and fJ ( Q.). Therefore, 
source impedance at these frequen­
cies should be 200 ohms or less. 

The high-frequency operation is 
limited by the output impedance of 
Q, and the collector-to-base capac­
itances C,, of all transistors. Ca­
pacitances C,. ( Q,) and C,. ( Q,) con­
stitute a capacitive load for the 
source. Effect of this load is small 
when the source impedance is small, 
which is practically always the case 
when high frequencies or high 
switching speeds are involved. Ca­
pacitance C,. ( Q. ) is a capacitive 
load for the output and also 
C .. ( Q,) when R. is in its maximum 
position. When the input signal is 
a fast pulse, a small overshoot at 
the output occurs due to these loads. 

CIRCUIT RESPONSE- Figure 
lC shows response when high-speed 
square pulses are applied. The in­
put signal is a 12-v negative-going 
pulse coming from a transistor 
switch with a collector resistor of 
200 ohms. The output signal is de-
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Phase-shift and gain characteristics vary with frequency-Fig. 2 

layed from the input signal on the 
leading and trailing edge by 2 nsec 
and 5 nsec respectively. Loss in out­
put is less than 2 percent. 

Figure 2 shows the response for 
sine waves. The 3 db-point is at 
about 32 Mc ; here phase shift is 
slightly over 45 degrees. 

The circuit adds a d-c voltage to 
a signal without affecting the shape 
of the signal or delaying it. Smaller 

maximum shifts than the + 18 volts 
of the circuit of Fig. lC can be 
obtained by reducing the zener volt­
age across R •. The value of R . can 
then be made smaller, along with 
the current from the constant cur­
rent source and the supply volt­
ages. Take opposite steps to achieve 
larger shifts. 

The author thanks H. C. Wilek 
and E. B. Lutz for their assistance. 
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Novel Digital Signal Generator 
Miniature permanent magnets are inserted in remov­

able plastic boards to set up a desired program rapidly 

and economically for digital pattern generation 

By WAY DONG WOO, President, Cybetronics, Inc., Waltham, Mass. 

DIGITAL PATTERN generator uses 7Jlug-in magnets to set up program 

• • •••• •• . . 
• 

··\ •• 

PLUG-IN BOARDS can be re71laced as varticular tests require 
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DURING development and testing of 
digital control devices and large­
scale data processing systems, there 
is often a need for a set of pro­
grammed digital signals to simulate 
commands and responses from one 
unit to another. The need arises be­
cause of interaction among differ­
ent parts of a system, and interac­
tion of bit patterns as functions of 
time. In many cases a tester is built 
for fixed programs. During equip­
ment tests, unforeseen problems 
requiring new sets of programs of 
pulses may occur and time is lost in 
modifying the tester to deliver such 
pulses. 

This digital pattern generator 
(DPG) allows rapid change-overs 
from one program to another. The 
device produces on each of ten out­
put lines a sequence of 64 bits, each 
of which is determined by the pres­
ence of a miniature permanent mag­
net. No switches are used to set up 
the program of pulses and the max­
imum operating speed is 300,000 
steps per second. 

REQUIRED PROGRAM - Digital 
pulses are stored in an array of 
small permanent magnets which are 
plugged into a pegboard of 64 by 
10 holes. Under the pegboard is a 
64 by 10 magnetic-core matrix in 
registration with the pegboard. The 
core matrix is operated as an 8 by 
8 by 10 coincident current magnetic 
core memory, except that a single 
reset driver is used in place of digit 
drivers. The presence of a magnet 
above a core biases the memory core 
in a flux pattern as shown in Fig. 
lA. Such a biased memory core is 
unable to switch to a clockwise or 
counterclockwise flux pattern as 
shown in Fig. lB or lC; therefore, 
no flux change will result when the 
core is driven by the X and Y or by 
the reset winding. 

The plug-in magnets are Alnico 
cylindrical rods having a diameter 
of 0.125 in. and length of ~ in. The 
magnetic cores are conventional 
memory cores with full switching 
magnetizing force of approximately 
400 milliampere-turns. The magnets 
can be as much as ! in. away from 
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Uses Magnetic-Core Pegboard 
the memory cores and still reliably 
inhibit core switching. Magnetic 
field intensity required is estimated 
to be about ten oersteds. 

When a core is not under the in­
fluence of the biasing magnet, a 
voltage results when full switching 
current is applied. The wave form 
of the induced voltage is as shown 
in the first cycle of Fig. 2. When the 
core is under the influence of the 
biasing magnet, little voltage is in­
duced, and the wave form is as 
shown in the second cycle of Fig. 2. 
This is the basic phenomenon used 
in this device. 

Figure 2 is a timing diagram of 
the operation of the DPG. The com­
mand pulse H 1 causes the DPG to 
read out a word of 10 parallel bits; 
P, is triggered by the leading edge 
of H, and lasts for 1.5 µ,s and P, is 
initiated by the trailing edge of P, 
and lasts for 1.5 µ,s . During P., the 
X driver corresponding to the 3-low 
order address bits is turned on. The 
Y driver current is on normally ex­
cept during P,. Both X and Y driver 
currents are approximately 100 ma. 
Waveform (d) shows the sum of X 
and Y currents. Reset current IR, 
approximately 200 ma, is turned on 
at P, time. At P, time, both X and 
Y driver currents are on, causing a 
core to switch to the zero state, and 
a large positive voltage is obtained 
about 1.5 µ,s after the rise of P,. 
When P 1 goes off and P, goes on, the 
core resets, giving a large negative 
voltage. The sense winding output is 
amplified and sampled by strobing 
pulse g. During the digit cycle after 
the first H., it is assumed that the 
memory core corresponding to the 
X-Y address has no magnet above. 
A positive voltage is induced in the 
sense winding. It reaches its posi­
tive peak about 1.5 µ,s after X and 
Y drivers are both on. A strobing 
pulse, derived from P,, samples the 
output of the sense amplifier. The 
output flip-flop register is caused to 
go to 0 state if there is a positive 
voltage during strobe time. In the 
cycle after the second H, pulse, it is 
assumed that there is a magnet 
above the core corresponding to t he 
X-Y address. The magnet inhibits 
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switching of this core so that prac­
tically no voltage is induced in the 
sense winding. The absence of a 
positive voltage at stroke time 
causes the output flip-flop register 
to go into zero state. 

The logical block diagram is 
shown in Fig. 3. Selection of a core 
in the 8 by 8 by 10 coincident cur­
rent magnetic core memory is done 
by coincidence driving of X and 
Y currents. There are eight X and 
eight Y drivers and a reset driver 
which threads through all 640 cores. 
The X drivers are selected by the 
three lower order bits of the ad­
dress counter and the eight Y driv­
ers are selected by the three higher 
order bits of the address counter. 
An X winding, a Y winding, and a 
reset winding are threaded through 
a column of 10 cores. A sense wind­
ing is threaded through each row 
of 64 cores and is connected to a 
sense amplifier and detector com­
bination. The output of the detector 

-is strobed and the output FF is set 
or reset according to whether a 
sense amplifier output signal was 
present or not. 

The six stages of binary counters 
are driven by the clock circuit which 
may be triggered from an external 
source or from an internal variable 
frequency multivibrator. The coun­
ter, in combination with the X and 
Y driver circuits, energizes an X 
and a Y winding. One column of the 
core matrix will have coincidence of 
X and Y currents, causing the cores 
in this column to switch to a state 
of 0. The pattern of windings is 
such that the fully driven column 
advances to the right with every ad­
vance in the counter. When there is 

FLUX PATTERN in magnetically 
biased core-Fig. 1 

a magnet above the core, no output 
will be produced in the sense wind­
ing, and the output FF will be set 
to -5 v. When no magnet is above 
the core, the corresponding output 
line will be set to ground level. 

TIMING-Figure 2 shows the tim­
ing of the device. Trigger pulse H 
for each digit cycle can be triggered 
externally, or internally from a va­
riable frequency multivibrator. 
Prior to H, the particular Y driver, 
as determined by the three high 
order bits of the address counter, 
has already been on. Pulse H now 
turns on the X driver as determined 
by the three low order bits of the 
address counter. Where the ad­
dressed core is not biased by a mag­
net, a large pulse will be produced, 
as shown in the first digit cycle. If 
there is a magnet above, there will 
be a small pulse, as shown in the 
second digit cycle. The sense ampli­
fier output is strobed by a narrow 
pulse and the output register will 
assume its final level about 1.5 µ,s 

after the initial trigger pulse. 
When the strobe pulse is over, X 

and Y drivers are turned off, and 
the reset driver is turned on for 
about lµ,s. When that is over, a Y 
driver is turned on and the gener­
ator is ready for the next cycle. 

The 640 cores are arranged in 10 
rows of 64 cores, with the rows zig­
zagged to achieve compactness. The 
dimension of the core matrix plane 
is 8 x 14 inches. The first X wind­
ing passes through columns 1, 9, 17, 
25, and so forth . The first Y wind­
ings pass through columns 1, 2, 3, 
4, 5, 6, 7, 8, and the second Y wind­
ings pass through columns 9, 10, 11, 
12, 13, 14, 15, 16, and so forth. The 
reset windings pass through all the 
cores. Each winding threads 
through a core twice to conserve 
driving current. Each sense wind­
ing threads through a row of the 
offset matrix twice to obtain a high 
output. 

The cores rest in the grooves of a 
matrix board, and are protected by 
a thin layer of clear vinyl. The peg­
board rests above the core matrix. 
Magnets are prevented from dam-
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aging the: cores by the sheet vinyl 
and the edges of the groove of the 
core matrix board. 

SETTING A PROGRAM - The 
miniature magnets are inserted 
into the proper holes in the peg­
board. The program can be charged 
by relocating specific magnets, 
facilitating alteration of any por­
tion of a program without having 
to start from the beginning. 

For specific programs the minia­
ture magnets can be easily arranged 
with prepunched perforated cards 
as overlays on the pegboard. The 
magnets are inserted through the 
holes in the card. For frequently 
used programs, it is not necessary 
to reset the magnets every time. 
The entire pegboard, with the mag­
nets arranged in the desired pat­
tern, can be removed and stored for 
later applications. Another peg­
board can be placed in position in a 
few seconds and the unit is ready 
for generation of the new program 
of pulses. 

The X and Y current driving cir­
cuits are shown in Fig. 4A. Each 
driver consists of a pulse driver and 
eight steering drivers. The pulse 
driver causes a current of fast rise 
and fall time to flow through which­
ever steering driver that has been 
activated by the outputs of the ad­
dress counter. The current pulses 
are nominally 100 ma for the X and 
Y driver, and 225 ma for the reset 
drivers. Since there are two turns 
in each driver winding, the half se­
lect magnetizing force is 200 ma-t 
and the reset magnetizing force is 
450 ma-t. 

Figure 4B shows the schematic 
diagram of the sense amplifier. The 
input to the sense amplifier is nom­
inally 100 mv. It is amplified and 
clipped before it is gated with the 
strobing pulse in the output reg­
ister flip-flop. 

In the repeat mode of operation, 
the tenth output lines is used to 
operate a 3-stage binary counter 
(UVW of Fig. 3) which inhibits 
the carry from ABC counter to 
DEF counter until UVW has 
reached a count of eight. By this 
arrangement, the three lower order 
bits will repeat a number of times 
as specified by the tenth output line, 
which is internally controlled by 
the plug-in configuration. The al­
lowable number of repetitions are 
1, 2, 3, 4, 8, or indefinitely until the 
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TIMING of digital pattem generntor-Fig . 2 

LOGICAL BLOCKS of digital vattern generator-Fig. 3 

plug-in is changed. One can obtain 
a much longer sequence of digital 
pulses than the 64 columns pro­
vided. 

For one shot, single-frame oper­
ation, a single frame is read out 
when the start button is pushed. 
The output levels will remain until 
the start button is pushed again, 
when the next frame will be read 
out. 

In the one-shot, complete cycle, 
all sixty-four frames will be read at 
the rate of the internal multivibra­
tor; readout stops after the last 
frame. If the board is set for repeat 
operation, the cycle will include 
such repetition and stops after the 
last repetition of the last step. 

By using one of the output 
levels, it is possible to stop at any 
arbitrary frame, and then re-

start again from the first frame. 

DUO-FREQUENCY OPERATION 
-One of the output lines can be 
used to control the selection of 
either internal multivibrator. This 
will allow two speeds of the pro­
grammed pulses. 

The DPG can also be operated as 
a storage device for constant data. 
By sending a 6-bit address to the X 
and Y selection circuits the column 
of cores as specified by the address 
will be read out into the output reg­
ister, where the data will remain 
until a new address and demand sig­
nal is received. The maximum rate 
of reference is 300,000 times a sec­
ond. This mode of operation is ac­
complished by setting the address 
counter to assume the state pre­
scribed by the input address. In the 
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CORE DRIVER (A) and core sense amplifier (B)-Fig. 4 
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GENERATING arbitrary-duration modulation pulses (A); alternate, but not as accurate, system (B)-Fig. 5 

absence of an input address, the 
counter operates in the normal man­
ner; that is, advancing one count 
after every read out. 

The DPG can be used to generate 
signals for writing arbitrary infor­
mation onto magnetic tape, and to 
simulate the decoded data pulses 
from a magnetic tape. 

By operating the DPG as a stor­
age device for constant data, any 
six-bit code can be translated into 
any arbitrary 6, 7, 8, 9, or 10-bit 
code. In this mode of operation, the 
6 input bits determine which frame 
of the DPG board is to be read out. 
Each frame of the pegboard is 
plugged so that the desired output 
bit configuration is obtained. For a 
different conversion rule, a new 
preplugged board can be put in po­
sition in a few seconds, with prac-

July 6, 1962 

tically no loss in time of the valu­
able communication channel. 

By connecting a conventional 10-
bit digital-to-analog converter, one 
can obtain an analog voltage wave­
form with the precision of one part 
in 1,024 and number of sampling 
points of up to 64. The maximum 
speed is 300,000 points per second. 
By making use of the repeat fea­
ture of the device, a portion of the 
waveform can be repeated a num­
ber of times so that a much longer 
wave train is obtained. 

Pulses that are arbitrarily dura­
tion-modulated can be generated by 
connecting a DPG to a digital com­
parator, a counter, and a flip flop, 
as shown in Fig. 5A. The duration 
of any pulse is determined by the 
digital value of the configuration of 
the plugs of the corresponding 

frame on the pegboard. Up to 64 
pulses, each of arbitrary duration 
with the precision of 1 part in 1,024 
can be generated with the standard 
64 by 10 DPG. 

Alternatively, the desired signal 
can be generated by using the sys­
tem in Fig. 5B. Instead of a digital 
counter and comparator, a ramp 
voltage generator and voltage com­
parator are used. This system is 
somewhat simpler, but not as ac­
curate. 

By using some of the outputs of 
the DPG to control the amplitude of 
pulses a combination of duration 
and amplitude modulation is ob­
tained. 

This should prove valuable in 
determining effects of amplitude 
variations on the operation of a 
pulse duration modulation signal. 
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CIRCUIT OPERATES over narrow voltage range (A); ideal circuit using complementary transistors is impracticable 
( B); adaption of ideal circuits uses pnp transistors (C) and improved version has cancellation components added (D) 
-Fig.1 

Two Transistors Equal One 

Performance of the two-terminal device is analogous to a zener diode except it 

anchors current not voltage; provides constant current over 5 to 25-volt range 

TWO-TERMINAL units contain pair of transistors wired to give constant­
current characteristics over 5 :1 voltage range 

THIS SIMPLE, INEXPENSIVE circuit 
has only two external connections 
and yields a constant-current char­
acteristic over a range from 5 to 25 
volts. It may be used in applica­
tions requiring a constant-current 
drive that cannot be obtained by 
a resistor. The device may be con­
sidered as a circuit element, and 
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as an alternative to the constant­
current diode\ which although de­
veloped, has not as yet appeared 
on the market. 

The circuit is temperature sensi­
tive; however, this is not important 
for most applications, and there are 
several methods of reducing this 
sensitivity. 

A useful equivalent to the con­
stant-current diode must be simple 
and cheap and occupy minimum 
space. The constant-current-diode 
equivalent circuit meets these re­
quirements. 

To facilitate the discussion of 
constant-current devices, it is con­
venient to define a figure of merit 
F that relates increments of ap­
plied voltage t0o changes in current. 

Such a figure of merit is arbi­
trarily defined as 

F=__!__X AV 
V Al 

where V is the applied voltage, I 
is the standing current at the ap­
plied voltage, AV is a small change 
in the standing voltage and M is 
the change in current produced by 
AV. Thus a perfect constant-cur­
rent element would have a figure of 
merit of infinity, while the figure 
for a resistor would be unity. 

A germanium transistor with its 
base returned to emitter through 
a resistor is a rough approximation 
to a constant-current element if the 
variable voltage is applied between 
its collector and emitter. The sta­
bility of such a circuit with tem­
perature is poor. However, if the 
base of the transistor is fed from 

electro nics 



+ + + 

L SX68 
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UNIT WITH NPN TRANSISTORS is expensive (A); diode is introduced to reduce current variation with temperature 
(B); zener reduces current variation to 0.005 percent ver de.qree (C). Final circuit (D) has values of rat 470, 220 and 
91 ohms for currents 1, 2, and 5 ma, respectively with Rat 47,000 ohms up to 2 ma and 33,000 ohms for 5 ma.-Fig. 2 

Constant-Current Diode 
a constant voltage, and an emitter 
resistor is added, then there is a 
considerable improvement in cur­
rent stability with temperature. 
Practical methods of providing the 
constant voltage result in a resist­
ance appearing across the element's 
terminals, Fig. lA. This sets a 
limit to the figure of merit F ob­
tainable, and with normal transis­
tors, F would be about seven. No 
simple method of cancelling the re­
maining current variation with 
voltage is possible with this circuit. 

figure of merit F is found. Cancel­
lation of the remaining current 
variation is now possible as there 
is a phase-inverting stage. This 
cancellation is effected by a series 
resistance in the base circuit of the 
amplifier. A current that varies 
with applied voltage is now pro­
vided by R,. It is possible to achieve 
a figure of merit of infinity at any 
spot voltage, although this will not 
hold exactly for other voltages. 

A figure of merit that never falls 
below fifty over a wide range of 
voltages is attainable. The complete 
circuit including the cancellation 
components is shown in Fig. lD. 
An all npn version of the circuit is 
shown in Fig. 2A although this is 
less useful, owing to the relatively 
high cost of npn transistors. 

TEMPERATURE EFFECTS­
The v., voltage requirement of 
the amplifier transistor is compared 
with the voltage dropped across the 
other transistor's emitter load re­
sistor. To a first order this voltage 
is a measure of the total current 
drawn by the unit, so that tempera­
ture induced v., variations will 
show up as variations of cur­
rent. To minimize the tempera­
ture coefficient of current, it is 
necessary to use a silicon type 
for the amplifier transistor, as 
these transistors have a higher 

FREE REPRINT 
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ratio of V •• drop to V •• variation 
with temperature, than german­
ium. 

With a typical silicon transistor, 
the v •. drop at room temperature 
in this circuit is about 500 milli­
volts. This gives a variation of cur­
rent with temperature of about 
-2.5 x 10-• x 100/500 X 10-• per­
cent = -0.5 percent per degree C. 

Such a variation is not con­
sidered to be excessive because in 
most applications a circuit's d-c 
standing current is chosen arbi­
trarily, and may usually be allowed 
to vary slowly within relatively 
wide limits. Similar current varia­
tions are to be expected from a 
constant-current diode. 

If the temperature coefficient of 
current of about -0.5 percent per 
degree C is intolerable, it is pos­
sible to effect some improvement 
by including a diode in the ampli­
fier circuit. In Fig. 2B the diode 
has been included in the emitter 
circuit of the final transistor. 
About 0.25 volt will be dropped 
across an OAlO type of diode, and 
this voltage will have a negative 
temperature coefficient opposing 
the V . , voltage variation of the 
amplifier transistor. This method 
does not produce complete cancella­
tion of temperature coefficient how­
ever. If a much higher minimum 
operating voltage for the whole unit 

The final circuit has an additional 
stage, in which the v •. requirement 
of a silicon amplifier transistor is 
compared with the voltage dropped 
across a resistor inserted in series 
with the first transistor. The volt­
age dropped across this resistor is 
a measure of the first transistor's 
current. With correct polarity, the 
circuit forms a negative-feedback 
loop tending to hold the first tran­
sistor's current constant. As this 
current constitutes almost all of 
the unit's current, an almost per­
fect constant-current element 
would be formed. Fig. lB shows a 
complemenetary pair of transistors 
which would indeed function per­
fectly if the level of the v •. voltage 
were correct. Fig. lC is an adapta­
tion of Fig. lB using all pnp types, 
and here the level of the V ., is cor­
rect. However, drive current must 
be supplied to the collector of the 
amplifier through a resistor R . 
Therefore, a practical limit to the Single copy of this article available free by simply checking the READER SERVICE CARD 
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can be tolerated, then almost com­
plete cancellation of temperature 
coefficient is possible by including 
a zener diode with positive coeffi­
cient in series with the amplifier's 
emitter. A circuit incorporating 
the SX68 zener is shown in Fig. 
2C. By selecting either the ampli­
fier transistor or the SX68 zener 
diode, it is possible to achieve 
0.005 percent per degree C varia­
tion of current for a 50 degree C 
temperature variation. A minimum 
of 10 volts is necessary for this cir­
cuit to operate. 

Practical considerations limit 
the choice of transistor for the am­
plifier stage to a silicon type, and 
for extreme cheapness the pnp ver­
sion of the circuit is used. Common 
emitter gain is not of primary im­
portance, neither is voltage rating, 
so that the transistor can be chosen 
on a cost basis only. 

IMPROVING PERFORMANCE­
If a good figure of merit is to be 
retained down to low voltages, a 
high-gain transistor is required in 
the output stage. The primary ad­
vantage of using a high-gain tran­
sistor is that the base feed resist­
ance to this stage may be made 
higher. This means that Jess can­
cellation is required, and irregulari­
ties in the cancellation at differing 
voltages have less effect. A silicon 
type could be used, but it would 
make the cancellation a little Jess 
effective. A practical choice for this 
stage is the ACY19, since these 
transistors have a reasonable volt­
age rating combined with a high 
gain. They are also cheap. 

If this circuit is to replace the 
constant-current diode, then a range 
of current ratings is necessary. 
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The basic circuit shown in Fig. 
2D is adaptable to a range 
of current ratings from 1.0 ma 
to 5.0 ma. For other current rat­
ings a redesign is required, al­
though if a lower figure of merit 
can be tolerated, the present circuit 
may be extended both up and down 
in current. The most popular cur­
rent ratings would seem to be 1.0 
ma, 2.0 ma and 5.0 ma, and 
the units were designed for these 
values. The circuit could probably 
be adapted to include current rat­
ings down to at least 0.1 ma by 
using planar transistors, which hold 
their gain figure down to low cur­
rents . In the other direction, using 
high-gain medium-power silicon 
transistors in the output stage 
could extend the range of current 
ratings up to at least 20 ma. 

