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with these features: 
Length, delay continuously adjustable! 
Constant 50 ohm output impedance! 
Rise, decay time less than 1 nsec! 
New Ai 215A Pulse Generator is the 
ideal instrument for measuring 
switching, recovery and storage time 
of diodes, transistors and thin film 
memory units. The 215A is useful for 
locating reflection sources in trans-
mission and delay lines, measuring 
electrical length of cables, determin-
ing step response of circuits. 
The 215A gives you clean pulses with 
1 nanosecond rise and decay time. 
Constant 50 ohm output impedance, 
during all portions of pulse, allows 
operation into any load with free-
dom from multiple reflections. Cali-
brated front panel controls adjust 
pulse length from 2 to 100 nanosec-

onds, attenuation from 1 to 12 db, 
and delay, —10 to 140 nanoseconds 
after trigger output pulse. Positive 
and negative pulses are selectable 
from front panel. 

Trains of pulses, either internally or 
externally triggered, can be gener-
ated by gating the pulser with a + 1 
volt signal. Internal repetition rate 
is 100 cps to 1 mc or pushbutton for 
single pulses. Pulses can be trig-
gered by an external 10 cps to 1 mc 
source. Count down circuitry permits 
synchronization on external signals 
up to 100 mc. Solid state design 
makes the (h:p) 215A compact, rugged 
and reliable. 

Write or call your hp rep or Hewlett-Packaro' direct fora demonstration on yourbench. 

SPECIFICATIONS 
External 

Rise time: Less than 1 nsec trigger: 

Decay time: Less than 1 nsec 

Output: At least 10 y peak into 50 ohms 
20 v peak open circuit 

Polarity: Positive or negative, selectable 

Attenuator: 1 to 12 db, calibrated 

Pulse length: Continuously adjustable, 2 to 

Pulse delay: 

100 nsec, calibrated dial 

Continuously adjustable, —10 
to 140 nsec after trigger output 
pulse, calibrated dial 

Internal 
repetition rate: 100 cps to 1 mc or pushbutton 

for single pulses Price: 

Input voltage 1 V peak-to-peak; 
pulses 0 cps to 1 mc, 30 nsec 
min. duration; sine waves 10 
cps to 1 mc; synchronizes to 100 
mc. 1 µsec min. pulse spacing 
for random repetition rate 

Output 
impedance: 50 ohms 

Gate input: 1 y to turn on 

Trigger output: Amplitude, at least 1 y peak into 
50 ohms, either polarity; rise 
time, better than 5 ris; duration, 
approximately 50 nsec 

Dimensions: 51/2" high, 163,e wide, 183/4 " 
deep. Converts to rack mount 
with furnished brackets. 33 lbs. 

$1,875.00 

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

HEWLETT-PACKARD COMPANY 
1501 Page Mill Road, Palo Alto, California, Area Code 415, DA 6-7000 
Sales and service representatives in all principal areas 

Europe, Hewlett-Packard S.A., 54-54bis Route des Acacias, Geneva 
Canada, Hewlett-Packard (Canada) Ltd., 8270 Mayrand St., Montreal 

7926 
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Nanosecond Pulses 

Custom Designed 

E 
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New hp 215A Pulse Generator 

This pulse generator 
gives you 1 nsec rise, decay time... 
and lets you continuously control 
pulse length and delay! 

Turn the page for details 
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SUNFLOWER DISK. A molded plastic disk may be the key to 
economical projection-type television receivers. An experi-
mental receiver is also shown. The disk corrects pincushioning 
and other problems. See p 33 COVER 

TFX AIRCRAFT Will Use High-Power Radar. Electronics for 
weapons will probably be like those planned for the RS-70. This 
really unusual plane—it has variable wing geometry—will gen-
erate billions in Air Force and Navy contracts 18 

WILL JAPAN Close Computer Door? Five Japanese companies 
now are making medium and small computers. American com-
panies have been selling most of these computers to Japan 18 

THAT RADIATION BELT: Will It Go Away Next Summer or 
Not? Radio astronomers and satellite designers are waiting for 
the answer. Van Allen says it will, astronomers say it won't, a 
government committee is on the fence 

BE MORE REALISTIC in Weapons System Planning, Urges EIA 
Panel. "Satisfizing" is better than "optimizing," says one 
expert. By the time a weapons system is perfected, it could be 
obsolete 

GARNET Simplifies Preselector. Ferrite bead in cavity electroni-
cally tunes L-band receiver. Different ferrite compositions could 
handle different frequency ranges. The advantage: it avoids 
mechanical tuning complications 

22 

26 

29 

NEW CONCEPT IN COLOR TV DISPLAY. A group of eight 
English engineers working in a small lab in Bermuda may have 
made an important advance in color tv reception. Projection-
type receiver uses from three to five 24-inch color picture tubes 
and has a sunflower-shaped plastic disk that corrects geometri-
cal distortion. By J. H. Owen Harries, Harries Electronics 33 

TEN-NANOSECOND AMPLIFIER: Key to Faster Computers. 
The FX-1 computer at MIT's Lincoln Lab handles fifty million 
pulses a second. High-speed circuits for such a computer require 
special design techniques. Transit time between circuits is com-
parable to delay time of circuits themselves. 

By K. H. Konkle and J. E. Laynor, Lincoln Lab, MIT 39 

MARINER II INSTRUMENTATION: What Will It See on 
Venus? Today our Mariner II space probe is passing 21,000 
miles from the planet Venus. If its batteries have not burst by 
now because of a failure of the probe's heat-dissipating mecha-
nism, its microwave and infrared radiometers are for the first 
time penetrating the thick cloud blanket that shrouds our sister 
planet. By S. Chase, Jr., and F. Schwarz, Barnes Engineering 42 
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CROSSTALK 

Five Years? Or a Better Four? 

THE NEED for engineers continues to rise. Yet 
college enrollment of engineering students con-
tinues to decline. And many drop out. Primary 
reason is because engineering courses are tough. 

Addition of new subjects to the already 
crowded curriculum is creating pressure for five 
year or even longer courses. Maybe this is 
the way to go, spread out the work load. But 
skyrocketing tuition and living expenses work 
against it for all except the wealthy and those 
who can get scholarships. This leaves a lot of 
good men in the middle. 
Maybe we should first take a closer look at the 

present curriculum and see if it is possible to do 
better with the present four-year courses. And 
one of the first places to look is at so-called lab-
oratory work. 
Remember those long afternoons plotting the 

speed-torque curve of a compound motor, or 
measuring the characteristics of a type-80 elec-
tron tube, or watching the nodes in lecher wires 
and then staying up half the night writing re-
ports while the liberal arts and business admin-
istration majors were resting? Lab work is 
probably the least popular part of an engineering 
education. Many bright young men drift off into 
the arts or sciences because of sheer boredom 
with it. Furthermore, the need to do lab work 
makes it difficult if not impossible for many who 
wish to complete or extend their education at 
night, even if they have great perseverance and 
an understanding boss. 
To make matters worse, many college labs 

have equipment ranging from obsolete to down-
right antique. So even graduate assistants who 
teach lab often are not precisely enthusiastic 
about their subject, and there is very little class 
spirit that could lead to a real appreciation of 
the experimental method. 
We think a budding engineer could learn more 

about using up-to-date instruments and com-
ponents in a week with industry than by taking 
the average undergraduate lab course. So maybe 
such courses should be dropped and something 
else substituted for them. Such as a little sleep. 

Or, how about industrial internship? Or ap-
prenticeship in a research laboratory? Or sum-

OBSOLETE LABS like this have no place in engineering 
schools. This was New York University's electrical engi-
neering lab before the university's modernization program 

mer programs that not only teach men how to 
use modern instruments and test techniques 
but also encourage them toward original re-
search ? 

If an engineering education has to be tough, 
let's make the time count. 

Coming In Our December 21 Issue 

READING WRITING. A prime problem in designing 
character recognition system is getting the system to 
read letters correctly no matter who writes them 
or what the type style is. It doesn't take much to ring 
the tilt bell. Next week, we'll have two reports on 
ways to solve this problem, one from RCA and the 
other from IBM. 

Other featured articles next week include: 
• A really simple square-wave generator 
• How to use field-effect transistors in Wien-bridge 

oscillators 
• A handy reference to 15 antenna designs and 

their characteristics 
• New trend in ferrite limiters for microwave 
• A pulse generator with a range variable down to 

20 nanoseconds. 
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SQUARE-LOOP 
TAPE CORES 

TO MEET YOUR 
TOUGHEST 

SPECIFICATIONS 
Speed your specs to Dynacor 
when you want square-loop tape 
cores to exact requirements—fast! 
Here you'll find a dependable 
combination of personnel, expe-
rience and facilities—the know-
how to deliver parameters to 
your very tightest tolerance re-
quirements for switching time, 
flux, and noise. 
Dynacor Square-Loop Tape 

Cores are manufactured with the 
high permeability alloys—Grain-
Oriented 50-50 Nickel Iron, 4-79 
Molybdenum Permalloy, and 
Grain-Oriented 3% Silicon Iron 
. . . with fully guaranteed uni-
formity .... under rigid standards 
of control and inspection. 

Look to Dynacor for reliable 
production and swift delivery of 
your tape core requirements. For 
your convenience a full line of 
standard units are stocked for im-
mediate off-the-shelf delivery— 
Send for bulletins DN 2000, DN 
2001, DN 2002. 

SPRAGUE® 
THE MARK OF RELIABILITY 

SPRAGUE ELECTRIC COMPANY 
35 MARSHALL ST. • NORTH ADAMS, MASS. 

COMMENT 

Engineering Shortage 

It is impossible for me to remain 
silent in the face of the continuous 
moans and howls on the subject of 
the engineering shortage [Cross-
talk, p 3, Nov. 2; Comment, p 4, 
Nov. 16 & Nov. 30]. 
The U.S. can at any time, allow-

ing themselves a few short years 
for reeducation of the public and 
those concerned, tap a large supply 
of potential engineers. The Soviet 
Union and most other reasonably 
advanced countries have done this 
already—namely, with women. 
As a woman with more than 20 

years of experience in the engineer-
ing field, I cannot recommend it 
as an easy or pleasant way for a 
young girl to make a living under 
present circumstances, but as she 
grows older and toughens up to the 
discriminatory practices of most of 
her colleagues, she may, as I have, 
find it quite rewarding. She must, 
in addition to the usual technical 
abilities required of all engineers, 
have or develop iron nerves, per-
severance in the face of almost 
unbelievably subtle persecution 
(subtle because the people doing it 
are not conscious that they are be-
ing unfair), and a steady and unre-
lenting determination to do a top 
job every time, as she cannot afford 
failures in the same proportion as 
her fellows, nor can she afford as 
much leisure, as she will be the first 
to be accused of lack of interest, 
etc. 

If women of ability are willing 
to face these hazards, and if in-
dustry is willing to allow them to 
prove themselves in higher echelon 
jobs, as they have already in every 
other scientific field, then we will be 
tapping a new and fertile source of 
originality, progress and technical 
ability, which may do more than 
you think for the engineering pro-
fession. 

(Mrs.) GRACE S. COLEMAN 
Engineer 

Logic vs "Crank-Out" 

The solutions by Bruning and Lee 
(p 4, Nov. 23) to the Donald-plus-

Gerald-equals-Robert problem re-
quire more IQ than the elementary 
algebraic methods and are, of 
course, very neat. However, we al-
ready pointed out (p 4, Nov. 2) 
that one of our lab men solved it 
in about 20 minutes, using logic 
and a couple of "oR" trials. 
The main reason for presenting 

this bit of "AND-OR" modified ele-
mentary algebra, was that perhaps 

we have unwittingly bridged one 
gap between Arabic and Boolean 
algebra, and presented computer 
men with something to chew their 
pipe stems over. 

Furthermore, the algebraic 
method allows a much simpler solu-
tion of more difficult three- or four-
number addition solutions where 
pure logic would start to get pretty 
confusing. In addition to this, we 
have a general solution with the 
alternate possibilities of solving by 
means of negative and fractional 
numbers; note the possibilities of 
( —1, 10, 9) and (4:1, 91, —1). This 
would be pretty rough to handle 
with straight logic. (As computer 
men are aware, computers will 
sometimes come up with unsus-
pected alternate solutions, or go 
about a solution in an unpredictable 
fashion.) 

Incidently, there was an over-
sight goof in the original solution. 
We not only know that L 5, but 
is also even and is immediately 8, 
without the need for one of the 
equations. 
Anyway, it was a lot of fun— 

except for the Bell Labs man who 
has to prepare the next applicant 
quiz. 

TED POWELL 
Glen Oaks, New York 

Alloy 404, Not 401 

In the Components and Materials 
article, New Alloy Solves Brazing 
Problems (p 84, Nov. 9), the newly 
developed alloy that enables succes-
sive brazes in wet hydrogen is 
designated Monel alloy 404 (rather 
than Monel alloy 401 as shown) by 
the Huntington Alloy Products Di-
vision. 

S. B. LASDAY 
Huntington Alloy Products 

Division 
The International Nickel Co., Inc. 
Huntington, West Virginia 
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SYNTHESIS 
TECHNIQUES 

Burnell advances the state of the art 
with three new filter families 

If you are concerned with new systems development, and 
would like to take advantage of advanced technology and 
the kind of sophistication that will improve transient re-
sponse and eliminate obsolete circuitry . . . then here are 
three new filter families, that have advanced the state of the 
art, which you can immediately incorporate in your net-
work designs — exclusive from Burnell. Call or write today 
for literature and technical assistance. 

Burnell offers the most complete line of communications net-
work components available to the electronics industry, with 
a versatility of experience unmatched in the production of 
filters, delay lines and toroids for interpretation of complex 
signals. Burnell will custom design filter networks to your 
specifications which may include special delay, attenuation, 
and transient response, involving precisely specified rise 
time, overshoot and ringing. 

o 
ZERO PHASE FILTERS 

Impedance 1000 ohms/Grid 400 cps 
PHASE CHARACTERISTICS 

Center 

ATTENUATION & 

OP SERIES OP400 L OP400 M OP400 H 

Pass Band (3 DB) -±20 cps ±-20 cps -±-20cps 

Harmonic attenuation 
2nd harmonic and all higher frequencies 50 DB 
Harmonic attenua-
tion (2nd) >15 DB >25 DB 

Harmonic attenua-
tion (3rd) >40 DB >60 DB 

Max phase +20 cps +1° -±-1* +1° 

Max phase ±-30 cps +6° 

Phase shift at 
Center Frequency 0°4- 1/2° 0°± 1,2° 0°-± 1/2° 

Gain = UNITY UNITY UNITY 

60 cps equivalent filters are also available having 
a pass band of +5% with phase of +1°. 

For the Servo Engineer .. . 
By specifying Burnell's new line of Zero Phase 
Shift networks, it is possible to recover, with-
out phase shift, the fundamental frequency 
from any periodic wave form without using 
complex squaring circuitry. This advance-
ment in the state of the art is accomplished 
by combining zero phase shift in the vicinity 
of the center frequency — with high attenuat-
ion in the stop bands. 

e 
LOW PASS FILTERS WITHOUT DISTORTION 

This family of filters is designed with modern 
synthesis techniques to have specified tran-
sient characteristics such as fast rise time, 
low overshoot and ringing. 

60/3 DB Shape Factor Ringing (over/undershoot) 

2:1 e 5% 

31 <2% 

4:1 <1% 

ea,„nese,8,.. 
PIONEERS IN microminiaturization OF TOROIDS, 

FILTERS AND RELATED NETWORKS 

EXECUTIVE OFFICE 
AND PLANT 

Dept. E-12 
PELHAM, NEW YORK 

PELHAM 8-5000 
TELETYPE PELHAM 3633 

e 
This is part of a family of constant delay band 
pass filters of unusual characteristics, for 
example: 
1—Group delay is constant well into the stop 

band! 
2—Matched delay—as an example of delay 

matched band pass filters, we have pro-
duced a set of four filters having the 
same band widths of 500 cycles at 11/2 DB 
with center frequencies ranging from 680 
cycles to 2720 cycles; having a 20 DB 
band width of 710 cycles with group de-
lay constancy of -.±:3 1/2% over the pass 
band and between channels. 

3—Constant flat delay band pass filter. 

 Frequency  Attenuation  
5210 cps to 8à-36 cps < .5 DB  
1,000 cycles & below >20 DB  
10,000 cycles & higher > 20 DB  

Delay: Group delay constant +1% from 3,500 cps 
to 9,900 cps . 

PACIFIC DIVISION 
SOUTH PASADENA, CAL. 
MFD. IN CANADA 
BY EDO (CANADA) -LTD. 
CORNWALL, ONT. 
WELLINGTON 2-6774 

December 14, 1962 

SUBSIDIARIES: Gray 8, Kuhn, Inc., Pelham, New York • GLP Electronics, Inc., Bristol, Conn. 
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ELECTRONICS NEWSLETTER 

Air Force Battling for Skybolt's Life 

WASHINGTON—Skybolt, Air-Force's air-launched ballistic mis-

sile, is in trouble. Test firings have failed, the schedule is slipping 

badly and development costs are running way over budget esti-
mates. Authoritative sources say the Pentagon's proposed 1964 

budget contains no new funds for 
Skybolt. 
The Pentagon is doing lots of 

soul-searching before cancelling the 
praject. The missile could extend 
the life of manned bombers until 
1970 or so, and has figured crucially 
in the Pentagon's long-range stra-
tegic planning. The British, too, 
have invested heavily in Skybolt. 
Coupled with latest RAF bombers, 
it would give Britain a deterrent 
force of her own. 

Defense Department has appar-
ently concluded on the basis of cost-
effectiveness studies that Minute-
man ICBM, a fixed-base missile, 
makes Skybolt a marginally useful 
strategic weapon system. 

Air Force disagrees and is fight-
ing for continuation of the project 
(while the betting in Washington is 
that the project will be killed, Air 
Force spokesmen told ELECTRONICS 
in New York that cancellation talk 
was based on rumor and that the 
program had not been killed). 
Douglas Aircraft is prime contrac-
tor and Northrop's Nortronics divi-
sion has the guidance contract. 

Production of 90-Degree 
Color-Tv Tubes Delayed 

NEW YORK—RCA's Electron Tube 
division announced that commercial 
shipments of the new 90-degree, 
round, color-tv picture tube will be 
delayed for approximately 9 to 15 
months. RCA blamed technical diffi-
culties encountered during pilot 
production, stating that reliability 
goals were not fully realized. 
RCA had hoped to introduce the 

new, shorter tubes next spring. It 
said it would continue to produce 
its 70-degree tube on an all-out 
basis. 

Sylvania declined to comment 
last week on the RCA announce-
ment. Sylvania had announced last 
May that it would have a 90-degree 
color tube ready in 1963. 

Rauland Corp., Zenith's tube-
making subsidiary, is sticking with 
its earlier announcement that it 
hopes to make color tubes in its ex-
panded facilities "early next year," 
but declined to specify tube size. 

Sprint Antimissile Is 
Not a Threat to Zeus 

DEVELOPMENT of the Sprint antimis-
sile is not expected at this time to 
influence continuation of the Nike 
Zeus program. Army's interest in 
Zeus was strengthened by the suc-
cessful test at Kwajalein. 
With a solid-fueled booster, 

Sprint would probably be smaller 
and cheaper than Zeus. Army Mis-
sile Command, Huntsville, Ala., has 
not yet announced contractors. 

Sprint is expected to carry an 
atomic warhead and kill directly 
overhead. This means it would 
guard only hardened weapons sites, 
not cities. 
Nor would it guard a site against 

missiles from any direction. Its 
area of attack would probably be 
fixed in much the same way the Bal-
listic Missile Early Warning Sys-
tem fences is fixed. But like Bmews, 
several sprints could monitor sev-
eral small segments. Theoretically, 
18 or 20 could guard a complete 
circle. 

New Device Resembles 
Pentode and Transistor 

NEW YORK—RCA has made experi-
mental microcircuit units that have 
the characteristics of a vacuum-
tube pentode and a transistor. The 
device, made under an Air Force 
contract, was called a major ad-
vance in microcircuits, by Brig. 
Gen. B. G. Holzman, of Air Force 
Cambridge Research Labs. In his 
report last week to the American 
Ordnance Association, Holzman 
said RCA has been able to fabricate 
units with a "highly consistent uni-
formity and quality." 

U. S., USSR to Cooperate 
On Peaceful Space Uses 

WASHINGTON — F ir st agreements 
for cooperative space programs 
have been reached by the U. S. and 
USSR. Success with three initial 
projects—weather, passive commu-
nications and geomagnetic survey 
satellites—will determine other 

Iced Protein Acts Like a Transistor 
BERKELEY, CALIF.—Single-molecule circuits are among the possi-
bilities raised by an Office of Naval Research-funded project at 
the University of California. The project, begun to determine 
microwave hazards, has branched into an investigation of semi-
conductor-like actions in proteins and protein-doped ice crystals. 

P. 0. Vogelhut, of the Electrical Engineering department, has 
measured changes in the dielectric constant of bulk solutions of 
proteins, primarily the enzyme pepsin. Protonic current flow on 
the molecule's surface, possibly due to tunneling, is indicated. 
Variations have been measured by Hall-effect techniques. 

Vogelhut feels such research may explain enzyme kinetics and, 
possibly, transfer of energy in catalytic molecular reactions. 
Ultimately, he speculates, molecules may be designed to simulate 
on their surfaces the functions of such circuits as amplifiers and 
oscillators. These could be used as self-adaptive computer 
circuits. 
On a microcomponents level, the use of protein-doped ice crys-

tals exhibiting transistor-like characteristics, is being investi-
gated. Early research indicates that both p-n and pnp junctions 
will be feasible 
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joint projects in the future. 
For a world-wide meteorological 

satellite system, each country will 
continue separate experimental sat-
ellite programs until 1964 with free 
exchange of technical information. 
By 1965, a joint operational system 
is planned. 

Joint experiments will be con-
ducted in 1962-63 with passive Echo 
satellites, with the possibility of ex-
tending joint efforts to repeater-
type satellites at a later time. 
Both countries will launch satel-

lites to measure the earth's mag-
netic forces during the Inter-
national Year of the Quiet Sun, 
1964-65. The satellites are to be in 
separate orbits and data is to be 
coordinated. 

Portable Rangefinder 
Chops Laser's Beam 

LASER RANGEFINDER with an ac-
curacy of 5 feet regardless of dis-
tance measured is reported by 
Raytheon. The company says this 
accuracy is obtained by chopping 
the output beam into 20-foot seg-
ments with a modulator reacting in 
20 picoseconds. Beams reflected 
from a target are detected by a 
multiplier phototube and a minia-
ture computer calculates elapsed 
time. The system weighs 30 pounds, 
including power pack. 

EIA Studies Navy's 
Microcircuit Proposals 

NAVY'S PROPOSALS for functional 
microelectronics circuits (p 18, Dec. 
7) will be studied by a working 
group of the EIA Advisory Com-
mittee on Microminiaturization. 
The group is expected to report on 
circuit parameter specification in 
about six months. 
The idea of preferred microelec-

tronic circuits appeals to potential 
users, but some predict circuits, 
except perhaps digital, will be diffi-
cult to standardize. 

"We've been through this before 
in conventional circuits and there's 
always a reason why the standard 
can't be used," one engineer told 
ELECTRONICS. 

Preferred microelectronic cir-

cuits is also an Army goal, but for 
now standardization is considered 
possible only for some circuits in 
specific equipment. Air Force feels 
the technology is insufficiently ad-
vanced to permit standardization 
for Air Force purposes. 
The EIA committee adopted mi-

croelectronics nomenclature and 
definitions last week in Philadel-
phia. An engineering bulletin will 
be issued soon. 

New Computers Get 
Hourly Rental Plan 

WILLOW GROVE, PA.—A new series 
of computers was introduced last 
week by Philco's computer division. 
The 4000 is a family of stored-
program systems that process both 
fixed and variable-length data. 
Philco says they can be used equally 
well in scientific or business appli-
cations. Binary or decimal arith-
metic, or both, are available. 

Philco also announced a new 
leasing plan called Pact, for "pay 
actual computer time." For exam-
ple, one 4100 system would rent for 
a fixed $3,850 monthly, plus $22 for 
every hour the system is in use. 
Philco expects to extend the plan 
to their 2000 series soon. 

Feasibility of Nuclear 
Gyro Is Demonstrated 

GARDEN CITY, N. Y.—Berthold Zar-
wyn, director of Arma's basic re-
search department, told ELECTRON-
ICS last week that his scientists 
were able to sense the alignment of 
protons in an experimental solid-
state directional gyro. 
"Our present data as well as some 

extrapolations indicate we are on 
the road to obtaining a solid-state 
nuclear gyro having performance 
at least comparable to that of ex-
isting gyros," he said. 
A report on the gyro was to be 

presented this week at the First 
Annual Symposium on Unconven-
tional Inertial Sensors, at Republic 
Aviation Corp. General Precision 
and Republic were also to present 
papers at the symposium, cospon-
sored by Republic and Navy in co-
operation with Air Force. 

In Brief . • • 

MOTOROLA plans to enter color-tv 
market in mid-1963, using an 
RCA tube, if necessary. The com-
pany is developing a 23-inch, 92-
degree color tube. Motorola ex-
pects some 550,000 color-tv sets 
to be sold in 1963, almost double 
1962. 

AEC REPORTS the U.S. now has 286 
nuclear reactors. Great Britain 
and USSR each have 39 and 
France 25. World total is 518. 

AMPEX has introduced an all-tran-
sistor video tape recorder for 
closed circuit use. It weighs 130 
lb, records 64 minutes of pro-
gramming on an 8-inch reel of 
2-inch tape. 

NASA has awarded Link division of 
General Precision a contract to 
develop a video film converter 
that will enable stereo reconstruc-
tion of lunar views televised by 
Ranger probes. 

AIR FORCE reportedly has now in-
stalled operational Titan II and 
Minuteman missiles at hardened 
sites. 

HUGHES AIRCRAFT has a $27 million 
contract for missile launch con-
trol equipment at operational 
Minuteman sites. 

EIA IS CONSIDERING establishment of 
a division for manufacturers who 
sell through distributors. 

LEACH CORP. will furnish command 
receivers for Army Missile Com-
mand's Arpat, part of Project 
Defender for missile defense. 

KOKUSAI DENSHIN DENWA, of Japan, 
has begun construction of its sat-
ellite communications station (p 
23, March 23). 

CANADA Meteorological Service will 
use a Bendix G-20 computer for 
weather analysis and prediction 
throughout the country. 

SGS FAIRCHILD LTD. will produce sili-
con planar transistor and. in 
1963, Micrologic units at a plant 
near London, England. A plant at 
Milan, Italy, will produce con-
ventional components. 
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ADV.2TISEMENT 

New Pulse Transformer 
Assortment Facilitates 

"Bread-Board" Designs 

The 100Z41 Pulse Transformer 
Assortment offers the circuit designer 1 
a versatile selection of miniature pre-
molded pulse transformers. Devel-
oped by the Sprague Electric Com-
pany, this experimental assortment is 
suitable for a wide range of require- , 
ments and designs in either electron- 1 
tube or transistorized circuitry. 

Provides 58 Combinations 
This assortment contains 12 special- 1 

ly-selected type 32Z miniature pulse 
transformers which permit 58 turns-
ratio and primary inductance com-
binations. With proper choice of ter-
minal windings and connections, these 
transformers provide primary induct-
ances ranging from 160 microhenries 
to 43 millihenries, and turns-ratios 
from 1:5 step-up to 6:1 step-down. 

Permits Frequent Re-Use 
The potted, pre-molded case con-

struction of these pulse transformers 
facilitates bread-board wiring and, 
permits frequent re-use. 
The assortment is packaged in a 

clear, hinged-lid plastic case, complete 
with simple instructions. A printed 
table inside the lid indicates all turns-
ratios, inductances, windings, and 
connections. 

Specific Designs Available 
When the required transformer 

characteristics are determined, pro-
duction quantities to exact require-
ments can be easily obtained from 
Sprague's broad line of hermetically 
sealed or encapsulated pulse trans-
formers. 

For fast delivery or additional in-
formation on the 100Z41 Pulse Trans-
former Assortment, contact the near-
est Sprague Products Co. Industrial 
Distributor, or write Sprague Electric 
Company, 35 Marshall Street, North 
Adams. Massachusetts. 

CUSTOM PACKAGING IS NO NOVELTY AT 

SPRAGUE'S SPECIAL PRODUCTS DIVISION 

* Sprague Electric Company's SPECIAL PRODUCTS DIVISION 

was founded originally to meet the electronic industry's needs 

for reliable packaged assemblies and subassemblies. 

* Sprague has developed and produced packages with 

countless variations in electrical characteristics and mechanical 

configurations, in all shapes and sizes, with and without semi-

conductors, as wiring boards, in encapsulated cases, in cast 

blocks, in hermetically-sealed packages. 

* In Sprague packaged assemblies, internal components are 

connected by soldering, welding, wire-wrapping, or printed 

wiring techniques. 

* Sprague versatility offers several basic types of construc-

tion, including molded cellular, high-density "cordwood", and 

molded multiple-circuit construction, permitting densities in ex-

cess of 200,000 standard components per cu. ft. 

* For application engineering assistance without obligation, 

write or call the Special Products Division, Sprague Electric 

Company, 35 Union Street, North Adams, Massachusetts. 

SPRAGUE COMPONENTS 

PACKAGED COMPONENT ASSEMBLIES 

FUNCTIONAL DIGITAL CIRCUITS 

MAGNETIC COMPONENTS 

PULSE TRANSFORMERS 

CERAMIC-BASE PRINTED NETWORKS 

HIGH TEMPERATURE MAGNET WIRE 
43•367 R3 

CAPACITORS 

RESISTORS 

TRANSISTORS 

INTERFERENCE FILTERS 

PIEZOELECTRIC CERAMICS 

PULSE-FORMING NETWORKS 

SPRAGUE® 
THE MARK OF RELIABILITY 
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EcAds reports on: 
the direct-writing electron pencil ... how to cope with many, many, many oscillographe.,. 
KODAR—a name with a ring to it 

The film in the bottle 
We have something important to say about modulating an 
electron beam and writing with it directly on photographic 
film inside the bottle, skipping phosphor and lens: It is feasi-
ble and advantageous. 
For a while now we have been tossing around the term 

"modulation transfer characteristic" with reference to photo-
graphic emulsions. We suspect that a few uncharitable souls 
in the gallery have snickered at such high-flown language 
issuing from people who brew one of the principal ingredients 
for their product from hides and old bones. 

Let the snickers cease. With a modulated electron beam 
playing directly on this humble outcome of the efforts of cow-
boys and silver miners, stronger reasons begin to unfold for 
speaking of modulation transfer characteristics. The modula-
tion, indeed, seems to get itself transferred a great deal better 
this way than the old way. In fact, the monkey now rides on 
the electronics to generate as much as the photography can 
take. 

We peddle no hardware for this and can therefore talk 
freely with would-be hardware peddlers and their prospective 
customers. We wish to tell them we have looked into it deeply 
enough to know 

• that when conventional medium-speed film records with 
electrons, it can resolve detail considerably smaller than 512; 
• that we can make a film for which the modulation transfer 
level remains above 50% out to 355 cycles/mm, which cor-
responds to nearly 65 megacycles in TV 16mm format; 
• that a high-resolution film (far too slow to consider for the 
light available from a phosphor screen), when exposed to an 
electron beam of low current at little more than half the 
accelerating potential customary in c-r tubes, gives far more 
resolution and far less graininess than can be expected of the 
medium or fast films that the phosphor screens need; 
• that freedom from the graininess and other imperfections 
of the phosphor screens themselves is beautiful; 

• that no harsh remarks should be uttered about the lenses 
that image phosphor screens on film because, until some prac-
tical equipment appears on the market for the new direct-
electron technique, a lot of people will want to write to East-
man Kodak Company, Apparatus and Optical Division, 
Rochester 4, N. Y., for details and prices on what we believe 
to be the sharpest lenses for the purpose in the world. 
For further information on the new technique, write Eastman Kodak 

Company, Special Sensitized Products Division, Rochester 4, N. Y. 

Feet, not inches 
America's oscillographs are spewing out paper so fast that 
processing facilities are swamped. 
To smash the bottleneck, we marketed last autumn what we 

called KODAK EKTALINE Paper and Chemicals. Instant success. 
We were a little crafty. We advertised 180 inches/min 

processing speed and hoped that would sound fast. (You can't 
hang us, since available oscillogram processors couldn't 
operate much faster.) 
How primitive that figure looks, now that the last link of 

the EKTALINE chain is in place! 
We hereby offer the new KODAK EKTALINE 200 Processor 

that processes KODAK EKTALINE 12, 16, or 18 Paper at 200 
ft/min. (Feet, not inches!) With this machine in your dark-
room, evaluation of a 475-foot roll of data can commence less 
than 3 minutes after the paper has been brought in from the 

oscillograph and placed on the supply spindle. You can oper-
ate the machine slower if you want to. 

Quality of the result meets our ridiculously high standards. We are 
willing as of this writing to sell you the machine for $19,500. 1f people 
are standing around waiting for their data, you can't afford to go 
much longer without addressing an inquiry to Eastman Kodak Com-
pany, Professional Apparatus Division, Rochester 4, N. Y. 

The improvement of capacitors 
This is being written by a man wearing a suit and necktie of 
blended KODEL Polyester Fiber. Until we came out with 
"Koon," the way to be chemically specific about polyester 
fiber, sheeting, and film without mentioning somebody's 
trademark was to say poly(ethylene terephthalate). 

o o 

[-o-c Whereas p(e t) is 

KODEL polyester is 

O O 

[-O-C -0-CH2-CH CH-CH2-1 
CH2-CH2 

CH2-CH2 

!I 
-C-0-CH2-CH2-1 

O 
That large added ring preserves the bond between -C and o-
against moisture attack and raises the melting point substan-
tially to as high as 290°C. We also put out the same polymer 
as biaxially oriented KODAR plastic film. 
You cannot take pictures on KODAR, but you can roll it up 

with metal foil into capacitors. 
When the president of Kodak visited the laboratory where 

the many electrical advantages of KODAR were discovered, we 
set up ten .05-µfd 200-v capacitors for him, identical except 
that five of them had that cyclohexane ring in the polyester 
and five did not. We put them all in an oven at 185°C and 
applied 700 volts of dc across them. Within three minutes all 
five of the p(e t)'s had shorted out. This was the logical mo-
ment for the president to leave, but realism is company policy. 
The president wanted to watch the first of ours fail. It took 10 
minutes. KODAR dielectric film has continued to improve. 
On March 26, 1959, having replaced 15 of the regular 

capacitors in a TV set with our kind, we set it to running 
9 hours a day, 7 days a week. All other components that failed 
(naturally, there were many) we replaced. For the Electrical 
Insulation Show in February this year we removed the set 

from the room where 
the lab manager 
hides it and took it 
to Washington. It 
was the hit of the 
show. The coinci-
dence that it hap-
pened to be the only 
TV set in the hall on 
the day when the 

first American was orbiting the earth might have helped focus 
attention on it. It would not have been a good place to have 
one of our capacitors go. 

The remarkable fact is that these capacitors can be cheaper than 
p(e t) ones because the inertness of KODAR to high temperature and 
humidity lets it act as its own monolithic case and survive conditions 
that crumble even the cased p(e t) variety into dust. Furthermore, 
without the variation introduced by measures necessary to protect 
the p(e t), capacitance can be held to +2% at little added cost to 
pay for the rejects. The prominent capacitor manufacturers know all 
about this. lf you want to be one yourself, you can find out a great 
deal more from Eastman Kodak Company, Plastic Sheeting Division, 
Rochester 4, N. Y. 

This is another advertisement where Eastman Kodak Company probes at random for mutual 

interests and occasionally a little revenue from those whose work has something to do with science 
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Four engineers are doing just that — in the Burroughs 
BEAM-X (r- Switch Circuit Design Competition. They're using 
our new 40 page Circuits Brochure as their guide. Editors of 
Electronics, Electronic Design, EDN and Electronic Equip-
ment Engineering will select four winning circuits. Each win-
ner will receive a $1,000 U. S. Savings Bond . . . plus an all-
expense paid trip for two to the 1963 IRE Show. Winners' 
names, and their -winning circuits, will be published in March, 
1963. Watch for announcement of the winning BEAM-X 
Switch circuits. 

Even if you are not in the competition, be 
sure to get your copy of this new brochure. 

It may very well contain the key to your next 
successful electronic circuit design! 

ANOTHER ELECTRONIC CONTRIBUTION BY 

Burroughs Corporation 

ELECTRONIC COMPONENTS DIVISION 

PLAINFIELD NEW JERSEY 
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WASHINGTON OUTLOOK 

DOD SAYS FEE 

PLAN WOULD 

REWARD "GOOD" 

CONTRACTORS... 

... THE HECK IT 

WOULD, SAYS EIA 

POST OFFICE 

ZIP CODE: 

PRELUDE TO 

AUTOMATION 

ANYBODY NEED 

A NIKE AJAX? 

BROADCASTERS 

OPPOSE UHF-TV 

REALLOCATION 

CONTROVERSIAL PLAN to establish, by formula, the target 
profits in negotiated, noncompetitive military contracts goes to the Pen-
tagon this month. The aim is to give high-performance contractors more 
profit and inefficient contractors less. The plan is being proposed by the 
Logistics Management Institute, a Defense Department advisor. 

LMI's formula involves a dozen different contractor cost elements, each 
weighted mathematically and assigned a percentage of the profit allow-
ance. Profit rating for each depends on contractor performance. The com-
posite profit rating is adjusted by such factors as the contractor's risk, 
investment and type of contract. 
LMI complains that target profits are now established by "habit" and 

are too frequently based on a contractor's previous profit allowances and 
industry averages. An LMI Survey shows target profits now average 11 
percent in fixed-price contracts and 7 percent in cost-reimbursement 
contracts. 

ELECTRONICS INDUSTRIES ASSOCIATION will oppose the 
LMI plan, arguing that it won't give a wider range of profits. Theoretical 
application of the plan to representative recent contracts resulted in 
lower profit rates than are now allowed, EIA officials say. 
The proposal has been in the works since May. DOD has discussed a 

preliminary draft with EIA and other industry groups and plans detailed 
discussions with the Defense Industry Advisory Council. 

POST OFFICE isn't waiting for electronic mail-sorting equipment 
to speed up mail delivery by the numbers. Its new five-digit (three for 
major geographical areas, two for local areas) mail-routing code will 
work well without reading machines, postal officials say. They expect it 
to work even better when readers become available. Bulk mailers-
25,000 firms account for 75 percent of the mail—with computers will 
program them to presort addresses by the code. This will eliminate four 
of the customary six sortings in post offices. 

PENTAGON IS PUSHING new uses for the Army's Nike Ajax 
anti-aircraft missile, now being phased out at operational sites. Some 
$39-million worth of equipment—mostly tracking and acquisition radar 
gear—has already been transferred from the North American Air 
Defense Command to other military agencies. 
Among the new uses: Cape Canaveral is modifying units for use as 

infrared measurement systems, Naval Ordnance Test Station at China 
Lake is using the equipnient for test purposes and data acquisition, and 
Navy's Patuxent River Test Center is also using radar equipment for 
testing. 

ANOTHER PROTEST to the proposal to give land mobile radio 
services the frequencies now assigned tv channels 14 and 15 (see p 26) 
has been filed with FCC. National Association of Broadcasters said real-
location "would be a crippling blow" to uhf-tv development. NAB sug-
gested land mobile services be improved through common carriers or 
coordinated systems. 
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REASONS 
TO 
LOOK 
AGAIN 

to for for UNIQUE ADVANCES 
IN CATHODE RAY TUBE TECHNOLOGY! 

SMALLEST SIZE 
HIGH RESOLUTION 

11/4 " electrostatic. Better than 
500 line resolution. 

3-WAY VIEWING 

Distortion less "rear windows" 
for special display & recording 
jobs. 

SHOCK & VIBRATION 
RESISTANCE 

New concepts of ruggedness 
for missile applications. 

FIBER OPTICS & 
BUILT-IN RETICLES 

Parallax-free, self referencing 
display with utmost position-
ing accuracy. 

HIGH SENSITIVITY 

Minimum pattern distortion, 
maximum light output at low 
power for transistorized equip-
ment. 

electronic tube 

& instrument division 

1200 E. MERMAID LANE 

CLOSE-TRACKING, 
2-GUNS 

12" radar & fire control indi-
cators tracking to within 
0.050". 

 0.10111111 

See how ETC's practical CRT design & production ingenuity can 
work for you. Call your nearest ETC sales engineers shown below: 

Kans., Mo. Associated Industries, 
Inc.—Wichita 2 

Minn., N. Wisc., W. Iowa 
Beta Engineering Co.—Minneapolis 

Northeast 
Burlingame Associates--Syracuse & 
Mt. Vernon, N. Y.; Waltham, Mass.; 
Washington, D.C.; Upper Darby, Pa. 

Southeastern. James L. Highsmith & 
Co.—Charlotte, N. C. 

Ariz, Colo., Idaho, Mont., N. Mee., 
Wyo., Utah 
Hyde Electronics Co.—Denver 23. 

Calif., Nev., Hawaii 
J. T. Hill Co.—San Gabriel 

Ill., Ind., E. Iowa, S. Wisc. 
Midwest Electronics Sales—Chicago, 
Indianapolis, Milwaukee 

W. Pa., Ohio, Mich. WKM Associates 
—Canonsburg, Cleveland, Detroit 

Canada. Adams Engineering Ltd.— 
Montreal & Toronto 

National Distributor sales. J. J. 
Schweighauser Associates—Plymouth 
Meeting, Pa. 

OF GENERAL ATRONICS CORPORATION 

HILADELPHIA 1 8 , PENNA. 
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VIBRATION NEWS 
MB ELECTRONICS • A DIVISION OF TEXTRON ELECTRONICS, INC. 

Representatives in principal cities throughout the world 

MB's T-388 Automatic Equalizer 
cuts equalization time to 5 seconds azi 

Production random vibration is now 
practical with MB's completely auto-
matic spectrum equalizer. Set up 
time is eliminated and equalization 
realized within 5 seconds. Savings 
in test time and labor for missile 
and aircraft manufacturing can 
easily reach many thousands of 
dollars per missile tested. 

Operation of the T-388 automatic 
equalizer is extremely simple and 
can be readily handled by non-tech-
nical personnel. A flat or shaped 
spectrum is easily programmed on 
the spectrum control panel by set-
ting the slide wires. A template of 
the spectrum can be used for the 

setting as shown above. The equip-
ment does the rest. 
The T-388 also provides higher 

test accuracy and versatility. Equal-
ization to -±-11/2 db is obtained and 
equipment automatically compen-
sates shifts in resonant frequencies 
and changes in amplitudes. Normal 
frequency range is 15 to 2000 cps 
in 25 cps bandwidths; any 2000 cps 
bandwidth can be obtained between 
15 and 10,000 cps by simple front 
panel selection. 

Other unique features of the T-
388 Automatic Equalizer include: 

• Spectrum analyzer has 3 types 
of readout: 1) precision, direct 

Templates of your test spectrum can be used for 
rapid set-up of the T-388 Automatic Equalizer. 

reading in g2/cps; 2) visual dis-
play on scope for continuous mon-
itoring; 3) permanent record of 
test using X-Y plotter. 

• Highly accurate equalization 
through the use of 80 distinct 
channels of narrow bandwidth (25 
cps) covering a 2000 cps band. 

A test laboratory equipped with 
the T-388 unit will not only save 
many hours of valuable test time, 
but will also be prepared for pres-
ent and future test requirements. 
For detailed information on the 

T-388 Automatic Equalizer write to 
MB Electronics, 781 Whalley Ave., 
New Haven 15, Conn. 

»ni111,1 1 1,1 1 1111,11,11.1,1.11iil 

••••• CM. MO .0 M. 11110. 010 ea» 

Over 50 Multi-Filter 
Equalization Systems 
purchased by leading 
test laboratories 
The important contribution 
which the MB Multi-Filter Equal-
ization System makes to the 
field of vibration testing has 
been recognized by leading en-
vironmental testing laboratories. 
To date over 50 units have been 
purchased...a remarkable rec-
ord for equipment of this type. 
MB engineers will gladly con-

sult with you on how to apply 
the unique advantages and 
savings of the Multi-Filter Equal-
ization System to your test pro-
grams. 
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Printed circuit by Mutual Electronics Div. of Robinson Technical Products, Inc. 

SHIP IT TODAY 
USE IT TOMORROW 
ANYWHERE IN THE USA 
WITH 

35'h Anniversary 
4LaiP 1927-1962   

first and finest Air Shipping service; 

For 35 years, the fastest, surest, safest air shipping service has been AIR EXPRESS, a co-ordinated operation of the 
37 scheduled U.S. Air Lines and R E A Express. Small components get from you to user, on or off airline routes, 
when they're needed—shipped by AIR EXPRESS. 13,000 R E A trucks assure door-to-door pick-up and delivery 
that is as fast and efficient as AIR EXPRESS is in the air. And the cost is low, too-5 lbs. travel 1,500 miles for only 
$4.17. To reach the most experienced, most dependable air shipping service, just pick up your telephone. 

CAL L YO UR LOCAL REA EXPRESS OFFICE FOR AIR EXPRESS SERVICE 
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UNGAR SECRET FOR 

LONG TIP LIFE 

Iron Clad, 24K Gold Plated 
Tips Assure Easier Tinning 
Better Alloying. 

The Imperial 1)304 and b.•;05 Mini-Tip thread-an zips are ideal 
for soldering on critical and heat-sensitive circuitry. 

Heat, corrosion, neglect, 
and abuse combine to take 
their toll of soldering iron 
tips. Constant exposure to 
these destructive elements 
makes periodical tip replace-
ment necessary in production 
line soldering. 