The minimum voltage for satis­
factory operation is about five 
volts. Operation down to three 
volts is permissible if the lower 
figure of merit obtained is toler­
able. Extra cancellation may be 
used however, and a good figure of 
merit over a voltage range from 
say three to eight volts is then pos­
sible. The maximum voltage that 
the unit will stand is determined 
by the output transistor alone. For 
the ACY19 transistor a provisional 
maximum voltage of 25 v is sug­
gested: this allows a good safety 
factor, as the ACY19 is rated at 
40 v for low collector currents. 

Prototype circuits have been con­
structed as potted cylinders 1.3 cm 
diameter by 2.6 long. This con­
struction incorporates miniature 
high-stability resistors and is 
shown in the illustration. 

Figure 3A shows a typical voltage 
versus current characteristic for 

the 2 ma circuit at various tem­
peratures. This unit has been ad­
justed to give the flattest response 
over a voltage range of from 5 to 
25 v. A similar curve is obtained 
for other units. The h-f character­
istic is such that the unit appears 
as a capacitance of about 120 pf 
in parallel with its d-c impedance. 
(For an applied d-c potential of 6 
volts only; the capacitance is 
mainly due to M.iller effect acting 
upon the collector-to-base deple­
tion layer capacitance.) There 
seems to be little requirement for 
h-f performance in excess of that 
provided by the unit. If a better 
h-f performance is required, an h-f 
type transistor should effect con­
siderable improvement. 

The value of current obtained 
from any unit over the stated volt­
age range is always within ±25 
percent of its nominal value at tem­
peratures from 0 C to +50 C. Op­
eration at temperatures above +50 
C is not advised because leakage 
current in the output transistor be­
comes excessive and this makes the 
amplifier draw more current. The 
cancellation is found to become in­
effective under these conditions. If 
high-temperature operation is spe­
cifically required then a high-gain 
silicon type must be used in the 
output stage. 

Figure 3B shows the effect of 
varying Rio It shows that the char­
acteristic can be adjusted to give a 
range of slopes from positive to 
negative. 

REFERENCE 
I) T . K. H eming w a y, Application s of 

the Co ns tant Current Diode, ELECTRONI CS, 
p 60, Oc t. 20, 1961. 
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G·E CERAMIC TUBE ELECTRICAL 
CHARACTERISTICS 

• Power output- milliwatts to 8 KW peak. 

• Noise figure down to fractions of db. Operation from sub-audio 
to X-band. 

• Gain-bandwidth products up to 1600 MC. 

• Operation over temperature range from - 55°C. to 400°C. 

• Nuclear tolerance lQlBNVT. 

• Impact shock to 3000 g's at 3-5 ms. 

New General Electric ceramic tubes give· 
high-gain, low-noise microwave performance 
for as low as 1

/94 the price and 1
/40 the size 

Detailed value-analysis chart shows how size, cost 
and performance advantages can be yours. Clip 
coupon, or circle reader service number, for free 
copy. 

No other microwave device can match the electrical per­
formance of G-E ceramic tubes without sacrificing either 
small size, low cost, high-temperature tolerance, or radia­
tion resistance. In many UHF applications up to 10 Ge 
(KMC ), General Electric ceramic tubes can perform 
functions which now use TWT's, klystrons, magnetrons 
or parametric amplifiers. The result: component size­
and-weight reductions up to 40 :1, component cost reduc­
t ions as high as $1,400. 

High-gain, low-noise G-E ceramic tubes simplify cir­
cuitry and lower power requirements in such microwave 
applications as: power amplifiers, oscillators, or frequency 
multipliers. Planar construction of ceramic tubes, with the 
terminals as integral parts of the structure, results in low 
lead inductance, low interelectrode capacit ances and good 
isolation between input and output circuits. Solid brazing 
of the integral parts gives an extremely tight tube struc-

ture and virtually eliminates tube element vibration. This 
also results in excellent thermal coupling which allows un­
surpassed tube-performance at temperatures as high as 
400°C. Most G-E ceramic tubes are on approved MIL-spec 
lists and are available "off-the-shelf" from your local G-E 
Receiving Tube Sales Representative. For more informa­
tion, clip coupon below. 

'Progress Is Ovr Most lmporf<1nf Protlvcf 

GENERAL. ELECTRIC 
r----------------------------

G-E TIPS (Technical Information & Product Service) 
General Electric Receiving Tube Department 
Room 1731A, Owensboro, Ky. 

Please rush my free copy of "Ceramic Tube Value­
Analysis Data." 
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New Design Method 
Optimizes Gain-Bandwidth 
When power gain-bandwidth product is a prime consideration, 

this method for determining double tuned 

circuit parameters assures optimized design 

By ALLEN I. SINSKY and HARVEY M. MA YROVITZ The Bendix corp., Baltimore. Md. 

POWER GAIN-BANDWIDTH is opti­
mized by proper choice of double­
tuned circuit parameters. A 
method is described here for de­
termining these parameters and 
also the comparative improve­
ment that a double-tuned circuit 
provides over a single-tuned cir­
cuit. 

In designing r-f power ampli­
fiers it is often necessary to cou­
ple the output of a tetrode or 
pentode stage to a resistive load 

$ 
( c) 

such that the power into the load 
remains above a specified level 
over a given frequency band. 
Maximum attainable power gain­
bandwidth product should be 
realized for each tube type. 

For a tetrode or pentode am­
plifier, when the screen and 
supressor grids provide good iso­
lation between the -input and 
output circuits, the output cur­
rent can be considered as pro­
portional to the input voltage 

ISOCHRONOUSLY TUNED . coupled circuits: single tuned (A); 
double tuned (B); triple tuned (C); and quadruple tuned (D)-Fig. 1 

only. For a given input voltage 
(constituting a given input 
power), the output power, and 
consequently the power gain 
(P ... ,/P,.,), is a function of the 
plate load impedance. However, 
owing to the shunt output capac­
itance of the tube, the power 
gain is sensitive to frequency; 
a four-terminal network inserted 
between the output terminals of 
an amplifier tube and a fre­
quency insensitive resistive load 
(RL) optimizes power gain­
bandwidth. 

POWER GAIN-BANDWIDTH 
-Power gain-bandwidth is de­
fined as the product of the mid­
band power gain and the band­
width at some prescribed power 
level below that at midband. In 
optimization of this parameter, 
it should be realized that more 
complex networks (Fig. lC and 
Fig. lD ) have better frequency 
rejection characteristics than 
the double tuned circuit, but fre­
quency rejection is not the prime 
consideration in this analysis. 

The power gain-bandwidths of 
the single, double, triple and 
quadruple isochronously tuned, 
transistionally coupled circuits 
of Fig. 1 were determined as­
suming an infinite Q for all but 
the output loops. This is a valid 
approximation if the Q's of the 
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small, medium or 
Our smallest antenna positioner is a 
200 foot-pound model. Our largest, the 
350,000 foot-pound unit shown here. 
Within this range Scientific-Atlanta can 
supply you positioners that will fit your 
specific application-large or small, simple 
or complex, manually driven or servo 
c.ontrolled. 

Scientific-Atlanta's precision pos1tloner 
line includes 12 sizes and types of azimuth 
positioners, 5 elevation mounts, 7 polari· 
zation mounts, and 16 types of multi-axis 
positioners. If none of our standard posi­
tioners satisfies your needs, we can design 
and assemble special units at economical 
prices because of our modular style. 

~ NEW DATA FILE 
~ TELLS THE FULL STORY 

An 18 page illustrated data file with com­
plete information on Scientific-Atlanta po­
sitioners is yours for the asking. This new 
data file also contains a discussion of the 
terms used ·to specify and describe posi­
tioners. Please address Scientific-Atlanta, 
Inc., 2162 Piedmont Road, N.E., Atlanta 
9, Georgia, phone: 875-7291. 

Scientific-Atlanta's Model PAEA 85 precision 
antenna positioner. This positioner can with­
stand a bending moment of 350,000 foot­
pounds and a maximum vertical load of 40,000 
pounds - yet it has an elevation position ac­
curacy of ±0.03 degree and an azimuth 
accuracy of ±0.02 degree. 

7 • 

SCIENTIFIC-ATLANTA, INC. 

See Us At WESCON, 
Booth #2039 · 2040 

July 6, 1962 

Challenging opportunities for mechanical and electronic engineers 
with five to ten years' design experience. Please send complete 
resume to Personnel Manager. An equal opportunity employer. 
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POWER LEVEL BELOW MIDBAND IN DB 

OPTIMUM KQ, (to left) and maximum power gain-ban dwidth improvement of double tuned circ11lt over single 
t1111 ed circuit (l" ight) fo1· variou s values of db- Fig. 2 

primary and intermediate loops 
can be made as large as desired 
while the loaded Q of the output 
loop remains small in compari­
son. 

It was found that the improve­
ment in power gain-bandwidth 
of the transitionally double­
tuned circuit was v2times bet­
ter than that of a single tuned 
circuit and that the additional 
improvement with the more com­
plex networks was small and 
rapidly approaching a finite 
limit. Considering the additional 
losses (that is, intermediate Q's 
not infinite), increased cost, and 
inherent tuning problems in the 
more complex networks it be­
comes evident that the most de­
sirable configuration is the 
dou hie-tuned circuit. 

POWER LEVEL - Frequently, 
it is the bandwidth at levels 
other than the half power points 
that are of interest. It is, there­
fore, desirable to formulate the 
conditions necessary to achieve 
the maximum gain-bandwidth 
product when the bandwidth is 
measured to some arbitrary 
power level below that at center 
frequency. 

The improvement factor (/), 
which is the improvement in 
power gain-bandwidth of a 
double-tuned circuit over a 
single-tuned circuit, has been de-

rived and is given by: 
I = [2 (kQ2)2 - 1 + 

.y 1-4 (kQ2)2+4 (kQ2)' lQd b/10 ]112; 
(kQ,)2 .y 2 ( lQd b/10 - 1) (1) 

Where k is the coefficient of 
coupling, Q, is the loaded second­
ary Q (refer to Fig. lB), and db 
is the power in decibels below 
midband power corresponding to 
the level at which the improve­
ment is determined. Equation 1 
reveals that, for any value of db, 
the improvement (/) depends 
only upon the product of kQ, 
rather than upon their individual 
values. 

For a particular value of db 
there is a value of kQ" that maxi­
mizes I. This value, found by 
differentiation, is 

kQ2 = 10- d b/20 (2) 

Substituting the value of kQ, 
from eq. 2 back into eq. 1 gives 
the maximum improvement 
(I mu) of the double-tuned cir­
cuit over the single-tuned circuit 
for a particular value of db. This 
value of I mu is 

lmax = l (3) .Y l - lQ-db/ lO 

Equations 2 and 3 are plotted 
in Fig. 2 so that it is possible to 
find the maximum attainable im­
provement over the single tuned 
circuit as well as the value of 
kQ, to achieve this improvement. 
The value of k is found to be 
equal to the percentage band-

width for maximum power gain 
bandwidth improvement so that 
Q, and k can be uniquely deter­
mined. 

An example of the use of this 
analysis is given in a problem. 
It is desired to build an r-f tet­
rode power amplifier stage such 
that the power output remains 
greater than 4 db below the 
center frequency power output 5 
Mc either side of the band center. 
The band center frequency is 
100 Mc. Maximum power gain­
bandwidth is desired. 

The values of k and Q, are 
found and the power gain-band­
width is determined. Step I : The 
value of k is equal to the percent­
age bandwidth, k = M / f ., = 
10Mc/ 100Mc = 0.1. Step II: The 
value of kQ, corresponding to 4 
db is found from Fig. 2 to be 
0.63. Step III: Solving for Q., 
knowing k and kQ,, Q, = 6.3. 

The power gain bandwidth im­
provement is found from Fig. 2 
to be 1.29 times better than that 
of a single-tuned circuit. 

SUMMARY-This analysis pro­
vides a method for choosing 
double-tuned circuit parameters 
when power gain-bandwidth 
product is the prime design con­
sideration. The curves of Fig. 2 
allow the designer to establish 
quickly the values of these pa­
rameters for his application. 

CIRCLE 57 ON READER SERVICE CARD-+ 

-= -r _, _ _ ~ 



Take an engineer's critical look at 

JM Relays are 
now available 
at your local 

electronic parts 
distributor. 

I 

MERCURY-WETTED 
CONTACT RELAYS 
***by·~-*** 
Your product demands a superior relay? Can't tolerate 
contact bounce, weldlng or pitting? Must have billions 
of operations? Need fast switching. , . complete stability 
and reliability ? Our JM Series mercury-wetted contact 
relays meet all these requirements. No other type relay 
gives you the combination of all these features: 

LONG LIFE BILLIONS OF 
OPERATIONS 

~ 118 &001~~ 
HIGH (loo cps) SPEED 

SUPERIOR. RELIABILITY 
ENGINEERING SPECIFICATIONS 

Speed: SPOT Operate: 3 milliseconds 
(approx.) at 2 watts. Release: 3.2 mil­
liseconds (approx .). 

Contact Rating: 5 amperes maximum, 
500 volt maximum, 250 volt-amp max. 
(with required contact protection). 

Contact Configuration: Each capsule 
SPOT., combination of capsules in one 
enclosure can form OPOT, 3POT, 
4POT. (All Form 0.) 

Terminals: Octal type plugs, 8 and 11-
pin; Solder lugs; 14 or 20-pin minia­
ture ; AN connectors. 

Coil Resistance: 2 to 58,000 ohms. 

FREE 
CATALOG 

WRITE TODAY 

@> POTTER & BRUMFIELD 
DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY • PRINCETON, INDIANA 

IN CANADA : POTTER & BRUMFIELD, DIVISION OF AMF CANADA LIMITED, GUELPH, ONTARIO 





Bourns Trimpot potentiometers offer you 16 proven answers to both the environ­
mental and the semantic problems of humidity. This is by far the nation's largest 
off-the-shelf assortment. 

Trimpot humidity models are divided into two categories: units that meet military 
cycling humidity specs and units that meet military steady-state humidity specs. 
This method of classifying eliminates such equivocations as "moisture-resistant" 
and ''humidity-defying." Our definitions-and specifications-are precise. And 
behind every specification is an important fact-a fact proven in virtually every 
U. S. space and defense program: even when it's wet, Trimpot potentiometers work. 

CYCLING HUMIDITY MODELS 
For your severest applications. Units meet or 
exceed MIL·STD-202A, Method 106, 10 days. 

These units pass the most stringent humidity 
specs in the book without requiring additional 
preparations, such as coatings or potting. They 
are completely sealed against humidity, liquids, 
and potting materials. Even in your most de· 
manding applications they will perform exactly 
according to their published specifications. 

MODEL 3000 Micro-miniature, 

~~-::"2G~r;a~~~W'tAA:~_og;:r'. 
temp. 175'C. 

MODEL 3010 High-temperature, 
wlrewound; lO!l to lOOK ; I.OW; 
Max. oper. temp., 175°C. 

MODEL 3011 High-temperature, 
Reslston® carbon ; 20K to 1 Meg.; 
0.25W; Max. oper. temp. !Sere. 

-MODEL 3051 High-temperature, 
Resiston®carbon ; 20K to 1 Meg.; 
0.25W; Max. oper. temp., lSOOC. 

MODEL 3251 Square, high-temp­
erature, Resiston® carbon; 20K 
to 1Meg.;0.25W; Max.oper.temp., 
lSO'C. 

MdJEL 3280 Square, micro-mini­
ature, wirewound; 100{} to SOK; 
l .OW; Max. oper. temp., 175°C. 

MODEL 220 Sub-miniature, high­
temperature, wirewound ; 100{} 
to 30K ; l.OW; Max. oper. temp., 
175' C. 

ill& 
MODEL 3020 High-power, high­
temperature, wirewound; 3.75W; 
Max. oper. temp., 200"C. 

STEADY-STATE HUMIDITY MODELS 
Humidity protection at a low price. Units meet 

or exceed MIL-STD-202A, Method 103A. 
Most industrial and many military requirements 
are readily met by Trimpot steady-state humid· 
ity units, which conform to MIL-STD-202A, 
Method 103A. These potentiometers withstand 
tests of 96 hours at 95 % to 100% relative 
humidity and display high insulation resistance 
(100 megohms min. after four hours of drying). 
Here is genuine humidity protection with out· 
standing economy, 

l '- ·- ~ ~ 
tr-~ .. " 

MODEL 200 General-purpose, 
wirewound; lO!l to lOOK; 0.25W; 
Max. oper. temp., 105°C. 

MODEL 260 High-temperature, 
wirewound; 100 to lOOK ; l.OW; 
Max. oper. temp., 175°C. 

' '""''" l1 y .. ~VJll!.n~..yt 

MODEL 215 General-purpose, Re­
siston® carbon; 20K to 1 Meg.; 
0.25W; Max. oper. temp., 125°C. 

-MODEL 3067 Commercial, wire­
wound; 100!lto20K; 0.5W; Max. 
oper. temp. 85°C. -MODEL 3068 Commercial, Resis­
ton®carbon; 20K to 1Meg.;0.2W; 
Max. oper. temp., 85°C . • 

MODEL 3368 Single-turn, Resis· 
ton® carbon, sub-miniature; 20K 
to 1 Meg. ; 0.25W; Max . oper. 
temp., 105'C. 

MODEL 3500 Precision wire­
wound, l()..turn, bush ing mount; 
500!} to 125K; 2.0Wi W dia.; 
Max . oper. temp., 125 C. 

MODEL 3510 Precision wire ­
wound, 3-turn, bushing mount; 

~~x~ o~~r.5re~p.~ ·~r~°C~· dia.; 

MODEL 3520 Precision wire· 
wound, 5-turn, bushine mount; 
200!l to 75K ; I.SW; W die. ; 
Max. oper. temp., 125°C. 

NOTE : Models 3500, 3510 and 
3520 can also be supplied to meet 
cycling humidity specs. 

MODEL 3600 Precision readout, 
wirewound (KnobPotQ!I ), Ill-turn ; 
lK to IOOK ; I.SW; ll' die. ; Max. 
oper. temp., 85°C. 

MOST UNITS AVAILABLE IMMEDIATELY FROM STOCKING DISTRIBUTORS ACROSS THE NATION 
Write for complete information 

J30URNS 

BOURNS , INC .• TRIM POT DIVISION 
1200 COLUMBIA AVE., RIVERSIOE CALIF. 

p t1 0 NE : e e 4 . I 7 0 0 • TW x: R z g 2 2 2 
CABLE 1 BOURNS INC . 

Units shown 'h actual size unless 
otherwise indicated 

PLANTS : RIVERSIDE, CALIFORNIA; AMES, IOWA; AND TORONTO, CANADA. MANUFACTURER: 
TRIMPOT® POTENTIOMETERS; TRANSDUCER S FOR POSITION, PRESSURE, ACCELERAT10N. 
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RESEARCH AND DEVELOPMENT 

Increasing Bandwidth of Ultrasonic Radiators 
Signal-to-noise ratio is also 
improved by propagating 
Rayleigh ultrasonic waves 

By H. MACK THAXTON 
E n g lehar d H a no v ia, Inc. 
H a no v ia Lamp Div., N e wa rk, N. J. 

0. L. GALLAGHER 
Eng leha rd Industrie s , Inc., 
Am e r s il Quar tz Div ., Hillside, N. J. 

EXPERIMENTS indicate that band­
width of an ultrasonic radiator may 
be increased while also increasing 
signal-to-noise ratio. The investi­
gation also indicates that the mag­
nitude of noise level is reduced by 
propagating Rayleigh waves. 

Bandwidth of an ultrasonic radi­
ator can be increased about 750 Kc 
by radiating into mercury' because 
of its high impedance. However, 
the increase in bandwidth is ac­
companied by a loss in efficiency in 
converting electrical to mechanical 
energy, 

The series of experiments were 
undertaken to determine the extent 
that bandwidth could be increased 
by radiating longitudinal pulses 
into mercury and then converting 
to Rayleigh waves. Anoth er objec­
tive of the project was to deter­
mine how much bandwidth could 
be increased with minimum loss in 
conversion efficiency by taking into 
account impedance considerations 
at the transducer. 

The efforts to increase signal­
to-noise ratio were concerned 
primarily with the effect on signal­
to-noise ratio resulting from inter­
ference of backward reflections 
from the ultrasonic r adiator. The 
propagation medium was assumed 

BACKWARD BACKWARD 

LEAD TUNGSTEN 

QUA RTZ 
CRYSTAL 

MERCURY QUARTZ 
ROD 

FORWARD FORWARD 

CONVE RSION efficiency of imped­
nnce-coupling system in transducer 
assembly dete1·inines extent of band­
width increase-Fig. 1 
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(A) 
BANDWIDTH of Rayleigh-wave pu lse patterns using only lead. backing 
(A) is increased using tungsten-lead system (BJ-Fig. 2 

to be optical grade quartz rod ade­
quately annealed to eliminate 
sources of reflective and interfer­
ing stresses and of impurities. 

The impedance-coupling system 
at the transducer is shown in Fig. 
1. F orward ultrasonic intensity is 

I F= 4e,k2 E' (R. Rho+ R. Rho tan• Xh0 ) / 

Rh0 (R.'+Rhg2 tan2 xh, (1) 

and backward ultrasonic intensity 
is 

In = 4e;k2 E2 (R .. R pb + 
R .. R pb tan2 x .. )/ R .. (R pb2 + 
Rw' tan2 Xw) (2) 

where e,. is appropriate piezoelec­
tric constant for the material in 
which i and k are integers; E is 
electric field amplitude; R ,,, R ,., 
R ., and R P• are longitudinal imped­
ances of quartz, mercury, tungsten 
and lead, respectively; x •• 
27TfT,./V " in which f is resonant 
frequency, r.. is mercury layer 
thickness and V .. is propagation 
velocity in tungsten; and Xw = 
27TfT .. / V ., in which T ., is tungsten 
thickness. 

The ratio of forward to back­
ward ultrasonic radiation intensity 
is 

IF/ I n = R0 sec' .tho (R vb2 - Rw' tan2 x .. )/ 
R vb sec2 Xw (R.2+ Rh0

2 tan' .tho) (3) 

If k .. = 4e ,."E 2V,., from Eq. 1: 

dI F /cl.tho= 2k,. R. sec• Xho tan Xhu (R.2 -
Rho' ) / Vho (R.'+Rho' tan2 Xh0 ) 2 (4) 

where V,, is propagation velocity 
in mercury. Hence, for maximum 
intensity I F, sec'x,. = 0 or T •• = 
A/4, where A is wavelength. Simi­
larly, from Eq. 2, T " A/ 4 for 
maximum I n. 