*Wee 

ii— >77 Ilk' 

' 

Wide variety of Imperial 
thread-on tips for micro-minia-
ture or heavy-duty soldering. 

Ungar research has pro-
vided significant metallur-
gical advances to help resist 
these forces and prolong tip 
life: High thermal copper ± 
iron ± gold plating. Why 
gold? Gold plating assures 
perfect alloying and tinning, 
in addition to protecting the 
tip while "on the shelf." 

Reports from production 
line supervisors throughout 
the electronics industry con-
firm economies produced 
when the IMPERIAL with a 24k 
Gold Mini-Tip® soldering tip 
is on the job. "Down time" is 
reduced by at-the-bench tip 
changes without tools. Cool, 
pastel-colored handles, deli-
cately balanced and light 
weight reduce operator fa-
tigue insuring maximum 
production. Interchangeabil-
ity of parts provides the right 
iron for any job in seconds. 

Imperial 25-30-40 watt long-
life heat cartridges are de-
signed for optimant heat 
transfer and recovery. 

Find out how you can 
increase your production and 
reduce soldering costs with 
the new IMPERIAL. Write for 
illustrated brochure. 

UNGAR ELECTRIC TOOLS 
Electronic Division of Eldon Industries, Inc. 

1475 E. El Segundo Blvd., Hawthorne, California 

1  

NEW SMALL A.C. MOTORS 
10 to 20 oz. in. torque 

Here's big torque from a small, light weight MIL spec unit; 
hysteresis synchronous motors produce 10 oz. in. maximum sync 
torque, up to 20 oz. in. from induction types. Globe LC motors 
weigh only 3 lbs. 5 oz., are 33(6" dia. x 3'4" long (shorter or 
longer, depending on performance desired). Where space and 
weight are critical these motors permit extremely small package 
designs for blowers, servo systems, actuators, etc. Available 
with a variety of windings for voltages up to 208 v.a.c., 2, 4, 
or 6 poles, 1 or 2 phase, 60 or 400 cycles, special or variable 
frequency. Motors can be furnished with integral brakes and 
special gear reducers. Write for Bulletin LC from Globe In-
dustries, Inc., 1784 Stanley Ave., Dayton 4, Ohio. 

GLOBE 

GLOBE 

INDUSTRIES, 

INC. 
e 
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Write us today 
for full 

particulars! 

At left: No. 105-BSTI 
Single position Button 
Stem and Wafer making 
machine—Fully automatic. 
Designed for small pro-
duction runs on special 
tube parts or for labora-
tory use. Produces button 
stems up to 11/4 " diameter. 
Machine can be supplied 
with up to 24 positions. 

Illustrated below: An Eisler 
precision Vertical Spot Weld-
er designed exclusively for 
welding of electronic compo-
nents. Available in sizes from 
1/2  to 71/2  KVA. 

EISLER ENGINEERING CO., INC. 
Charles Eisler Jr., Pr.sident 

751 So. 13th St., Newark 3, N.J. 

CIRCLE 201 ON READER SERVICE CARD 
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Douglas is engaged in an intensive program to 
further development of radomes and antennas 
that will operate with precision in high per-

Of interest to engineers and scientists 
1 

ELECTROMAGNETIC WINDOWS 
...one of more than 500 R & D programs under way at Douglas 

formance missile and re-entry vehicle 
applications. 
The following are a few of the areas under 

investigation: methods of radome construction 
extend the usefulness of presently known 
tenais to temperatures beyond present state 
the art limits; new materials that will pro-

vide "see through" capabilities at temperatures 
all the way up to 6000°F; methods of measur-
ing electrical properties of dielectric materials 
at elevated temperatures. 
Urgency of this research is emphasized by 

the mechanical and electrical inadequacy of 
fibre-laminates at the temperature levels of 
high-speed technology. 

to 
tre 
of 

DOUGLAS 

MISSILE ig SPACE SYSTEMS DIVISION 

An equal opportunity employer 

Of career interest to engineers and scientists 

Douglas is seeking electronics specialists and 
others with disciplines related to aerospace at 
all degree and experience levels. Applicants can 
be assured of stimulating work assignments and 
wide professional growth opportunities as they 
participate in vital defense, space, research and 
commercial programs. Some of these under-
takings extend 10 years into the future. 
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 informa-
tion on opportunities in your field at Douglas. 

Mr. F. V. Edmonds 
Missile and Space Systems Division 
Douglas Aircraft Company 
3000 Ocean Park Boulevard 
Santa Monica, California 

F-15 

Please send me full information on profes-
sional opportunities in my field at Douglas. 

Name 

Engineering or 
scientific field 

Address 

City    State 



SUBSONIC AIRCRAFT 

LOITER, 
FERRY, STOL 
LARGE WINGSPAN 

SUPERSONIC MANEUVERABLE 

HIGH-ALTITUDE 
MODERATE WINGSPAN 

MANEUVERABLE 
LOW-ALTITUDE 
VERY SMALL WINGSPAN 

MULTICAPABILITY AIRCRAFT 
OPEN 
POSITION 

CLOSED 
POSITION 

MULTIFLIGHT CAPABILITY 
VARIABLE WING GEOMETRY 

OPTIMUM WING configurations 
for various military missions (top 
3 sketches) and concept used in 
TFX fighter to achieve desired 
range of flight capabilities (bottom 
sketch). Variable wing geometry 
employs pivots on wings 

Five companies making 

small and medium types 

to compete with imports 

OKI ELECTRIC'S 5090 computer 
was one of crowd-pleasers at the 
show 

TAPE-HANDLING units of Nip-
pon Electric's 2230 computer. Speed 
is 90 Kc 

TFX Aircraft Will Use 
Electronics for weapons 

systems will be like 

that planned for RS-70 

By LEON H. DULBERGER 
Associate Editor 

TFX TACTICAL FIGHTER air-
craft contract awarded to industry 
by DOD will lead to extensive 
electronics subcontracting not 
only for the usual airborne elec-
tronics, but for special radar, in-
telligence and missile guidance 
systems. 
The two-man aircraft, will be 

developed jointly by General Dy-
namics, in Fort Worth, and Grum-
man Aircraft Engineering Corp. 
The initial phase of the contract 
calls for an expenditure of $1.1 
billion for development. 
The joint Air Force-Navy fighter 

will provide an air-to-air missile 

weapon system for all-weather 
maintenance of air superiority. 

TWO VERSIONS — TFX, which 
will have a maximum speed of 
Mach 2.5 or over 1,500 mph under 
certain conditions, will be built in 
two versions. One will go to Air 
Force, the other with modifications 
for aircraft carrier service, to 
Navy. 

Variable geometry wing, to al-
low optimum flight performance at 
various altitudes and under differ-
ent missions will be used. This is 
a basic design departure from pre-
vious fighter aircraft. The fighter 
can take off and land on a 3,000 
foot runway. 

Because of the unusual wing 
geometry, the TFX, which will be-
come the F-111 when it is opera-
tional, will have a ferrying range 
exceeding 3,500 miles. 

Initially, 22 of the fighters will 
be built for test and evaluation. 
Successful evaluation will call for 

Will Japan Close the Door 
By CHARLES COHEN 

McGraw-Hill World News 

TOKYO —Japan's seven digital 
computer manufacturers say they 
can now meet domestic require-
ments for medium and small com-
puters. This declaration is ex-
pected to influence sales of Ameri-
can computers in Japan. 
The Ministry of Internatianal 

Trade and Industry is restricting 
the imports of computers. But 
MITI cannot very well prevent im-
ports of a specific class of com-
puter unless there is an equivalent 
domestic machine. Otherwise, it can 
only control imports by varying 
overall computer imports. 

Five of the computers shown at 
the first Japanese computer show 
late last month are reported to be 
directly competitive with IBM's 
1401, a best-seller here. Of the 502 

computers installed or on order in 
Japan by the end of July, about 
100 are 1401's. 
The five Japanese contenders 

are the Nippon Electric 2230, 
Toshiba 4200, Fujitsu 241, Oki 
Electric 5090 and the Hitachi 3010. 

Hitachi's is similar to the RCA 
301, but the others are said to be 
original Japanese designs. 

COMPUTER IMPORTS—Attend-
ance at the show was almost 20,-
000—double pre-show estimates. 

Officials of Japan Electronic 
Computer Co. (JECC. a govern-
ment-aided company financing 
computer rentals) said this means 
that a large number of potential 
customers realize domestic com-
puters are now competitive with 
imported ones. 
JECC predicts that future sales 

of imported computers will taper 
off while domestic computer sales 
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High-Power Radar 
1,500 of the aircraft to be built at 
expenditures totaling roughly $6 
billion. 

SUBCONTRACTS — Subcontract-
ing on the project will be heavy, 
some 50 percent of the first billion 
dollars to be spent will go to firms 
other than the two prime con-
tractors. 
Hughes Aircraft Co., has been 

chosen to develop an air-to-air 
TFX missile and fire-control sys-
tem for Navy use. To date, Air 
Force is expected to require de-
velopment of its own missile sys-
tem for its version of the TFX 
aircraft. The missiles designed for 
the TFX will be capable of nu-
clear-warhead service. 

Pratt and Whitney will build the 
turbofan jet engines for the 
fighter. Two will be used in the 
TFX. Other firms which may win 
subcontracts from the General 
Dynamics — Grumman team, in-
clude: General Electric, Litton In-

dustries and McDonnell Aircraft. 

ELECTRONICS—Details of the 
fighter aircraft's electronics have 
not been made public, but it will 
probably carry sophisticated sys-
tems similar to those under study 
for the RS-70, reconnaissance-
strike bomber. 
Systems for detection, location 

and identification of targets, and 
for calculating guidance data will 
be carried. 

Included will be radar, electro-
optical and infrared sensors, and 
electronic intelligence systems. 
In-flight computer processing of 
information, and central display 
will be provided. 

In addition to the advanced 
design long range missile being 
developed for primary armament, 
the TFX will use the now opera-
tional Sparrow 3 as secondary 
armament. The missile control sys-
tem for the fighter will use a high-
power airborne intercept radar. 

to Computer Imports? 
rise (see graph). Japan's digital 
computer industry didn't start un-
til four years ago. Even with 
foreign cu r r en c y restrictions, 
American manufacturers have 
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over half the market. 
The show was sponsored by the 

Japan Electronic Industry Develop-
ment Association and JECC, tind 
was supported by MITI. 

1959 1960 1961 1962 1963 1964 1965 1966 

PREDICTED SALES 

JAPANESE PREDICTION of future computer market: fewer sales of 
imported systems, greatly increasing sales of domestic computers 

"Nothing is impossible to diligence and skill" 
Samuel Johnson 

Fe 0 "V 

(.1111 1) 

These are the trademarks 

of some of our customers— 

each an important contrib-

utor to a dramatically 

growing industry. We et 

Potter pledge our diligence 

and skills to this growth 

through a constantly 

expanding program of 

research and development. 

PTR/PTS-500 
Perforated 

Tape Reader 
and Spooler 
Combines... 

Trree... 

simplified design with increased ver-
satility and reliability to offer the user 
a high-performance system at low cost. 

The Model PTR-500 features the new 
MONOBRAKEl" —a unique tape stop-
ping device that eliminates tape 
bounce and buckling at the read sta-
tion. Photoelectric sensing provides 
bi-directional read capabilities at 
standard tape speeds of 25 and 50 
IPS. In addition, an optional gating 
and detector circuit provides end-of-
tape sensing from a predetermined 
character in the tape. 

Complete information on the PTR-500 
Perforated Tape Reader and the 
PTS•500 Perforated Tape Spooler is 
available on request. Simply write... 

Manufacturers of: 
• Digital Magnetic Tape Systems 
• Perforated Tape Readers 
• High Speed Printers 
• Data Storage Systems 

Poirren in4e-rnumeNT CO., INC. 
Sunnyside Boulevard • Plainview, New York 
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Ideally suited for drilling 
exceptionally long holes and 
for drilling through a bushing. 
For complete information write 
for Catalog 62. 

je.".11V,* 0 
LOUIS LEVIN & SON, INC. 

3573 Hayden Ave.,. Culver City, California 

ACTUAL SIZE 

STRAIGHT SHANK 
MICRO-DRILLS 

515=il1Nn straight shank precision micro-

drills are now stocked in the U.S.A. for the 

first time. These Swiss drills are recognized as 

the standard of quality wherever fine instru-

ment work is being done. 

IN STOCK FOR IMMEDIATE DELIVERY 
STRAIGHT SHANK DRILLS  15MM — 1.00MM 

SPIREC PIVOT DRILLS  .10MM — 3.00MM 

FLAT PIVOT DRILLS  04IVIM-1.00MM 

SPIREC PIVOT DRILLS—LEFT HAND  .10MM-1.00MM 

SPIREC CENTER DRILLS 10MM— .70MM 

CIRCLE 202 ON READER SERVICE CARD 

Broadband performance 
with low insertion 
loss achieved in 

compact, lightweight 

MICROWAVE 
VARIABLE 

ATTENUATOR 

.8 AT TENUATOR 

Designed for microwave applications in the 1 to 6 Gc range, the Sanders 
TRI -PLATE® Strip Transmission Line Variable Attenuator provides full-scale 
attenuation (guaranteed 24 db minimum ® 5 Gc) with a maximum insertion 
loss of 1.5 db ® 5 Gc (less than 1 db typical). It measures 4%8" square and 
weighs but 11 oz. Input VSWR is guaranteed less than 1.75 ® 5 Gc. 
The standard Model 1 Attenuator — which is immediately available from 

stock — is supplied with two female Type N coaxial connectors at the top 
rear of the unit, making it suitable for panel mounting as well as for bench 
use. On special order, any combination of male or female connectors of Types 
N, C, BNC, TNC or HN can be furnished. Also on special order, connectors 
can be located at the top front of the attenuator, making it suitable for mount-
ing on a flat surface. Either connector can be used for input or output. 
COST: a low $72.00, 100-up; $79.00, 30-99; $85.00, 6-29; $90.00, 1-5. 

0) Sanders Associates, Inc. 

SEND COUPON FOR COMPLETE DETAILS ,, i_ 

Sanders Associates, Inc. E-12 
Microwave Products Dept., Nashua, New Hampshire 

Please send complete data on the TRI -PLATE Variable Attenuator. 

Name Title  

Company  

Street  

City Zone State  

ARNOLD transistorized 
dc to sine wave inverters 

lee» 
off-the-shelf 

delivery on 50 VA 
units 

Arnold inverters combine close regulation and low har-
monic distortion with high density packaging. Units are 
available at frequencies from 400 to 1600 cps . . . power 
ratings from 50 to 300 volt-amperes. Output voltage of 115 
VRMS is standard. 
Units are hermetically sealed and fully potted to meet 
requirements of MIL-E-5272C. 
Self-protected against short-circuits, overloads, reactive 
loads, input line transients, and reversal of input polarity. 
Write for complete literature on the "SKZ" series 

ARNOLD MAGNETICS CORP. 
6050 West Jefferson Blvd., Los Angeles 16, Calif. 
VErmont 7-5313 • UPton 0-6284 
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INSIDE LOOK AT ALITE - 

Write today for Bulletin 

A-40R—Full technical data 

on standard and special 

Alite ceramic-to-metal 

seals. 

ALITE DIVISION 

In all phases of planning for high-alumina 

ceramic-to-metal seals you can rely on Alite for the 

"know-how" and "do-how" required to produce highest 

quality for critical applications. 

From design to finished part, every manufacturing step 

— including formulating, firing, metalizing and 

testing — is handled within our own plant and 

carefully supervised to assure strict adherence to 

specifications, utmost uniformity and reliability. 

To simplify design problems and speed delivery, 

Alite terminals, feed-throughs and cable end seals are 
available in over 100 standard sizes. 

December 14, 1962 

Box 119 • Orrville, Ohio 88-H 
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RADIATION BELT plot indicates (biz contours in VIEW FROM HAWAII, 780 miles away, of a high-alti-
electrons/cm' in the week after July 9, 1962 explosion tude explosion in 1958 

Is That Radiation Belt Going 

Away Next Summer, or Isn't It? 

Van Allen says it will, 
but astronomers and 
others are skeptical 

By WARREN KORNBERG 
McGraw-Hill World News 

THOMAS MAGUIRE 
New England Editor 

MICHAEL F. WOLFF 
Senior Associate Editor 

WASHINGTON—Is the artificial 
radiation belt produced by last 
July's high-altitude nuclear test 
disappearing quickly? 
James A. Van Allen says it is. 

Other satellite experimenters and 

radio astronomers say it isn't. The 
President's Scientific Advisory 
Committee (PSAC) is uncertain. 
Atomic Energy Commission and 

Department of Defense had re-
ported that the U. S. nuclear test 
last summer (ELECTRONICS, p 20, 
July 20) produced a greater in-
crease in radiation intensity than 
was anticipated and that it might 
persist for years. Solar cells on 
several satellites were damaged (p 
27, Sept. 14), halting transmission. 

ASTRONOMERS SAY—National 
Bureau of Standards' radio as-
tronomers at Jicamarca, Peru, in-
itially estimated the life of the belt 
at 100 months and have seen no 
reason since to revise the estimate 
downward. 

Their highly sensitive equipment 
is one of the few radio astronomy 
operations in the equatorial regions 
covered by the belt. This area is 
affected because of the latitude of 
the July 9 explosion. 
To avoid further contamination, 

the U. S. subsequently reduced the 
power and altitude of high-altitude 
tests. Later U. S. and Soviet tests 
added some contamination, but its 
geometry is not as well known. 

Radio astronomers in the equa-
torial regions say their searches for 
weak radio sources in space will be 
affected by the belt during 40 of the 
100 months the belt will be detect-
able. Increasingly important studies 
of the polarization of radio star 
energies will be most radically af-
fected. 

ANATOMY OF A NUCLEAR BLAST. Photos of the July 9, 1962 explosion are not yet available. These show the 
fireball from .4 through 28 seconds after the blast. Note formation of aurora. Photos were made from plane by Edger-
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HAWAIIAN night sky glows dur-
ing the high-altitude explosion 
July 9 

Effects on radio astronomy are 
subtle. Strong radio sources will 
generally come through the noise, 
which, although reduced, is still a 
nuisance to some experiments. 

Overall, astronomers say no more 
than 5 to 10 percent of radio 
astronomy will be troubled, virtu-
ally none will be destroyed. All ef-
fect is dependent on latitude and a 
critical band of frequencies be-
tween 50 and 100 Mc. 

VAN ALLEN SAYS—Recently, 
Van Allen said the belt was gradu-
ally being whittled away (p 7, Nov. 
23). 

"Within a year from the date of 
the burst it will be hard to tell that 
there ever was a belt—it will be un-
dectable by anything we know of," 
he said. 

Characterizing as "complete non-
sense" claims reportedly made that 
the belt would ruin radio astronomy 
for years, he referred to the "near 
hysteria" resulting from such re-
ports as "the preliminary and—I 
think—ill-considered report put out 
by PSAC." 
Van Allen said the Johnston Is-

development of the 1958 Teak 
ton, Germeshausen & Grier 

Get Cooperation 
from SPRAGUE 

on your 
PULSE 

NETWORK 
PROBLEMS 

Experienced 
Systems 
Engineer5 

At Your Ser-dice! 

Sprague has much to offer to 
designers of radar systems, laser 
systems, tube testing systems, 
and other specialized systems. A 
highly-technical special engineer-
ing section devoted exclusively 
to pulse capacitors and networks 
includes systems as well as pulse 
network engineers. We can help 
you with your problems because  
wefully understand your problems! 

But Sprague service does not 
end here. Following up the de-
sign aspect, we can quickly and 
efficiently estimate pulse network 
sizes and prices for bidding pur-

SPRAGUE COMPONENTS 

poses. We're also equipped to 
give quick reaction capabilities 
for your breadboard and proto-
type units. 

A pioneer in pulse networks, 
Sprague is a major supplier of 
custom units from less than 
1 KV up to 500 KV over a broad 
range of power levels. 

For application engineering 
assistance, or additional infor-
mation, write to Pulse Network 
Section, Sprague Electric Com-
pany, 35 Marshall Street, North 
Adams, Massachusetts. 

PULSE-FORMING NETWORKS 

CAPACITORS 

RESISTORS 

TRANSISTORS 

INTERFERENCE FILTERS 

PIEZOELECTRIC CERAMICS 
45,1-475 

PACKAGED COMPONENT ASSEMBLIES 

FUNCTIONAL DIGITAL CIRCUITS 

MAGNETIC COMPONENTS 

PULSE TRANSFORMERS 

CERAMIC•BASE PRINTED NETWORKS 

HIGH TEMPERATURE MAGNET WIRE 

SPRAGUE® 
THE MARK OF RELIABILITY 
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ffl'ILIMISTalrr 
METAL FILM RESISTORS 

OFFER 5 TEMP. COEFFICIENTS 
TO MEET ALL CIRCUIT 
REQUIREMENTS 

RUGGED END-CAP 
CONSTRUCTION 
FOR LONG TERM 

STABILITY 

EXCEPTIONAL 
RESISTANCE TO 
MOISTURE AND 

MECHANICAL DAMAGE 

SURPASS MIL-R-10509 
PERFORMANCE 
REQUIREMENTS 

Providing close accuracy, reliability 
and stability with low controlled 
temperature coefficients, these 
molded case metal-film resistors out-
perform precision wirewound and 
carbon film resistors. Prime charac-
teristics include minimum inherent 
noise level, negligible voltage coeffi-
cient of resistance and excellent 
long-time stability under rated load 
as well as under severe conditions of 
humidity. 

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

Filmistor "C" Resistors, in %, 
and 1 watt ratings, surpass the 

stringent performance requirements 
of MIL-R-10509D, Characteristics 
C and E. 

Write for Engineering Bulletin 
No. 7025A to: Technical Literature 
Service, Sprague Electric Co., 3 5 
Marshall Street, North Adams, Mass. 

For application engineering assistance, 
write: Marketing Dept., Resistor Div., 
Sprague Electric Co., Nashua, N. H. 

SPRAGUE® 
THE MARK OF RELIABILITY 

730,1 

land tests were planned to explore 
the military significance of high-
altitude tests in jamming communi-
cations. 

In May 1961, he said, "A group 
of us were asked by the government 
to determine if there were any 
towering objections" from the 
viewpoint of prejudicing the obser-
vation and measurement of natural 
phenomena, or hazards to life, and 
so forth." 
He wrote in his report about the 

expected production of artificial 
belts and perturbation of the na-
tural belt. "I was not wrong by 
very much in the predictions," he 
said. 

Data on the artificial belt has 
been received from the Injun satel-
lite, which provided "before and 
after" data, and Telstar, Explorer 
XIV, and now Mariner. While 
there are disagreements over the 
interpretation of data, Van Allen 
expressed confidence in that yielded 
by Injun and summarized: "The 
actual effects were in accordance 
with the predicted effects by a fac-
tor of two." 