Using the values of T,, and T w 
for maximum intensities, Eq. 3 re­
duces to 

I F/In°= R0 R .. 2/ R pb Rho' (5) 

Inserting the values of longitudinal 
impedance' for the materials, 

I F/ In = 15.51 (6) 

Signal-to-noise ratio using the r e­
sults of Eq. 6 is thus S / N = 23.8. 
Similarly, the value of intensity 
for the system using lead backing 
alone is 

I F/In = R0 R pb/ (R.' cos2 Xho + 
Rho' sin2 Xh0 ) (7) 

Signal-to-noise ratio is thus sig­
nificantly improved using Rayleigh 
wave prop agation. 

Typical pulse pat t erns of Ray­
leigh waves obta ined using the sys­
tem with lead backing alone are 
shown in Fig. 2A, while the Ray­
leigh wave pulse pattern of the sys-

electronics 



Gamewell made a sector pot with .0006" wire. This subminia­
ture sector pot is wound with .0006" wire at over 1000 turns per 
inch. Required winding length tolerance is only .005". • Here's one 
example of the hundreds of "special" pot design requests that 
Gamewell is answering with an unqualified YES. • Find out what 
Gamewell YES service - Your Engineered Specials service -

can do for you. Write to Gamewell today for the ~ll® 
complete facts. *your engineered Specials service ril8We 
THE GAMEWELL COMPANY, POTENTIOMETER DIVISION, 1618 CHESTNUT STREET, NEWTON UPPER FALLS 64, MASSACHUSETTS. A SUBSIDIARY OF E. W. BLISS COMPANY. 
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10 
Megohms 

PLUS 
Control 

An electronic voltmeter 
with a meter-relay 

This happy combination makes an ex­
tremely versatile and acute instrument. 

It has critical measuring ability 
that goes with high input imped­
ance, in space-saving panel­
mounting style. 

It also has the reliable, simple 
control of a locking contact meter­
relay, with adjustable set points. 

Many difficult functions can be easily 
controlled: conductivity cells, life test­
ing of components or systems, production 
testing and sorting, automatic -Go­
No Go of missile circuits. 

Ready When Needed 
Metronix DC instruments such as 

Mode I 301-C-CM R (illustrated) have 
input resistances up to I 0 megohms. 
AC input impedances go as high as 5 
megohms. Like all Metronix panel­
m o u n ting electronic voltmeters 
(PMEV's), they are always connected­
immediately available for continuous 
monitoring of critical parameters. 

Send for data sheets describing 
Metronix PMEV's in single or multiple 
ranges, DC or AC, with either meter­
relays or conventional indicating meters. 

62 

METRONIX 
The Electronic Instrument Diwisi11 
of Assembly Products, Inc. 

Chesterland, Ohio 

Telephone: HAmllton 3-4440 
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QUARTZ MODE converter is used 
to obtain Rayleigh waves-Fig. 3 

tern in Fig. 1 is shown in Fig. 2B. 
Bandwidth of the patterns in Fig. 
2A is 0.5 Mc and in Fig. 2B is 2 
Mc. Driving resonant frequency is 
5 Mc, and average attenuation is 
about 50 db in all cases. Velocity 
of the Rayleigh waves is 0.342 cm/ 
µ,sec, corresponding to a delay of 
350 µ,sec in a straight quartz rod. 

The quartz Rayleigh wave mode 
converter is shown in Fig. 3. 

REFERENCES 

(1) W. P. Mason, "Electr om echanical 
Transducers and Wave Filters," D. Van 
Nostrand Co., Inc., p 413, 1958. 

( 2) vV. P. Mason, "Physical Acoustics 
and Properties of Solids, D. V an Nostrand 
Co., Inc., p 17. 

New Optical Masers Use 
Dissociative Mechanism 

PHYSICAL PRINCIPLE underlying op­
eration of two new optical masers 
suggests a new family of these de­
vices. Laser action results from dis­
sociative excitation transfer. 

One of the new lasers uses a mix­
ture of neon and oxygen and the 
other a mixture of argon and oxy­
gen. Both devices, announced by 
Bell Telephone Laboratories, radi­
ate in the near infrared at a wave­
length 8,446 angstroms. Thus the 
lasers also provide a new frequency 
for optical communications. 

In dissociative excitation trans­
fer, an excited atom of a noble gas 
such as neon breaks up an oxygen 
molecule. To operate the lasers, 
molecular oxygen is mixed with 
neon or argon, and the mixture is 
excited with an r-f discharge. · 

Energy transferred from the 
neon or argon to the oxygen mole­
cule results in its dissociation into 
two atoms. One of the atoms im­
mediately or very shortly after at­
tains an excited state, from which 
it radiates at 8,446 angstroms. 

The experiments suggest that the 
mechanism of dissociative excita­
tion of a molecule by energy trans­
fer from a metastable atom may be 
more useful in optical maser tech­
nology than the inelastic atom-to­
atom collisions responsible for 
maser action in helium-neon mix­
tures. In the latter devices, elec­
trons in the discharge created by 
the r-f generator excite helium 
atoms to their metastable state. 
This state is comparable to the up­
per state of neon. As a result, 
helium atoms can impart their en­
ergy to the neon atoms by collision. 
The neon atoms then radiate to a 
lower energy level. 

Computer Study Planned 
Of Reactor Efficiency 

PROCESS COMPUTER installation at a 
nuclear generating plant will pro­
vide information for improving re­
actor-fuel technology. Although it 
will not perform any plant control 
functions, it is expected to provide 
operating experience in using a 
computer to automate a nuclear 
plant. 

The process computer will be 
used at the Big Rock Point Nuclear 
Power plant of Consumers Power 
Company, Michigan. Use of the 
computer was described in a paper 
by L. K. Holland and E. S. Beck­
jard, General Electric Atomic 
Power Equipment Department, at 
the American Nuclear Society 
Meeting in Boston. 

The 40,000-word G-E 312 process 
computer will monitor reactor 
power level, thermal-hydraulic per­
formance of the reactor core, neu­
tron exposure of each segment of 
the fuel, instruments and reactor 
vessel. It will also be used to de­
velop methods for achieving maxi­
mum fuel burnup by scheduling of 
control rods. 

Comprehensive information ob­
tained in the computer study will 
be used to improve operating effi­
ciency, to simplify fuel inventory 
and plant management, and to im­
prove power-producing capability 
of the fuel. 

Measured coolant flow rates, tem­
peratures and pressures will be used 
to calculate reactor power level. 
Readings of core conditions from 
24 in-core ion chambers, accumu-

CIRCLE 63 ON READER SERVICE CARD~ 



NTAGI 
NCIPLE ASSURES RELIABILITY OF CONTA.CT CLOSURE 

MagTrak™ Relays combine magnetic attraction 
with a load current contact aiding circuit. This 
combination increases contact pressure by a 
factor of lOOtimes on the most sensitive ranges. 
Weston's new MagTrak design gives you greatly 
increased reliability plus easy resetability. 

You can always depend on MagTrak-even for 
low voltage operation and after long periods of 
inactivity. 
• Sensitivities as low as 10 µa, full scale 
• Can operate as a pyromillivoltmeter 

• Available with high or low set points, or both 
• Standard, self-contained, full-scale ranges: 

10 µa to 5 a and 20 mv to 500 v or higher 
• Kilowatt loads can be switched when acces­

sory power package is used 
• Scale length: 3.47 inches 

Weston supplies the most complete line of 
relays available. More are now in use than any 
other kind •.. proof of their dependability. Write 
for new catalog or applications assistance from 
our experienced relay engineers. Dept. 37. 

NEW RELAY CATALOG gives detalJs 
on MagTrak. Another Weston catalog 
describes the matching line of Serles 
1900 Panel Instruments, pictured 
above. Send for both today. 

W E ST Q N I N ST RU M ENT S Division of Daystrom, Incorporated, Newark 14, New Jersey 

Aerospace Instrumentation • Bimetal Thermometers • Calibration & Test Equipment • Panel & Switchboard Meters • 
Photosensitive Devices • Precis1o,.. Metal Film Resistors • Relays & Tachometers • Systems Design & Development 



CANNON 
engineering notes: 
DUAL-SHORE*AND BACK-CLIP RETENTION 
Cannon has developed two major contact retention systems for crimp-type re­
movable contacts. Both incorporate closed-entry socket insulators and can be 
used in rack and panel as well as circular connectors. The Dual -Shore design is 
best for general applications requiring excellent moisture sealing on MIL-C-26636 
contacts at relatively low cost. Back-Cl ip retention is recommended for very low 
contact insertion forces, high retention forces , and wide ranges of temperature. 