PSAC'S OPINION—Neither Van 
Allen's estimate nor the conflicting 
one by the ionospheric probers is 
being bought by PSAC yet. A re-
cent meeting failed to turn up a 
clear picture. 
ELECTRONICS was told the belt is 

not behaving as expected, but that 
the basis for expectation was 
limited. There was almost no thor-
ough study of the natural lower 
radiation bands and none at all in 
low sunspot activity periods like 
the present one. 
Phenomena that is not under-

stood includes the uneven decay of 
both natural and man-made elec-
trons in the lower regions. How-
ever, this is not of the kind to cause 
revisions in the evaluations. It is 
considered that Van Allen's esti-
mates are more sophisticated since 
he has time-linked data. 

DATA GATHERING—Data are 
still being gathered from Jica-
mama, from an equatorial radio 
astronomy station operated in 
Hawaii by the High Altitude Ob-
servatory, and from Telstar, Anna, 
Explorer XV (the experimental 
satellite launched to probe the belt), 
Injun, the Defense Atomic Support 
Agency and other monitoring op-

AND FROM ENGLAND ... 

British radio astronomers are 
standing by their early opin-
ions until data supporting 
Van Allen's thesis are pub-
lished. 

Sir Bernard Lovell and 
Martin Ryle told ELECTRONICS 
they were astounded by Van 
Allen's statement, claiming 
they had seen nothing pub-
lished that would alter their 
views—expressed before the 
test—that the nature and life 
of the Van Allen belt is un-
predictable. 
They deplore the lack of 

American data before and 
after the test, but refuse to 
take a definite stand until 
they see Van Allen's data. 

erations. 
Although the data may not be 

read out for a month or two, indi-
cations so far are that the initial 
estimates were not far off. 

NASA SCIENTIST—At an MIT 
symposium last week, Wilmot Hess, 
of Goddard Space Flight Center, 
declined to call Van Allen's state-
ment premature. He said data from 
Injun, Telstar, Traac and Ariel in-
dicate the number of particles in 
equatorial regions will only have 
halved after one year. 

"If the particles are gone within 
a year (after the blast), then some-
thing other than atmospheric scat-
tering is going on," he said. 

Atmospheric collision can account 
for loss at low altitudes, but there 
may be other mechanisms at higher 
altitudes. There are fission-spec-
trum electrons near earth, but be-
yond 1,000 Km particles could be 
fission or natural. 

Air Force has declined to reveal 
data from an unnamed satellite 
launched within two months after 
the blast to measure radiation-belt 
effects. But some data was privately 
presented to Hess at the seminar 
by AF Cambridge Research Labs 
scientists. Publicly, they said only 
that the data indicates a high-alti-
tude particle spectrum softer than 
would be expected from fission par-
ticles. 
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NORTHEASTERN FIRST AGAIN! 
LEVEL 

NORTHEASTERN 
ENGINEERING, INC. 
MANCHESTER, N.H. 

FREQUENCY CONVERTER 
MODEL 14-26C 

AMPLIFIED 
50KC 10MC 

10,40mC 200.1000MC 

FREQ MC 

"747 

I Ofit 

TUNING 

Anew 
1000 MC 
Counter 
for only 
$425.P 

Just plug in Northeastern's 
1 KMC frequency converter! 

The Model 14-26c can be plugged 
into Northeastern Model 14-20c 
Counter and counters of other 
manufacturers. 
• Frequency range  900 MC 

to 1 KMC 
• Input voltage (min.) 100 

millivolts RMS 
• Input Impedance . .. .50 ohms, 

approx. 
• Accuracy +1 count, 

± accuracy of counter 
• Power requirements  

furnished by counter 
NORTH EASTERN 
ENGINEERING INCORPORATED 
AFFILIATE OF ATLANTIC RESEARCH CORPORATION 
DEPARTMENT 8A MANCHESTER, NEW HAMPSHIRE 
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More Speed Sought by Systems 

FAMILY DISPUTE 

Executive Committee of the 
EIA's Consumer Products Di-
vision decided at the EIA con-
ference that it will formally 
oppose a petition by another 
EIA group. 
The Land Mobile Communi-

cations Section is asking FCC 
to reallocate to land-mobile 
use the frequencies now allo-
cated to uhf-tv channels 14 
and 15 (ELECTRONICS, p 7, 
Oct. 12 and p 18, Nov. 30). 
Consumer products people 

feel there will be more need 
for those channels for general 
viewing in years to come and 
are so informing the FCC 

By the time a weapons 
system is perfected, 
it could be obsolete 

By ED ADDEO 
McGraw-Hill World News 

SAN FRANCISCO—When is a 
good weapons system a bad weapons 
system? 
When it doesn't get built in time, 

because the developers strive too 
long for perfection, or when it 
doesn't do the job for which it was 
intended. 
These are a few of the problems 

spotlighted at an all-day symposium 
on "Methodology of Weapons Sys-
tems" that kicked off the Electronic 

WEAPONS SYS-
TEM panelists 
Bernard Sobin, 
Ernest Mosbaek, 
E. S. Quade and 
T. G. Pearson, 
moderator 

COST-TIME ASPECTS of weapons system analysis being discussed by 
T. G. Pearson, Herbert Spiro, Stahrl Edmunds (symposium chairman) 
and Peter Holman 

Industries Association's Winter 
Conference here. The panel was the 
first step in an effort by the EIA 
Systems Requirements Committee 
to aid defense electronics producers 
in improving proficiencies in weap-
ons-system decisions. 

TOO MUCH TOO LATE—The pan-
elists indicated agreement that per-
fection in weapons-system selection 
is all but impossible, owing to dy-
namic criteria and constantly shift-
ing emphases and objectives. 

Peter Holman, of Systems Devel-
opment Corp. urged his colleagues 
to avoid trying to "optimize" or 
"maximize" military values in se-
lecting weapons systems and to 
start "satisfizing"—fulfilling mini-
mum needs to "get off the ground" 
and concentrating later on improve-
ment to an optimum degree. 

Bernard Sobin, of the Institute 
for Defense Analysis, said the 
world "isn't as simple as analysts 
would like it to be," adding that 
only "real-world" problems and con-
siderations could lead to an effective 
weapons system analysis. He said 
the usual case is that analysts al-
ways try to fit the world to their 
problems, rather than conversely. 

Ernest Mosbaek, Tempo Division, 
General Electric, agreed with Sobin 
and added that analytical problem 
models are essential to accurate 
weapons systems analyses. 
He said the tendency to consoli-

date important factors often leads 
to incorrect systems decisions. His 
example: a water-land weapon sys-
tem route being consolidated into 
"mud" for ease of evaluation, and a 
tank selected as the best weapon. 
What happens when the tank tries 
to cross the water, the "real-world" 
factor the analysts consolidated? 

ANALYSIS STEPS — Herbert 
Spiro, Douglas Aircraft Co., out-
lined five steps in analyzing a weap-
ons system decision: 
• Threat determination 
• Description of environment 
• Definition of objectives 
• Outline of operational concepts 
• Specification of tools with 



Planners 

which the system will operate. 
E. S. Quade, of the Rand Corp., 

noted some pitfalls of the analysis 
approach to deciding on a weapons 
system, saying that no analyst 
should assume what the enemy will 
do. Instead, he should consider 
every possible alternative even be-
fore the analysis begins. He said 
erroneous or inefficient objectives 
often cost time and money. 

Security restrictions prevented 
the panelists from citing specific ex-
amples of the analysis approach, but 
Quade recalled a World War II 
bomber gunnery problem. By the 
time it was solved, the problem was 
obsolete because the enemy was no 
longer shooting back with conven-
tional weapons. 

Significance of the symposium 
was stressed by T. G. Pearson, Mar-
quardt Corp. He said weapons-sys-
tem predictions have been about 37 
percent off in the past. That figure 
could be drastically reduced with 
more proficient decision-making. 

OTHER EVENTS-Other news at 
the three-day conference: 
• Unofficial talk at receptions and 

lunches that prices of conventional 
semiconductor devices still have a 
slight way to go before they bottom 
out. Most officials were reticent on 
the price subject, but some offered 
opinions that prices were on a mo-
mentary plateau after the steady 
decline of past years. 
• Proposal by the EIA Parts Di-

vision to protest publication, by the 
Defense Department's Interservice 
Data Exchange Program, of manu-
facturers' failure to meet DOD test-
ing standards. Many manufactur-
ers feel that their own testing 
standards and procedures are more 
efficient than DOD's. They appar-
ently fear some potential customers 
will be scared off by IDEP, when 
actually the parts may pass vendor's 
higher standards with flying colors. 
• Talk on the DOD's program for 

stimulation of overseas sale of U. S. 
defense electronics products, by 
James Dunlap. Sales to foreign 
countries by 1965 are expected to 
be more than $10 billion. 

WHY USE TWO IF ONE WILL DO? 
The Heinemann Type B Time-Delay Relay can double as its own load 
relay. It's got a continuous-duty coil. Once actuated, it can remain 
locked-in indefinitely. This, combined with DPDT snap-action switching 
at up to 5 amps, can obviate the need for a separate slave relay in many 
applications. 

Yours might be one of them. Here's a quick rundown of the Type B's 
specs: 

Standard Timings: 1/4, 1/2, 1, 2, 3, 4, 5, 8, 10, 15, 20, 30, 45, 60, 
90, 120 seconds. 

Contact Capacity: 5 amperes at 125V or 250V AC; 5 amperes at 30V 
DC, resistive: 3 amperes at 30V DC, inductive. 

Coil Voltages: 60 cycles AC: 6, 12, 24, 48, 110, 115, 120, 208, 220, 
230, 240 volts; DC: 4, 6, 12, 24, 28, 48, 64, 110, 120 volts. (Others 
available.) 

For more detailed specifications on the Type B (and on all the other 
time-delay relays in the Heinemann line), write for Bulletin 5005. 

HEINEMANN 
ELECTRIC COMPANY 
2600 Brunswick Pike, Trenton 2, N. J. 

SA L578 
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!!EYIM  
MALLORY SETS NEW 

STANDARDS IN "SOLIDS" 

Type TAS solid tantalum ca-
pacitor meets or beats all MIL 
specs for capacitance stability, 
low DC leakages, low dissipa-
tion factor, close tolerances, 
resistance to environmental 
exposure. For data on four 
MIL sizes, from 0.33 to 330 
mfd., write for Bulletin 4-40E. 

In our plant at Greencastle, Indiana . . . the first, incidentally, built exclusively for tan-
talum capacitors, and first to fly the Signal Corps RIQAP pennant . . . we've engineered 
random moisture out of the production line. Laboratory-like precision in control of mois-
ture eliminates one of the most critical variables affecting capacitor life and performance. 

Automatic air conditioning keeps plant humidity below 50%, even during the sultriest 
dog days. Uncased tantalum elements are exposed to this dry air for a maximum of 45 
minutes. Between steps in the production cycle, they are kept in desiccators. 

Mastery of moisture is typical of our advanced techniques in production and quality 
control that assure consistently high reliability of Mallory tantalum capacitors. Write 
or phone for complete data on the Mallory line, the widest in the industry. Mallory 
Capacitor Company, Indianapolis 6, Indiana ... a division of P. R. Mallory & Co. Inc. 

WET SLUG ... FOIL ... SOLID ELECTROLYTE TANTALUM CAPACITORS MALLORY 
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Mallory tantalum capacitors 
delivered from stock at factory 
prices by these distributors: 

Baltimore, Md. 
Radio Electric Service 

Boston, Mass. 
Cramer Electronics 
DeMambro Radio Supply Co. 
Lafayette Radio 
QPL House, Inc. 

Bridgeport, Conn. 
Westconn Electronics 

Buffalo, N.Y. 
Wehle Electronics 

Chicago, Ill. 
Allied Electronics Corp. 
Newark Electronics Corp. 

Cincinnati, Ohio 
United Radio 

Cleveland, Ohio 
Pioneer Electronics 

Dallas, Texas 
Engineering Supply Co. 
Hall-Mark Electronic Corp. 

Dayton, Ohio 
Stotts-Friedman Co. 

Denver, Colo. 
Denver Electronics 

Houston, Texas 
Harrison Equipment Co., Inc. 
Lenert Company 

Indianapolis, Ind. 
Graham Electronics 

Los Angeles, Calif. 
California Electronics 
Kierulff Electronics, Inc. 
Lynch Electronics 
Radio Product Sales 

Minneapolis, Minn. 
Northwest Electronics Corp. 

Montreal, Que. 
Canadian Electrical Supply Co. 

Mountainside, NJ. 
Federated Purchaser, Inc. 

Muskegon, Mich. 
Fitzpatrick Electric Co. 

Nashville, Tenn. 
Electra Dist. Co. 

Newark, N.J. 
Lafayette Radio 

New York, N.Y. 
Harrison Radio Corp. 
Harvey Radio Co., Inc. 
Lafayette Radio 
Milo Electronics 
Terminal Hudson Electronics 

Oakland, Calif. 
Elmar Electronics, Inc. 

Oklahoma City, Okla. 
Radio, Inc. 

Orlando, Fla. 
East Coast Electronics 

Ottawa, Ont. 
Wackid Radio-TV Lab. 

Palo Alto, Calif. 
Zack Electronics 

Perth Amboy, NJ. 
Atlas Electronics 

Philadelphia, Pa. 
Herbach & Rademan 
Philadelphia Electronics 

Phoenix, Ariz. 
Kierulff Electronics, Inc. 

Pittsburgh, Pa. 
Radio Parts Co. 

Salt Lake City, Utah 
Kimball Electronics 

San Antonio, Texas 
Perry Shankle 

San Francisco, Calif. 
Kierulff Electronics, Inc. 

St. Louis, Mo. 
Olive Electronics 

Seattle, Wash. 
F. B. Connelly Co. 

Tampa, Florida 
Thurow Electronics, Inc. 

Toronto, Ont. 
Alpha Aracon Radio Co. 
Electro Sonic Supply 
Wholesale Radio & Electronics 

Tulsa, Okla. 
Engineering Supply Co. 

Washington, D.C. 
Capitol Radio Wholesalers 
Electronic Industrial Sales 

White Plains, N.Y. 
Westchester Electronic Supply Co., Inc. 

Winston-Salem, N.C. 
Electronic Wholesalers Inc. 
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ACOUSTIC SYSTEM is a small-scale simulator of radar altimeter 

Garnet Simplifies Preselector 

Ferrite in cavity 

electronically tunes 
L-band receiver 

KANSAS CITY—There's a simpler 
way to tune up the front end of 
small, multichannel receivers—use 
f er r it e preselectors, said one 
speaker at the Mid America Elec-
tronics Conference here. 

Building the preselector around 
a garnet bead, as illustrated, makes 
it electronically tunable, reported 
Guy Gooch, of Wilcox Electric. The 
device is tuned by varying the 
strength of a magnetic field coupled 
to the bead by orthogonal loop coax 
cable terminals. Insertion losses are 
4 to 9 db. 

Beads are polished 0.02 to 0.05-
inch spheres of single-crystal, yt-
trium-gallium-iron garnet. During 
a feasibility study at the University 
of Kansas, it was found that substi-
tuting 15 percent gallium for yt-
trium in garnet lowered its reso-
nant frequency from S-band to 
L-band. 

The preselector operates at L-
band. Gooch suggested substituting 
other materials to produce spheres 
resonating at other f r equency 
ranges. 

The bead's resonant frequency 
shifts 41 Mc/deg C—a range of 850 
to 1,200 Mc over 20 C to 60 C. A 
crystal oven would probably be the 
best control over this, he said. Feed-

back sensors would probably distort 
the magnetic field. 

RADAR SIMULATOR—A short-
cut for radar altimeter designers 
was described by R. K. Moore, Uni-
versity of Kansas. He put a 1-Mc 
acoustic transducer in a tank of wa-
ter, then scaled down system pa-
rameters to correspond to the fre-
quency change. 

For example, returns from a 400-
Mc radar at 20-Km altitude can be 
simulated by acoustic propagation 
through 6 feet of water. At this 
scale, plywood looks like ocean or 
desert, sand is like farmland or a 
forest depending on sand density, 
and wrinkle paint the moon. 

BEAD 

DISK 

BEAD 

ORTHOGONAL 
LOOPS 

Mr2 

BEAD IMBEDDED 
IN DISK 

DISK 

COAX 

LOOPS 

COAX 

RESONANT frequency is varied 
in preselector by varying strength 
of magnetic field 
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MICROTRON, microwave power source for electronic food preparation units, 

featuring a CW magnetron from our line of microwave tubes and display 

devices. San Carlos, California. In Europe, Box 110, Zurich 50, Switzerland. 

Ili LITTON INDUSTRIES 
ELECTRON TUBE DIVISION 

CIRCLE 205 ON READER SERVICE CARD 

Faster checkout 

Even in a monster of a system you 
can save days of checkout time with 

EECO Core Memories...the 
magnetic memory units that 

were developed by data 
processing engineers for all 

systems engineers, with improved 
reliability as a goal. Visual indicator 

(standard equipment) shows both 
address and data instantly. All solid-state 

circuits on plug-in cards. Operation 
and automatic test of entire memory at 

200-kc rate, and manual step-by-step 
test. 21/2-microsecond access time. 

Non-destructive unload. Separate input 
& output registers. Noise rejection input 

circuits. Random access, sequential access or 
sequential interlace. Power consumption 
a low 120 watts. Character capacities up 

to 4096. Write for complete specs. 

0 1601 E. Chestnut Avenue • Santa Ana, California • Phone, 547-5501, P.O. Box 58 • Representative 
. EE 2-4B in Western Europe and Israel: Electronic Engineering S.A., C.P. 14i Fribourg, Switzerland. 

Electronic Engineering Engineering Company of California 

MEETINGS AHEAD 

SPACE PHYSICS CONFERENCE, American 
Rocket Society; Philadelphia, Pa., 
Dec. 26-31. 

INFORMATION SYSTEMS MEETING, Engi-
neers Joint Council, American Asso-
ciation for Advancement of Science; 
Bellevue-Stratford Hotel, Philadel-
phia, Pa., Dec. 27. 

MILLIMETER AND SUBMILLIMETER CON-
FERENCE, IRE; Orlando Section; 
Cherry Plaza Hotel, Orlando, Flor-
ida, Jan. 7-10. 

RELIABILITY & QUALITY CONTROL SYM-
POSIUM, IRE-PGRQC, AIEE, ASQC, EIA; 
Sheraton Palace Hotel, San Fran-
cisco, Calif., Jan. 21-24. 

INSTITUTE OF ELECTRICAL & ELEC-
TRONICS ENGINEERS WINTER GENERAL 
MEETING & EXPOSITION, IEEE; Statler 
and New Yorker Hotels, New York 
City, Jan. 27-Feb. 1. 

MILITARY ELECTRONICS WINTER CON-
VENTION, IRE-PGMIL; Ambassador 
Hotel, Los Angeles, Calif., Jan. 30-
Feb. 1. 

QUANTUM ELECTRONICS INTERNATIONAL 
SYMPOSIUM, IRE, SFER, ONR, Unesco 
Building and Parc de Exposition, 
Paris, France, Feb. 11-15. 

INFORMATION STORAGE AND RETRIEVAL 
SYMPOSIUM, American University; 
International Inn, Washington, 
D. C., Feb. 11-15. 

ELECTRICAL & ELECTRONIC EQUIPMENT 
EXHIBIT, ERA, ERC; Denver Hilton 
Hotel, Denver, Colo., Feb. 18-19. 

SOLID STATE CIRCUITS INTERNATIONAL 
CONFERENCE, IRE-PGCT, AIEE, Uni-
versity of Pennsylvania, Sheraton 
Hotel and U. of P., Philadelphia, 
Pa., Feb. 20-22. 

PACIFIC COMPUTER CONFERENCE, AIRE; 
California Institute of Technology, 
Pasadena, Calif., March 15-16. 

BIONICS SYMPOSIUM, United States Air 
Force; Biltmore Hotel, Dayton, 
Ohio, Mar. 18-21. 

IEEE INTERNATIONAL CONVENTION, In-
stitute of Electrical and Electronics 
Engineers; Coliseum and Waldorf-
Astoria Hotel, New York, N. Y., 
March 25-28. 

ENGINEERING ASPECTS OF MAGNETO-
HYDRODYNAMICS SYMPOSIUM; IRE-
PGNS, AIEE, IAS, University of Cali-
fornia, UCLA, Beverly, Calif., 
April 10-11. 

OHIO VALLEY INSTRUMENT-AUTOMA-
TION SYMPOSIUM, ISA, et al; Cin-
cinnati Gardens, Cincinnati, Ohio, 
April 16-17. 

ADVANCE REPORT 
NATIONAL TELE METERING CONFERENCE, 

IRE-PGSET, ASEE, et al; Hilton Hotel, Al-
buquerque, N. M., May 20-2.1, 196.3. Feb. 
1 is the deadline for submitting papers 
to: T. J. Hoban, NTC Program Chair-
man, Sandia Corp., P. 0. Box 5800, Al-
buquerque, N. M. Papers are being 
sought jointly for the International Tele-
metering Symposium to be held in Lon-
don, England from Sept. 24-27. The con-
ference will stress telemetering achieve-
ments in four fields: industry, biomedi-
cine, aerospace and oceanography. 
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Mallory tantalum capacitors 
delivered from stock at factory 
prices by these distributors: 

Baltimore, Md. 
Radio Electric Service 

Boston, Mass. 
Cramer Electronics 
DeMambro Radio Supply Co. 
Lafayette Radio 
QPL House, Inc. 

Bridgeport, Conn. 
Westconn Electronics 

Buffalo, N.Y. 
Wehle Electronics 

Chicago, Ill. 
Allied Electronics Corp. 
Newark Electronics Corp. 

Cincinnati, Ohio 
United Radio 

Cleveland, Ohio 
Pioneer Electronics 

Dallas, Texas 
Engineering Supply Co. 
Hall-Mark Electronic Corp. 

Dayton, Ohio 
Stotts-Friedman Co. 

Denver, Colo. 
Denver Electronics 

Houston, Texas 
Harrison Equipment Co., Inc. 
Lenert Company 

Indianapolis, Ind. 
Graham Electronics 

Los Angeles, Calif. 
California Electronics 
Kierulff Electronics, Inc. 
Lynch Electronics 
Radio Product Sales 

Minneapolis, Minn. 
Northwest Electronics Corp. 

Montreal, Que. 
Canadian Electrical Supply Co. 

Mountainside, N.J. 
Federated Purchaser, Inc. 

Muskegon, Mich. 
Fitzpatrick Electric Co. 

Nashville, Tenn. 
Electra Dist. Co. 

Newark, NJ. 
Lafayette Radio 

New York, N.Y. 
Harrison Radio Corp. 
Harvey Radio Co., Inc. 
Lafayette Radio 
Milo Electronics 
Terminal Hudson Electronics 

Oakland, Calif. 
Elmer Electronics, Inc. 

Oklahoma City, Okla. 
Radio, Inc. 

Orlando, Fla. 
East Coast Electronics 

Ottawa, Ont. 
Wackid Radio-TV Lab. 

Palo Alto, Calif. 
Zack Electronics 

Perth Amboy, NJ. 
Atlas Electronics 

Philadelphia, Pa. 
Herbach & Rademan 
Philadelphia Electronics 

Phoenix, Ariz. 
Kierulff Electronics, Inc. 

Pittsburgh, Pa. 
Radio Parts Co. 

Salt Lake City, Utah 
Kimball Electronics 

San Antonio, Texas 
Perry Shankle 

San Francisco, Calif. 
Kierulff Electronics, Inc. 

St. Louis, Mo. 
Olive Electronics 

Seattle, Wash. 
F. B. Connelly Co. 

Tampa, Florida 
Thurow Electronics, Inc. 

Toronto, Ont. 
Alpha Aracon Radio Co. 
Electro Sonic Supply 
Wholesale Radio & Electronics 

Tulsa, Okla. 
Engineering Supply Co. 

Washington, D.C. 
Capitol Radio Wholesalers 
Electronic Industrial Sales 

White Plains, N.Y. 
Westchester Electronic Supply Co., Inc. 

Winston-Salem, N.C. 
Electronic Wholesalers Inc. 

PULSED 

OSC 

TRIGGER, 
DELAY AND 

GATE 
CIRCUITS 

ATTEN 

CRO PREAMPL 
DRIVE 

MOTOR 

TRANSDUCER-

WATER 

TARGET 

TR 

BOX 

ACOUSTIC SYSTEM is a small-scale simulator of radar altimeter 

Garnet Simplifies Preselector 

Ferrite in cavity 

electronically tunes 
L-band receiver 

KANSAS CITY—There's a simpler 
way to tune up the front end of 
small, multichannel receivers—use 
f er r it e preselectors, said one 
speaker at the Mid America Elec-
tronics Conference here. 

Building the preselector around 
a garnet bead, as illustrated, makes 
it electronically tunable, reported 
Guy Gooch, of Wilcox Electric. The 
device is tuned by varying the 
strength of a magnetic field coupled 
to the bead by orthogonal loop coax 
cable terminals. Insertion losses are 
4 to 9 db. 

Beads are polished 0.02 to 0.05-
inch spheres of single-crystal, yt-
trium-gallium-iron garnet. During 
a feasibility study at the University 
of Kansas, it was found that substi-
tuting 15 percent gallium for yt-
trium in garnet lowered its reso-
nant frequency from S-band to 
L-band. 
The preselector operates at L-

band. Gooch suggested substituting 
other materials to produce spheres 
resonating at other frequency 
ranges. 
The bead's resonant frequency 

shifts 4à Mc/deg C—a range of 850 
to 1,200 Mc over 20 C to 60 C. A 
crystal oven would probably be the 
best control over this, he said. Feed-

back sensors would probably distort 
the magnetic field. 

RADAR SIMULATOR—A short-
cut for radar altimeter designers 
was described by R. K. Moore, Uni-
versity of Kansas. He put a 1-Mc 
acoustic transducer in a tank of wa-
ter, then scaled down system pa-
rameters to correspond to the fre-
quency change. 

For example, returns from a 400-
Mc radar at 20-Km altitude can be 
simulated by acoustic propagation 
through 6 feet of water. At this 
scale, plywood looks like ocean or 
desert, sand is like farmland or a 
forest depending on sand density, 
and wrinkle paint the moon. 

BEAD 

DISK 

BEAD 

ORTHOGONAL 
LOOPS 

Mr0 

BEAD IMBEDDED 
IN DISK 

DISK 

COAX 

LOOPS 

COAX 

RESONANT frequency is varied 
in preselector by varying strength 
of magnetic field 
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MICROTRON, microwave power source for electronic food preparation units, 

featuring a OW magnetron from our line of microwave tubes and display 

devices. San Carlos, California. In Europe, Box 110, Zurich 50, Switzerland. 

CIRCLE 205 ON READER SERVICE CARD 
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11 LITTON INDUSTRIES 

ELECTRON TUBE DIVISION 

Faster checkout 

Even in a monster of a system you 
can save days of checkout time with 

EECO Core Memories...the 
magnetic memory units that 

were developed by data 
processing engineers for all 

systems engineers, with improved 
reliability as a goal. Visual indicator 

(standard equipment) shows both 
address and data instantly. All solid-state 

circuits on plug-in cards. Operation 
and automatic test of entire memory at 

200-kc rate, and manual step-by-step 
test. 21/2-microsecond access time. 

Non-destructive unload. Separate input 
& output registers. Noise rejection input 

circuits. Random access, sequential access or 
sequential interlace. Power consumption 
a low 120 watts. Character capacities up 

to 4096. Write for complete specs. 

.• 

Electronic Engineering Company of California 
1601 E. Chestnut Avenue • Santa Ana, California • Phone: 547-5501, P.O. Box 58 -Representative 
in Western Europe and Israel: Electronic Engineering S.A., C.P. 142 Fribourg, Switzerland. 

MEETINGS AHEAD 

SPACE PHYSICS CONFERENCE, American 
Rocket Society; Philadelphia, Pa., 
Dec. 26-31. 

INFORMATION SYSTEMS MEETING, Engi-
neers Joint Council, American Asso-
ciation for Advancement of Science; 
Bellevue-Stratford Hotel, Philadel-
phia, Pa., Dec. 27. 

MILLIMETER AND SUBMILLIMETER CON-
FERENCE, IRE; Orlando Section; 
Cherry Plaza Hotel, Orlando, Flor-
ida, Jan. 7-10. 

RELIABILITY & QUALITY CONTROL SYM-
POSIUM, IRE-PGRQC, AIEE, ASQC, EIA; 
Sheraton Palace Hotel, San Fran-
cisco, Calif., Jan. 21-24. 

INSTITUTE OF ELECTRICAL & ELEC-
TRONICS ENGINEERS WINTER GENERAL 
MEETING & EXPOSITION, IEEE; Statler 
and New Yorker Hotels, New York 
City, Jan. 27-Feb. 1. 

MILITARY ELECTRONICS WINTER CON-
VENTION, IRE-PGMIL; Ambassador 
Hotel, Los Angeles, Calif., Jan. 30-
Feb. 1. 

QUANTUM ELECTRONICS INTERNATIONAL 
SYMPOSIUM, IRE, SFER, ONR, Unesco 
Building and Parc de Exposition, 
Paris, France, Feb. 11-15. 

INFORMATION STORAGE AND RETRIEVAL 
SYMPOSIUM, American University; 
International Inn, Washington, 
D. C., Feb. 11-15. 

ELECTRICAL & ELECTRONIC EQUIPMENT 
EXHIBIT, ERA, ERC; Denver Hilton 
Hotel, Denver, Colo., Feb. 18-19. 

SOLID STATE CIRCUITS INTERNATIONAL 
CONFERENCE, IRE-PGCT, AIEE, Uni-
versity of Pennsylvania, Sheraton 
Hotel and U. of P., Philadelphia, 
Pa., Feb. 20-22. 

PACIFIC COMPUTER CONFERENCE, AIEE; 
California Institute of Technology, 
Pasadena, Calif., March 15-16. 

BIONICS SYMPOSIUM, United States Air 
Force; Biltmore Hotel, Dayton, 
Ohio, Mar. 18-21. 

IEEE INTERNATIONAL CONVENTION, In-
stitute of Electrical and Electronics 
Engineers; Coliseum and Waldorf-
Astoria Hotel, New York, N. Y., 
March 25-28. 

ENGINEERING ASPECTS OF MAGNETO-
HYDRODYNAMICS SYMPOSIUM; IRE-
PONS, ALEE, IAS, University of Cali-
fornia, UCLA, Beverly, Calif., 
April 10-11. 

OHIO VALLEY INSTRUMENT-AUTOMA-
TION SYMPOSIUM, ISA, et al; Cin-
cinnati Gardens, Cincinnati, Ohio, 
April 16-17. 

ADVANCE REPORT 
NATIONAL. TELEMETERING CONFERENCE, 

IRE-PGSET, AIEE, et al; Hilton Hotel, Al-
buquerque, N. M., May 20-23, 1903. Feb. 
1 is the deadline for submitting papers 
to: T. J. Hoban, NTC Program Chair-
man, Sandia Corp., P. 0. Box 5800, Al-
buquerque, N. M. Papers are being 
sought jointly for the International Tele-
metering Symposium to be held in Lon-
don, England from Sept. 24-27. The con-
ference will stress telemetering achieve-
ments in four fields: industry, biomedi-
cine, aerospace and oceanography. 
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add this new 
Visicorder Oscillograph 

to your 
data system 

The Honeywell 1612 Visicorder 
Oscillograph is a completely new 36-
channel instrument. It was designed 
from the base up for systems use. 
Features such as a built-in heated 
platen, modular electronics, and 
push-button controls make it the 
most versatile oscillograph ever built 
by Honeywell, pioneer in direct writ-
ing oscillography using light beam 
galvanometers. 
The built-in heated platen, a 

factory-installed option, serves as 
a standard platen until heat is de-
sired, at which time the operator 

//1.11111/111441/8141111.1,14141.11.1.11Miin , • 

simply pushes a button. Platen heat 
improves the quality of the record 
and gives better contrast. In con-
junction with the two latensifier 
lamps, it provides immediate read-
out of records at speeds up to 16 
inches per second. 

Other examples of the 1612's func-
tional design are: 

15 forward recording speeds (from 0.1 
to 160 /ips) and 10 reverse speeds—all 
pushbutton controlled. 

All controls on front surface. 

Paper loading accomplished in seconds. 
HONEYWELL INTERNATIONAL SALES AND SERVICE 

Instrument may be operated in the rack, 
pulled out on slides, or bench-mounted. 

Uses Type M miniature galvanometers, 
interchangeable among other Honeywell 
oscillographs. 

Complete specifications are now ready 
in Bulletin 1612; write for your copy 
to Honeywell, Heiland Division, 
Denver 10, Colorado. 

Honeywell 
"Fie te,emed, 

Or"'"R IN ALL PRINCIPAL CITIES OF THE WORLD. 
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This Baby is Bayonet-Locking 

Meet DTK ...the best little bayonet-locking 

electrical connector available today. DTK 

is short for Deutsch Tri-Kam and refers 

to the triple cam coupling fr 

design that assures 

fast, positive engagement 

and lock. As a direct 

descendant of MIL-C-26482, 

this baby is interchangeable with 

existing MS 3110 and 3116 series 

connectors. The DTK also 

inherits many desirable 

features from its Deutsch 

ancestors including superior 

silicone inserts and MIL-C-26636 

crimp-type contacts that are insertable and 

removable with military standard tools. 

Color-keyed mating indexes and 7-point 

inspection for lock, make this latest generation 

connector a cinch to couple, even in 

remote locations. For more vital statistics 

on the latest addition to the Deutsch 

family, contact your local Deutschman 

today or write for Data File K-12. 

WIU 
Electronic Components wision • Municipa Airport • Banning, California 

ADVANCED SPECIFICATION MINIATURE ELECTRICAL CONNECTORS 
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Sunflower Optics: 
A New Concept in Color TV Display 

Projection system uses inexpensive components to achieve 

low-cost home receiver with high luminance output. Plastic 

corrector plate minimizes keystone and pincushion distortion 

By J. H. OWEN HARRIES, Harries Electronics Corp. Ltd., Bermuda 

ALTHOUGH THE AMERICAN 
color television system is a techno-
logical triumph, present-day color 
television receivers are relatively 
expensive and technically complex. 

There is a need for a color re-
ceiver of good performance that can 
be produced at a lower price for 
the mass market. The problem can-
not be solved by lowering the cost 
at the expense of picture quality. 

This article describes key fea-
tures of a new color television re-
ceiver design that fully utilizes the 
capability of the National Televi-
sion Systems Committee color 
transmission system, and one that 
can attain the low-cost objective if 
produced in large quantities. 

CHOICE OF DISPLAY—A basic 
question in tv receiver design is 
whether to use a direct-viewed or 
projection-type display. 

During the past ten years, much 
development effort has been ex-
pended on direct-viewed color tube 
displays. The aperture mask and 
"Apple" displays are among 
these."'" High cast appears to 
be inherent to direct-viewing in 
color because the synchronous selec-

OPTICAL BENCH SETUP tests 
registration capability of a sunflower 
lens corrector 
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ADDITIONAL KEY COMPONENTS in the optical system of the receiver are the injection-molded acrylic plastic 
meniscus (left), and a glass aluminized spherical mirror 

CAN COLOR TV COST BE HALVED? 

Author Harries believes that the manufacturing cost of his new 
color projection receiver should be no more than $31 higher than 
for monochrome sets. His hope for a potential retail market price 
of $300 for a four-projection-tube-color receiver, and $200 for an 
economy design using only three such tubes, is based in part on 
the following estimates: 

1. The sunflower corrector, heart of the receiver design, 50 

cents. 
2. Total cost of the optical system, about $6.00. 
3. Manufacturing cost of all four color tubes, $20. 
The above estimates assume mass production quantities. 
Author Harries has been a pioneer in television since 1928. 

Among his accomplishments were a published analysis of the 
bandwidth requirements of commercial television, and a patent 
on a beam power output tetrode tube first produced in 1932. 
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INCORPORATING THE 

SUNFLOWERS 
PLAN END VIEW 

BLUE RED 
IMAGE IMAGE 

(A) (C) .0° 
SUNFLOWER ARRAY IN 
CORRECTOR PLATE 
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tion of nearly 106 red, blue and 
green phosphor dots or strips per 
picture (nearly 30 x 10" dots or 
strips per second) requires elabo-
rate equipment. 
On the other hand, projection 

color displays have so far been even 
more costly than direct-viewed dis-
plays.'' Also, because the phosphor 
is conventionally viewed by an op-
tical system on the opposite side 
of that scanned by the electron 
beam within the color tube, a typi-
cal loss in luminance of about a 
third occurs, with attendant loss of 
contrast. Furthermore, a commer-
cial quality faceplate is usually 
positioned near the focal plane of 
the optical system, resulting in op-
tical errors of registration. A glass 
faceplate is a poor heat sink, and a 
further luminance loss accurs 
(sometimes as much as 50 percent) 
from phosphor over-heating. In 
e nventional projection displays, a 
Schmidt mirror optical system is 
commonly used. The bulky projec-
tion tube itself obscures much of 
the illumination.' 
A major problem of color projec-

EXAGGERATED FOR CLARITY, 
sketch (A) shows keystone and pin-
cushion effects on color registration in 
early projection system. Schematic 
diagram of new optical system (B) in-
dicates how sunflower corrector plate 
(C) removes keystone pincushion and 
other geometrical distortion, position-
ing the red, blue and green images in 
registration--FIG. 1 
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tion has been the registration of the 
red, blue and green images. It was 
almost impossible to make the 
throw of the projector short enough 
for the home receiver to fit into an 
acceptably small cabinet space. Even 
moderate viewing screen luminance 
(typically 15 foot-lamberts or less) 
could only be obtained by using a 
high "gain" viewing screen with an 
objectionably narrow viewing angle. 
Early viewing screens often exhi-
bited a hot spot where unfocused 
light from the projectors was visi-
ble. 

Recent investigation shows that 
the high cost, low picture lumi-
nance, unreliability and other de-
fects of old projection displays are 
not inherent to the principle of pro-
jection. Picture quality can 
approach the limits imposed on the 
transmission system, and this fact 
alone justifies careful reexamina-
tion of the basic projection display 
characteristics. 

If improvements in the areas of 
luminance and color registration 
could be made, competitive techni-
cal performance at low price might 
be achieved with projection type 
displays. Thus, a projection system 
was chosen as the basis of the new 
color receiver design. 

REGISTRATION PROBLEMS— 
Projection displays use superim-
position of the red, blue and green 
images in registration at the view-
ing screen. The color images must 

CORRECTOR 
PLATE EMBODYING 

SUNFLOWERS 

PLANE MIRROR 

LIGHT BEAM 

VIEWING SCREEN 
23 6" DIAGONAL 

19" 

A SUNFLOWER distortion corrector. Unit is injection 
molded from acrylic plastic 

LAYOUT AND DIMENSIONS of the prototype receiver 
(below). The photo above is of the prototype model— 
FIG. 2 

34" 

PLAN VIEW 

20" 
(FRONT 
TO BACK) 

SCREEN— ...t 

FRONT ELEVATION 

be projected along axes which are 
not normal to the viewing screen. 
This produces keystone distortion. 
The projectors must have large 
numerical apertures (NA) and this 
tends additionally to produce a type 
of distortion known as the "pin-
cushion" effect. The red, blue and 
green images will not superimpose 
in register (Fig. IA) unless these 
distortions are corrected. 

In some color projectors the dis-
tance (throw) between the pro-
jectors and screen is relatively 
large compared with the screen di-
agonal dimension. This minimizes 
keystone distortion, and what re-

CRADLE HOLDING 
PROJECTION TUBES 
AND OPTICAL ASSEMBLY 

PLANE 
( -MIRROR 

SIDE ELEVATION 

mains is cancelled by pre-distorting 
the scanning waveforms. A typical 
pre-distorting circuit requires vac-
uum tube or transistor amplifiers 
in a network interconnecting the 
line and frame scans.' Operating 
adjustments are complicated and 
subject to drift. The pre-distorted, 
scanning wave shape is non-linear. 
It needs to be stable and accurate 
within about 0.1 percent in ampli-
tude/time relationships. The cost of 
cancelling the keystone distortion in 
this way is considerable. 
A home receiver must be in a 

cabinet of moderate size. This calls 
for a throw of the projectors which 
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COMPARING LUMINANCE IN PROJECTION AND DIRECT-VIEW DISPLAYS 

The effective luminance at the screen of a mono-
chrome projection display is 

irnPbTGS  f  m  
4 F2 A' m + 1 

L'„ = (1) 

where A' is the area of the screen, P,, is the power 
input to the phosphor, n is the phosphor efficiency, 
G is the screen gain, F is the F-number of the lens, 
m is the optical magnification of the projector, T is 
the transmission of the optical system, and S is the 
saturation of the phosphors. S is less than unity, 
typically 0.7 to 0.8 at full luminance. 
The bracketed term in m tends to unity as m tends 

to infinity. When m = 5 (as in old home projection 
receivers), the bracketed term is 0.694; when m = 30, 
this term is 0.937. 
The corresponding expression for the luminance 

of a direct-viewed display is 

Pb TN  = (2) 
Ad 

where A, is the picture area and T2, is the transmis-
sion of the neutral density filter. 

In a projection display F' can readily have a value 
approaching unity. If m is about 30 (as in the new 

projection display), the bracketed term is nearly 
unity. S can be taken conservatively as 0.8. TN tends 
to equal T. Using equal picture areas A' = Ad, and 
equal power inputs P,, to the same phosphor, the ratio 
between the screen luminances of both type displays 
is then approximately 

L'„ G S  
La — 4 

A satisfactory viewing screen (60-deg viewing 
angle) has G = 2.4. The ratio of luminances is thus 
1.5 in favor of projection. 
The same result is obtained for color displays by 

substituting the combined "white" luminance effi-
ciency for n in equation (1). 

KS 

(3) 

=   (4) 
f f f 0 
'IR nR no 

where f, denotes the lumen contribution of each 
color, and the lumen efficiency of each color phosphor 
is denoted by -#74 (i = R,G,B). K is about 0.9 and 
represents the loss of phosphor efficiency in tube 
manufacture. The sum Pb,„ of the power inputs to 
each color phosphor is substituted for PI, in Eq. (1) 

is about equal to the diagonal di-
mension of the screen (23 inches). 
The angle between the normal to the 
screen and the axes of the red, blue 
and green projectors is then so 
great that keystone and pin-cushion 
distortion become accentuated. 

SUNFLOWER CORRECTOR—An 
essential feature of the new color 
receiver design is an optical dis-
tortion corrector. The corrector 
developed for this receiver is an 
injection molded, faceted, plastic 
plate called a "sunflower". It is an 
element new to the optical art. The 
sunflower corrects keystone, pin-
cushion, and all other geometrical 
distortions of the red, blue and 
green images, and positions them 
in register at the screen. 
As shown schematically in Fig. 

1B, the sunflower is positioned be-
tween the viewing screen and the 
projector. It is mounted as an inte-
gral unit with the projection tubes, 
projection optics and viewing 
screen. These components are 
locked in position mechanically so 
that drift is avoided. 
The sunflower concept depends on 

the fact that any principal ray 
(travelling from the projection 
tube and projection optics to the 
viewing screen) can be bent, and 

its point of contact with the screen 
corrected, by passing through an 
appropriately angular, lens-like, re-
fracting surface. The NTSC sys-
tem requires in theory that the 
point of contact of each ray at the 
viewing screen be positioned within 
a 0.3 mm diameter circle for a 23.6-
in. diagonal viewing screen. This 
tolerance is probably unduly severe 
at normal viewing distances, but 
was used in prototype sunflower 
design nevertheless. From the op-
tical engineering stand-point, it is 
an easy tolerance to meet; however, 
although a single principal ray can 
be corrected in this way, a funda-
mental problem arises when the 
positions of all possible rays must 
be corrected over the entire picture 
area. It can be shown that the slope 
f (x,y,z) of the entire refractive cor-
rector surface must satisfy a dif-
ferential equation of the form Dz/ 
Dx = Cy' and Dzny = Cxy, where 
C = constant. 

This equation is a mathematical 
proof that no continuous corrector 
or lens-like surface can exist with 
the property of correcting keystone 
distortion. On the other hand a 
discontinuous or faceted surface 
would be rejected for conventional 
optics owing to its unacceptable 
degradation of picture definition. 

But the definition of an NTSC pic-
ture is low when compared with 
conventional optics and the re-
quired NTSC bandwidth is narrow. 
After an extended experimental 
and mathematical program, it has 
been found possible to satisfactorily 
minimize the image degradation of 
a faceted surface by using proper 
shapes and positions of the facets. 
The refracting angle of each facet 
is chosen to correct the position of 
the bundle of rays which passes 
through it. The degradation of the 
picture though too severe for con-
ventional optics, can be made to fit 
the bandwidth of NTSC color tele-
vision. 
The definition of an NTSC color 

television picture is about 350 lines 
vertically and 280 lines horizon-
tally'. A sunflower optical projec-
tion system, including the spheri-
cal mirror and meniscus, has a 
measured definition over the 
greater part of the 23.6 inches di-
agonal picture area in excess of 
500 lines, falling to around 300 
in the extreme corners. This is a 
prototype result, which can be ad-
justed as required. 
A typical receiver layout is 

shown in Fig. 2; a prototype model 
is also shown photographically. The 
space needed inside the cabinet is 
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COMPONENT PARTS of an individual color projector. The path of a light ray is shown from the phosphor to the 
viewing screen. The ray is refracted at the sunflower to cor rect distortion. The phosphor screen is on a metal mount in 
a cup which acts as a heat sink—FIG. 3 

20 inches front to back. 34 inches 
wide, and 19 inches high. The 
weight of the prototype sunflower 
display itself is 38 lbs. As a com-
parison, the cabinet space required 
by a typical aperture mask receiver 
is 26.5 inches front to back, 26 in-
ches wide and 26 inches high. The 
display weight alone is 51 lbs. 