DUAL-SHORE BACK-CLIP 

~--[-r:::u:::o E- CONTACTS~~ c:::::==:[)D 

~~~TOOLs-c ___ ·--"'--' -~ 

Features: 
1. Closed-entry socket front provides 
positive alignment of pins and sockets. 

2. Dual-Shore rubber provides sealing 
over most of the surface of the contact, 
giving more efficient sealing than is now 
possible with other retention systems. 
Readily passes "bucket test" of Ml L-C-
26500. 

3. Utilizes MIL-C-26636A (USAF) con­
tacts. Standard MS insertion and ex­
traction tools . 

4. Wire barrel on contact in accordance 
with MS3190, and accepts MS3191 
(WEP) crimp tool. 

5. Elastomer materials may be applied 
for severe environment applications: 
Polychloroprene for general purpose 
material, and butyl for exotic fuel re­
sistance. Silicone compounds will soon 
be available for higher temperatures. 

6. Contacts inserted and removed from 
the rear of the connector. Connectors 
must be disengaged because removal 
tools are inserted from front face . 

7. Simplicity of construction, relatively 
low cost. 

Features: 
1. Closed-entry socket front provides 
positive alignment of pins and sockets . 
2. Low insertion force, high retention 
force for contacts. 
3. Utili zes a simple, strong contact with 
cylindrical surfaces. Especially impor­
tant for size 20 contacts (which bend 
easily when handled). On e disposable 
plastic tool serves for both insertion 
and extraction . 
4. Wire barrel on contact in accordance 
with MS3190, and accepts MS3191 
(WEP) crimp tool. 
5. Retention clip is sandwiched 
between hard dielectric inserts, fabri­
cated from high-temperature materials. 
Silicone rubber may be bonded to the 
hard dielectric parts to afford a mois­
ture seal at elevated temperature (460° 
F) . Unsealed ceramic versions can be 
made for high temperature (1000°F). 
6. Contacts inserted and removed from 
the rear of the connector. It is not nec­
essary to disengage the connector to 
remove or insert contacts because tool 
inserts from rear. 
7. High er cost and complexity of insert 
construction, offset by universality of 
application to any connector style. 

For testing and evaluation, Dual-Shore types are available in Cannon KPTM and 
RX lines. Back-Clip models are available in Cannon DPD, DPX, DPY, DPJM, 
and D-Miniature series. 

/"':::. 1.:~.~= 
• CANNON TRADEMARK 

Imaginative Engineering For The Space Era. 

CANNON ELECTRIC COMPANY, 3208 Humboldt .St., Los Angeles 31, Calif. 
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lated constantly and stored in the 
computer memory, will assist in de­
termining a finer power distribu­
tion in the reactor core. Predeter­
mined control-rod sequences will be 
stored in the computer and moni­
tored by the reactor operator for 
most efficient operation. The se­
quences are calculated from meas­
ured and computed reactor data, 
which is one of the major areas in 
the development effort of applying 
computers to nuclear plants. 

The computer system will include 
the central processor, an input-ou t­
put unit, computer control console, 
two operator control units, four 
logging and on-demand typewriters, 
and three punched paper tape units. 

Bird-Brain Telemetry 
Is Used in Pigeon Study 

TEL AVIV - Electroencephalograph 
has been developed that enables the 
brain impulses of pigeons to be re­
corded. The miniature telemetry 
system was developed at the Elec­
tronics Department of the W eiz­
man Institute of Science at the re­
quest of the Institute of Physiology 
of Pisa University. The 1-ounce 
instrument occupies only 15 cubic 
inches. 

The bird-brain project, as it is 
called, grew out of an earlier proj­
ect in which a device was developed 
for telemetering the cortical ac­
tivity of the brains of unrestrained 
cats. Special emphasis was placed 
on recording brain impulses during 
states of increased activity and con­
vulsions of the unrestrained ani­
mals. An amplifier-transmitter 
weighing about 3 ~ ounces was 
mounted on the head of the cat, and 
data on feline cerebral action was 
telemetered to the physiologists. 

As disturbances arising from 
general activity of the body of the 
subject animals and variations in 
electrode contacts were eliminated, 
records free of artifact interference 
were obtained. Further progress 
has enabled development of the 1-
ounce amplifier-transmitter. 

Other modifications were made to 
improve performance of the instru­
ment. A differential amplifier was 
designed for bipolar recording. The 
circuit was also designed to reject 
in-phase signals from the power 
lines . Noise relative to the input 
has been almost compietely elimi­
nated. 

electron ics 



A NEW CONCEP 
ROM CANNON ... 
SHOULDER CLI 
RETENTION 

LOW CONT ACT-INSTALLATION FORCE 

METAL RETAINING CLIPS 

HIGH CONT ACT RETENTION 

CLEAN CONT ACTS 
MAXIMUM CONTACT-ST ABILITY 

a 
totally 
new 
retention 
system for 
crimp snap-in contacts 

Featuring Rear Tool-Release System-Cannon's New 
concept for crimp snap-in contacts exceeds all the requisites 
for reliability in electrical connectors-plus all these advan­
tages: METAL RETAINING CLIPS • CLOSED ENTRY 
SOCKET CONTACT· CLOSED ENTRY INSULATOR· 
HIGH CONTACT RETENTION • LOW CONTACT-INSTAL­
LATION FORCE • REAR TOOL-RELEASE SYSTEM • FREE 

MS-3190 CONTACT TERMINATION 

REAR TOOL RELEASE SYSTEM 
WITH FREE REMOVAL TOOL 

MONOBLOC TYPE INSULATOR 

ON SOCKET SIDE: 
CLOSED-ENTRY INSULATOR 
CLOSED-ENTRY SOCKET CONTACTS 

REMOVAL TOOL· MAXIMUM CONTACT-STABILITY· 
CLEAN CONTACTS· MONOBLOC TYPE INSULATORS• 
MS-3190 CONTACT TERMINATION. Shoulder clip retention 
is presently available in dual-panel rectangular plugs, minia­
ture rectangular plugs, and sealed miniature re~tangular plugs; 
they will be available in other lines quickly. For addit i onal 
information write to: 

Imaginative Engineering For The Space Era. 

CANNON ELECTRIC COMPANY, 3208 Humboldt Street, Los Angeles 31, Calif. 
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COMPONENTS AND MATERIALS 

Taking Bounce Out of Reed Relays 
Recent improvements 
offer wider use for 
millisecond switching 

By HUGH CULLIN 
Ch ief Eng ineer, 
Struthers -Dunn, Inc ., 
Pitman, N. J . 

THE HEART of the reed relay is a 
magnetic switch sealed in a glass 
capsule that contains an inert gas 
(ELECTRONICS, Sept. 30, 1960, p 
63). The magnetic switch consists 
of two nickel iron alloy reed ele­
ments having precious metal con­
tact surfaces. The contact sur­
faces are normally open, closing 
when a magnetic field of proper 
strength is applied. 

Since the introduction of reed re­
lays a few years ago, their use has 
grown steadily. They are ideally 
suited for transistor drive applica­
tions and find wide use in data proc­
essing systems, ground control for 
missiles and satellites in weapons 
and in communications systems. Al­
though reed switching is not fast 
enough for all computer applica­
tions, it is fast enough for some­
switching information heads and 
voltage reference circuits, for in­
stance. 

MAGNETIC SWITCHES - Typi­
cally, reed switches operate in less 
than one millisecond including con­
tact bounce time, and release in no 
more than 0.3 millisecond. The basic 
dry reed relay consists of one or 
more dry reed switches enclosed by 
a single direct-current magnetizing 
coil, with the necessary parts to 
hold the units together. 

Typical contact rating for stand­
ard reeds is 15 watts, one amp or 
250 volts resistive. Life expectancy 
is 20 mill4.m operations at maxi­
mum rating; 100 million operations 
at one-half maximum; 200 million 
at dry circuit level. Miniature 
reeds have typical contact ratings 
of 4 watts, 250 v max., 125 ma max. 
Life expectancy is 3 million opera­
tions at maximum rating; 10 mil-
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NEW MINIATURE reed cross­
point relay for printed circuit 
cards features magnetic shielding 
and twist-tab mounting. Con tact 
rating is 4 watts. Two coils are 
identical and act as X and Y coordi­
nate coils w ith a third coil as the 
holding coil. Simultaneously en er­
gizing X and Y closes the contacts ; 
these remain closed unti l holding 
coil is interrupted or until either 
X or Y is r everse-pulsed 

lion operations at one-half max. ; 20 
million at dry circuit level. 

The glass-enclosed reed switch is 
completely impervious to atmos­
pheric contamination. Further pro­
tection against damage and break­
age is provided by molding both 
miniature and standard relays in 
an epoxy resin or in a metal enclo­
sure with only the terminals ex­
posed. Most standard size relays 
have one, two, four, six, eight, 12 
or 20 poles; miniatures have up to 
12 poles. 

BASIC REED RELAY-This con­
sists of one coil operating one or 
more reed switches, and it is used 
for conventional on-off switching. 
Standard coil voltages are 6, 12, 
and 24 v d-c. 

Pulse reed relay combines one 
pulse coil and one holding coil op­
erating one or more reed switches. 
The holding coil does not have suf­
ficient power to operate a switch, 
but keeps it operated after the 
pulse coH has received the proper 
signal. The pulse coil operates the 
switch, independent of the holding 
coil, from a signal which is addi-

tive to the flux generat ed by +;he 
holding coil. 

Crosspoint reed relays have one 
holding coil, two coincident current 
coils, and from two to five reeds in­
cluding the control reed. Simulta­
neously energizing two coordinate 
coils closes one reed contact per­
manently wired in series with t he 
holding coil. The holding coil then 
picks up and closes the information 
contacts. All contacts remain closed 
until the holding coil is externally 
interrupted, or until one of the co­
ordinate coils is reverse pulsed. 

Latch reed relay is magnetic 
latch reed with form A or form C 
contacts. A pulse to the coil of the 
relay keeps it closed until it is r e­
leased by a reverse polar ity pulse 
or pulse to another coil on the reed. 

Logic reed relay has from two to 
five coils operating one or mor e 
reeds. Coils are designed so t hat 
various coil combinations must be 
energized at nominal power levels 
to operate the reed. For and oper ­
ation, one coil and a second coi l 
must be energized simultaneously. 
To prevent false contact closure, 
care must be taken not to overdrive 
or overpower any one of the coils. 
For or operation, either of two coils 
supplies sufficient power to operate 
the reed. 

Infinite margin relay is a highly 
refined logic type for extremely 
critical circuits in an and arrange­
ment. The second coil must be en­
ergized, even when one is greatly 
overpowered. 

Early reed relays had long termi­
nals of heavy magnetic metal. When 
they were clipped close to the beard, 
the return path of the magnetic 
field was greatly reduced. Operat­
ing values often changed substan­
tially. Bonding the reed ends of 
the terminals often affected their 
operating points. 

MOST MODERN TYPES- Reed 
relays now terminate in non-mag­
netic tin-coated copper wires of 
about 0.030-in. diam, soldered in­
ternally to the reed ends. Clipping 
or bending has no effect on reed op-

electro ni cs 



SOLAtron 
LINE VOLTAGE 

Starts corrective action the instant 
output departs from nominal ... long 
before voltage even approaches the 
boundaries of the regulation envel­
ope. In fact, response is 10 times 
fast er than mechanical regulators. 
Even under extreme conditions, re­
turn to nominal will never exceed 
10 cycles. And no moving parts 
means no electro-mechanical wear. 
Maintenance is reduced to insignif­
icant static-design proportions. A 
solid-state sensor triggers a mag­
netic flux "valving action" to main­
tain nominal voltage. 

Jul y 6, 1962 

REGULATOR 

~· 
~ · 

the 
regulation 
"envelope" 

SOLA 
Division of Basic 
Produ cts Corporation 

;;:.. I 
B p 

c ~ 
SOLA ELECTRIC co., Dept. E-72, 1717 Bu sse Road, 
Elk Grove Vil lage, I l lino is, HEmpstea d 9-2800 
IN CANADA, SOLA BASIC PRODUCTS, LTD., 
377 Evans Avenue, Toron to 18, Ont ario 

Excellent regulation - for specified input 
range, zero to full load. 

Efficiency - 95 % at full load. 

Ultra Compact - smaller and lighter than 
other equivalent regulators. 

Complete Mounting Flexibility - designed 
for either horizontal or vertical orienta­
t ion . Adaptable for mounting inside OEM 
equipment or can be externally employed 
on any surface or support. 

New Solatron Line Voltage Regu­
lators are available in 3-100 kva 
ratings for 120 and 240 vac, indoor 
applications. Write today for com-
plete details and prices. S-20-62 
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WITH 
DIRECT READOUT 

@ 
'~ 

NEW 
UNIVERSAL BRIDGE 

MEASURES: 

Model 1313 
Price $590 

l: ............................... . l µ H to 11 OH 
C: .............................. 1 pf to 11 OµF 
R: ............. ,. ........ o .01n to 110Mn 

With V.. % Accuracy 
EXCEPTIONAL RESOLUTION 
5,000 divisions per range 

BUILT-IN I AND IOKc OSC/ DET 
100 cps to 20 Kc with ext. osc. 

Automatic dial mechanism elimi· 
nates multiplying factors, giving 
surprising ease of use. 

ASK FOR FULL DESCRIPTION N 0 W 

MARCONI 
INSTRUMENTS 

DIVISION OF ENGLISH ELECTRIC CORPORATION 

111 CEDAR LANE e ENGLEWOOD , NEW JERSEY 

MAIN PLANi: ST, ALBAN ' S 1 ENGLAND 
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eration, and they are easy to solder. 
Reed relay lead terminals are 

now aligned on 0.2-in. grid spac­
ings, and are brought out on one 
side of the relay enclosure for con­
venient printed board mounting 
without bending or cutting. Far 
more reed switching can be packed 
into less space than ever before. 

In earlier types, the magnetic 
coupling effect between reeds oper­
ating in close proximity was close 
enough so that one reed would not 
drop out even though its coil cir­
cuit was de-energized. This diffi~ 
culty is now greatly reduced by 
packaging reeds in magnetically­
shielded enclosures. 

With the variety of types now 
available, reed relays are being used 
in increasing number of applica­
tions. A new miniature reed relay 
in a magnetically-shielded case only 
1.25 in. by 0.80 in. by 0.40 in. does 
the job of conventional can types in 
applications requiring long life and 
extreme contact reliability on dry 
circuit and light load switching. 

Reed relays are not across-the­
board substitutes for many switch­
ing applications, however. Their 
advantages and limitations must be 
weighed carefully in each circuit. 
Reed relays do offer the designer 
great latitude in placing compo­
nents, they are adaptable to logic 
circuits, and their life is remark­
able. The contact capsules are, 
however, somewhat limited in their 
contact ratings. 

A RECENT DEVELOPMENT­
Reed relay usefulness will be ex­
panded as a true form C break­
before-make reed with practically 
negligible bounce of its normally­
closed contact. This design will 
greatly reduce form C unit costs. 

The reed method of switching is 
less complicated and less expensive 
than solid-state switching, although 
the millisecond range of the reeds 
cannot approach the switching 
speeds of solid-state systems. 

With solid state switching, many 
components and somewhat compli­
cated circuits are required to pro­
duce a contact that is neither wholly 
on nor wholly off. Solid-state cir­
cuits are always partially on, basi­
cally representing a change from a 
low impedance to a high impedance 
circuit. And inputs and outputs are 
not isolated. Reed relays, on the 
other hand, provide positive on and 

positive off switching, and the in­
puts and outputs are isolated. 

Developments indicate a real 
place for reed switches where rapid 
switching, minimum size, low oper­
ating power requirements, long life, 
reliability, and moderate cost are 
important factors. 

New Technique Joins 
Refractory Metals 

MICROSCOPIC specimen of thin 
tungsten sheet, left. At right, a 
similar specimen joined by thero­
chemical bond shows complete lack 
of crystallization apparent in 
photos on left 

BRITTLENESS caused by recrystal­
lization from the heat of existing 
welding methods often contaminate 
surrounding areas, as well as 
weaken structural elements. A 
technique developed by Martin con­
sists of thermochemically deposit­
ing a filler of the base metal be­
tween the metal sheets to be joined. 
This provides a firm bond in which 
the base metal grain structure is 
not recrystallized by high welding 
temperatures. This method permits 
wider use of refractory metals, 
particularly tungsten and molybde­
num, in missile and space vehicles. 

Filler refractory material is de­
posited in the joint by combined nu­
cleation and reduction of refrac­
tory-bearing halogen gases. Heat is 
applied to the base sheet to be 
joined and the temperature of the 
entire operation kept below 1,500 
deg F, well below the recrystalliza­
tion temperature of these materi­
als. 

The method results in a filler ma­
terial with a somewhat dendri-tic 
but fine grain structure having a 
hardness level equal to the base 
metal. 

electronic s 
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The insulation of "Mylar" is shown in green. 

HOW MYLAR®CUT STEP-SWITCH COSTS FOR WESTERN ELECTRIC 
This step-by,step switch handles 300 trunk calls a day. 
A hundred thousand times a year the central contact 
wiper flashes between the tough spacers of Du Pont 
"Mylar" polyester film. 

Western Electric Co. picked "Mylar" to replace stiff 
phenolic fiber. It reduced manufacturing costs, since 
separate insulators could be punched out automatically 
at high speeds from rolls of "Mylar". Phenolic fiber 
was available only in sheets, not adaptable to full auto­
mation. "Mylar" was tougher and more durable: re­
sisted cracking when flexed or bent. It had a higher 
dielectric rating, allowing valuable space reductions. 

"Mylar" today is the standard insulation in a wide 
variety of electrical / electronic applications. In motors, 
capacitors, switches and wiring, its superb dielectric, 

chemical and thermal properties guarantee years of 
trouble-free performance. The high performance of 
"Mylar" in thinner gauges frequently gives substantial 
savings-since you use less "Mylar" than conventional 
materials. 

Additional cost reductions can come from design 
modifications and manufacturing economies. Why not 
investigate its unique properties in your application? 
Save time and money now by writing to: Du Pont Com­
pany, Film Dept., Wilmington 98, Delaware. 

BETTER THIN GS FOR BETTER LIVI NG 
, , • THROUGH CHEMISTRY 

Visit our Booth at Wescon-Booth #3734-35 
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IALS LABORATORY IN SP.ACE 

A comprehensive understanding of the reaction of materials to outer space 

ts an important key to this country's space program. In their study of materials, 

scientists at Lockheed Missiles & Space Company found the problem could be 

most graphically depicted by showing the various environmental factors impinging 

on a simple cube-shaped vehicle. A cube, placed in a noon polar circular orbit, 

would allow unusual isolation of the effects of space on materials; make their 

measurement simpler and more accurate; and offer a built-in control of the results. 

For example: The horizontal surface facing away from the earth would receive 

only direct solar insolation, while that facing the earth would get mostly earth shine 

an.d earth-reflected solar radiation. This hypothetical model lucidly illustrates 

the effects of such phenomena as : Solar irradiation, sputtering, micro-meteoritic 

erosion, solar corpuscular radiation, auroral radiation and the like. 

Guided by engineers and scientists of outstanding calibre, Lockheed Missiles & 

Space Company has won its place in the forefront of many disciplines in missile 

and space technology. And such progress constantly creates key positions for 

others of proven abil ity. Lockheed's location in Sunnyvale and Palo Alto on the 

beautiful San Francisco Peninsula is ideal. So is the climate-physical and mental. 

If you are interested in correlating your specialty to one of Lockheed's many 

challenging assignments, please write to: Research & Development Staff, 

Dept. M-37E, 599 North Mathilda Avenue, Sunnyvale, California. 

An equal opportunity employer. 

LOCKHEED MISSILES & SPACE COMPANY 
A GROUP D IVISION OF LOCKHEED AIRCRAFT CORPORATION 

Systems Manage r for the Navy POLARIS FBM and the AGENA vehicle in various Air Force Satell i te 
programs. Othe r cu rrent projects include suc h NASA programs as the OG·O, ECHO , and NIMBUS. 

SUNNYVALE. PALO ALTO VAN NUYS SANTA CRUZ SANTA MARIA. CALIFOR NIA • CAPE CANAVERAL. FLORIDA t HAWAII 



PRODUCTION TECHNIQUES 

THERMAL PHOTOGRAPHS and ordinary photographs of 
resistors, diodes and transistors. The brightest resistor (left) 
is dissipating 2.5 watts; the hottest transistor, 39.6 mw 

Circuit Inspections Speeded with Infrared 

Nondestructive test method 
quickly shows up defective 
components and wiring 

INFRARED RADIATION from elec­
tronic components is being used to 
determine whether a circuit is op­
erating correctly and at design 
levels or whether some defect in 
wiring or circuit device is causing 
overheating. According to the tech­
nique devised by Riccai·do Vanzetti, 
Equipment division of Raytheon 
Co., circuits can be checked while 
operating, using either an infrared 
scanning camera or an infrared 
radiometer. 

The infrared camera takes ther­
mal photographs of operating cir­
cuits. Current passing through 
wires and components causes heat-

ing and thus increases infrared 
emission. By scanning the circuit 
a line at a time and converting the 
infrared picked up from each point 
into an equivalent visible light sig­
nal (see sketch), a thermal picture 
of the circuit is obtained. When 
this photograph is compared with 
a previously made standard, open 
circuits and overloaded components 
are immediately pinpointed. 

The infrared camera used to take 
the accompanying thermal photo­
graphs of resistors, diodes and 
transistors is a Barnes Model I-SA 
equipped with Polaroid film. Since 
the light source is essentially the 
circuit itself, no other illumination 
is required. From 3.25 to 13 min­
utes (depending on width and 
height of scan) are required for 
each photograph. As the photo-

graphs show, the hotter the com­
ponent the brighter the equivalent: 
image on film. The brightest resis­
tor in the illustration above is op­
erating at 2.5 watts and the one 
next to it is operating at 1.45 watts. 
The dissipation of the remaining 
resistors shown in progressively 
less and the farthest right resistor 
is operating at only 0.045 watts. 
The circuit board beneath the hot­
test resistors is also heated and 
several of the connection points 
are hotter than the current carry­
ing wires. 

The brightest of the six diodes, 
above, is operating at 31.5 mw and 
the coolest at 6.05 mw. The tran­
sistors are operating at, from left, 
39.6 mw, 9.9 mw, 14.9 mw and 30.7 
mw. 

Thermal photographs are useful 

INFRARED CAMERA (left) showing adjustments (but not electronic circuits) and light sensitive camera back. Radi­
ometer and electronic circuits (right) with recorder 
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Low Current 
Silicon Rectifiers 

22 types, with ratings from 0.15 amps 
to 1.50 amps; 100 to 2800 piv. 
Send for Bulletin 62CC4. 

Controlled 
Silicon Rectifiers 

Two series, 3 and 5 amps; 25 to 400 
piv. Stud mounted and hermetically 
sealed. 
Send for Bulletin 62SCR5. 

Silicon 
Re ct if ier Assemblies 

336 types, ratings from 5 amps to 
1250 amps; 50 to 500 piv. Configura­
tions include single-phase bridge and 
center-tap, and three-phase half­
wave, bridge, and full-wave center 
tap. Ask for Bulletin 62SA3. 

7 invitations 