Figure 3 shows schematically the 
components of a projection tube, 
optical projector, sunflower and 
screen. A low-cost, injection molded 
plastics meniscus corrects aberra-
tions of the spherical mirror. It 
takes the place of a costly Schmidt 
corrector plate. The meniscus has 
sufficient definition to fit the band-
width of the NTSC color system. 

Registration is no longer a prob-
lem because the correction of key-
stone and pincushion distortion 
is done optically by bending the 
light rays at the sunflower surface. 
It is then only necessary to hold the 
viewing screen, sunflower, meniscus 
and tube faceplate (to which the 
internal phosphor and spherical 
mirror are fastened), in their cor-
rect relative positions in a rigid 
cradle. A typical positional toler-
ance is an easily attained -± 0.015 
inch. To adjust raster size and ro-
tary alignment, the deflection coils 
are rotated and moved along the 

optical axis. The coils are then 
locked mechanically in position. 
Electronic shifts are provided for 
final adjustments of the rasters. 

LUMINANCE—It can be shown 
that, for the same picture size and 
same power input to the phosphor, 
the ratio between the inherent pic-
ture luminance of a projection dis-
play and the luminance of a direct-
viewed display can typically be as 
much as 1.5 in favor of the projec-
tion display (see box). A viewing 
screen gain G =- 2.4 is assumed. 
The low luminance of old projection 
color displays is not inherent in the 
projection principle. The equations 
show that the magnification m of the 
projectors should not be low; that 
is, the phosphors should be small. 
The diagonal dimension of the 

viewing screen in the new receiver 
is 23.6 inches. Optical magnifica-
tion m is about 28.4, and this leads 
to a 0.5 x 0.7 inch phosphor screen 
in each of the new color projection 
tubes developed for the receiver. 
The light from each phosphor 

screen is collected by a spherical 
mirror and projected towards the 
viewing screen (Fig. 3). The cost 
of spherical projection mirrors 
was one of the major causes of the 
objectionably high cost of the old 

projection displays. In the new re-
ceiver, however, the small phosphor 
screen areas enable correspondingly 
small spherical mirrors (2 inches 
diameter) to be used, with a result-
ant cost reduction. The definition 
(bandwidth) produced by various 
manufacturing methods was com-
pared with that required by the 
NTSC system. The final choice from 
a study of many samples is an alu-
minized glass mirror of consider-
ably higher definition than is re-
quired for the NTSC picture. 

The spherical mirror and the 
phosphor screen are pre-focused, 
and positioned inside the vacuum 
envelope of the new tube. The elec-
tron gun is of fairly conventional 
design. The tubes are electrostati-
caly focused and magnetically de-
flected. They are approximately 12 
inches long by 2.5 inches at maxi-
mum diameter. These tubes are 
small enough to be sealed, exhausted 
and processed on compact high-
speed rotary machinery. 
The potentially low unit cost of 

each of the projection tubes en-
ables two red tubes to be used 
economically in the receiver as well 
as a green and a blue tube. The use 
of two red tubes approximately 
doubles the available luminance. 
The spherical mirror and phos-
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phor screen are positioned (Fig. 3) 
so that the optical system views 
the phosphor screen at the same 
side as is scanned by the electron 
beam. Special phosphor techniques 
have been developed to produce a 
luminance efficiency of the phosphor 
layer of 90 percent of the intrinsic 
luminance efficiency of the phosphor. 
A rear-projection viewing screen, 

recently made available, is used. Ex-
periments with several observers 
have established that an on-axis 
"white" luminance of around 60 to 
70 foot-lamberts yields satisfactory 
viewing positions up to at least 
60 degrees from the normal. Unlike 
the faceplate of a direct-viewed 
tube, this screen does not reflect 
room lights and windows. 

For a theoretically perfectly dif-
fusing screen (G = 1.0), the ratio 
between phosphor and screen lu-
minance is about 2,000 for the op-
tical system used in the prototype 
receiver. The on-axis luminance for 
the actual screen (G = 2.4) can 
thus be expressed as 

L' n" b" G  — 000 (foot-lamberts) 2, A  

where G, n,„ and P.,, have the mean-
ings given in the box and A is the 
phosphor area in square feet. 

In a typical prototype display, a 
total full drive power input Pb,„ 
of 18.5 watts was used for full 
drive "white", with this full drive 
power distributed almost equally 
between the four color phosphors 
(R,R,G,B). G = 2.4. Several com-
binations of phosphors are possible, 
but a typical combination has a 
"white" luminance efficiency /7„ of 
about 8 lumens/watt at full drive. 

Substitution of these values in 
the above equation shows that the 

PROTOTYPE PICTURE TUBE is 12 inches long, is in-
tended for production using high-speed rotary machinery. 
Four are required for high luminance, although a three-
tube model has been satisfactory in low ambient light 

required full drive "white" on-axis 
luminance of about 70 foot-lamberts 
is obtained. This is confirmed by 
measurements. 
The mean input wattage to each 

of the most heavily loaded of the 
four phosphors can be taken as 
about one third to one half of the 
full drive value; namely, about 1.5 
to 2.5 mean watts to each phosphor. 
The 0.5 x 0.7 inch phosphors are 
each mounted on a metal backing 
which is connected to a radiating 
surface of about 91 square inches. 
The metal backing has only a very 
small temperature rise above am-
bient at the power dissipations 
specified. No over-heating of the 
phosphors occurs. 

CIRCUITS—The receiver circuitry 
is essentially the same as a conven-
tional black and white receiver plus 
chrominance channels. A protected 
50-Kv high voltage supply design 
has been produced. Commonly used 
television rectifier tubes have too 
low a peak inverse rating to be eco-
nomic at this voltage. Therefore 
a new rectifier diode 1029G was 
made. Partly by using electrode 
surfaces subjected to super-clean 
processes, this tube has a higher 
rated peak inverse voltage.' It is op-
erated in the power supply at less 
than 40 Kv peak inverse. 

If only one red projection tube 
is used instead of two, the result-
ing three-projector-tube receiver 
has an on-axis picture luminance of 
about 24 foot-lamberts with a 19-in. 
diagonal picture. A 25-Kv power 
supply is used instead of a 50-Kv 
supply. The on-axis luminance of 24 
foot-lamberts is adequate if the re-
ceiver is not operated in a strong 
ambient illumination. 

If larger projection tubes are 
used, with phosphor screens of twice 
the area of those described earlier, 
and using an appropriate sunflower 
array, it is possible to design a 
receiver with either about 120 foot-
lamberts with 23.6 inches diagonal 
picture, or 60 foot-lamberts with a 
33 inches diagonal picture. 
The inherent ruggedness, light 

weight, compactness, and economy 
also justify further exploration of 
the application of sunflower dis-
plays for - multi-color radar and 
navigational equipment. 
W. T. Welford of Imperial Col-

lege, London, was consultant on the 
optical problems and design. Ac-
knowledgements are due to A. F. 
Amos, F. J. Amos, D. F. Fetigan, 
C. M. Munford, A. J. Payton and 
A. R. Seymour, who contributed in 
their respective departments to 
vacuum tubes, mathematical com-
putation, optical parts, instruments 
and tool-making, and circuit and 
system engineering. 
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receiver. Principally because of super-clean electrode 
surf aces, this diode is rated at peak inverse voltages 
higher than conventional television high-voltage types 
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KEY TO FASTER COMPUTERS: 

TES -NANOSECOND 

AMPLIFIER 
This broadband amplifier can be used as a pulse reshaver 

with only three-nanosecond delay, as a gate or as a driver 

for eight 75-ohm lines. Input impedance is 75 ohms 

By KENNETH H. KONKLE and JOHN E. LAYNOR 
Lincoln Laboratory. Massachusetts Institute of Technology. Cambridge. Mass. 

THIS AMPLIFIER, used as a 
building block in MIT's 50-mega-
pulse computer—handles pulses of 
10-nanosecond duration and com-
bines the independent output typ-
ical of saturated circuits, with the 

COMPUTER SECRETS 

Faster digital computers re-
quire high-speed circuits and 
shorter distances between cir-
cuits because the time a pulse 
travels two gates is now com-
parable to the delay time of 
the gates. 

MIT's Lincoln Laboratory's 
50-megapulse computer, the 
FX-1, uses a basic pulse am-
plifier with matched input and 
output impedances; intercon-
nections are made with 75-
ohm strip or coaxial transmis-
sion line. 
Matching all impedances 

minimizes crosstalk and losses 
and makes transit time be-
tween amplifiers predictable. 
Amplifier modifications are 
used as gates and drivers 

fast turn-on time typical of non-
saturated circuits. 
The amplifier output impedance 

is matched to 75-ohm strip or co-
axial transmission line to avoid 
crosstalk and mismatch losses; 

thus, transit time between ampli-
fiers can be accurately predicted. 

Modified versions of the basic 
pulse amplifier operate either as 
logic gates or drivers. Typical set-
up time for the gates is 7 nanosec-

TIME (5 NANOSECONDS/DIV) 

INPUT AND OUTPUT pulses to the amplifier. Notice the six-nanosecond 
delay of the output pulse 
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BASIC AMPLIFIER circuit diagram (A) and special transformer employed (B); diagram of the amplifier 
gating and mixing stage. Commercial versions of transistor L-5447 are the 2N769 and 2N976 (C)—Fig. 1 

onds. The power driver can feed up 
to eight 75-ohm lines. 

DESCRIPTION—The pulse ampli-
fier (see Fig. 1A) consists of a 
pulse-inverting transistor, a pulse 
transformer, resistors and capac-
itors. The transistor, a Philco 
MADT L-5447, has high gain-
bandwidth product and low base re-
sistance, collector capacitance, hole 
storage and saturation voltage. 
The pulse amplifier operates when 

a —1.7 volt pulse from a terminated 
75-ohm line is applied to the base 
of the transistor; the input voltage 
and the emitter resistor determine 
the maximum value of collector cur-
rent in the transistor—approxi-
mately 17 ma. This current brings 
the transistor into saturation, thus 
applying the supply voltage to the 
collector R-C network, loaded pulse 
transformer and emitter R-C net-
work. The current in the trans-
former magnetizing inductance in-
creases until the collector current is 
exceeded. The transistor then comes 
out of saturation and terminates 
the output pulse. If the pulse is 
then applied to the base of a second 
amplifier, an output pulse is pro-
duced (see photo on p 39) with the 
following characteristics: rise time, 

2 nanoseconds; pulse width, 10 
nanoseconds; fall time, 3.5 nano-
seconds; peak pulse amplitude, 1.7 
volts. 
The pulse width is controlled 

principally by the supply voltage, 
peak emitter current, load resist-
ance, and magnetizing inductance 
of the transformer-5.9 pl. Pulse 
amplitude is fixed by saturating 
the transistor. The emitter capaci-
tor speeds up the output pulse rise 
time. Narrow pulses are lengthened 
by hole storage in the transistor, 
while broad pulses are shortened 
by shaping action. 
The collector R-C lowers the peak 

voltage applied to the collector dur-
ing transformer overshoot. Over-
shoot voltage is determined by the 
magnetizing inductance of the 
transformer and the load resist-
ance, which is always 37 ohms, 
hence no clamping is required to 
limit the back voltage at the tran-
sistor collector. The collector R-C 
network causes some droop in the 
output pulse, but this has not been 
found objectionable. 

PULSE TRANSFORMER — The 
pulse transformer, Fig. 1B, consists 
of primary and secondary windings 
mounted on a nylon bobbin and en-

9V 

with a 

closed in two Ferramic Q2 F-622 
cup cores. It must be constructed 
accurately, with the distributed ca-
pacitance and inductance controlled 
to assure the proper characteristic 
impedance and resonant frequency. 
The secondary turns are close-
wound over the end of the primary 
which is a-c ground, thus creating 
unsymmetrical distributed capac-
itance. At these circuit speeds, the 
transformer operates as a conven-
tional inverting transformer and as 
a transmission-line inverting trans-
former. Because of the unsym-
metric distributed capacitance, the 
transmission-line mode is not im-
mediately excited during the initial 
collector swing. Thus the trans-
former cannot be reversed in the 
circuit without appreciable degen-
eration. 
A 75-ohm transmission line ter-

minator at the input to the pulse 
amplifier compensates for the ca-
pacitive, nonlinear input imped-
ance. A 100-ohm resistor can be 
used with some increase in rise time 
and propagation delay time and de-
crease in stage gain. 
The pulse amplifier has greater 

than unity gain for input pulse am-
plitudes over 0.8 volt and attenuates 
pulses of lower amplitude. It thus 
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REGISTER and driver has additional power stage (2N708); output pulse 
is slower and wider than 10 nsec pulse (see text p 41)—Fig. 2 

has a noise rejection capability. 
Since the pulse amplifier exhibits 
gain and pulse shaping abilities, 
weak or distorted pulses are re-
standardized as they pass through 
a chain of these amplifiers. 
The pulse amplifier is designed to 

drive two 75-ohm transmission 
lines. Each terminated 75-ohm line 
driven by the pulse amplifier can 
drive two pulse inverter bases not 
more than five inches apart, hence 
the basic amplifier has a fan-out of 
four, with the specified geometric 
limitation. The propagation delay 
time of the basic amplifier circuit 
is 3 nsec. The maximum pulse repe-
tition frequency is 25 megapulses 
per second, due to relatively long 
recovery time in the pulse trans-
former. 

GATING CIRCUIT—The pulse am-
plifier is converted into a logic 
building block in the FX-1 com-
puter by adding gates and mixing 
points. The gating circuit is shown 
in the lower part of Fig. 1C. The 
gate or level transistor, an L-5447, 
is in series with the pulse inverter 
transistor. Application of a 1.8-volt 
negative level to its base circuit 
causes the gate transistor to con-
duct and grounds the lower end of 

the pulse inverter transistor emit-
ter R-C. A ground input level cuts 
off the gate transistor and the bias 
network returns the emitter R-C to 
—1.3 volts, sufficient to keep the 
pulse inverter transistor from con-
ducting when a pulse is applied to 
its base. The gate set-up time is 
7 nsec. With an increase in gate 
set-up time, up to four inverters 
may be conditioned by the same 
gate but no two inverters may be 
pulsed simultaneously. Three gates 
may be connected to a pulse inverter 
at the level mixing point with a cor-
responding increase in gate set-up 
time. Paralleling the gate transis-
tors provides an OR function for 
negative input levels. 

In the mixing pulse amplifier 
(Fig. 1C) a grounded base transis-
tor, again an L-5447, is inserted 
between the pulse inverter collector 
and the pulse transformer primary. 
The impedance level at the mixing 
transistor emitter is lowered to 100 
ohms, thus up to five pulse inverters 

TYPICAL PLUG-IN unit of FX-1 
digital computer; this unit has 
three gate circuits, five pulse in-
verters and two mixing amplifiers. 
Leads are brought out to contacts 
to obtain any combination of logic 
gates 

can be paralleled at the pulse mix-
ing point. Input pulses are mixed 
at a common point with no two 
pulses occurring simultaneously. 
The propagation delay time of a 
gated-mixing pulse-amplifier circuit 
is 4.5 nsec. 
Another variation of the pulse 

amplifier is the register driver, 
Fig. 2. It has an additional high-
power 2N708 output stage follow-
ing the mixing pulse amplifier. This 
circuit can drive eight 75-ohm lines. 
Its output pulse has a slower rise 
time (4.5 to 5.5 nsec) and is wider 
(13 to 14 nsec) than a standard 
10-nsec pulse. 
The authors thank Leopold Neu-

mann, formerly with MIT Lincoln 
Laboratory, who was responsible 
for the early development of the 
circuits, and the U. S. Army, Navy 
and Air Force with whose support 
the Lincoln Laboratory is operated. 
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INTERNAL VIEW of Mariner 11 showing radiometer temperature plate 
Fig. 1 
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MA RINER II 

By S. CHASE, JR., 
Jet Propulsion Lab, Pasadena, Calif. 

F. SCHWARZ, 
Barnes Engineering Co., Stamford, Conn. 

SEVERAL OF TODAY'S most 
scientifically important experiments 
are being carried out by the Mar-
iner II Venus spacecraft. 
Four of the six instruments on 

board are taking data: the solar 
plasma spectrometer, cosmic dust 
detector, ion chamber and particle 
flux detector and the magnetometer. 
The spacecraft will pass the 

planet Venus at a nominal miss-
distance of 20,900 miles. Then, the 
microwave and infrared radiom-
eters will be activated so that meas-
urements of the radiation coming 
from both planetary surface and 
cloud tops can be made. The radi-
ometers are shown in Fig. I. 
The ir radiometer experiment 

will map the temperature pattern of 
the planet's cloud tops and measure 
the extent of cloud breaks if they 
exist. This data will help to estab-
lish a correct model for the atmos-
phere on Venus. This experiment 
was carried out under the scientific 
direction of L. D. Kaplan of JPL 
and U. of Nevada, G. Neugebauer 
of CIT, and C. Sagan of U. of Calif., 
Berkeley. 

OPTICAL DESIGN—A thermistor 
detector will receive radiation al-
ternately through two lenses that 
view regions 45 degrees apart as 
shown in Fig. 3. As the chopper 
rotates, open and closed segments 
of the chopper wheel appear alter-
nately in front of the detector. 
When the chopper is in the open 
position, the radiation from lens B 

VEHICLE trajectory and alignment 
axes—Fig. 2 
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INSTRUMENTATION: 

What Will It See On Venus? 

Our Mariner Il space probe contains a variety of instruments to perform scientific 

evaluations of the planet Venus. Here is a discussion of the microwave and infrared 

radiation detcctors that will examine the planet's cloud cover and surface radiations 

EXTERNAL POWER EOUIPMENT 
OPTICAL COMPARTMENT 

OBJECTIVE LENS 
PLANET SURFACE RADIATION 
CHOPPER DISK OBJECTIVE LENS / 

[MONADIC 
FILTER IMMERSED DETECTOR GERMANIUM) 

PLANE MIRROR CHOPPER MOTOR FERENCE AMPLIFIER  
; FILTER CHANNEL A 8.511  

Ir-

PHOTO-PICKUP I I REFERENCE ) 
TRANSISTOR   PREAMPLIFIER IMMERSED DETECTOR GERMANIUM) AUXILIARY CIRCUITS (DEI. BIAS) 

CHANNEL B 
AMBIENT TEMPERATURE SENSOR TEMP MONITOR SENSOR AMPLIFIER 

J 

  I TRANSISTOR  I  PREAMPLIFIER I I_ 

II 

TO ALL +I2V D-C ELECTRONIC -  CIRCUITS TO CHOPPER 26 VRMS MOTOR 
-12V D-C .12 V DC, I% REG 26 VRMS,40 0 CPS, 45,2% REG. 

ELECTRONIC COMPARTMENT 
LOGARITHMIC FUNCTION CIRCUIT 

.E . LOGARITHMIC AMPLIFIER  

LOGARITHMIC AMPLIFIER  
LOGARITHMIC FUNCTION CIRCUIT, 

SYNCHRONOUS DEMODULATOR AND FILTER 

CALIBRATION DEMODULATOR CIRCUIT 
1 

_I OUTPUT SELECTOR 

SYNCHRONOUS DEMODULATOR AND FILTER 

HIMPEDANCE CONVERTER  
CHANNEL A 

OUTPUT SELECTOR  
CALIBRATION DEMODULATOR CIRCUIT  CHANNEL B 

TWO-CHANNEL infrared radiometer is a major part of instrumentation—Fig. 3 

WHAT'S ON VENUS? 

It may be some time before 
the first earthman sets foot on 
the planet Venus. However, we 
now see more than meets the 
eye, even through a 200-inch 
telescope. 
Our Mariner II Venus 

probe is equipped to radio a 
wealth of scientific data back 
to earth 

is collected by the stationary mir-
ror. Radiation from lens A is gath-
ered by the mirrored-back surface 
of the chopper when in the closed 
position. Thus, in its fly-by mis-
sion, the detector receives essen-
tially zero radiation from lens B 
that views cold outer space and 
planetary radiation from Venus 
with lens A. Outer space is the ref-
erence and the measured absolute 
radiation from the planet will per-
mit determination of temperature. 
The chopper provides modulation at 

IANALOG 
-to-OUTPUT 
I DATA 

IMPEDANCE ON I ANALOG 
rOUTPUT DATA 

AMBIENT II.TEMPERATURE DATA 

TO -READOUT SYSTEM 

20 cps and the amplitude of energy, 
converted by the voltage-biased 
thermistor to an a-c voltage, is pro-
portional to radiant power received. 
If the planet surface more than fills 
the field of view of the instrument, 
as it would at the fly-by distance of 
20,900 miles, and if target emis-
sivity is unity, the signal output 
can be related directly to target 
temperature by Planck's equation. 

ELECTRONICS — The require 
ments for signal processing include: 
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LOW-FREQUENCY noise spectrum of preamplifier—Fig. .4 

a low frequency, high input-imped-
ance preamplifier that does not 
measurably contribute low - fre-
quency noise to the Johnson-noise-
limited detector input; a logarith-
mic amplifier to compress the range 
of input signals representing 600 K 
to 200 K to the lower dynamic range 
output of 1 to 6 volts required for 
the digital converter; a synchronous 
demodulator, filter and low imped-
ance driver; an ambient tempera-
ture monitoring circuit and an aux-
iliary circuit, including calibration 
output driver, synchronizing signal 
generator as the reference signal 
for the demodulators and detector 
bias supplies. 

PREAMPLIFIER—The preampli-
fier is of repackaged conventional 
design, the characteristics of which 
were described in an earlier article'. 
A low-frequency noise spectrum 
curve for this preamplifier is shown 
in Fig. 4. 

LOGARITHMIC AMPLIFIER — 
The log amplifier uses the opera-
tional amplifier-function generator 
principle, and compresses the poten-
tially wide range of detector signal 
levels to a set of values within the 
range capability of the telemetering 
system. The output impedance of 
the amplifier is less than 500 ohms. 
The gain at the low end of the 
transfer function, below the com-
pression, is adjustable by a trim-
ming potentiometer to within the 
range 2,000-5,000. The logarithmic 
amplifier, including demodulator, 
can be considered logarithmically 
linear for outputs in the range 0.5 
to 6.0 y d-c. 
To meet the requirements of ra-

diometer readout, a function was 
devised of the form y = k log 
x — e, where k 2.07, e = 0.5 y, 
y = de output volts and x = radi-
ance input = w x 10 -7/cm'coM. 
The calculated values fall within 
5 percent of this expression. 
An operational amplifier was de-

signed, in which voltage gain is 
dynamically adjusted depending on 
the magnitude of the signals at the 
output. A transfer function char-
acterized by this relation was ob-
tained. This is accomplished by pro-
viding a group of feedback paths, 
each with a different resistance 
ratio. Each path is connected 
through a pair of inverted parallel 
diodes. These diodes are actuated 
when their saturation voltages are 
exceeded. 