July 6, 1962 

to invention in circuit design ... 
seven lines of Tarzian semicon­
ductor products offering depend­
able performance at realistic 
prices, plus interested and in­
formed application engineering 
service and production and de­
velopment facilities to help you 
solve special problems or meet 
special requirements. Tell us 
your need or send for our newest 
catalogs, or both. 

Hermetically Sealed 
Silicon Rectifiers 

Ratings from 2 amps to 250 amps; 
50 to 600 piv; choice of positive or 
negative base polarity in most styles. 
Send for Bulletin 62CC4. 

Silicon 
Voltage Regulators 

Regular series: 93 types in~. I, and 
IO-watt classifications; 5.6 to 100 
volts breakdown. Special series: 17 
types in 1-watt, 6 to 105 volts break­
down. Excellent performance at low 
cost. Ask for Bulletin 61 VRJJ. 

Tube Replacement 
Silicon Rectifiers 

Long life, cool-operating, compact 
units replace 95 % of all popular 
vacuum tube rectifiers. Ratings from 
1600 to 10,400 piv; 250 to 750 ma 
de output current. 
Send for Bulletin 62TR5. 

~ 
Surge Suppressors 

136 types, polarized, single phase 
and three-phase non-polarized; 
maximum discharge currents from 
0.25 to 33 amps. 
Ask for Bulletin 61KVJO. 

~d~a~ !!:1!:r~f TV!~ ~r~lo~e!!c~:Syst~m~r~a: 
Equipment• Air Trimmers• FM Radios• Magnetic Recording Tape• Semiconductor Devices 

SEMICONDUCTOR DIVISION • BLOOMINGTON. INDIANA 
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ELECTRONICS 
IN JMAINEJ 

Excellent female labor supply 
Dependable ... highly productive 

e PITTSBURGH 
PHILADELPHIA. 

Near major research centers, 
markets and sources of supply 

Modern Plants 
Lease-purchase for as little 
as 55¢ per sq. ft. per year 

An independent research organi­
zation reports that lower overall 
operating costs contribute to main­
taining firms in a competitive indus­
try position. Raytheon, Dielectric, 
Sylvania and other firms hav.e large 
facilities in Maine. May we give you 
more facts on electronics in Maine? 
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Write for electronic facts: 
Lloyd K. Allen, Commissioner 

Maine Dept. of Economic Development. 
State Capitol Room 211H Augusta, Marne 
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GLOW 

CHOPPER 

GLOW 
MODULATOR 
DRIVER AMPL 

....+---+-----~ SYNCHRONOUS 

PREAMPLIFIER 

RECTIFIER 
AMPL 

: INCOMING: DETECTOR DETECTOR 
BIAS 

SUPPLY I RADIA-1 BLACK BODY 

L TION JllEMPERATURE J 
REFERENCE 

SCANNING RADIOMETER 
SYSTEM HEAD 

SCANNING MIRROR directs light to infrai·ed detector. Amplifying cir­
cuit drives glow tube to produce a line of va1·ying intensity on film. Scan­
ning mirror has quick return and tilts to cover a field 20 degrees wide and 
5 to 10 degrees high 

CIRCUIT BOARD and radiometer 
recording for normal overating con­
ditions. Recordings (and ir vhoto­
graphs) can be used as insvection 
standards 

for many type of nondestructive 
testing but they are not as accurate 
in determining absolute current 
flow or device dissipation as a 
radiometer. The radiometer, how­
ever, must be pointed at each com­
ponent being measured, and its out­
put is typically applied to a servo­
writer or recorder. One of the il­
lustrations shows a circuit board 
and the radiometer recording de­
veloped from it during an operat­
ing test. The radiometer used to 
take the readings has a field of 
view of about 4 mm' and a theoreti­
cal temperature resolution of 0.005 
C. Power in electronic circuits can 
be determined to 0.01 milliwatt 
with radiometer techniques. 

APPLICATIONS-Applications of 
infrared circuit inspection include 
design engineering, production line 
inspection, and quality control and 
reliability studies. 

In design engineering, measur­
ing instruments sometimes intro­
duce excessive loading, while tern-

perature measurements can be up­
set by the thermal capacity of the 
measuring probes. Infrared inspec­
tion methods do not introduce 
either of these two complicating 
factors . 

For production line inspection 
and quality control of complex elec­
tronic equipment, infrared tech­
niques are capable of faster and 
more comprehensive evaluation 
than conventional methods, which 
usually consist of measuring volt­
age, current and resistance at key 
points in the circuit. Conventional 
trouble shooting may require that 
suspected components be discon­
nected from the circuit or replaced, 
and assemblies such as computer 
boards containing thousands of 
components may take several days 
to correct. With infrared tech­
niques, defects such as incorrect 
wiring, shorts, opens, poor connec­
tions, and defective components be­
come apparent by comparing two 
pictures or two recordings. 

Radiometer inspection can be 
automated with straightforward 
methods. Radiometer output can be 
compared electronically with a 
standard recording and components 
above or below tolerances can be 
indicated by IBM cards or in other 
ways. 

X-Ray Inspection with 
Television Display 

AN X-RAY-SENSITIVE closed circuit tv 
system that eliminates any need 
for intermediate imaging devices 
has been developed by Ohio State's 

electronics 



Oak is the first major manufacturer to announce 
MIL-S-3786A approved rotary switches! 

• Military Approved, ready.made 
versions of these rotary switches 
also are available - "right off 
the shelf" - from your nearest 
authorized Oak distributor. 

Talk about ease of obtaining Military­
Approved switches: Here are a whole 
slew ... some ceramic and some phe­
nolic insulated ... first of MANY Oak 
switches now scheduled for official 
QPL listing. Read about them all in 
detail, in our new "Ready Reference 
Guide to MIL-S-3786A" - with handy 
correlations between the MIL SPEC 
slash-sheet numbers and each equiva-

lent Oak switch type! There's even a 
copy of MIL-S-3786A in its entirety, 
appended for your convenience. You'll 
find information on our special new 
test laboratory too-ASESA certified 
for testing all switches to military 
requirements. Contact your Oak rep~ 
resentative now for assistance, and 
a copy of "Ready Reference Guide to 
MIL-S-3786A." Or write us direct. 

OAK MANUFACTURING CO. 
CRYSTAL LAKE, ILLINOIS• Telephone: Area Code 815; 459·5000; TWX: CRYS LK 2350-U 
Plants in Crystal Lake, Illinois • Elkhorn. Wisconsin 

Subsidiaries: OAK ELECTRONICS CORPORATION DELTA-f, INC. McCOY ELECTRONICS CO. 
Culver City, Calif. Geneva, Ill. Mt. Holly Springs, Pa . 

ROTARY AND PUSHBUTTON SWITCHES • TELEVISION TUNERS • VIBRATORS • APPLIANCE 
AND VENDING CONTROLS • ROTARY SOLENOIDS • CHOPPERS • CONTROL ASSEMBLIES 
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Now! from Weldmatic­
PUSH BUTTON WELDING 

DEMAND ANY OF 6 PRECISE PRESET HEATS 
AT THE PUSH OF A BUTTON. 
With a Weldmatic Model 1059B -1068 you can get 
a variety of precisely repeatable heat settings with 
push-button ease and speed. It's the positive way to 
increase production efficiency, minimize operator 
decision and error, cut rejects and waste. 

Highest accuracy, too. Weldmatic Model 1059B 
Power Supply (voltage regulated) has a dual energy 
range of 45 and 9 watt-seconds. Model 1068 Weld 
Energy Selector mounts on top, plugs directly in, 
and becomes an integral part of the power supply. 
Operator selects one of five available weld energy 
settings (a sixth is obtained by depressing M Button 
for return to power supply) in either of the two 
ranges, as predetermined by the weld schedule. 
Button illuminates to indicate activated heat 
setting. Concealed heat adjustment panel (shown 
at left) minimizes inadvertent setting changes. 
Can be used with one or two welding heads. Ask 
your Weldmate representative or write to the 
Weldmatic Division/Unitek, 950 Royal Oaks Drive, 
Monrovia, California. 

WELDMATIC DIVISION I UNITEK 
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department of welding engineering. 
Inspecting electronic printed 

boards, the tv x-ray imaging system 
detects semiconductor and solder 
porosity, missing solder at termi­
nals, diode contamination, broken 
wires, and breaks in copper con­
ductors. Small closed assemblies 
such as relays, geared assemblies, 
springs, ratchets, and contacts can 
all be observed if x-rays of suffi­
cient intensity are used to pene­
trate case materials. It shows con­
siderable promise as a useful tool in 
military and industrial applications 
where x-rays are needed to inspect 
continuous production techniques. 

Instantaneous image reproduc­
tion would allow considerable re­
duction in production inspection 
costs, according to the developers. 
Observing personnel would also 
be protected from exposure to 

ONE-INCH diameter x-ray sensi­
tive camera is used to develop 
image on 17-inch picture tube 

heavy ionizing radiations from in­
dustrial x-ray sources. 

The ft by ~ inch sensing area 
of the one inch x-ray sensitive 
camera tube delivers a 30 diameter 
enlargement on a 17-inch picture 
tube. This is about the optimum 
possible enlargement without in­
troducing objectionable scan lines, 
according to the research team. 

X-ray sensing vidicon camera 
tubes constructed to order by Mach­
lett labs are similar in size and ap­
pearance to conventional photocon­
ductive vidicon tubes, but include 
special windows and target ma­
terials. Beryllium's inherent trans­
parency to x-rays is reported to 
offer tube windows about 1.8 times 
more sensitive than glass. 

The x-ray sensitive camera tube 
operates similarly to the ordinary 
light sensitive vidicon tube to de­
velop an electrical signal. 
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ARNOLD I DIG/BOX 

a complete line of 
versatile modules for 
the design or test 

• engineer 
DECADE TRANSFORMERS 

RESISTORS• CAPACITORS• INDUCTORS 

Arnold digiboxes are designed as functional tools to pro­
vide direct visual presentation of component values. 

These compatible laboratory-quality instruments can be 
quickly interconnected to provide a highly-reliable means 
of circuit simulation . .. digital adjustment of design param­
eters . . . fast evaluation of component tolerances. 

Four units described below are first of a continuing line 
of associated devices. Future designs include: power sup­
plies, transistor modules, meters, amplifiers, signal trans­
formers, and voltage dividers. 

Small size. All units are 4 " x 5" x 3" high. 

Easily stacked, interconnected. All digiboxes are same size 
and configuration. Front panel terminals speed hook-up. 
You can set up an entire circuit in minutes-read off 
every value required directly . .. digitally. 

OECADE TRANSFORMER 
MOOEL TOA 

Number of Oi1its: 4 
R1n1e: 0 t o .9999 Ratio 
Steps of: 0 .0001 ( R<1t10) 
Accur•cy: (~ .008% + .00005) 
Frequency: 50 cps to 10 KC 

OECAOE RESISTOR 
MODEL ROC 

Number of Di1i ts: 4 
R1n1e: 0 to 99.99 K ohms 
SteP5 of: ~ 10 ohms 
Accur1cy: # l % 
Power R1Un1: I O Watts Mu:1mum 

OECAOE CAPACITOR 
MODEL COB• 

Number ol Digits: 4 
Ranae: 0 to .9999 MFO 
Steps of: , 100 MM fD 
Accur1cy; • 1% 
• (Model COA: Accuracy "!: 3%) 

OECAOE INOUCTDR 
MOOEL 1oe• 

Number of Di&i ts: ,4 
Rance: 0 to 9 .999 Henr1es 
Steps of: I mh 
Accur1cy; 
Frequency: 

1% 
30 cps to 200 KC 

•(This unit uses Toroidal 
Inductors uc:tusi\lely.) 

See us at WESCON ... Booth 3209 

FREE ... complete set of 4 DIGIBOXES, and 9 individual 
DIGIBOXES of your choice will be awarded for the most 
unique ideas in the ARNOLD DIGIBOX APPLICATIONS 
CONTEST. 

Contest blanks sent with all requested literature. Or pick 
them up at WESCON ... Booth 3209. Contest closes 
August 31, 1962. 
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ARNOLD MAGNETICS, CORP. 
6050 W. JEFFERSON BLVD., LOS ANGELES 16, CALIF. 

VERMONT 7-5313 - UPTON 0·6284 
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BU DELMAN 
POINT-TO-POINT 

Economical • Reliable· Effective 

Type 14C 
Microwave Radio Terminals 
provide needed communication and data transmis­
sion for railroads, telephone companies, public utili­
ties, public safety services and the armed forces. 
Whether for a "thin-route" gap filler or a 48-channel 
multi-hop system, Budelman Type 14C, 1700-2300 
MC Microwave and Speech Multiplex equipment 
"proves in" where others cannot. 

Write for Spec-sheets, Engineering Analysis or Systems Proposals ... 
without obligation. 

BUDELMAN ELECTRONICS CORP. 
A Subsidiary of General Railway Signal Co. 

375 Fairfield Ave., Stamford, Conn. • 203 Fl 8-9231 
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SO HfRSHEIMI:t<. 
COMES IN AND 

l TELL HIM 
~ ,,. I'M QUITll NG! 

! WANT TO WORK 
WITH A COMPANY 

RUt-J BY 
ENGINEERS 
FOR 
ENGINEERS! 

AND HE SAYS 
WHY? YOU'RE 
GETTING AS MUOi 

AS 5/EFRIED 
A.ND LUCAS! 

1 WANT FULFILLMENT 
l WANT TO WORI< ON 

THE SURVEYOR. 
AT HUGHES! 

t-k> MORE ELECTRONIC 
E6G-TI MERS ~ I'LL 

BE CONTRIBUTING! 
I'LL t3E DOI NG 
SOME TH ING SIGNIFICANT! 
SOMETHING INTER-PLANETARY! 

Hughes is hiring! Numerous opportun ities now exist in a variety of 
advanced projects and studies. Examples include : The SURVEYOR-wh ich will soft 
land an instrumented payload on the moon . ARPAT- terminal anti-missile defense 
system. VA TE-automatic test equipment fo r balli stic missi les. SYNCOM- synchron­
ous-orb it communications satellite. BAMBI - ballistic anti -missi le booster intercept. 
Positions are open at all levels for specialists with degrees from accredited universities. 

CONTROLS ENGINEERS. Concerns airborne 
computers and other controls related areas for: 
missiles and space vehicles, satellites, radar 
tracking, control circuitry, cont rol systems, 
control techniques, transistorized equalization 
networks and control servomechanisms. 

CIRCUIT DESIGNERS. Involves analysis and 
synthesis of systems for: telemetering and com­
mand circuits for space vehicles, high efficiency 
power supplies for airborne and space electronic 
systems, space command, space television, guid­
ance and control systems, and many others. 
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INFRARED SPECIALISTS. To perform sys­
tems analysis and preliminary design in infrared 
activities for satellite detection and identification , 
air·to-air missi les AICBM, infrared range meas­
urement, air-to-air detection search sets, optical 
systems, detection cryogenics and others. 

SYSTEMS ANALYSTS. To consider such 
basic problems as: requirements of manned space 
flight; automatic target recognition requirements 
for unmanned satellites or high speed strike re­
connaissance systems; IR systems requirements 
for ballistic missile defense. 

SO I ~AID: {V!ONEY ! 
WHAT'S MONEY? YOU 
BUSINESSMEN JUST 
DON'T UNDERSTAND 

IHE MIND 
OF AN 
ENGINEER ! 

JUSI TH INK! 
SOMEDAY T~ERE 'LL 

~~ BE: A LITTLE 
PIECE OF ME 
ON THE 

MOON! 

BE51DES­
HUGHES 

15 CLOSER 
TO THE 

BEACH. 

Please airmai l 
your resume to : 

Mr. Robert A. Martin 
Head of Employment 
Hughes Aerospace Divisions 
11940 W. Jefferson Blvd. 
Culver City 68 California 

Creating a new world with El ectronics 
r-------------- --~ 
I I 

l HUGHES I 
I I 
L----------------~ 

HU G H E S AI R CRAFT CO M P AN Y 

AEROSPACE DIVISIONS 

An equal opportunity employer. 
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NEW PRODUCTS 

DESIGN AND APPLICATION 

High-Speed Diodes Make Limiting Smooth 

Features linearity to 1 % 
and peak-to-peak video 
output capability of 3 5 volts 
MANUFACTURED by RHG Elec­
tronics, 94 Milbar Blvd., Farming­
dale, N. Y., the models D606 and 
D306 limiter discriminators have 
8 Mc peak-to-peak bandwidth, 5-
percent linearity over a 6-Mc band­
width, 0 dbm sensitivity for hard 
limiting, video output of 5 v /Mc and 
direct-coupled output of 2 v/ Mc. 
The D606 is centered at 60 Mc and 
D306 is centered at 30 Mc. Some 
novel techniques are used in this 
device (see sketch). First is the 
use of ultra high-speed silicon diode 
pairs in two stages as limiters. Very 
smooth limiting is assured with no 
reversals and no time constant 
problems. Since these diodes can 
switch in nanoseconds, they can 
limit to beyond 100 Mc. The second 
design feature is the discriminator. 
Conventional discriminators use 
complex transformers or capacita-

Portable Reference Supply 
For Meter Calibration 
ANNOUNCED by Tensor Electric De­
velopment Co. Inc., 1873 Eastern 
Parkway, Brooklyn 33, N. Y., the 
model 5890 portable reference sup­
ply can be used for meter calibra­
tion, a source of accurate a-c/d-c 
voltage up to 1 watt, an accurate 

80 

tive coupling to the tank circuits. 
The discriminator shown in the 
sketch consists of two single poles 
resistively coupled to the driving 
tube. Tuning can be accomplished 
without interaction. Semiconduc­
tors are not used because of tem­
perature sensitivity and resultant 
detuning. In this device, tempera­
ture stability of the crossover fre-

quency has been obtained to as low 
as 10 ppm/ degree C. These units 
can be used in telemetry, measure­
ments involving instantaneous fre­
quency resolution, frequency shift 
during a pulse (observable as a-m 
on the video output), highly accu­
rate afc systems and conventional 
f-m systems. 
CIRCLE 301, READER SERVICE CARD 

a-c/ d-c voltmeter in the 0 to 100 v 
range and a general source of a-c 
or d-c voltages. Output is 0 to 100 v, 

LOW-POWER OUT 

INT IOOV 
REF 

VOLTS 

OUTPUT 
HIGH­
POWER 

A-C/0-C 
SOURCE 

a-c or d-c, in four ranges; 0 to 0.1, 
1, 10 and 100 v to 1 watt. Accuracy 
is ±0.25 percent of set voltages 
above 0.01 v and ±0.2 percent of 
set voltage ( +5 µ,v ) below 0.01 v. 
After 15 minute warmup, output 
voltage will remain within specifica­
tions for at least 5 minutes without 
readjustment. Provisions are made 
to accommodate external a-c inputs 
at frequencies other than · 60 cps. 
Loading with high power output is 
up to 10 ma at any voltage and low­
power output loading is 2.5 megohm 
minimum load impedance. The in­
ternal reference voltage is com­
pared to a zener reference in a 
bridge circuit and standardized by 
balancing a reference galvanometer. 
The desired voltage can be set on 
the low power divider in direct 
reading digital form. Divider out­
put can be used directly without 
sacrificing accuracy if load imped­
ance is greater than 2.5 megohms. 
For lower load impedances, the out­
put terminals are used. To use as a 
voltmeter, unknown voltage is sub­
stituted for high power. (302) 

Amplifier for Low-Level 
Bioelectrical Signals 
NEW for Biocom Inc., 5883 Black­
welder St., Culver City, California, 
the model 120 bioamplifier is used 
for acquisition of such low-level 
signals as eeg, ekg, emg and fetal 
ekg. It features a differential gain 

.... j "'. s 
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U E General Utility 

INE 
Coaxial Components 

RUGGED STABLE MODERATELY PRICED 

Now the same ruggedness and stabil­

i ty which has marked Weinschel P re­

cis ion Coaxial Devices for years is 

ava ilable in a lower priced line of 

genera l utility components. Bluelinc 

is a new series of coaxial attenuators 

and terminations designed for applica­

tions where price and performance are 

BJ UE 
LINE 

importa nt but a high degree of pre­
cision is not required. 

Desp ite their lower price, Blueline 
unit will use Weinschel's own film 
res istors which give excellent shock 
and vibration resistance while assuring 
stability under tempera ture and hu­
m idity cyc ling. These resistors are ca­
pable of withstanding appreciable peak 

THE etuE MODEL HF-N ATTENUATOR 
INE 

SPECIFICATIONS 

Nominal 
Attenuation: 

'Frequency Range: 

Impedance: 
Average Power: 

3 db, 6 db, 10 db and 20 db 
2 to 10 KMC for 3 db, 6 db and 10 db 
units 
2.5 to 10 KMC for 20 db units 
50 Ohms 

pulse powers and reasonable overloads 
without changes in characteristics. 

Specifications for the Model H F-N 
Blueline Attenuator and the Model 
CT-N Blueline Termination are given 
be low . Fo r com ple te informati o n 
on Blueline co mp o ne nts, co ntac t 
Weinschel Engineering, Kensington, 
Maryland, 

Peak Power: 

5 watts for 3 db units; 3 watts for 6 db 
units; 1 watt for 10 and 20 db units 
10 kw for 3 db units; 6 kw for 6 db 
units; 2 kw for 10 db units: 1 kw for 
20 db units 

THE sluE MODEL CT-N TERMINATIONS 
lm 

Maximum VSWR: 1.35 for 3·db and 6 db un its 
1.40 for 10 db and 20 db units 

SPECIFICATIONS 

Connectors: 
Price: 

Type "N", one male and one female. 
$25.00 Frequency Range: DC to 10 KMC 

50 Ohms 
Delivery: From stock 

Blueline components are produced and 
sold by Weinschel Engineeri ng, one of the 
most r espected names in the prec ision com· 
ponents field. For yo ur more exacting require­
ments, we invite you to inqui re about Wein­
schel Precision Attenuators and Terminations. , 

Impedance: 
Average Power: 
Peak Power: 

Maximum VSWR: 

Connectors: 
Price: 
Delivery: 

1 watt 
1 kw (maximum pulse duration, 5 
microseconds) 
DC to 3 KMC-1.10 
3 to 10 KMC-1.25 
Type "N" male or female 
$25.00 
From Stock 

WEINSCHEL 
ENGINEERING COMPANY • KENSINGTON, MARYLAND• Phone 949-0141 Area Code: 301 •TWX: KENS 446 

In CALIFORNIA• 631 Wilshire Boulevard, Santa Monica • TWX: SMON 7185 
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dial any output 
from 0-1000 volts! 

Keithley Regulated DC Supplies 
provide the stabi lity, ease and ac­
curacy necessary for a wide range of 
laboratory tests. Typical applications 
include calibration of meters and de 
amplifiers ; testing insulation , diode, 
and capacitor leakage resistances; or 
furi1ishing potentials for photo-multi­
plier tubes and ionization chambers. 

MODEL 241-0.05% accuracy 

A de secondary standard featuring a 
long-life photo-chopper a nd zener 
reference. lt is immune to shock and 
vibration, and offers long-term cali­
bration stability. 
• Accuracy: 0.05% or 1 millivolt. 

• DC Output Voltage: 0-1000 volts - plus, 
minus or floating, with 5 calibrated dials 
and 100 µv reso lution . 

• Output Current: 20 milliamperes max. 

• Stability: 0.005% short term. 

• Ripple: less than 1 mv RMS. 

• Overload Protection: fast-acting relay 
ci rcuit . 

• P rice: $800.00 

MODEL 240-1.0% accuracy 

A genera l-purpose version of the 
Model 241 available at lower cost. 
• Accuracy: 1.0% or 100 millivolts. 

• DC Output Voltage : 0-1000 volts-plus 
or minus, with 3 calibrated dials and 
10 mv resolution. 

• Output Current: 10 milliamperes max. 

• Stability: 0.05% per eight hours. 

• Ripp le: less than 3 mv RMS above 5 cps. 

• Overload Protection: Fast-acting relay 
circuit. 

• Price: $345.00 

[B!! full details in latest catalog 

~EIT::I-1LE-Y 
INSTRU1v1ENTS 

12415 Euclid Avenue • Cleveland 6, Ohio 
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of 6,000, has an input impedance of 
0.5 megohms, output impedance of 
30,000 ohms, frequency response be­
tween 0.4 cps to 5 Kc, common­
mode rejection of 80 db minimum, 
noise level of 3 µV peak-to-peak, and 
is less than ~-cubic inch in size. The 
unit is essentially three differential 
stages. The first is an emitter fol­
lower for high input impedance. 
Low noise level is obtained by op­
erating this stage at hushed levels. 
Common mode rejection balance is 
accomplished by balancing emitter 
currents in the first stage. Follow­
ing two stages are long-tailed pair 
differential amplifiers. Construc­
tion is three-dimensional cord-wood 
method. Dynamic range is between 
the low microvolt level up to two to 
three millivolts. Price is $195. 
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LINEARITY 

z 
~ 600 

125'C 

400 

200 

28'C 

-55' C 

0 '----'~--'-~--'-~-'-~--1.~_J_.J 

0 10 15 20 25 30 
OUTPUT VOLTAGE 

TYPICAL BODE PLOT 

80~ 0 0° ~ 0° ~ 
~60~20 90• ;go• ~ 
~ 40 ~ 40 180' ~ 180° ~ 

~ 20 § 60 90° ~ 270° ~ 
o "- 80 o• a. 360' 

10 100 IKC IOKC IOOKC 
FREQUENCY IN CPS 

Servo Amplifier Features 
5 Watts in 1 Cubic Inch 
RECENTLY ANNOUNCED by Clifton 
Precision Products Co. Inc., Marple 
at Broadway, Clifton Heights, 
Pennsylvania, the SA 2802 servo 
amplifier is a variable gain, high­
performance servo amplifier using 
over 20 db negative feedback plus 
internal feedback over the various 
stages. Preamplifier stages use d-c 
stabilization and a two-stage, push­
pull output provide a phase shift 
on saturation of less than 10 de­
grees. With a suitable load, the unit 
will provide 5 watts of output power 
at 40 v rms over a temperature 
range from -55 to +125 C with a 
frequency range between 380 and 
420 cps. Power required is 28 v d-c 
and maximum efficiency of 70 per-

cent with zero-signal drain of 40 
ma is typical. The large feedback 
factor is coupled with a gain mar­
gin of 20 db and phase margin of 
70 degrees. Low input impedance 
(approximately 2,000 ohms) allows 
use as a summing amplifier via 
multiple input resistors. A voltage 
gain of 60 ± 1 db is obtained with 
phase shift of 180 ± 6 degrees 
with a 10,000-ohm input resistor. 
Gain is inversely proportional to 
input impedance with 66 db maxi­
mum. (304) 

Crystal Detectors 
Come in Matched Sets 
ALFRED ELECTRONICS, 3176 Porter 
Drive, Palo Alto, Calif., h as avail­
able matched crystal detector sets 
for 1 to 11 Ge operation. The sets 
are matched to ±1 db for fre­
quency and ± 1 db for square law 
response. Models D121, -2, and -3 
operate from 1 to 4, 4 to 8 and 
7 to 11 Ge respectively. Sensitivity 
is greater than 0.1 v /mw at rated 
video load. (305) 

D-C Power Supply 
in Modular Form 
DRESSEN-BARNES ELECTRONICS CORP., 

250 N. Vinedo Ave., Pasadena, 
Calif. Model 24269 150 v, 1 amp 
modular d-G power supply is 8 ~ in. 
wide by 121 in. long by 7 in. high. 
Device is completely solid state; 

electron ics 



series regulator circuit driven from 
differential amplifier using Zener 
reference. Temperature coefficient 
is typically 0.03 percent per deg C. 
Price is $350. (306) 

Video Amplifier Tube 
Uses Strap Frame Grid 
SYLVANIA ELECTRIC PRODUCTS INC., 

1100 Main St., Buffalo 9, N. Y. 
The 6JT8, a triode-pentode, offers 
high performance and, if desired, 
permits removal of one of the i-f 
stages. Constructions include a T9 
bulb and miniature 9 pin base. 
Combined with the pentode video 
section in the envelope is a general 
purpose medium mu triode in­
tended for use as a voltage ampli­
fier or sync separator. Structure 
features the strap frame grid in 
combination with a fiat Bikini type 
cathode. (307) 

Molded Header Comes m 
Octal or Eleven Pin 
CATON INDUSTRIES, 646 w. First 
Ave., Roselle, N. J., offers a molded 
thermosetting plastic module header 
with octal or 11 pin configurati on 
for use on relay, amplifier, filter, 
logic packages, etc. It has a four 
hole mounting flange; holes are on 
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(Itek] 
Crystal Filters 
do Wonderful 

Things 

11111'''' ~o 
~\.!I!-

Needle-sharp filtering in a single jump is a wonderful thing! Itek 
Crystal Filter 754A is only 10 cycles wide at the 3db points - a band­
width requiring a "Q" that only crystal can provide. Circuit simpli­
fication, ruggedness, temperature and long time stability, and utmost 
reliability are built-in extras. 

Perhaps you don't need a 10 cycle wide­
crystal filter. But could you use the ingenuity 
that built one? Could Itek technical leader­
ship help you? 

Of course, the world's largest and most 
complete selection of stock crystal filters is 
available, too. Choose from more than :3,000 
Itek-Hermes designs. 

!'!ii 
30-~ 

~ 25~ 

20~ 
~" <C 

-~ 

! 
5 

-160 -120 -80 -40 0 40 80 120 160 
fREQUENCY IN CPS FROM 25 KC CENTER FREQUENC'I 

m Write for free Brochure "WEESKACFAACP" or, What Every Engineer 
Should Know About Crystal Filters At A Cocktail Party. You'll enjoy it. 

Itek Electro-Products Company rT-:J:l 
75 CAMBRIDGE PARKWAY. CAMBRIDGE 42, MASS. A DIVISION OF ~ 
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The Paktron Mylar* MR 330 Capacitor has a change 
less than 2.5%, 25°G - 85°C. Temperature range 
from - 55°Cto 125°C derating above85°Cto 50% at 
125°C. Other features are low dissipation factor, 
excellent dielectric strength, good insulation 
and moisture resistance and low cost. For 
additional information write. 

CIRCLE 84 ON READER SERVICE CARD 

H in. centers. Outside dimens ions 
are H in. by H in. Material is gen­
eral purpose phenolic. 
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Magnetic Modulators 
Microminia turized 
GENERAL MAGNETICS INC. , 135 
Bloomfield Ave., Bloomfield, N . J. 
New Micro Mag Mods p rovide 
absolute reliability and infini te 
standby and service life. Features: 
broad bandwidth, carrier fr e­
quencies as high as 1 Mc, inpu t 
signal current resolution better 
than 0.01 µ. a, low milliwatt power 
consumption. (309) 

Amplifier-Meter 
Monitors G-Level 
COLUMBIA RESEARCH LABORATORIES, 

MacDade Blvd. & Bullens Lane, 
Woodlyn, Pa. Model 6003-l / 6A03 
amplifier-meter system permits the 
simultaneous monitoring from thret 
channels during vibration tests 
with piezoelectric accelerometers 
while operating into a recording 
oscillograph or magnetic tape equip­
ment. (310) 

Versatile Generator 
For Sine and Square Waves 
PRECISION APPARATUS CO. , I NC., 

70-31 84th St., Glendale 27, L. I., 
N. Y. Model E-330 has coverage of 
7 cps to 750 Kc (s ine and squar e 
wave) in 6 bands. It provides com­
plete s ignal faciliti es for a wide 
variety of audio a'nd video test sit-

an ic ~ 



uations. Frequency accuracy is ±5 
percent. (311) 

Decade Capacitor Comes 
in a Compact Unit 
ARNOLD MAGNETICS CORP., 6050 W. 
Jefferson Blvd., Los Angeles, Calif. 
Model CDB provides direct digital 
presentation of component values. 
Operating range is 0 to 0.9999 µ,f, 

in steps of 100 µ,µ,f. Accuracy: ± 1 
percent. Frequency range: 30 cps 
to 200 Kc. Size: 4 in. by 5 in. by 3 
in. high. (312) 

D-C Power Modules 
Are All Solid State 
TECHNIPOWER, INC., 18 Marshall St., 
South Norwalk, Conn., has ex­
tended its line of power modules to 
the 300 w power level. Line exten­
sion includes 46 models covering 
the range of 3 to 250 v. Either 0.05 
or 0.5 percent regulation accuracy 
is avai lable at any voltage level. 
Ripple options are either 1 or 5 mv 
rms maximum. (313) 

Sealed Rectifiers 
With 12-Amp Max 
SARKES TARZIAN, INC., 415 N. Col­
lege, Bloomington, Ind., offers se­
ries 2 hermetically sealed rectifiers 
with d-c load current ratings of 12 
amp max. Peak inverse ratings of 

Jul f 196~ 

QUALITY ... 
DEPENDABILITY 
AND 
EXCELLENT 
PERFORMANCE 
AT LOW COST 

Engineering excellence, reliability and sensible pricing 

on ALL Tarzian products are a part of our approach to 
"Practical Ingenuity in Electronics." You'll find it in all of 
these electronic products from SARKES T ARZIAN, INC.: 

TV and FM TUNERS •••. SEMICONDUCTORS , ••• AIR 

TRIMMERS .. ,. RADIO and TV BROADCAST EQUIPMENT 

.... CLOSED CIRCUIT TELEVISION for Educational and 
Commercial use .... MAGNETIC TAPE.,,. FM RADIOS 
and AM/FM RADIOS. 

Electronic Products of Tomorrow-Today 

\TI s N~ h~i~ d~e ~ bl~m~g~n,~nd~an~ N ~;,~ ~72~ 
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Give data continuity for ground 
and airborne pressure tests 

Two new members of the CEC family of 
high - range pressure transducers - the 
ground-based 4-350 and its airborne 
twin, 4-329-give you data in figures that 
are immediately comparable. Because 
they have the same sensing elements, 
performance curves are the same. 

Type 4-350 is rugged. Cased in 17-4PH 
SS to resist corrosion and severe test­
stand conditions, it features a unique 
10-X overpressure stop-assures safety 
plus continuing precision during succes­
sive test usage. Price: $360. 

Type 4-329 is lightweight-aluminum­
cased for flight use. It has the same 
pressure range as 4-350: 0-100 through 
0-5000 psia or psig. Price: $395. 

For more facts, write for Bulletins CEC 
4350-X7 and 4329-X7, or call CEC sales 
and service office. 

CEC 
Transducer Division 

CONSOLIDATED ELECTRODYNAMICS 
PASADENA, CALIFORNIA • A SUBSIDIARY OF BELL & HOWELL 
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100 to 600 v are offered in 100-v in­
crements. Mounting is simplified 
by a choice of base polarity. Prices 
range from approximately $3 to $9 
in sample quantities. 

CIRCLE 314, READER SERVICE CARD 

Soft Tube Modulator 
Uses Modular Construction 
AMULEX ELECTRONICS, INC., 467 
Connecticut Ave., S. Norwalk, 
Conn. Model STM-lMW-6250 is 
representative of a line of soft 
tube modulators ranging from 250 
Kw through 25 Mw. Equipment 
features modular design, providing 
flexibility and economy through in­
terchangeability of modules, which 
are also available for purchase on 
an individual basis. Price for unit 
pictured is $4,975. (315) 

Gage Block Calibrator 
TEXAS INSTRUMENTS INC., 3609 Buf­
falo Speedway, Houston, Texas, 
Model GBC-1 optical gage block 
calibrator provides simple, precise 
calibration of gage blocks for flat­
ness, parallelism, surface quality 
and length. (316) 

90 to 650-Kc Oscillator 
Is Crystal-Controlled 
REEVES-HOFFMAN DIV. of Dynamics 
Corp. of America, Cherry and 
North Sts., Carlisle, Pa. Model 
81331, for the 90 Kc to 650 Kc 
range, performs to the demanding 
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MIL-E-19400 specification for air­
borne sonar. Output is sinusoidal, 
1 v, rms, across a load of 3,000 
ohms. Frequency deviation is 
± 0.015 percent over a temperature 
range of from -30 C to 55 C. Os­
cilla tor requires input power of 10 
ma, 30 v, d-c. Approximate size, 1 
by 4 in. (317) 

Electronic Teletypewriter 
SMITH-CORONA MARCHANT INC., 410 
Park Ave., New York 22, N . Y. 
Model 311 transistorized teletype­
writer receives data in serial or 
parallel form. It is capable of han­
dling both standard, 60 to 100 word 
per min direct wire communica­
tions, as well as input and output 
for computers requiring high speed, 
line at a time printing. (318) 

Transformer Can Be 
Used for Current Pulses 
BURMAC ELECTRONICS CO., INC. , 24 
Central Drive, Farmingdale, N. Y. 
The CV series of transformers are 
used to view and to measure cur­
rent pulses in the range of a few 
amperes to up to 2,000 amp, peak 
pulse, without disturbing existing 
circui t ry. Pulse widths reproduced 
by the transformers range from a 
fraction of a µ.sec to ms. (319) 
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A-D Converters 
Use Modular Construction 
NAVIGATION COMPUTER CORP., Valley 
Forge Industrial Park, Norristown, 
Pa., announces the 2200 series of 
analog-to-digital converters. They 
have an absolute accuracy of 0.05 
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For accurate pressure measurement 
in a full range of applications 

Meet 5 more good reasons for saying, "When you think of trans­
ducers .. . think of CEC !" (Clockwise, from top left) : 
Type 4-328 is the most sophisticated instrument yet developed for 
rugged airborne use in missiles-shunt-compensated, low-range 
(0-15 psi to 0-99 psi abs.) 
Type 4-317 is ideal for high pressure measurement in high temp­
eratures or nuclear radiation. Operates continuously, accurately at 
600°F. Pressure ranges 0-100 through 0-5000 psig, psid. 
Type 4-312, midget lightweight, is a workhorse. Pressure ranges 
0-10 through 0-150 psia, psig, psid, ± 5 through ±50 psi bidirectional 
differential. 
Type 4-326, best for universal use, is operable in environments as 
rugged as 1000-g. Six models: -0001 Medium to High Range psia, 
psig; -0003 Low Range psia, psig; -0004 Low Range psid; -0005 
Medium to High Range psid; -0008 Extra Corrosion Resistant; 
-0009 10-X overpressure protected. 
Type 4-325, smallest of all (wt. : 8 gms.), can take temperature, 
vibration, acceleration, shock. Pressure ranges 0-10 through 0-100 
psia, 0-2 through 0-100 psig, ± 2 through ± 50 psi bidirectional 
differential. 
More data? Write now for Bulletin CEC 1308-X3. 

CEC 
Transducer Division 

CONSOLIDATED ELECTRODYNAMICS 
PASADENA, CALIFORNIA • A SUBSIDIARY OF BELL & HOWELL 
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Complex computer boards wired 
automatically by Wbtt·WJulf'® machines 
2480 wires and 4960 connections are contained in this complicated back 
panel-automatically wired by a Gardner-Denver "Wire-Wrap" machine. 

This is typical of how Gardner-Denver brings new dimensions to the reli­
ability of complex electrical connections. This machine, with its punched 
card control system, wires complicated modular panels fast-in just about 
any conceivable pattern ... makes literally thousands of connections in a 
small space. 

And these connections are the most reliable in the world-because they're 
solderless wrapped connections. Just how good are they? Over a billion 
without reported failure. 

If you're looking for ways to make lasting, trouble-free connections, fast 
-consult one of our engineers, or write for bulletin 14-121. 

In Canada: Gard ner.Denver Company. (Canada), Ltd ., 14 Curity Ave., To ronto 16, Ontario 
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: 

DON'THUNT/ 
for connectors or 

components 
Even with a bloodhound you can't beat 
the ease of POWELL'S cata log 62 when 
looking f.or the exact connector or 
component you need. 
POWELL'S catalog 62 is the on ly cata­
logto have BENDIX PYGMY and WIN· 
CHESTER ELECTRONICS, INC. con­
nectors completely listed, illustrated 
and priced. 
POWELL'S catalog 62 also contains 
design and dimensional data, as well 
as prices, of DAGE - MIC RODOT -
ELCO - RAYTHEO N - SEALECTRO 
- and 13 other major component 
manufacturers. 
Powell Electronics, Inc., an authorized 
stocking distributor for the 20 manu­
facturers in catalog 62, offers this 
unique reference manual as evidence 
of our stock and our effort toward ever 
improving service. 

Write today 
for your 
FREE copy 

_..J 
EL:ECTRON ICS 
INCORPORATED 

P.O. BOX 8765 • PHILADELPHIA 1 • PA. 
SAratoga 4·1900 • TWX PH45 

CIRC• >09 ON READER SERVICE CARD 
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percent, and a conversion rate of 
8,000 samples per sec. Models are 
available for unipolar or bipolar jn­
puts, and come with either binary 
or binary-coded-decimal outputs. 
Prices start at $2, 775. 
CIRCLE 320, READER SERVICE CARD 

Solid-State Rectifier 
Has Axial Leads 
SOLITRON DEVICES, INC., 500 Living­
ston St., Norwood, N. J. Solid state 
rectifier is designed to deliver 3 
amp without heat sink at voltages 
up to 1,200 v. Unit h!lS an hermeti­
cally sealed insulated body which 
has been transfer molded by a proc­
ess that utilizes thermoset silicon 
quartz-filled material. Electrical 
ratings include 25 µ,a leakage at 25 
C, 325 amp single cycle surge and 
1.0 voltage drop. (321) 

Ceramic Capacitors 
Feature Miniature Size 
AEROVOX CORP., New Bedford, Mass. 
Cerol capacitors are rolled ceramic 
capacitors in the high capacitance 
range of paper and plastic film di­
electrics but are consider ab 1 y 
smaller in size. Designed for gen­
eral applications in by-pass cou­
pling, filtering and blocking cir­
cuits, the capacitors are highly 
advantageous in applications 
where a low series resistance at 
high frequencies is required. (322) 

Variable Time Delay 
Features Gated SCR 
ADC ELECTRONICS, 1205 s. Santa Fe 
Ave., Compton, Calif. Features an 
RC unijunction transistor timing 
circuit to gate a scr rated at ~ amp 
at 25 C. Delay range of 1 to 120 sec 
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BIRD Model 8890 TERMALINE 
Coaxial RF Load Resislor with 
Model BA-88 Blower accessory. 

BIRD Model 8890 RF Load with blower 
accessory features forced air cooling. 
No water required! 

The BIRD Model 8890 TERMALINE Co· 
axial RF Load Resistor is a portable, 
general purpose 50-ohm coaxial load. 
It provides an accurate, non-radiating 
termination for RF transmission lines. 

The Model 8890 uses BIRD "QC" Quick­
Change Connectors to accommod:ite any 
standard series of coaxial line fittings. 
Female Type LC (illustrated) is normally 
supplied. Continuous power rating for 
the Model 8890 utilizing normal air con­
vection cooling is 2500 watts. With ac­
cessory blower Model BA-88, this power 
rating is doubled to 5000 watts contin­
uous duty. 

BIRD Model 8890 
SPECIFICATIONS TERMALINE 
Resistance : 50 ohms nominal 
Power rating: 2.5 KW (air convection 

cooled) 

VSWR: 
Weight: 

5 KW with BA-88 Blower 
accessory 

1.1 max. 0-1000 me 
33 pounds net (with blowe1 

49 pounds) 
Ambient Air Tem-

perature Range: -40°C to +45°C. 
Blower Model BA-88: 115V, 50/60 cy, 27w 

NOTE: Other models available in this series are: 
Model 8891 with 3Ys" EIA flanged line connector 
Model 8892 with 1%" EIA flanged line connector 

Prices, F.O.B. Factory: 
Model 8890 $410 
Model8891 425 
Model 8892 415 
Model BA-88 250 

'Contact Bl RD for more information on these 
and other Bl RD products. 

BIR I 
ELECTRONIC CORPORATION 
30303 Aurora Rd., Cleveland 39 (Solon), Ohio 

CHurchill 8-1200 TWX CGN FS 679 
Western Rep1esenlolive: 

•\/AN GROOS COMPANY, Woodland fiills, c;11l;f, 
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• . . IT'S HIDING BEHIND THE 
ASPIRIN. Actually, we set out 
to build an easy-to-read tiny 
timer ... but we first had to 
build an aspirin-sized motor to 
drive it. This assignment might 
have been a headache for a 
sorcerer, but A. W. Haydon 
did it. And there is something 
magical about these micro· 
miniature elapsed time indi· 
cators and companion 
events counters. • This digi­
tal elapsed time indicator has 
many outstanding features: 
size is only %"square x U{6" 

long .•• wei~ht .75 ounce ... 

PLEASE 
DON'T 

SWALLOW 
OUR 

MOTOR 
actual 
size 

II . . 

meets .fill mil specs .•. temp . 
range -54 to +125°C ... vi· 
bration to 2000 cps at 20 G ... 
choice of two ranges (hours 
to 9999, tenths to 999.9) ... 
power input .5 watt, max. In 
fact, the complete data out· 
weighs the equipment. Send 
for our heavyweight literature 
on the 19200 ETI right now. 
• Electrical or electronic, 
the A. W. Haydon Company 
works wonders in time. For 
electronic requirements call 
Culver City. For electro­
mechanical devices call 
on our wizards in Waterbury. 

AUIHAYDON 
AR1 COMPANY 

235 North Elm Street, Waterbury 20, Conn. 
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can be obtained by varying an ex­
ternal resistor. Ambient tempera­
ture range is -55 C to +85 C. Fu lly 
encapsulated to conform with MIL­
E-5272. Has reset time of 20 milli­
sec max and life in excess of 11) 
million cycles. 
CIRCLE 323, READER SERVICE CARD 

OUTPIJt 8.985 VOLTS 

Voltage Reference 
Uses Standard Cell 
HYPERION INDUSTRIES, INC., Water· 
town, Mass. Model VR-9 solid state 
standard cell provides an outpu t 
voltage of 9 v d-c ± 5 percen t, fac­
tory-calibrated to ±5 mv for zero 
current drain, and marked accord­
ingly. Standard units drive loads 
up to 1 ma; custom units dri ve 
loads up to 20 ma. Input voltage is 
100 to 130 v a-c, 50 to 1,200 cps. 
Temperature stability is 25 JLV/deg 
C, -55 C to +85 C. (324) 

Compact Hybrids 
Made of Stripline 
ELECTRONIC SPECIALTY co., 5121 San 
Fernando Road, Los Angeles 39, 
Calif. Series CH-1212 180-degree 
hybrids are constructed in strip­
line and furnished with type N co­
axial terminals. Standard units are 
immediately available in octave 
bandwidths throughout the spec­
trum frcm 60 Mc to 4,000 Mc. 
Power handling is 300 w c-w. Phase 
deviation over an octave is less than 
±10 deg. Minimum isolation is 20 
db. (325) 

electronics 



PRODUCT BRIEFS 

TEMPERATURE CONTROLLER thermistor 
based. Yellow Springs Instrument 
Co., Inc., Box 106, Yellow Springs, 
0. (326) 

CHASSIS SLIDES extruded aluminum. 
Chassis-Trak, Inc., 525 S. Webster, 
Indianapolis, Ind. (327) 

SNUBBER DISPENSER for precut wire 
assembly. Highland Products, Inc., 
Dover, N. J. (328) 

SILVER-ZINC MISSILE BATTERY arc-
shaped. Yardney Electric Corp., 
40-50 Leonard St., New York 13, 
N. Y . (329) 

ULTRASONIC C'LEANER has 75 gallon 
capacity. Ultrasonic Systems, Inc., 
POB 11085, Palo Alto, Calif. (330) 

PROCESS CONTROL COMPUTERS high­
speed. Westinghouse Electric Corp., 
Box 2278, Pittsburgh 30, Pa. (331) 

CRYOGENIC FLASK up to triple liquid 
gas holding times. Texas Instru­
ments Inc., 3609 Buffalo Speedway, 
Hou ston, Texas. ( 332) 

SUBMINIATURE GERMANIUM DIODE for 
demodulator circuits. Telefunken 
GMBH, Presseabteilung, Ernst­
Reuter-Platz 7, Berlin-Charlotten­
burg 1, Germany. (333) 

MAGNETIC SHIELDING CELL isolates 
large vari ety of components. Mag­
n et ic Shield Division Perfection 
Mica Co., 1322 No. Elston Ave., 
Chicago 22, Ill. ( 334) 

A-C REVERSING MOTOR wi th hrake. 
U . S. Industries, Inc., 6312 Holli s­
ter Ave., Goleta, Calif. (33:J) 

COINCIDENT CURRENT MEMORY 2 µ,sec. 
Indiana General Corp., Electronics 
division, Keasbey, N. J. (336) 

EVENT RECORDER four-channel. Gulton 
Industries, Inc., 212 Durham Ave., 
Metuchen, N. J . (337) 

ALUMI N A OR BERYLLIA PARTS g old 
coated. Alloys Unlimited, Inc., 21-
01 43rd Ave., Long I sland City 1, 
N. Y. (338) 

D-C VO'LTMETER servo-operated. F. L. 
Moseley Co., 409 N. Fair Oaks Ave., 
Pasadena, Calif. (339) 

RADAR POWER SUPPLY low-ripple. Gen­
eral Electric Co., Schenectady 5, 
N . Y. (340) 

PRECISION POT MODULE 4-gang unit. 
Technology Instrument Corp. of 
Califor nia, 850 Lawrence Drive, 
Newbury Park, Calif. (341) 

HIGH CURRENT SUPPLIES programmable. 
K epco Inc., 131-38 Sanford Ave., 
F lushing 52, N. Y. (342) 

POWER TRANSFORMERS miniature, 400 
cps. Electro Windings and Com­
ponents, Inc., 239 Hollywood Ave., 
Hillside, N. J . (343) 

MICROMINIATURE COAX CONNECTORS 
cut cable assembly time. DuTron 
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NEW BALLANTINE VTVM 
MEASURES SIGNALS AS 
LOW AS 30 MICROVOLTS 

Model 300-H-S/2 Price : $235. 

One logarithmic voltage scale, individually cali­
brated for the same high accuracy over the entire 
5 inches of mirror-backed scale 

* * * 
Over 5,000 hours of life within specifications be­
tween calibrations 

* * 
Indicated voltage 

changes less than ~% 
for line voltage change 
of 10% from nominal 
of 115 volts. 

SPECIFICATIONS 

Voltage Range . . . . . . . . . 30 µ,V to 300 V 

Frequency Range . . . . . . . 10 cps to 1 Mc 

Accuracy . . . . . 300 µ, V to 300 V 
2%, 10 cps - 700 kc 
3%, 700 kc - 1 Mc 

30 µ,V to 300 µ,V 
5%, 100 cps to 100 kc 

Write for brochure Model 300·H 
Price: $230. 

~&\ BALLANT1NE"""LAB0RATORIES INC. 
:.:I" Boonton, New Jersey 

CHECK WITH BALLANTINE FIR ST FOR LABORATORY AC VACUUM TUBE VOLTMETERS, REGAR DL ESS OF YOU R REQ UIR EMENTS FOR 
AMPLITUDE , FRrnUENCY, OR WAVEFORM . WE HAVE A LARGE LINE. WITH ADDITIONS EACH YEAR. ALSO AC DC ANO DC AC 
INVERTERS, CALIBRATORS, CALIBRATED WIDE BAND AF AMPLIFIER , DIRECT-READI NG CAPACITANCE METER, OTHER ACCESSORIES. 
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GATES RADIO COMPANY BUILDS 50 KW 
TRANSMITTER FOR VOICE OF AMERICA 

A. 

UCSF 500 
15 kv 

45AMPS 

MMHC 450 
55 kv 

125 AMPS 

UCSXHF 450 
40 kv 

60AMPS 

B. 

A. Output network of Gates HF-SOC using Jennings UCSF 500 vacuum variable capacitors. B. Power ampli · 
tiers with Jennings UCSXHF 450 capacitors in the plate tuning circuit. Jennings capacitors are also used 
for grid loading, neutralizing, and plate by-pass. 

RELIABILITY AND REDUCED 
SIZE GAINED BY USING 

JENNINGS VACUUM CAPACITORS 
These new 50 kw high frequency transmitters built by Gates Radio Company 
are the first available to meet rigid USIA specifications that harmonic and 
spurious radiation be attenuated at least 80 db. The transmitters only occupy 
5x11x6% feet and are tunable through front panel controls over the entire 