In an operational amplifier with 
high open-loop gain, the voltage 
gain is solely a function of the 
feedback-resistance ratio, as in Fig. 
5A, where i, = (e, — e,)/Ri, i = 
(e, — e,,) ¡R,, and e„ = —Ae,. If 
the gain is high, all the input cur-
rent can be assumed to equal the 
output current .•. i„; then, 
(e, — e,)/R, = (e, — e,)/R,, or 

e + e /A e,/it + 
R, I 

Since e, /A --> 0 when A is large 
e„/e, —R,,/R,. 

If the voltage is large enough to 
exceed the saturation potential of 
the first diode pair, a new feedback 
resistor, R„ is shunted across R,„ 
changing the gain to a new, lower 
value as in Fig. 5B. The new volt-
age gain 

G.. RfiRf2 
Rfi 

When voltage e„ rises to a value 
that exceeds the saturation poten-
tials of both diode pairs in series 
( > 1 volt), the gain decreases fur-
ther as the effective feedback re-
sistance becomes the parallel com-
bination of Rfly Rf2 and R,3 the proc-
ess continues until the last diode 
pair lowers the gain once more. 

Since the diodes are soft at the 
knee of their conduction curve, the 
transition from nonconduction to 
conduction is smooth. A straight 
line plotted on semilog paper indi-
cates that a gool approximation of 
a logarithmic curve can be obtained. 
The complete schematic of the 
logarithmic amplifier is shown in 
Fig. 6. 

IMPROVED S/N RATIO — 
To obtain improved signal-to-
noise ratio with attendant reduc-
tion in noise bandwidth, synchron-
ous rectification was used. 

It gives better signal-to-noise 
ratio with a simple reduction in 
noise bandwidth and improves sys-
tem detectivity over a conventional 
detector. Since weight and size 
limitation's precluded the use of 
large optics, the amount of energy 
available from the two narrow 
spectral bands would otherwise 
be too small to detect; further-
more the rectification transfer char-
acteristic is linear and no d-c output 
term is obtained for nonsynchro-
nous input frequencies including 
noise or motor pickup. Also, the 
noise bandwidth may be limited by 
a simple low-pass r-c output filter. 
(For an equivalent noise band-
width, an elaborate bandpass filter 
would be needed ahead of a conven-
tional rectifier.) Finally, narrow 
band filtering and noise bandwidth 
reduction is possible with the sim-
ple R-C filter without regard to sta-
bility of the chopper frequency. 
A 0.05-cps bandwidth would be al-

most impossible to achieve with a 
band-pass filter and would be im-
practical because of possible chop-
per frequency variations. 
The demodulator with associated 

filter is followed by a complemen-
tary emitter-follower to supply a 
low-impedance analog output sig-
nal to the digital converter. 

MONITOR CIRCUIT— The tem-
perature monitor senses variations 
in ambient temperature near the 
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detector. The monitor circuit is 
necessary because variations in am-
bient temperature change detector 
response and transfer of energy to 
the electronic system. 

Since it is impractical to apply 
large voltages and currents to a 
temperature sensing element to ob-
tain large output voltage swings, 
an active element measurement is 
desirable because it results in some 
voltage gain. If too much power 
were dissipated in the sensing ele-
ment, self-heating would take place 
and reduce the accuracy of tem-
perature measurements. 

In the circuit of Fig. 7 the zener 
diode maintains a constant operat-
ing potential on the base of the 
transistor. The emitter potential, 
which follows the base bias po-
tential, will also be maintained at 
a constant level. Since the potential 
across the sensing element in paral-
lel with the 22,000-ohm resistor 
remains constant, a variation in 
total emitter resistance will be 
linearly related to variations in 
emitter current. An increase in 
thermistor resistance, caused by a 
drop in temperature, would result 
in a reduction of emitter current. 
Since the base current is a small 
portion of the emitter current, 
nearly all emitter current flows 
through the collector and can be 
measured as a voltage drop across 
the fixed collector load resistor. 
This determines the readout. A 
curve of output voltage against 
temperature is shown in Fig. 7B. 

CALIBRATION — Since an abso-
lute measurement of thermal radi-
ation is needed to determine effec-
tive temperatures, the calibration 
of the radiometer must be checked 
for drift before and after the pass 
by. A small calibration plate is 
mounted on the spacecraft so that 
it can be seen by the radiometer at 
the end of each scan. A circuit 
similar to that in Fig. 7A develops 
a voltage proportional to plate tem-
perature. Comparison can be made 
between radiometer output and 
plate temperature to check calibra-
tion. 

The authors thank G. Neuge-
bauer of JPL and A. Ziolkowski of 
Barnes Engineering. 
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PICTORIAL Displays use Vortac to provide pilot with 
aircraft's moving position over changeable map (ITT) 

FAA's ALL-WEATHER landing program calls for sys-
tem testing for at least two years before a decision is made 

IMPROVED NAVIGATION AIDS 

Inability to land in poor weather costs airlines millions of dollars a year. This 

PART OF ALMOST every airline flight is spent in 
a totally sightless void. Often the plane enters it im-
mediately after takeoff, only to emerge hours later 
above the runway at destination. Hurtling blind 
through the increasingly congested airspace, even 
the staunchest traveler wonders from time to time, 
as he sips the steaming dark water the stewardess 
gave him for coffee, what lies beyond the wingtip. 
Fortunately, there's usually nothing out there but 
more fog. Sometimes, of course, there is. 

Prevention of disaster depends largely on the 
ground controller who is monitoring the flight sector 
by radar plus, eventually, a beacon transponder 
(ELECTRONICS, p 37, Dec. 7, first article in this 
series). But also important is the pilot's ability to 
know where he is, and to stay where the controller 
tells him to stay. This depends on navigation gear. 
To provide safety in the existing air traffic control 

system, each plane under positive control is given an 
enormous block of air in which it alone has the right 
to be. Because of the size of the air territory sur-
rounding each plane, there are often more planes 
ready to take off than blocks in which to accommodate 
them. Solution is to improve both the ground con-
troller's position acquisition system, and the pilot's 

SECOND OF THREE ARTICLES. See: Air Traffic 
Control Today and Tommorow, p 37, Dec. 7 

navigational equipment. This would make room for 
more planes by reducing each plane's air volume. 

Although a number of devices are being devel-
oped, the major electronic navigation element of the 
air traffic control system through 1975 will be Vortac 
(vhf omnirange and Tacan), according to the Federal 
Aviation Agency's system design team. Other ground-
based systems that could come into limited use in the 
distant future, FAA says, are loran C, vlf, Omega 
or perhaps satellite navigation. Although answering 
the extended range need, loran C and Omega require 
full-time navigators as part of the flight crew. A 
satellite system will be costly and is a long way off. 
Because of complexity and cost, FAA rules out, for 

the immediate future, the HARCO (Hyperbolic Area 

WHAT THE INITIALS MEAN 
AWLS—All-Weather Landing System 

BLEU—Blind Landing Experimental Unit 

CAS—Collision Avoidance System 

DINE—Di-stance Measuring Equipment 

GCA—Ground Controlled Approach 

NARCO—Hyperbolic Area Control 

ILS—Instrument Landing System 

NAFEC—National Aviation Facilities Experimental Center 

PAR—Precision Approach Radar 

PWI—Pilot Warning Indicator 

REGAL—Range and Elevation Guidance for Approach & Landing 

TACAN—Tactical Air Navigation 

VLF—Very Low Frequency 

VORTAC—VHF Omnidirectional Range collocated with TACAN 
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EXPERIMENTAL waveguide localizer, 304 ft. long, at NAFEC, near Atlantic City, N. J., will help to solve design 
problems for localizers to be used in all-weather landing systems 

Needed to Tighten Wasted Airspace 

30-year-old problem may be near solution 

Control) system, being developed and evaluated under 
the sponsorship of the Eurocontrol organization. 
Based on the Decca Navigator, HARCO includes a 
two-way data link, hyperbolic to x-y coordinate con-
version, linear pictorial display, self-setting display, 
autopilot coupling, adjacent chain synchronization 
and distance-heading output data. 
One drawback FAA sees in HARCO is the cost and 

complexity of programming the Omnitrac computer. 

SELF-CONTAINED AIDS—Doppler navigators are 
now under evaluation by NAFEC. Although the study 
is not completed, FAA says the equipment will un-
doubtedly become a useful navigating aid—first on 
transatlantic routes and later in the U. S. 

Inertial navigation equipment used as a complete 
navigation system is still too expensive and unproven 
to be considered economically practical for civil use, 
FAA says. This spring, however, Pan American 
World Airways will begin a six-month evaluation for 
FAA of a Litton Systems inertial navigation system. 
Another self-contained device, a photoelectric sextant 
called the automatic star tracker, is also complex and 
expensive, FAA says. It might, however, come into 
civil use by the end of this decade. 

Since Vortac is here to stay and traffic is bound to 
get worse, a method for expanding the Vortac chan-
nel (implemented on a 100-Kc channeling basis) as a 
companion to 50-Kc communication is needed. The 
next step is to explore methods for introducing an 

By JOHN F. MASON Senior Associate Editor 

expanded channel capability into the existing environ-
ment, while maintaining the 100-Kc basis. 

Varian Associates has proposed a method for im-
proving the position-fixing accuracy of the present 
Vortac system by using high-accuracy atomic fre-
quency standards to control Vortac transmitters. In 
the aircraft a position-generating computer and read-
out device would be necessary. 
The controlled pulse signals would be transmitted 

at a moment in time precise to approximately five 
parts in 10" stability of such standards. A calibrated 
standard at the plane's receiver would measure propa-
gation delay, and give aircraft range from the sta-
tion. Three such signals would give a triple-rho, un-
ambiguous position fix. 

Pictorial displays will not be mandatory in aircraft 
before 1975. NAFEC tests, however, reveal their use-
fulness, and terminal area configurations are being 
planned to include them in the ATC system. 

LOW APPROACH—The standard instrument low-
approach system (ILS) will, like Vortac, be used for 
many years to come. Not only does it have growth 
potential for lowering the operating minimum alti-
tude or landing approach, but it also appears to be 
a suitable source of azimuth guidance for all-weather 
landing systems of the future. ILS is now going into 
some airports to satisfy a Category II operation— 
minimum altitude of 100 ft with i-mile visibility. 
(Category I—now in effect—is 200-ft altitude, 4-mile 
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visibility; Category III is all-weather landing). The 
improved ILS directional localizer uses a 117-ft wave-
guide. NAFEC is now experimenting on other aper-
tures using a new waveguide 304 ft long. 

Development now underway on building ILS equip-
ment for all terrain is technically promising. What 
is needed is a low-cost, high-quality system. 

GCA/PAR—The radar systems with which a ground 
operator talks the pilot down to a low approach for 
landing continue to be favored more by the military 
than by civil pilots. Ground controlled approach, as 
it is called by the military, and precision approach 
radar, its civilian name, are located at many major 
airports. At FAA airports, it is used to monitor the 
ILS. Justification for this limited role is being ques-
tioned by FAA and will be explored more thoroughly. 

CATEGORY II DEVELOPMENT—While no further 
development work is needed for the ILS 117-ft local-
izer waveguide, work on the ILS glide slope has not 
been so satisfactory. Partial solution may lie in the 
modified M-array glide-slope configuration that can-
cels out low-angle radiation and, therefore, makes 
the installation less susceptible to irregularities in 
the forward-area ground plane. A flush-mounted glide 
slope, also under test at NAFEC, shows promise, al-
though the effect of snow and ice on the equipment 
is still unknown. A new approach, also with problems 
unresolved, utilizes the waveguide principle for the 
construction of the glide-slope antenna. 
The use of distance measuring equipment (DME) 

with ILS is recommended with improved ground 
equipment and new cockpit presentation. 

CATEGORY III DEVELOPMENT — The design 
team has attempted to abandon the 30-year-old wish 
for a system that would magically take over and get 
a plane out of the soup and safely on the runway. 
Such a nebulous objective does not lend itself to step-
by-step engineering progress. The team concluded 
that the system need not be completely automatic, 
and that the pilot should have a contributive role in 
the operation; the term all-weather should be changed 
to all-visibility since the former implies landing in 
hurricanes; and, it is unlikely that a universal sys-
tem will be possible: instead, systems will probably 
emerge for one type of aircraft at one specific airport. 

In line with these more realistic requirements, 
techniques have been narrowed down and objectives 
are firmer. Based on the common civil-military na-
ture of the all-weather landing operation, there are 
two major approaches: (1) a ground radar acquisi-
tion technique, and (2) a pilot-derived method. 
An example of the ground-based type is Bell Air-

craft's GSN-5. The design team says "the basic 
philosophy inherent in the GSN-5 approach is not 
considered satisfactory to the civil air carriers. This 
stems not so much from the technical factors in-
volved, as from the operational nature of this type 
system." Civil pilots like to have responsibility for 
landing. In spite of this, NAFEC will begin testing a 
refined version of the GSN-5 this month. 

Pilot-derived systems fall into two categories: 
those using airborne radio altimeters for height find-

ing, and those using data from ground-based angular 
or angular distance-measuring gear transmitted to a 
display in the cockpit. 
Four pilot-derived systems are being tested. A com-

bination of these systems may eventually be used to 
take over from the ILS at an altitude of 100 ft. 
The Blind Landing Experimental Unit (BLEU) is 

a radio altimeter type system, made in England. It 
uses the normal ILS localizer and glide slope, radio 
altimeter and an automatic throttle control to bring 
the aircraft to the touchdown point. The British have 
made thousands of successful landings with Bleu, and 
FAA has now made more than 200. 
Another radio-altimeter system being tested is 

North American Aviation's AN/APN-114, similar in 
some respects to Bleu. 

Instead of using radio altimeters for determining 
flare-out altitude, two systems use ground-based ver-
tical scanning guidance equipment. Gilfillan's Regal 
system uses vertical angle and DME measurements 
which provide computed height and permits a flare-
out computation for landing. Airborne Instrument 
Laboratory's Flarescan uses vertical angular infor-
mation only which it couples with the fixed existing 
glide slope to provide a means of displaying flare-out 
guidance to touchdown. The best features of these 
two systems could be combined, FAA says. 

There are advantages and disadvantages to the 
two basic means of achieving flare-out guidance: 
radio altimeters are familiar to pilots, they don't re-
quire new ground-based guidance units, and they 
have been proved out in the United Kingdom. On the 
other hand, they can only be used over smooth ter-
rain, which often means the pilot gets accurate in-
formation very late in the landing procedure. 

Ground-scanning systems are newer, and knowl-
edge of their performance is limited. They provide 
signals out to 10 miles and are unaffected by rough 
terrain. Ground gear, however, will be costly. 
One problem of concern to pilots is that of quick 

transition from instrument to visual flight. 
One solution to this problem is provided by Sperry 

in a device that projects a displaj of the ground and 
aircraft position on the windshield. This is a syn-
thetic display derived from the instrument landing 
system being used, the airborne instrumentation, a 
computer and collimating-projection techniques. The 
pilot sees the IFR-situation information identical in 
form to selected outside-world cues. The aircraft is 
an orange dot, the runway and horizon are green. 
When the real runway becomes visible, the perspec-
tive is the same as that already on the windshield. 

COLLISION AVOIDANCE—Development of air-
borne equipment that will recognize a collision situa-
tion and warn the pilot and tell him what to do, has 
not yet reached a stage that warrants its inclusion 
in the system design. Work financed to date by FAA 
has produced cooperative systems, warning the pilot 
only of aircraft similarly equipped. Because of the 
lack of promise of existing developmental projects 
and the pressing need for spending money elsewhere, 
FAA is cutting down on its collision avoidance pro-
gram. The tide could quickly be changed, of course, 
should a new technique appear promising. 
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TUNNEL - DIODE switching 
application (A); static charac-
teristic of typical germanium 
tunnel diode (B), showing con-
struction of diagonal line with 
slope Cad; result of repeating 
diagonals and perpendiculars 
(C), with a current scale normal-
ized to the peak current—Fig. 1 (B) 
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Simple Method for 

Plotting TUNNEL-DIODE 

Switching Waveforms 

Rise and fall times can readily be plotted using 

manufacturer's data for capacitance and peak cur-

rent. Step-by-step procedure is given for deriving 

a general curve applicable to most germanium diodes 

By JAMES K. SKILLING General Radio Company, West Concord, Mass. 

SOMETHING NEW HAS BEEN ADDED 

Tunnel diodes are widely used as trigger genera-
tors, pulse generators and amplitude detectors, 
and so their switching characteristics (rise and 
fall times) are of increasing interest, although 
not generally given in manufacturer's data. These 
characteristics can easily be plotted using no 
more data than diode peak current I, and 
capacitance C 

TUNNEL-DIODE switching appli-
cation is shown in Fig. 1A. Source 
and load resistances are considered 
to be large, the capacitor represents 
load and stray capacitances, as well 
as junction capacitance, and any 
small inductances are neglected. If 
the source current is slightly larger 
than diode peak current 1„ the diode 
switches regeneratively from its 
low to its high-voltage state. In 
most cases, the source current does 
not change appreciably during the 
switching times, and may be con-
sidered constant. 

Diode current Id at some time 
during switching might be as shown 
in Fig. 1B at point d, where ca-
pacitor current I, is the difference 
between source current and diode 
current. During a small increment 
of time, At, the change in capacitor 
voltage, ,c.v (hence diode and output 
voltage), may be calculated assum-
ing I,. is constant during the in-
terval 
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CONSTRUCTION — Graphically, 
this is equivalent to constructing a 
line from point g with slope C/At, 
as line fig in Fig. IB. Voltage change 
Av, is then the change fh. If the 
process is repeated (that is, a ver-
tical line is dropped from h to the 
curve and a line of slope C/àt con-
structed, and so on), the voltage 
change during the next interval it 
is obtained. Figure IC is such a 
construction for a germanium tun-
nel diode, with a current scale nor-
malized to the peak current. The 
construction is for bath the low-to-
high and high-to-low switching 
transitions (rise and fall times, re-
spectively). The latter occurs when 
the source current drops just below 
diode valley current I„. 
Once Fig. IC is constructed, volt-

age can easily be plotted against 
time, as shown in Fig. 2. The pro-
cedure for translating Fig. 1C to 
Fig. 2 is as follows: Equation 1 can 
be rewritten as 

Ay  
At C 

where the function A„//, is the slope 
of the lines of Fig. 1C, which was 
made 50mv//,. Therefore 

Vf-5-5c-7 

400 

Vv - 

300 

200 

50mv C(pf)  — nave 
I(ma) 

This means that all the diagonal 
lines in Fig. 1C are spaced by the 
same amount of time. 0.05 C(pf)/ 
/,(ma) nsec, and each successive 
intersection of diagonal line and, 
say, horizontal I„ line is spaced by 
the amount of voltage change in 
that constant time interval. 
The first step in constructing 

Fig. 2 is to lay out the horizontal 
axis in major units of 0.1 C(pf)/ 
/,(ma) nsec. For example, con-
sider a tunnel diode having an I, 
of 5 ma and junction, stray and 
load capacitances totaling 50 pf. 
The time scale for such a diode 
would be 0.1 (50 pf/5ma) = 1 nsec 
per major division. 
Each diagonal line of Fig. 1C cor-

responds to five minor divisions of 
Fig. 2. The voltage change for each 
diagonal constructed in Fig. IC is 
then platted in Fig. 2. The first 
intersection of diagonal and I„ line 
is at 87 mv, and this voltage is 
plotted at 0 time in Fig. 2. The next 
intersection is seen to be at 90, and 
so the next plot is at 90 mv for 0.5 
time. The next intersection is at 
100 (for 1 time unit), and so on. 
The same procedure is followed for 

the high-to-low voltage transition. 

APPLICATION—The waveform of 
Fig. 2 applies to most germanium 
diodes, since the time scale is in 
terms of C and I. The general 
curve is possible since most ger-
manium tunnel diodes have the 
same valley, peak and forward volt-
ages and the same general shape 
of characteristic curve. Switching 
times are proportional to C and in-
versely proportional to I. If the 
rise time from V, to V, is defined 
by its 10 and 90-percent points, it 
may be taken from Fig. 2 as 

= 0.43  e (Pf)  nsec 
Ip (ma) 

The fall time from V„ to a point 
near the origin is long, since the 
diode slowly enters regeneration 
near V„ (see Fig. IC). Note the 
fast transition as the voltage falls 
near V„. This transition has about 
one-fourth the amplitude and the 
same rate as the rising transition. 

If the source and load resistances 
are not high enough to justify 
the current-source assumption, the 
static V-I curve will not be like that 
shown. Then a special construction 
similar to Fig. 1C should be made, 
using the V-I curve and load line. 

1 7 8 2 3 4 5 6 
C [pF]  

TIME IN UNITS OF 0.1 N SEC 
I p [MA] 

SWITCHING waveform derived from Fig. 1C shows rise and fall times, and 
manium tunnel diodes—Fig. 2 

9 

is applicable to most ger-
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Cubic digital system tests 1100 Clevite 
diodes per/hr — safeguards reliability 
As performance specifications for electronic devices become more stringent and the demand for 
high reliability units increases, manufacturers must be able to program tests for a quantity of 

devices simultaneously. The Cubic line of quality digital instruments is designed for easy integration 
into flexible, multi-purpose testing systems. 

At the Clevite Transistor Plant in Waltham, Massachusetts, a Cubic system based on the Model 

V-70P Digital Voltmeter checks semiconductor devices to assure reliability. This high-speed Cubic 
system tests more than 1100 computer diodes per hour for reverse leakage current and forward 

voltage drop. Data obtained from these measurements are recorded and stored on commercial 
data processing cards. A complete test history of a given diode type with up to five entries on 
the same card can be made by repetition of these tests after the diodes have been subjected to 
life tests, operational burn-in and high temperature bake time. The data processing cards repre-

senting a manufacturing lot can be screened in a computer system according to a customer's 
specifications. In this manner, possible diode failures can be culled and the performance or reli-

ability distribution plotted for the entire lot. This Cubic system is 

one of hundreds especially adapted to a wide variety of industrial 
applications. For additional information on digital instruments or 

INDUSTRIAL DIVISION 
digital systems, write telling your requirements to Department A-187. SAN DICOO 23 CALIFORNIA • ROME ITALV 

cubic 
CORPORATION 

OTHER OFFICES: LOS ANGELES.CALIF. — ROME (CUBIC EUROPA S.p.A.) REPRESENTATIVES IN PRINCIPAL U.S. AND CANADIAN CITIES 
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RESEARCH AND DEVELOPMENT 

R-F Energy Powers Latest Biomedical Devices 

Permanent implants can be 
operated by external coils, 
eliminate batteries 

BIOMEDICAL ELECTRONICS is 
developing a versatile array of cir-
cuits and applications for r-f power 
transfer devices, according to the 
Chicago Conference on Engineering 
in Medicine and Biology. 
An implantable passive squib for 

biomedical telemetry was intro-
duced by Honig Laboratories, 
Brooklyn, N. Y. Requiring no in-
ternal power or batteries, the 0.05-
cubic inch squib weighs three 
grams; when permanently im-
planted six inches or deeper in tis-
sue, it can return a 1-to-10-millivolt 
signal throughout the patient's life. 
An ultraminiature transformer 

within the squib steps up externally 
radiated r-f energy and uses it 
to vary the capacitance of a re-
verse-connected diode and thus the 
resonant frequency of a 5-to-10-
megacycle tuned circuit. The re-
turned signal can then be demodu-
lated by an external receiver and 
processed by conventional tech-
niques. 
The passive squib could be used 

as a permanent heart monitor, as a 
monitor for parts of the nervous 
system, or for remote operation of 
an artificial hand, leg or larynx by 
the voluntary nervous system. 
Other adaptations could monitor 
pressure, temperature, chemical pH 
and the like, Honig said, but some 
of these would require a squib 
sensitive to voltages in the 0.1 to 
1-mv range. 