·range of 3.9 to 30 me. 
Jennings vacuum capacitors are the logical choice where compactness is de­
sired because the high strength vacuum dielectric allows them to be made much 
smaller which results in the added effectiveness of lower inductive losses. 
Jennings vacuum capacitors are more reliable because the sealed plates never 
become contaminated. They possess an extremely wide capacity change ratio 
that makes possible a wide frequency range. Further, vacuum capacitors have 
a very low dielectric loss and are self sealing after moderate overloads. 
Jennings 350 types of fixed and variable vacuum capacitors permits selection 
of the right capacitor to meet your circuit requirements. 
Write today for more detailed information about our complete line of vacuum fixed 
and variable capacitors. 

RELIABILITY MEANS VACUUM I VACUUM MEANS #£11111it.!Jt 
JENNINGS RADIO MFG. CORP., 970 McLAUGHLIN AYE., SAN JOSE 8, CALIF., PHONE CYpress 2-4025 
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Corp., 777 W. 17th St., Costa Mesa, 
Calif. (344) 

AUTOTRANSFORMER cased 5-amp unit. 
General Radio Co., West Concord, 
Mass. (345) 

ELECTROMETER and power supply com­
bination. Gyra Electronics Corp., 
Washington & Elm Sts., LaGrange, 
Ill . (346) 

H-PLANE R-F SWITCHES excellent isola­
tion. The Douglas Research Corp., 
Mt. Vernon, N. Y. (347) 

SWEEPING OSCILLATORS plug-in type. 
Kay Electric Co., 14 Maple Ave., 
Pine Brook, N. J. (348) 

MILLIVOLTMETER low-cost, full four-
digit. Non-Linear Systems, Inc., 
Del Mar, Calif. (349) 

FREQUENCY MU'LTIPLIER phase-coher­
ent. Resdel Eng. Corp., 330 S. Fair 
Oaks Ave., Pasadena, Calif. (350) 

SMALL GAS DRYER for tactical missiles. 
Lear Inst. Div., 110 Ionia Ave., 
N.W., Grand Rapids 2, Mich. (351) 

POWER RHEOSTAT miniaturized. Tru­
Ohm Products, 3426 W. Diversey 
Ave., Chicago 47, Ill. (352) 

U'LTRASONIC DEBURRER cuts production 
costs. Powertron Ultrasonics Corp., 
Fairchild Ave., Expressway Ind. 
Park, Plainview, L. I., N. Y. (353) 

CONNECTORS for plug-in circuit mod­
ules. U.S. Dielectric Inc., 181 Green­
wood St., Worcester, Mass. (354) 

STEP REFLECTORS for optical maser 
systems. Perkins-Elmer Corp., Nor­
walk, Conn. (355) 

DATA PROCESSING SYSTEMS four new 
models. Burroughs Corp., 219 Park 
Ave., South, N. Y. 3, N. Y. (356) 

POWER SUPPLIES close regulation, low 
ripple. Acopian Technical Co., 927 
Spruce St., Easton, Pa. (357) 

SENSITIVE VTVM chopper stabilized. 
Dynatran Electronics Corp., 178 
Herricks Rd., Mineola, N. Y. (358) 

TAPER PIN P-C CONNECTORS dual-tube. 
Viking Ind., Inc., 21343 Roscoe Blvd., 
Canoga Park, Calif. (359) 

PROGRAMMER for sequential control. 
Granger Associates, 974 Commercial 
St., Palo Alto, Calif. (360) 

FLOW COMPUTER provides instant meas­
urement. Daniel Orfice Fitting 
Co., 9720 Katy Road, Houston, 
Texas. (361) 

CIRCUIT BUILDERS BREADBOARD small 
size. Circuit Structures Lab, P.O. 
Box 36, Laguna Beach, Calif. (362) 

PHOTOE'LECTRIC CONTROL UNITS tran­
sistorized. Melpar, Inc., 3000 Ar­
lington Boulevard, Falls Church, Va. 
(363) 

HEADSET-MICROPHONE ASSEMBLY for 
adverse noise environments. Roan­
well Corp., 180 Varick St., New 
York 14, N. Y. (364) 
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Literature 
of the Week 

DIGITAL CIRCUIT CARDS Engineered 
Electronics Co., 1441 E. Chestnut 
Ave., Santa Ana, Calif. Catalog 
G42a covers G series 10 Mpps digi­
tal circuit card modules. (365) 

METAL FILM RESISTORS Daven Divi­
sion of General Mills, Inc., Living­
ston, N. J. A catalog and price list 
on metal film resistors. (366) 

PRODUCT MARKING Markem Machine 
Co., Keene, N. H. Catalog describes 
methods, machines, type, and ink 
for identifying all types of elec­
tronic products. (367) 

NUVISTOR TUBES Radio Corp. of 
America, Harrison, N. J. Tempera­
ture ratings and thermal considera­
tions for Nuvistor tubes. Applica­
tion Note AN-194. (368) 

COMMAND-DESTRUCT ANTENNA An-
drew Corp., P.O. Box 807, Chicago 
42, Ill. Bulletin 9734 covers a high 
gain ground-to-air command-de­
struct antenna. (369) 

TRANSISTOR AND DIODE TESTER Texas 
Instruments Inc., 3609 Buffalo 
Speedway, P.O. Box 66027, Houston 
6, Texas. Bulletin A-704 illustrates 
and describes model 654 fast go/no­
go transistor/diode tester. (370) 

BROADBAND ROTATING JOINTS De-
Mornay-Bonardi.,w7£0 South Arroyo 
Parkway, Pasai.~na, Calif. Bro­
chure covers a line of ultramicro­
wave and microwave waveguide 
broadband rotating joints. (371) 

LEAK DETECTOR Consolidated Electro­
dynamics Corp., 360 Sierra Madre 
Villa, Pasadena, Calif. Bulletin 
describes type 24-120A Mass­
spectrometer leak detector. (372) 

TAPE SPOOLER Electronic Engineering 
Co. of California, Box 58, Santa 
Ana, Calif. Data sheet describes 
the TS-405 tape spooler which winds 
at speeds up to 50 ips. (373) 

TERMINAL BLOCKS Burndy Corp., 
Norwalk, Conn. Catalog contains 
technical description of miniature 
and standard size terminal block 
construction. (37 4) 

ROSIN FLUX REMOVER Supracote De­
velopment Laboratory, 11 First St., 
Bloomingdale, N. J. Illustrated bul­
letin describes Reflux safety sol­
vent for fast, efficient removal of 
rosin flux residues, and general 
metal cleaning. (375) 

SIGNAL GENERATOR Boonshaft and 
Fuchs, Inc., Hatboro Industrial 
Park, Hatboro, Pa. Bulletin 711A-1 
describes a variable-phase, 1-f sig­
nal generator for use in frequency 
response analyses. (376) 

ULTRASONIC DRILLS Gulton Indus­
tries, Inc., 212 Durham Ave., Metu­
chen, N. J., has issued bulletin V7d 
on its Glennite Hi-T ultrasonic im­
pact drills. (377) 

15 Tests in Less Than a Second I 
Texas Instruments Model 654 Transistor and Diode Tester 
combines speed and accuracy with complete flexibility of 
application. Fast reprogramming through use of printed 
circuit boards makes the Model 654 equally useful for 
high-volume, single-device testing or batch testing of a 
variety of devices. 
High Speed. Fifteen parameter testing of 1800 devices 
per hour. Each test position can be set to provide a testing 
time of 50 milliseconds to 3 seconds. 
High Accuracy. Null detector senses variations of less 
than 2 millivolts and/ or 10 nanoamps. Power supply .. 
regulation is better than 1 per cent. 
Minimum Operator Training. Only two controls are ac­
cessible to the operator, the ON-OFF switch on the front 
panel and the START push button on the test fixture. The 
testing cycle starts when the push button is released. 
Lights indicating failed tests remain on until the operator 
starts the next test cycle. 

Fast Reprogramming. Electrical conditions for each test 
are preprogrammed on printed circuit boards. By merely 
changing circuit boards a completely new program may 
be obtained. 

Flexible System. Circuit boards built to customer spec~ 
ifications. Modular power supplies permit direct substitu­
tion for special requirements. Automatic sorters in six­
and eight-bin sizes are available as standard accessories. 

Write for complete information. 

APPARATUS DIVISION 

PLANT S IN HOUSTON 

ANO OA.LLAS. TEXAS 

TEXAS INSTRUMENTS 
INCORPORATED 
3609 BUFFALO SPEEDWAY 
P. 0 . BOX 66027 HOUSTON 6 .'TEXAS ... 
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PEOPLE AND PLANTS 

Foxboro Erecting Research Center 

START of construction for a $700,000 
research center at Foxboro, Mass., 
has been announced by the Foxboro 
Co. The building will house the 
firm's expanding R & D activities, 
facilitating greater emphasis on ad­
vanced instrument engineering for 
the process industries, according to 
W. E. Vannah, director of research. 
Completion is scheduled for Janu­
ary, 1963. 

The three-story structure will 
bring the total research facilities 
to nearly 50,000 square feet and 
enlarge the plant area at Foxboro, 
Mass., to 611,000 square feet. 

The first floor will include an 
auditorium and a simulation labor­
atory with analog and digital equip-

North Atlantic 
Promotes Herman 

SIDNEY HERMAN recently advanced 
from director of engineering to vice 
president of engineering for North 
Atlantic Industries, Inc., Plain­
view, N. Y. 

Company is engaged in the de-

94 

ment for the study of systems and 
product design problems. The sec­
ond floor will house laboratories, 
offices and conference rooms. The 
third floor will be an information 
center, with library, patent files 
and study rooms. The basement will 
be largely devoted to heavy process­
ing equipment and test gear needed 
for application research and evalua­
tion projects. 

The architectural theme is flexi­
bility. Floor plans can be varied as 
research requirements change. The 
brick and steel building is designed 
in four-foot modules. Walls are 
easily moved and utilities can be 
brought up in any desired location 
from a below-stairs walkway. 

sign, development and manufacture 
of electronic test instruments, 
measuring instruments, control sys­
tems and instrument servos. 

Western Scientific 
Opens Laboratory 

OPENING of a commercial primary 
standards laboratory in Los Ange­
les, Calif., has been announced by 
Gordon S. Marshall, president of 
Marshall Industries, San Marino. 

The laboratory will be operated 
by the Western Scientific Instru­
ment Co., a subsidiary of Marshall 
Industries. Western Scientific spe­
cializes in the calibration, mainte­
nance, and repair of electronic test 
equipment used in R&D, produc-

tion-line testing and final testing. 
The laboratory equipment assures 
the accuracy of Western Scientific's 
testing devices in accordance with 
the measurements established by 
the National Bureau of Standards. 

Belock Appoints 
Two Executives 

JEREMY TAYLOR has been named 
executive assistant to the president 
and acting dirctor of programs at 
Belock Instrument Corp., College 
Point, N. Y. He was previously as­
sociated with Lockheed Missiles 
and Space Corp. 

Arthur J. Minasy, formerly with 
Sperry Gyroscope Co., has been ap­
pointed vice president for opera­
tions in charge of production and 
engineering of Belock. 

Greenwald Advances 
At Norden Division 

PROMOTION of Martin H. Green­
wald to assistant chief-radar and 
communications in the engineering 
department at United Aircraft Cor­
poration's Norden division, Nor­
walk, Conn., is announced. 

With Norden since 1955, Green­
wald most recently has been re­
sponsible for the design and devel­
opment of video, data processing, 
and display equipment for radar 
systems. 

Appoint Bernier 
ASTIA Director 

CHARLES L. BERNIER was recently 
appointed director of the Armed 
Services Tech n i ca 1 Information 
Agency, which has its headquarters 
at Arlington Hall Station, Va. 

Bernier has been serving as tech-
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The new Anadex plug-in module features an entirely new 
circuit that is simple, reliable, and rugged. These modules 
can be interconnected to perform totalizing and counting 
operations from 0 to 100 KC. 

• Measures 11/4 " wide x 1%" high x 61/2 " 

• Low current consumption-only 10 ma per decade 
• Requires only one power supply voltage 
• Mounting panels and input amplifier available 

ANADEX INSTRUMENTS INC. 
7617 Hayvenhurst Avenue Van Nuys, California 

j electronics j 

Editorial 
Opportunity 

IT DOESN'T HAPPEN OFTEN, 
but electronics, "bible of the in­
dustry" and a McGraw-Hill publi­
cation, has an opening for an 
Assistant Editor. 

Ideally, the man we are look­
ing for and to whom a post on 
our New York staff could be a 
long-term challenge, would have 
an electrical engineering degree 
or technical equivalent, practical 
experience in our field and a 
demonstrated aptitude for edit­
ing, writing, reporting . He prob­
ably lives somewhere in the 
metropolitan area and therefore 
would have no relocation prob­
lem. 

Write The Editor, electronics, 
330 W. 42nd St., New York 36, 
stating experience, aspirations 
and past earnings . Mark the 
envelope "Confidential" and it 
will be kept that way. 

CIRCLE 202 ON READER SERVICE CARD 

IN DIGITAL DATA COMMUNICATIONS ... 

DD LINE= RELIABILTY +FLEXIBILITY+ LOW COST 

~ •... -..... .. . 
"l'ail:.fl'' ~ ,.._ ... 

~t~"-t¢t 

~ .. ~i-~,;.,, 
=t1:'' 

--~ 
The need for reliable and flexible low-cost data communications equipment has led 

to the design and development of the Rixon DD Line. DD is the packaging of basic data 
communications system comp<ilnents into functional units. Now the system designers 
can build a system from DD modules to meet their exact requirements in either 
medium-wire line or HF radio circuits. Available now are modulators, demodulators, 
clocks, phase resolvers, delay equalizers, and serial-to-parallel' converters, just to 
mention a few-at bit rates from 600 to 4800 bps. 

Advantage? Reliability and complete flexibility at low cost-a result of over five years 
experience with data transmission systems. 

Availability? Now! ! ! 

> :7 
RJ:::X::ON ELECTRONICS, :INC. 

L' 
2121 Industrial Parkway-Montgomery Industrial Park-Silver Spring, Maryland 
Telephone: 622-2121 TWX:S Spg 213 
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Acoustical Components 

of Superior Quality 

JAPAN PIEZO supplies 
80% of Japan's crystal 
product requirements. 

PHONOGRAPH 
MOTOR - DC 

PM - 31-1 
9V, 2,SOORPM: No-load current, 
35 mA ; load current, 80 mA. 
Starting torque, 13 g-cm ; load 
torque, 5 g-m. Size : 2.4 cm X 
4 .6 cm. Weight : 100 gm. 

Write for detailed catalog on 
our complete line of acoustical 
products including pickups, 
cartridges, microphones, record 
players and many associated 
products. 

JAPAN PIEZO 
ELECTRIC CO., l TD. 
Kami-renjaku, Mitaka, Tokyo, Japan 
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nical advisor to this agency, which 
as a central service of the Depart­
ment of Defense, provides an inter­
change of technical information to 
serve engineers and scientists 
working on the nation's weapon 
systems and other priority projects. 

Brown Accepts 
Wellington Post 

APPOINTMENT of Robert c. Brown 
to the position of director of engi­
neering of Wellington Electronics, 
Inc., Englewood, N. J., is an­
nounced. 

He was formerly associated with 
Westinghouse Electric Corp., at the 
R&D center, Pittsburgh, Pa. 

Acoustica Associates 
Elevates Knox 

CAMERON KNOX, corporate director 
of research for Acoustica Associ­
ates, Inc., Los Angeles, Calif., has 
been elected a vice president. 

A specialist in oceanography, 
Knox has been with Acoustica since 
April, 1961. 

Set Up Engineering 
Services Company 

CHARLES H. STANDISH has an­
nounced the formation of a new 

Coto-Coils 
for Contact Capsules 

TYPE 

sj' 
Mt} 
T 

0 

Nam. 
Nam. Amp/ 

DC.V Ohms Watts Turn1 

6 100 
12 360 . .co 2.SO 
24 1400 

6 50 
12 175 .70 2.SO 
24 820 

6 100 
12 400 
24 1600 .35 125 
32 2800 
48 4600 

6 150 
12 600 .24 125 
24 2500 

Coil Windings 
WIRE SIZES 
#6 to #56 

CLASSES 
A, B, F and H 

Write for 
Bulletin and Prices 

Since 1917 Coto-Coil hos wound all 
types of coils for every application. 
Complete design ond engineering 
service is available. 

Coto Col"ls COTO-~~IL CO., INC •• 
_ 6.5 Pav1l1on Avenue 

Providence .5, R. I. 
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DYNASERT 
COMPONENT 
INSERTING 
MACHINE 
CAN PAY 

FOR ITSELF 

IN A VEAR 
or less! 

-BY OYNASER1" 

BY HANO ._. 
~ rn 

With only a few hundred PW boards a 
week, when Dynasert automatically feeds, 
prepares and inserts components, direct 
labor is cut to a fraction. Insertion rates go 
up to ten times faster, model changeovers 
made in seconds, boards are neater, more 
dependable, easier to solder tightly . Re­
sult: Savings that can return the cost of 
Dynasert in six months' to a year's time, 
plus more accurate and uniform insertions. 

Send for the facts and 
figures. Dynasert 
Dept., United Shoe 
Machinery Corp., 
Boston, Mass. 
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Of interest to engineers and scientists l 

.. 
I 

I 
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+ 
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~l 
ANTARCTIC RIOMETER PROGRAM 

I 
·i- + ... one of more than 500 R&D programs under way at .Douglas 

This Douglas program is being conducted in 
1cooperation with the National Science Founda­
tion with these objectives: 

To investigate the apparent existence of a 
world-wide semi-annual variation in the occur­
rence of polar cap absorption events; to deter­
mine the frequency and time-intensity of solar 
cosmic ray events; to correlate North and South 
Pole riometer measurements and study differ­
ences in the polar ionospheres; to study the ef­
fects of radiation on ionospheric parameters. 

The program will continue through the next 
solar sunspot maximum in 1969. Among other 
aspects, it will be useful in setting up criteria for 
the protection of astronauts from radiation. 

Of career interest to engineers and scientists 
Douglas has entered into a period of greatly 
expanded activity in research programs like the. 
one above and huge development projects like 

Skybolt, Saturn IV, Rebound, and others. Out­
standing positions are now open in practically 
all scientific and engineering fields related to 
missile systems and space exploration. 

Scholarships and financial assistance are 
available to continue your studies in such near­
by universities as U.C.L.A., Southern Cali­
fornia and Cal Tech. 

Send us your resume or fill out and mail the 
coupon. Within 15 days from the receipt of your 
letter, we will send you specific infonnation on 
opportunities in your field at Douglas. 

-r----------------------· 
Mr. F. V. Edmonds F-4 

Missiles and Space Systems Division 
Douglas Aircraft Company 
3000 Ocean Park Boulevard 
Santa Monica, California 

Please send me full information on profes­
sional opportunities in my field at Douglas. 

Name _______________ _ 

1 

j 

- i 

DOUGLAS Engineering or I--

Missile and Space Systems Division 
An equal opportunity employer 

Jul y 6, l''- · "" 

scientific field______ ________ I 
- I ~ -

Addreas --------------- I 
Clty ___________ State. ___ _ I 

I __________ _.. ____________ .. 
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20 to 200 D. P. 
Send your prints 

for quotations 

• SPURS 

• HELi CA LS 
e WORM AND 

WORM GEARS 

• STRAIGHT BEVELS 

• LEAD SCREWS 

• RATCHETS 

• CLUSTER GEARS 

• RACKS 

• INTERNALS 

• ODD SHAPES 

A few of the many varieties of straight 
beve Is we are regularly producing are 
shown above. Tell us your needs. 

STRAIGHT 
BEVELS 

~ 
~ 

ttJ 
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. ·" \ 
Quality with 1 ; ~ 

Economy , L • 4111 '' 
:\'·-'• 

Electroplated Wires 
Years of experience and technical know-how enable us to combine 
quality with economy in electroplating wire ..•. One application 
is the Gold plating of ·Nickel Wire. This combines the 
desirable characteristics of the base metal with the corrosion-resistance 
of Gold .... In our process of continuous electroplating,adherence 
and quantity deposited are precisely controlled ... . We'll gladly make 
recommendations based on your specific plating requirements. 

SIGMUND GOHN Manufacturing co., Inc. 
121 So. Columbus Ave., Mount Vernon, N.Y. 

SIGMUND COHN CORP. OF CALIFORNIA• lSlC NORTH MAPLE STREET, BURBANK, CALIF. 
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company, Research for Industry, 
Inc., in Cleveland, 0. This firm will 
certify the services of technically 
skilled personnel, which it will con­
tract to industry and government. 

Standish is joined in the new 
organization by Jack M. Stewart, 
who will be president and general 
manager. Stewart will continue to 
operate his management consulting 
and engineering firm, Industrial 
Technological Associates, Inc. Jay 
C. Standish will be vice president 
of the new company. 

PEOPLE IN BRIEF 

John P. Nash advances to v-p of 
Lockheed Missiles & Space Co. 
Harold S. Pike, Jr., promoted to 
post of asst. to the president of 
Nytronics, Inc. Ira M. Rosenthal 
leaves Minneapolis-Honeywell to 
join Oak Mfg. Co. as chief indus­
trial engineer. Booz, Allen Applied 
Research Inc. ups John R. Shirley 
to v-p. Barry Coetsee, previously 
with ITT-Kellogg, appointed an 
electronic engineer at Communi­
com, div. of Chaskin-Dimmick Corp. 
James H. Schaefer, formerly with 
Amphenol-Borg Electronic Corp., 
named v-p and g-m of Viking In­
dustries, Inc. Marvin Rubinstein, 
from the Garrett Corp. to Electro­
Optical Systems, Inc., as super­
visor of the Computer facility . 
Rocco Tamburello moves up to 
quality control mgr. for KinTel 
div., Cohu Electronics, Inc . Mal­
lory Semiconductor Co. elevates 
Ronald McWilliams to chief engi­
neer. John W. Smith, ex-Gates 
Radio, now mgr. of engineering 
for Vitro Electronics. Western 
Scientific Instrument Co., Inc., 
promotes Martin L. Lundquist to 
mgr., quality control. Paul I. Rich­
ards, of Technical Operations, 
Inc., appointed a corporate fellow 
of the firm. Frank G. Daveler, 
formerly with International Re­
sistance Co., named v-p and g-m 
of all Eastern operations of Cres­
cent Engineering & Research Co. 
Robert M. Mitori leaves McDon­
nell Aircraft Co. to become a 
senior staff engineer with Rixon 
Electronics Inc. Bernard Epstein, 
ex-Electrosolids Corp., joins En­
devco Corp. as technical service 
engineer on piezoelectric trans­
ducers. 

electron ics 



MINIATURE INDUCTORS STlll TOO BIG? 

$ 
0 

• • • 0.31 0.25 0.188 • 0.157 

-~ ·~ 

Thi• ls a 1 
WEE-WEE 

Ductor 

• 
0.125 t 

try the new WEE-WEE DUCTOR for size 
- the smallest inductor immediately available 
to the engineer with a complete set of values 
from 0.10 ,u.h to 1000 flh . Meets Mil Spec. 
MIL-C-15305 B. 
For complete engineering data, write to Dept. 
WL-15, or phone 464-9300 . 

.ltlPJXdJ»d»" IJllCJ. 
550 SPRINGFIELD AVENUE. BERKELEY HEIGHTS, N. J, 
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REDUCE HEATING PROCESS COSTS 

with 
CHOICE 

of 

GAS FIRED 

or 
ELECTRIC 

OVENS 

ONLY TRENT 

CUBIC 0 VEN DESIGN 

OFFERS QUALITY FEATURES AT LOWEST COST 

• Controlled Temperatures to 1200°F. 
• Forced Air Re-circulation-Direct Drive Fan 
• Steel Inner and Outer Casing 
• Hinged Door w/Explosion Release Latch 
• 1 to 96 cubic foot Size Range 
• Wide Selection of Optional Features 
• TRENT "Folded and Formed" 

Electric Heating Element or 
Minimixer Gas Burner 

WRITE FOR BULLETIN 71-TH Electric or BULLETIN GOF Gas 
Let TRENT ENGINEERS study your needs and determine 

the type of oven best suited for your use. •••• 

In Canada: Pioneer Electric Eastern Ltd ., Toronto 

CIRCLE 210 ON READER SERVICE CARD 
July 6, 1962 

THOMAS 
FLEXIBLE 
COUPLINGS 
are indispensable for 
reliable power and 
motion transmission. 

Designed especially to meet critical 

operating requirements, Thomas 

Flexible Couplings offer many 

important advantages plus long life, 

reliability and a wide range of styles 

and sizes to meet the particular 

requirements of your application. 

Special materials may be specified 

where high temperatures, corrosive 

atmospheres or other unusual con­

ditions exist. For detailed information 

write for Engineering Catalog 60. 

• THOMAS FLEXIBLE COUPLING CO. 
A Subsidiary of Koppers Company, Inc. 

WARREN, PENNSYLVANIA, U.S.A. 
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EMPLOYMENT OPPORTUNITIES 
/§ 

electronics 
WEEKLY QUALIFiCATION FORM 

FOR POSITIONS AVAILABLE 

ATTENTION: 
ENGINEERS, SCIENTISTS, PHYSICISTS 

This Qualification Form is designed to help you advance in the elec­

tronics industry. It is unique and compact. Designed with the assistance 
of professional personnel management, it isolates specific experience 
in electronics and deals only in essential background information. 

The advertisers listed here are seeking professiona I experience. Fill in 
the Qualification Form below. 

STRICTLY CONFIDENTIAL 
Your Qualiflcation form will be handled as "Strictly Confidential" by 
ELECTRONICS. Our proceuing system is such that your form will be 
forwarded within 24 hours to the proper executives in the companies 
you select. You will be contacted at your home by the interested 

companies. 

WHAT TO DO 
1. R&view the positions in the advertisements. 

2 . Select those for which you qualify. 
3. Notice the key numbers. 
4 . Circle the corresponding key number below the Qualiflcation form. 
5. Fill out the form completely. Please print clearly. 
6 . Ma il to: D. Hawksby, Classifled Advertising Div., ELECTRONICS, 

Box 12, New York 36, N. Y. (No charge, of course). 

COMPANY SEE PAGE 

BRISTOL COMPANY 104 
Waterbury, Connecticut 

COLLINS RADIO COMPANY 18 
Dallas, Texas 

DOUGLAS AIRCRAFT CO . 97 
Missile and Space Systems Division 
Santa Monica, California 

GENERAL DYNAMICS/ ELECTRONICS 102 
Div. of General Dynamics Corp . 
Rochester, New York 

INTERNATIONAL BUSINESS MACHINES CORP. 101 
Space Guidance Center 
Owego, New York 

LOCKHEED MISSILES & SPACE CO. 70, 71 
Div. of Lockheed Aircraft Corp . 
Sunnyvale, California 

M cDONNELL 147* 
St. Louis, Missouri 

MELPAR, INC. 101 
Sub. of Westinghouse Ai r Brak e Co . 
Falls Church, Virginia 

MICROWAVE SERVICES INTERNATIONAL, INC. 145* 
Denville, New Jersey 

NATIONAL AERONAUTICS AND SPACE 
ADMINISTRATION 146* 

Washington, D. C. 
NORTHROP CORP. 135* 

Norair Division 
Hawthorne, California 

NORTHROP CORP. 137* 
Space Laboratories 
Hawthorne, California 

PHILCO WESTERN DEVELOPMENT LABS. 103 
Palo Alto, California 

REPUBLIC AVIATION CORPORATION 145 ° 
Missile Systems Division 
Mineola , L.1. , New York 

(.CONTINU ED ON PA G E 104) 

KEY # 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

·--------------------------------···-(cul here) 

NAME 

electronics WEEKLY QUALIFICATION FORM FOR POSITIONS AVAILABLE 
(Please type o r p rint clearly. Necessary for reproduction .) 

Personal Background Education 

(cut here) 

PROFESSIONAL DEGREE(S) •••• •••• • •• . •• • •••• • ••••••• •••••• 
HOME ADDRESS •. . . . . •... •• . .. . ... .. . ......•. . .. .. . . . .. MAJOR(S) . . . . . . .. .....• ...•••••• • •• • ••••••••••• ••• • ••• 

UNIVERSITY ... .• ... .... .•.•••.••• .. ..•••••• . • • •••••.•• 

DATE(S) .. .. ... .• . . . • ... .. .•.. .• . .... . . .... •• . . .. ..•••. 

CITY . . ..... . . . • .• ... .... . ZONE ... . . . STATE .... . ... ... . . 

HOME TELEPHONE • ... . .. . .. .. . . .... ..... ... . • . ..... ..... 

FIELDS OF EXPERIENCE (Please Check) 7 / 6 / 62 

0Aerospace 

0Antennas 

0Asw 

Ocircult1 

D Communlcatlu1 

D Components 

Ocomputen 

0ECM 

D Electron Tubes 

D Engineering Writing 

D Fire Control D Radar 

D Human Facton D Radio-TV 

D Infrared D Simulators 

D Instrumentation D Solid Stote 

D Medicine D Telemetry 

D Microwove D Transformers 

D Navigation D Other •• ••••••• • •••• 

D Operations Research D . ..••••••• ••••• •• •• 

Doptics D . . .••••• • • •• • •.•••• 

D Packaging D ..... ..... ...... .. . 

CATEGORY OF SPECIALIZATION 
Please ind icate number af months 

experience on proper lines. 

RESEARCH (pure, 
fundamental, basic) 

RESEARCH 
(Applied) 
SYSTEMS 
(New Concepts) 
DEVELOPMENT 
(Model) 
DESIGN 
(Product) 
MANUFACTURlllll 
(Product) 
FIELD 
(Service) 
SALES 
(Proposals & Products) 

T1chlc1I Supervisory 
Exp1rl1RC1 Experll BCI 
(MHth1) (MHthl) 

CIRCLE KEY NUMBERS OF ABOVE COMPANIES' POSITIONS THAT INTEREST YOU 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
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EMPLOYMENT 
OPPORTUNITIES 

The Advert ise ment s in thi s sec t ion include a ll em -

f~~~~i~~l. s:1~ rn°;~ uo'M~i:~~f1~~~t~~nu:':,3~:c~eml~~~ 
i n t he forward sect ion of the magazin e fo r add i ­
tiona l Employm ent Opportunit ies adverti sing. 

Positions Vaca nt 
Positions Wanted 
Part Time Work 

Civil Service Opportunities 
Se ll ing Opport unities Wanted 
Sellin g Opportun iti es Offered 

Employm e nt Agencies 
Emplo:tment Services 
Labor Burea us 

-RATES-
DISPLAYED : The ad,·enis1ng rate is $40.17 JX'r 

inch for all advert ising appearing on other than 
a contract basis. Contract rates quoted 011 request. 

An a dverti sing inch is measured *" ,·ertlca11y on 
a C'Olumn-3 colwnns-30 inches to a. page. 

Subject to Agency Colll1nission. 

UNDISPLAYED : $2. 70 per lin e, mini mum 3 lin es. 
To fi gu re a dvance paym ent cou nt 5 avera ge words 
as a l ine. 

Box nu mbers-count as 1 line. 

Discou nt of 10% if fu11 va.:rment ls made ln ad­
rnnce for 4 consecuth·e insertions. 

:\'ot subject to . .A gency Commission. 

PHYSICISTS 
:\frl pa r 's more than 17 yea rR of 
outstanding achieYements. excP p­
ti ona l opJ)Ortun ities continue to be 
crea tf'd at 

MELPAR 
Ex ct11JPnt as:-;ig11ments in our f'X­
panding HESEARCH DIVISI ON 
for-

MICROWAVE PHYSICIST 
Enga~e in resea rch in millimf'tc r 

wave propagation through solids, 
higher order mode transmi:-<l':'lion. 
nnd problems inrnl\· ing ge nera l 
elect roma,gnetic theory. 

Ph.Dor :\IS and 3 years experience 
required. 

ADVANCED CIRCUIT PHYSICIST 
Adrnnced circuit phys icist fo r 

crenth·e research in function Hyn­
thesis a nd quantum mechanic~. in­
cluding materia l in solid, li quid 
:ind gn seon s sta te. 
Ph.D. required. 

Write in confi<lence to--

J . HAVERFIELD 
Emplo y m ent Manager 

MELPAR, INC. 
A Subaidior11 of 1Vesti11gho11se Air Brake C<>-

3322 Arl ington Blvd. 
Foils Church, Va . 

An eq ual opportunity em ployer \. ______________ _, 

July 6 , 1962 

ackthe sky 

18.M engineers and scientists are helping to map the heavens bydevel· 
oping a digital data processor and memory for the NASA Orbiting 
Astronomical Observatory (OAO). 

The memory, largest of its type for space application, will collect ob· 
servations free of the earth 's atmospheric distortion. As the vehicle 
orbits at 18,000 miles/hr., the data processor will tell the OAO'~ sen­
sitive telescope where and when to look, check for occulted and mal· 
function ing star trackers, start and stop each experiment. Over 
200,000 bits of information, stored in the satellite 's random-access 
memory, can be telemetered to the grou nd in 7.5 seconds . In design · 
ing the memory and processor, a redundancy technique provided a 
system far more reliable than convent ional designs. 

Other projects include: guidance and control systems for manned air· 
craft, satellites, spacecraft, submarines , and other veh icles. Engineers 
and scientists are invited to inquire about openings in ... reliabil ity 
statistics; logic design; circuit design ; programming; qual ity engineer­
ing; control systems engineering; solid-state physics (radiation effects 
studies); mechanical engineering (heat t ransfer/ stress analysis). 
IBM is an Equal Opportunity Employer. 
Please write, outlining your background 
and interests; Fred Guth, Dept. 55411, IBM 
Space Guidance Cen.ter, Owego, New York. IBM 

© 
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GENERAL DYNAMICS ELE.CTRDNICS 
ROCHESTER 

POSITIONS OPEN IN 

ELECTRONIC 
RECONNAISSANCE SYSTEMS 

SENIOR ANTENNA ENGINEER 
BSEE with 3 to 4 years experience on ground· 
based antennas and radomes. Knowledge of 
antenna test data reduction and analysis 
required. Frequency spectrum VHF and up. 
To design systems antenna configurations, 
analyze existing designs, reduce and analyze 
antenna test data and make recommenda· 
tions for necessary re·design. 

SENIOR RELIABILITY ENGINEER 
BSEE with 3 to 5 years experience. Must be 
systems oriented in the reliability field, pref­
erably with some operations research back· 
ground. Will' be responsible for designing 
and implementing a reliability program on 
a large electronic system and will make the 
necessary data reduction involved in such 
a program. 

SENIOR DESIGN ENGINEERS 
BS with 8 years experience, of which 5 must 
have been in design in two or more of the 
following: digital, RF, pulse, audio, CRT, 
photorecorders, magnetic recorders, pulse 
multiplex and frequency multiplex. To assist 
in evaluation of complex electronic recon· 
naissance systems. 

DESIGN ENGINEERS 
BS with 3 to 5 years experience in RF and 
microwave receivers, digital display circuits, 
data handling and CRT displays including 
storage tube circuits. To assist in evalua­
tion of complex electronic reconnaissance 
systems. 

HYOROACOUSTICS 

SENIOR SONICS ENGINEER 
BS or MS in ME or Physics with at least 5 
years experience in Industrial Sonics. Should 
have background in sonic cleaning, process· 
ing and impact drilling plus a basic knowl­
edge of acoustics, general physics and 
chemistry. 

J'EST EQUIPMENT & 
INSTALLATIONS 

PROJECT ENGINEERS 
To supervise design and integration of test 
stations. Knowledge should include 1 or 
more of the following areas: flight control 
systems, radar indicators, HF·VHF naviga­
tion and communication equipment, micro· 
wave equipment, antenna systems and ECM . 
Should be familiar with all types of testing 
techniques and equipment associated with 
particular areas of interest. BSEE. 

SENIOR DESIGN ENGINEERS 
BSEE with thorough background in one of 
the following: microwave signal generators 
and receivers; low frequency signal genera­
tors, HF·UHF signal generators, digital and 
pulse circuits, AGE Systems. 

TECHNICAL WRITING 

Requires thorough background in the elec­
tronics industry in preparation of military 
handbooks and manuals or in engineering 
proposals. 

RECONNAISSANCE EQUIPMENT DESIGN 

Engineers at all levels, experienced in design of: 
RECEIVERS - Panoramic, signal seeking, manually tuned. DISPLAYS - Digital, CRT ampli· 
tude-time, storage tube direction finder, panadapter, high·speed pulse recording. REMOTE 
CONTROLS -Antenna servo followers, antenna and receiver remote positioning and tuning. 
DATA HANDLING - Transistorized timer-programmer, on·line printer, automatic signal 
analyser, magnetic tape analysis equipment. EQUIPMENT INTEGRATION - Console and 
rack design, sub-system layout and blackbox compatibility, design standardization, sub­
system analysis, man-machine optimum design, blackbox sub·system specifications. RADIO 
FREQU ENCY INTERFERENCE CONTROL - Analysis of equipment RFI problems, establish­
ment of design procedures, testing to MIL·l -26600, reports, vendor liaison and direction. 

For further information on how YOU can contribute 

to one of the various programs now in progress, G 111111 ID 
send a complete resume to Mr. M. J . Downey, Dept. 22. .. 

GENERAL DYNAMICS I ELECTRONICS 
AN EQUAL OPPORTUNITY EMPLOYER ROCHESTER 

1400 N. GOODMAN ST., ROCHESTER 3, NEW YORK 

electronic s 



IF TODAY'S REAUTY 

PHI LCO 
A SUBSIDIARY O F 

f/mdJf(ghr~~ 

July 6, 1962 

IS TOMORROW'S MYSTERY. What we know today is insignificant alongside what we wi ll 
know tomorrow, and Philco Western Development Laboratories' advanced technology leads the way 
to better solutions for bigger problems ... and to your career. With its space age achievement a 
matter of record in some of the Nation's most important satellite programs, Philco WDL extends a 
penetrating probe into the mysteries of tomorrow's universe: Cosmic ray and ruby laser optics, solid 
state microwave electronics, microwave miniaturization, signal detection techniques, deep-space 
communications. These are advanced fields being explored today at Philco WDL. Your career there 
can be as successful as your adventuring spirit. Tomorrow's space age problem is today's task at WDL. 

Write in confidence for information on how you can find your career at Philco WDL, with the addi­
tional rewards of ideal living on the San Francisco Peninsula and professional and monetary ad­
vancement commensurate with your own ability. Requirements include B.S. or advanced degree 
(electronics, mathematics, physics), U. S. Citizenship or current transferable D.O.D. clearance. 
Address Mr. Patrick Manning, Department E-7 .. 

WESTERN DEVELOPMENT LABORATORIES 
3875 Fabian Way, Palo Alto, California 

an equal opportunity employer 7759 
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Electronic Instrument Technicians 
The Oak Ridge National laboratory 

Operated by 
UNION CARBIDE NUCLEAR COMPANY 

at 
Oak Ridge, Tennessee 

Has openings for 
Highly skilled elect ronic instrument technicians 

~en1~r~ns~!WatT~~ct'i~~c ~~f ~~:~~~ci; ~re el~~;~~~~~ 
systems. Digital data handling. transistorized 
pulse height analyzers, analog and digital com. 
puter systems are onl)· a few examples. 
Minimum high school education. with additional 
training in electronics and at least three years' 
ftXper ien ce in installation and maintenance of com­
plex electronic system s. Entrance rate $3. 10 per 

~.~~i!!· ~6n38r'"ei~~~fi:~:~p5~~se~0~!rJ· byR~:~~:~!~ 
Excellent Working Conditions 

and 
Employee Benefit Plans 

An Equal Opportunity Employer 
Send detailed resume to: 

Central Employment Office 
UNION CARBIDE NUCLEAR COMPANY 
Post Office Box M Oak Ridge, Tennessee 

Engineering or Science Graduates 
to be Ira ined as 

INSTRUMENT SALES ENGINEERS 
with 

The Bristol Company 
Leading manufacturer of automation equipment 
rnd contro l systems requires men, preferably 25 to 
35 years old, to sell high quality, nationally 
accepted products to wide variety of industrial 
markets. 
Openings in various areas of the country. Sue. 
cessful applicants take comprehensive three.months 
course at headquarters. Salary and expenses 
All replies confldentia l ; every Inquiry answered. 
Write, Charles F. Johnson, Mgr. of Sales Training 

The Bristol Company 
Waterbury 20, Conn. 

POSITIONS VACANT 

Electronic Engineers for permanent positions 
w it h F ed era l Communications Commiss ion , 
W as h ing t o n . D. C., GS-1 2, $8, 9 55 to GS-1 3, 
S I 0, 6 35. Must be g radu a t e engineers with 
goo d knowled ge of problems involved in the 
area o f space c ommuni c ations . Government 
wi ll pay ex penses for trans portation of em­
p loyee, hi s family, and household g ood s to 
W as hin g ton. Attracti v e fringe benefits in­
c lude re ti rement. 1ife and health insurance, 
a uto m atic pay inc reas e s . Good opportunity 
t o e nte r government career service. Reply to 
Personnel Officer, Federal Communications 
Commi ss ion, Was hington 2 5 , D. C. 

electronics 
WEEKLY QUALIFICATIONS FORM 

FOR POSITIONS AVAILABLE 

(Continued from page 100) 

SCOPE PROFESSIONAL PLACEMENT 
CENTER 145• 15 

Waltham, Massachusetts 

SPACE TECHNOLOGY LABORATORIES 
INC. 26· 16 

Sub. of Thompson Ramo 
Wooldridge Inc . 

Redondo Beach, California 

SPERRY GYROSCOPE COMPANY 147* 17 
Div. of Sperry Rand Corp . 
Great Neck, L.I., New York 

UNION CARBIDE NUCLEAR COMPANY 104 18 
Oak Ridge, Tennessee 

•These advertisements appeared in the 6/29/ 62 issue. 
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SEARCHLIGHT 
SECTION 

(Classified Advertising) 

BUS INESS OPPORTUNITIES 

EQUIPMENT · USED o• RESALE 

DISPLAYED RATE 

'l'he ach·erti s ini: rate is $27.25 pe r in ch 
for a ll nd,·ertiKing nt>Pr nrini: on other 
th a n n con trac t hn s i8. Contra c t rates 
quotPd on re queRt . AX ADYERTIS­
ING INCH is m ea s ured % inch ve rti ­
cnll .r o n o nP co lumn , 11 c·olumns- :'IO 
inches-to n pag <'. EQU IP.)IENT 
WANTED o r FOR SALE ADVERTISE­
MENTS a ccep ta ble o nl~· in Dis played 
Style. 

UNDISPLAYED RATE 
$2 . 70 n line, minimum 3 lines. To figure 
adn1nce payment count 5 aYerage words 
n s a line. 

PROPOSALS. $2.70 a line an in sertion. 
BOX NUMBERS co un t as o ne lin e ncl­
tliti onal in un cll Hpla )·ed atl s. 

DISCO U X'l' 01!' 10 % if full payment is 
ma de in a dvance for fo ur consecuti"e 
insertions o f un tli s plu yed ads (no t in ­
c luclin i;: pro posa l8) . 

TO BOTH COASTS 

TRUCKLOAD RA TES 
TO BOTH COASTS 
•We welcome your inquiry. 

FASTEST 

l'ROMl'T 
D•ILY 
l'ICKUI' 
and 
DILIYHY 

TO BOTH COASTS! 
CIRCLE 950 ON READER SERVICE CARD 

FOR RESEARCH - DEVELOPMENT 
& EXPERIMENTAL WORK 

Over 10,000 different electronic parts: wave . 
guide. radar components and parts. test sets, 
pulsers. antennas. pulse xmfrs , magnetrons. 
IF and ou lse arnpli fl ers. dynamotors. 400 cycle 
xmfrs. 584 ant. pedestals, etc . 
PRICES AT A FRACTION OF ORIGINAL COST! 

COMMUNICATIONS EQUIP CO . 
343 CA Nl\ L ST., N. Y. 13. WO 6-4045 

CHAS. ROSEN (Fomerly at 131 Liberty St. ) 

CIRCLE 951 ON READER SERVICE CARD 

WEAK IN MATH? 
Don't let inadequacy in mathematics hold you 
back. Now you can learn the basic math you must 
know to succeed as a technical man. Learn through 

;:~r~h~~r t~g~~f~f~ns~ne0n5gui~1eer~~"!.~d s~~ta~rcts~ 
Write for details today, 

Write to : Dept. 2E. 
GRANTHAM SCH OOLS, IN C. 

1505 N. Western Ave. Los Angeles 27 . Calif. 

CIRCLE 952 ON READER SERVICE CARD 

Your Inquiries to Advertisers 
Will Have Special Value .. . 
- ror you-t he ad,ertiSt'r-anct the publish er, if 
:rou mention thi s publicat ion. Ad,·ert isers m lue 
h ighly thi s e,·lden ct• or t h e 1mb1ic·ation r ou read. 
Sat isflNJ. ach"e11 i ~Prs Pnable t he- publishers to 
~ecure more adnrtlsf>rs and- more adve11-isers 
mean mora in l'o l'mation on more product s or 
lx-tter St'n1 iC(.'--ll10re ,·a \u('--tO YOU. 

Method for 
measuring 
an engineer ••• 

... 
l.n1;11 

llffq '' 'J'.\: 

_,,,, __ . "' 

What's his 

technical ? 
publication • 

electtontca 

When an engineer pays 
for a technical publica­
tion, it's a safe bet that 
that is the one he respects 
most. 

He makes it his business 
to read electronics. It 
keeps him well informed 
of up - to - the - minut~ 
events and developments 
in the electronics ind us­
try and the technology to 
which he contributes his 
experience. 

Where your recruitment 
program calls for engi­
neers and other technical 
people of this calibre, you 
can reach them in the EM­
PLOYMENT OPPOR­
TUNITIES section of: 

, electronics 
:@. , A McGRAW HILL PUBLICATION ® · 
. CLASSIFIED ADVERTISING DIVISION ' 

POST OFFICE BOX 12 NEW YORK 36 NEW YORK 

electronics 
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D Send fr ee 32-page catalog & dealer's name. 
D Send new 36-page C:u ldebook to Hl·fl for 

which I enclose 25~ for postaee & handlin1. 

Name~----------->---~ 
Address~--------------
City ------- Zorie _ State ___ _ 

~L" 3300 N. Blvd., L.l.C. t, N. Y. 
(~l Export Dept, Raburn Agencies 

-
1 431 Greenwich SI, N Y 13, N Y 

CIRCLE 207 ON READER SERVICE CARD 

Measure - - - • 
MILLIVOLTS 
- - - - NANOAMPERES 
accurately at low cost 
with DYNATRAN's 

Model 
1829 

SENSITIVE 
DC 

VTVM 

Write for complete information about 
this and other quality instruments for 
laboratory, production, incoming in­
spection and quality control. 

DYNATRAN 

178 HERRICKS ROAD 
MINEOLA, NEW YORK 

Fio n eer 1 -41,41 

CIRCLE 105 ON READER SERVICE CARD 105 



YOUR 

SEE OUR 

COMPLETE 

DISPLAY 

AT WESCON 

BOOTHS 

3955 - 3957 

HIDDEN HELPER 
-eliminates the old bugaboo of 
cable entanglement which damages 
tubes and components in lower chassis 
each time the one above is withdrawn 
for service and returned to position. 

Our new Cable Retractor's double action 
maintains constant tension and correct sus­
pension of cable at all times-permits ample 
cable length for full extension and tilting of 
chassis without hazard of snagging. 
For use with all types of chassis or drawer 
slides, adjustable to fit varying chassis 
lengths, simple to install, inexpensive, proven 
thoroughly reliable in operation. 
Mounts on rear support rails on standard 
1 %" hole increments. Cadmium plated CRS. 
Write for Bulletin CR-1 OOE 

Victoria 9-6821 

CHASSIS-TRAK CORP. 
555 FRONT STREET, BURBANK, CALIFORNIA 

CIRCLE 208 ON READER SERVICE CARD 

Operational guidance for buyers 
That's what your 1961 electronics 
Buyers' Guide and Reference Issue 
gives you ... this year more than 
ever before. 

Your EBG is bigger and better 
this year than ever . . . and more 
helpful than ever ... with more new 
exclusive features than ever. Keep 
it close at hand, you'll find it's use .. 
ful day in and day out. 
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BUYERS' GUIDE 

and Reference Issue 

The Basic Buying Guide 
in Electronics UIU» 19.f/.f 
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Donald H. Miller. Henry M. Shaw, 
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William S. Hodgkinson, Donald R. Furth 
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Congress 2 -1160 (area code 617) 
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(area code 215) 
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(area code 216) 
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Construction Daily 
Control Engineering 
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this is 
t e Brush 
Mark II ... 
anyone 
can 
plug 
it in 

~tit 
in writing 
anywhere 

• voltslchart lone 

I 5 2 

1 

There is no direct writing recorder on the market that approaches the compact 
Mark II in sheer usefulness. It is a completely integrated engineering tool 
that can be operated by anyone ... in the shop or in the field . .. for countless 
research or design requirements. Every function necessary for uniform, 
crisp, easily reproduced readouts is "built-in". The Mark II gives you two analog 
channels plus two event markers; 4 chart speeds; DC to 100 cps response 
with 40 mm amplitude; 10 mv /mm sensitivity; high input impedance. 
Ink or electric writing models. Immediate shipment from stock. 

--!:>rush I NSTRU M ENTS 
DIVI SIO N O f 

• "'Oils I c,.,ett hne 

• 2 

37TH AND PERKINS CLEVITE C:LEVELAND 14, OHIO 
CO ot PO "• T oO N 

CIRCLE 901 READERS SERVICE CARD 
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PROVEN NUVISTOR RELIABILITY 

60% 

50% 

40% 

20% -""-------------

0 0.2 0.4 0.5% 0.6 0.8 1.0% 
FAILURE RATE-•/, PER THOUSAND HOURS 

RCA-7586 FAILURE RATE IS: 

0.36% OR LESS PER THOUSAND HOURS WITH A 95% CONFIDENCE LEVEL 
... and at a 50 % confidence level, the failure rate is only 
0.084% or less per 1,000 hours. These extremely low 
failure rates shown with corresponding confidence levels 
on the chart above, are based on more than 1,000,000 
tube hours of actual life testing. Many of the life tests 
have been run beyond 5000 hours with no sustained 
downward trend in transconductance observable in the 
distribution. 

This data indicates you can be 95% sure that RCA-
7586 nuvistor triodes, operated under conditions equiva­
lent to those described, would have less than 4 failures 
out of each 100 tubes after 10,000 hou'rs of opera.tion . 

These life test results demonstrate conclusively the 
extra reliability the tiny nuvistor tube brings to your 
electronic systems. 

FIELD OFFICES: 

EAST: 744 Broad St., Newark 2, New Jersey 
HUmboldt 5-3900 

Tests were conducted under two sets of field conditions 
as shown: 

NUVISTOR LIFE TEST CONDITIONS 

Heater Volts 
Heater-Cathode Volts 
Plate Volts 
Plate-Supply Volts 

Tes/ 
Co11ditio11s 

#I 

6.3 
100 
100 

Grid Volts -1.85 

Tes/ 
Conditions 

#2 

6.3 
0 

75 

Cathode Resistor-Ohms I 00 
Grid-Circuit Resistance-Megohm 0.5 0.5 
Metal-Shell Temperature- °C 150 150 
Plate Dissipation-Watts 1 0.75 

Start now to give your circuits the extra advantage of 
nuvistor reliability and performance. For technical data 
on the 7586, get in touch with your RCA Field Repre­
sentative or write Commercial Engineering, Section G-
19-DE-l, RCA Electron Tube Division , Harri son, N.J. MIDWEST: Suite 1154, Merchandise Mart Plaza 

Chicago 54, Illinois 
WHi teha/I 4-2900 

WEST: 6801 E. Washington Blvd. 
Los Angeles 22 , Calif. 
RAymond 3-8361 

1838 El Camino Real , Burlingame, Calif. 
OXford 7-1620 

G The Most Trusted Name in Electronics 
@ 
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