Inductor antennas in the im-
planted squib permit freedom of 
movement without degrading the 
telemetered information. Suitable 
positioning of the external appara-
tus allows omnidirectional opera-
tion. 

PACEMAKER PROGRESS — A 
dime-sized pacemaker, remotely en-

I IN661 
0.001 T 

(A) 

10 6.8 

1,000pF.—r. _L 1,000 pF 2,L-1 INI6M61 PINS 

L 

(B) 

EXPERIMENTAL pacemaker 
smaller than dime, (A), an im-
proved version, (B)—Fig. 1 

ergized by a transistor r-f pulse 
generator, was discussed by J. 
Schuder, University of Missouri. 
One experimental circuit con-

nected a rectifying diode in series 
with a tank, and one of its pin elec-
trodes, and achieved a two-percent 
energy transfer efficiency for one 
gram of weight. (Fig. 1A) 

Electrolytic corrosion was mini-
mized in the second circuit, of Fig. 
1B, which holds net charge transfer 
to zero by maintaining a small re-
verse current during the period be-
tween pulses. 

EFFICIENT TRANSPORT — Effi-
ciency of the second circuit can 
reach about 1 percent using cur-
rently available transistors, Schuder 
said. This makes the device attrac-
tive as a source of the 60 milliwatts 
required by the transmitter. (Fig. 
2) Batteries would weigh about a 
third of a pound and would be re-
placed about once a week. 

Tissue losses increase from about 
0 to 10 percent of the power ap-
plied to the coupling coil outside 
the chest, as the operating fre-
quency goes up from 300 Kc. These 
losses impose an upper frequency 
limit on operation of the device, 
Schuder said. 

Microminiature pacemakers are 
imbedded in epoxy resin and 
covered with Silastic before they 
are attached to the heart's left ven-
tricle by two needle electrodes and 
four sutures. 

Schuder also discussed wireless 
transmission of up to 90 watts of 
r-f energy inside the chest—using 
a radiant cage of mutually orthog-
onal coils to illuminate a receiving 
coil centered inside of the cage. 

Preliminary experiments with 
dogs suggest that human heart pa-
tients of the future may prefer 
moving their bed inside one of 
these cages, instead of wearing 
bulky external battery packs to bed, 
he said. 
An electronic bladder stimulator 

was discussed by William Bradley, 
University of Minnesota. 
The external transmitter—devel-

oped by Medtronics, Inc., Minne-
apolis, includes a 1-Mc pulse modu-
lated 50-watt oscillator, feeding r-f 
energy to a loop antenna which is 
held over the implanted receiver-
stimulator. 
The implanted passive receiver 

encapsulates a fixed tuned tank cir-
cuit, diode rectifier, r-f filter and 
output coupling capacitor in a 1-2 
inch unit which is connected to the 
bladder by a half dozen 0.5-cm 
stainless steel disc electrodes (see 
Fig. 3.) 

Biphasic 1-8-msec pulses measur-
ing 5-15 volts peak-to-peak have ef-
fectively evacuated bladders of ex-
perimental dogs handicapped by 
spinal cord injuries for up to nine 
months. Electrode reaction has 

P RATE 
CONTROL 
1,200K 150K 85V I 

/* 
° I 11.51 

100 2T 

1.5T 
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TRANSMITTER operates pace-
maker from outside of rib cage— 
Fig. 2 
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COM'S Li r Amplifier uWftiTconventional 

r excitation, 

SB exciter shou 

utput of the amplifier. 

ovides power output of 
power ZB trans-

watts PEP, continuods 

ast an output o 5 watts P P to 

The odel IOLA amp housed i n_azatilié-t (22" W x143 x363/4" H) 

which can s e as a base for conventional SSB exciter, o mplifier may be 

placed a short dis away from the associat citer, if necessary for 
convenience. 

Frequency range of IOLA is from 2 to 20mc, covered 

in 6 bands. Up to 4 independent non-simultaneous 

channels are provided. These four channels are 

selected externally by exciter channel control. One 

tuning unit is provided for each frequency specified 

up to maximum of four. 

The IOLA amplifier is designed to work into a 50 

ohm coaxial feed line. One output coaxial receptacle, 

common to all four channels, or 4 output coaxial 
receptacles (one for each channel) are available; each 

channel normally requiring its own antenna. For multi-

channel operation with 1 antenna it is recommended 

that Aerocom Model ATU-410 antenna coupler be used. 

A built-in directional coupler provides monitoring 

of output power and SWR. Grid current, plate current, 
filament 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—Miami 33, Florida 
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for maximum 
reliability 

SPECIFY BIRTCHER 
HEAT RADIATORS 

LOW-COST 
HEAT RADIATOR 
FITS 75% OF 
SEMICONDUCTORS 
Birtcher's new compact, low-cost 
3AL-771 heat radiator has a univer-
sal hole pattern for mounting 75% 
of most popular semiconductors in-
cluding TO-3, TO-36 and all 1/4 -in. 
stud mounted cases. You don't have 
to stock a variety of heat radiators 
for different case sizes now—one de-
sign, from stock does the job of 
keeping junction temperatures well 
within safe limits at highest wat-
tage dissipation even in free-air 
mounting. No protruding fins or 
fingers to get in the way. A total 
of 15 sq. in. of effective radiating 
surface in a clean design. Material 
is .063 aluminum alloy 1100-H14 per 
QQ-A-561c and black anodize finish 
per MIL-A-8625A Type II. 

Available from authorized 
distributors 

Write today for certified 
comparison test reports 

THE BIRTCHER 
CORPORATION 

INDUSTRIAL DIVISION 

745 S. Monterey Pass Road, Monterey Park, Calif. 

ANgelus 8-8584 

TUBE/TRANSISTOR/COMPONENT 
COOLING AND RETENTION DEVICES 

been minimal, Bradley reported. 
The device has also excited blad-

ders of three human patients suf-
fering bladder disfunction, follow-
ing spinal cord or brain injuries. 
Bradley suggested that future 
users may include human patients 

SHEATH RECEIVER 

ELECTRODES 

BLADDER 

PASSIVE R-F receiver implanted 
in dog stimulates bladder—Fig. 3 

suffering chronic neurological 
spinal cord disease with bladder 
dysfunction. 

Regional f-m telephone networks 
should be a beginning step toward 
averting future disasters—such as 
the recent thalidomide tragedy— 
suggested Saul Larks, Marquette 
University. 

ECG TRANSMISSION — New 
f-m telephone data transmission 
techniques now make it possible to 
transmit fetal electrocardiographic 
data in seconds or minutes, from 
any point served by telephone. 

Although medical techniques 
also exist for early pre-natal detec-
tion of congenital cardiac malfor-
mation, they have not been widely 
disseminated or used in research 
outside one or two laboratories. 

Preliminary tests of potent drugs 
should include fetal electrocardio-
grams from pregnant animals of 
several species, Larks said. Wide 
use of fetal ecg techniques as a 
mass screening study for all 
mothers in pregnancy at optimal 
times, such as 22 weeks, could pick 
up many congenital cardiac defects 
and spot their causative agents 
months earlier. 

Regional conference and discus-
sion networks for wider mutual 
comprehension of newest research 
advances could be expanded to na-
tional and eventually global scale, 
Larks suggested. 

Transmission equipment for the 
f-m networks—developed jointly 
with Magnavox—consists of a 

simple f-m transmitter-sender, di-
rectly or acoustically coupled to 
standard switched telephone lines 
or Dataphone. 
At the receiver, a f-m discrimi-

nator or equivalent Dataphone re-
ceiver converts f-m into an a-m sig-
nal, which can be written out or 
presented on an oscilloscope. 

Hailstone Radar Echoes 
Suggests New Antennas 

ARTIFICIAL hailstones are better ra-
dar reflectors than Luneberg lenses 
of the same size. This observation 
made in some recent experiments 
suggests the possibility of simpler 
and more economical radar targets 
and antennas. 
The experiments were conducted 

to find an explanation for the strong 
radar reflections that occur during 
hail storms. The tests were made at 
the U. S. Air Force Cambridge Re-
search Center, Office of Aerospace 
Research. Plexiglass spheres hav-
ing varying refractive indices were 
used to simulate hailstones. A 7.2-
cm sphere was found to have a cross 
section 2 db larger than the same 
size Luneberg lens, which is theo-
retically the perfect focusing de-
vice. 

In earlier experiments at the Uni-
versity of London, D. Atlas of 
AFCRL measured backscatter from 
artificial hailstones. He found that 
a dry sphere of ice with a diameter 
larger than about two wavelengths 
scattered more efficiently than a 
metal sphere of the same size. He 
suggested that this effect might be 
the result of reflection and focusing 
of energy from the back surface of 
the ice. 

Using geometric optics, it is 
found that in spheres with a refrac-
tive index between 1.4 and 2 there 
is a ray that comes to perfect focus 
at the rear pole of the sphere and 
returns to the radar from the con-
jugate point on the circle of inci-
dence. In fact, all rays incident 
along this circle are returned to the 
radar. Radar cross section should 
therefore be enhanced by a predict-
able amount if a metal cap is placed 
at the rear pole. 

CROSS SECTIONS—Experiments 
were conducted with a 7.2-cm artifi-
cial hailstone on a 3.2-cm backscat-
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ter range. The sphere, with a re-
fractive index of 1.61 compared to 
1.78 for ice, had a cross section 10 
db greater than a metal ball the 
same size. Radar cross section was 
enhanced an additional 8 db by add-
ing the metal cap, compared to a 
predicted enhancement of 7.5 db. 
This result confirms that energy is 
reflected from the back surface of 
the sphere. 

Each sphere in a sense acts like 
a Luneberg lens, which is designed 
so that all incident energy is re-
flected toward a rear pole cap and 
reflected along reciprocal paths to 
the radar. Based on calculated 
backscatter cross sections for a re-
flective index of 1.78 (ice), a sphere 
should be equal to or better than a 
Luneberg lens for diameters up to 
6.4 wavelengths, where gain is 
about 400. In practice, the Lune-
berg lens compares even less favor-
ably. Thus at 3-cm wavelengths, a 
Luneberg lens less than a foot in di-
ameter is of doubtful value. 
A sphere of constant refractive 

index is much simpler to produce 
than a Luneberg lens with adjacent 
shells of increasing refractive in-
dex toward the center. Thus such 
spheres are economical targets, and 
their use as antennas is suggested. 

Ultrasonic Somograph 

ARTERY PULSE recording wets 
made with ultrasonic somograph de-
veloped by Sonomedic Corp., West-
wood, N. J. Low-power, pulsed beam 
can also be used with cro display to 
measure organ and bone dimensions. 
Operating frequencies range from 
500 Kc to 4 Mc. Depth resolution is 
mm at 4 Mc 

nst r a awn tat ion So ¡,o .11u n ger, North Atlantic Industries 

how North Atlantic's 
Phase Angle Voltmeters solve 

tough ac measurement problems 
... in the lab or in the field. 

Designed for critical tasks in circuit development, production and testing, North 

Atlantic's Phase Angle Voltmeters provide direct reading of phase angle, nulls, total, 

quadrature and in-phase voltages—with proven dependability even under field 

conditions. Your North Atlantic engineering representative can quickly demonstrate 

how they simplify ac measurement jobs from missile checkout to alignment of 

analog computers—from phasing servo motors to zeroing precision synchros and 

transducers. 

Shown below are condensed specifications for single-frequency Model VM-202. 

Other models include high sensitivity, three-frequency and broadband types. 
1311111111111111111111a- 112ate. 

Voltage Range 1 my to 300 y f.s., 12 ranges 

Voltage Accuracy -±-2% f.s. 

Phase Accuracy dial: ±1*; meter: ±3% of F.S. degrees 

t .mwriewair 2 microvolts (phase sensitive) Harmonic Rejection  

4 scales, 90° (elec.) apart 

51/4" h. x 19"w. x 77/8"d. 

3-0-3, 10-0-10 linear 

55db (with filters) 

Dimensions  

10 megohms 

Signal Frequency 1 Freq., 30 cps-10 kc 

Input Impedance  

Reference Input 100 K, 0.25 v min. 

Meter scale  

Phase Angle Dial  

Nulling Sensitivity  

The North North Atlantic man in your area has full data on standard and special models 

for laboratory, production and ground support. Call today for his 

name, or request Bulletin VM-202. 
.7" ra dc nut rk 

NORTH A.T1_,A.N"TIC industries, inc. 
TERMINAL DRIVE, PLAINVIEW, L. I., NEW YORK • OVerbrook 1-8600 
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COMPONENTS AND MATERIALS 

Getting New Shapes With Rubber Ferrites 

Binders eliminate costly 
processing steps, extend use 
of ferrite logic elements 

DIFFICULTIES in processing fer-
rites and limitation in the variety 
of shapes produced are factors 
which, up to now, have hindered 
their more widespread use and ap-
plication. 

General Motors' R. N. Hollyer Jr. 
and E. A. Hanysz describe a method 
to fabricate ferrites having compli-
cated shapes by mixing ferrite pow-
der with a rubber or plastic binder 
using a standard rubber mill. The 
ferrite batch produced is in the 
form of a uniform-density sheet 
that has constant magnetic proper-
ties throughout the material. The 

Memory Plane 

new method requires only various 
types of cutters or molds to produce 
a given shape and eliminates the 
need for costly dies and presses. 

BINDERS USED—Polyvinyl chlo-
ride (vinyl) is a good binder when 
milled on properly heated rolls. The 
ferrite sheets also have been made 
using raw rubbers, such as natural 
rubber, SBR, polyacrylate, Buna N, 
and Butyl. Conventional practices 
for rubber compounding, mixing, 
and subsequent vulcanization 
proved applicable with these raw 
rubber binders. Percentage of 
binder in experiments reported by 
Hollyer and Hanysz has ranged 
from 12 to 18 percent by weight. 
The maximum ferrite powder load-
ing of the mix was found to vary 
according to the physical character-

Formed by Photography 

TWEEZER-held memory plane is projected on an optical device in back-
ground. New RCA unit differs from standard computer memory in its use 
of permalloy trans fiuxors for memory cells, rather than ferrite cores. 
Memory is formed on single sheet by photographic processes, rather than 
manufactured separately and strung on cores. Tiny unit can process 
100,000 items per second, is adaptable to automatic production 

1,500 GAUSS 

1,750 GAUSS 

íJ 
0.65 OERSTEDS 

0.65 OERSTEDS 

MAGNETIZING characteristics of 
ferrites made with rubber or vinyl 
binders (top), and by a conven-
tional ferrite (bottom) are shown 
in above square loop hysteresis 
curves—Fig. 1 

istics of the powder and the binder 
used. 

LOW COST—One important advan-
tage claimed for the GM proc-
ess is the low cost of producing fer-
rite pieces having complicated 
geometry. At present, the process is 
being used by the Electronics and 
Instrumentation Department of the 
Research Laboratories to produce 
the so called MAD elements, mul-
tiple aperture devices used in com-
puter and logic circuits. These ele-
ments, currently too expensive to 
produce in certain configurations, 
may be produced at a low enough 
cost to allow their use in any device 
using logic circuits. 

Magnetic characteristics of the 
square loop rubber ferrites used in 
the computer applications are said 
to be equal or better than those 
prepared by conventional methods. 

Flexibility of the new fabricating 
technique has resulted in further 
research in areas where rubber fer-
rites can save money in other appli-
cations, such as stators used in d-c 
motors. 
Method used to make rubber fer-

rites closely resembles the usual 
method of making ceramic materi-
als. The mass emerges as a hard 
ceramic. During the sintering proc-
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ew 
micro-miniature 

4-pole latching relay 
has sealed coils 

for greater reliability 
rite 

TL SERIES This new latching relay's high inherent reliability is due 
to hermetically sealed coils, bifurcated gold plated silver alloy contacts 
and a unique magnetic structure. 

Other features: Fast operate time, virtually no bounce, high shock (in 
excess of 100g) and vibration (30g to 2000 cps) resistance, small size 
(0.56 cubic inch). This relay meets or exceeds all applicable sections of 
MIL-R-5757D and PD-R 187. 

Engineering samples are now available from Potter&Brumfield. Call 
your P&B representative for complete information. 

TL ENGINEERING SPECIFICATIONS 
Size: 1.031" long, .725" wide, .750 high max. 

Weight: Approx. VA ozs. 

Contact Arrangement: 4PDT (bifurcated, gold 
plated silver alloy). 

Rated: Dry circuit to 3 amps at 28 v dc res. 
Life: 100,000 operations at max. rated load. 

Coil Power: For two-coil relays: Approx. 1 watt 
(nominal at 25°C). For single coil relays: 
Approx. 0.5 watt (nominal at 25°C). 

Operate Time: 6 milliseconds max. at nom, voltage 
at 25°C coil temp. 

Transfer Time: 0.5 milliseconds approx. at nom. 
voltage at 25°C coil temp. 

Temperature Range: —65°C to +125°C. 

P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 

POTTER G BRUMFIELD 
DIVISION OF AMERICAN MACHINE tic FOUNDRY 

IN CANADA: POTTER Ite BRUMFIE_D, DIVISION 

COMPANY • PRINCETON, INDIANA 

OF AMF CANADA LIMITED, GUELPH, ONTARIO 
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What do you need to know about 

PURE FERRIC OXIDES  
MAGNETIC IRON OXIDES 

Since the final quality of your production 
of ferrites and magnetic recording media 
depends on the proper use of specialized 
iron oxides—you'll find it mighty helpful to 
have the latest, authoritative technical 
data describing the physical and chemical 
characteristics of these materials. This 
information is available to you just for the 
asking. Meanwhile, here are the highlights. 
PURE FERRIC OXIDES—For the production 
of ferrites, both hard and soft, we manu-
facture a complete range of iron oxides 
having the required chemical and physical 
properties. They are produced in both the 
spheroidal and acicular shapes with aver-
age particle diameters from 0.2 to 0.8 
microns. Impurities such as soluble salts, 
silica, alumina and calcium are at a mini-
mum while Fe203 assay is 99.5+%. A 
Tech Report tabulating complete chemical 
analysis, particle shape, particle size dis-
tribution, surface area, etc., of several 
types of ferric oxides, hydrated ferric 
oxide, and ferroso-ferric oxide is available. 
MAGNETIC IRON OXIDES—For magnetic 
recording—audio, video, computer, and 
instrumentation tapes; memory drums; 
cinema film striping; magnetic inks; car-
bon transfers; etc.—we produce special. 
magnetic iron oxides with a range of con-
trolled magnetic properties. Both the black 
ferroso-ferric and brown gamma ferric 
oxides are described in a Data Sheet listing 
magnetic properties of six grades. 

If you have problems involving any of these ma-
terials, please let us go to work for you. We main-
tain fully equipped laboratories for the develop-
ment of new and better inorganic materials. 
Write, stating your problem, to C.K.WilliamsdCo., 
Dept. 25, 640 N. 13th St., Easton, Pa. 

EST. LOWS.ILL. • EASTON.PENNA. • EMERYVILLE. CALIF. 

ess the grains weld to one another, 
some grow, some disappear, voids 
are filled, and the entire mass 
shrinks, sometimes as much as 20 
percent. 

Depending on their composition, 
ferrites may be permanently mag-

netic (so called hard ferrites), or 
they may have relatively low intrin-
sic magnetization but high permea-
bility (soft ferrites). Useful hys-
teresis characteristics have applica-
tions in computers and logic cir-
cuits (see Fig. 1, p. 56). 

Interest in Radiation Effects Is High 

Work may offer clue to 
an understanding of 
molecular architecture 

EFFECTS of nuclear radiation ex-
posure on materials and devices is 
presently an area of high interest 
at several electronics laboratories. 
Studies of irradiated matter may be 
very important in creating materi-
als and devices to order. This may 
be significant to "molecular engi-
neering." 
The fact that atoms may be dis-

lodged from crystals by fast parti-
cles has been known since the first 
reactors were developed. A great 
deal of knowledge is now being built 
up concerning changes in electrical 
properties, thermal conductivity, 
and laws of molecular architecture. 

This week several electronics lab-
oratories report activities on radia-
tion effects, say much of this work 
is still under wraps. 
Work at Bell laboratories is con-

ducted to investigate factors and re-
lations controlling changes in prop-
erties of materials and devices 
exposed to gamma and neutron radi-
ation. Aim of their nuclear elec-
tronic effects program (NEEP), is 
to develop materials, devices and 
circuits resistant to radiation. Bell 
is now investigating semiconduc-
tors, ferroelectrics, ferromagnetics, 

and piezoelectric materials. 
One program at Stanford Re-

search Institute concentrates on ra-
diation effects in magnetics and 
dielectrics. Aim is to clarify how ra-
diation sensitivity is related to the 
composition and structural perfec-
tion of the specimens. Researchers 
will establish the rate of recovery of 
useful magnetic and dielectric prop-

erties of materials. 
At IBM, the effects of high-inten-

sity pulsed nuclear radiation expo-
sure on selected devices and materi-
als (their SCORRE program) used 
in critical high-speed circuits is un-
der investigation. One test series 
has irradiated ferrite and wound 
cores used for memory and logic 
applications. A preliminary check 
of results, recently reported, indi-
cates that no significant pulse radi-
ation effects have been detected in 
either the pulse or disturb tests. 
IBM is also investigating compo-
nents used in airborne digital com-
puters and includes capacitors, 
transistors and diodes. 

DAMAGE THRESHOLDS — Gen-
eral Electric has a program concen-
trating on radiation effects on mi-
crowave devices. Another GE 
program is investigating radiation 
damage thresholds of elements. 
Changes in residual electrical re-
sistances have been measured for a 
number of metals as a function of 
electron energy in the range from 
0.5 to 1.5 mev. Irradiations were 
performed at less than 20 deg K and 
recovery measurements have been 
made up to 300 deg K. 
An analysis of data on experimen-

tal radiation effects for the military 
is being conducted at Edgerton, 
Germeshausen & Grier, Inc. 

Previous work on nuclear radia-
tion of electronic components was 
reported by Admiral Corporation. 
Analysis of past data revealed basic 
weaknesses and indicated whether 
the component under analysis 
could be improved by a better choice 
of materials, or whether component 
did not constitute a radiation prob-
lem. Admiral has evaluated several 
types of capacitors: mylar, ceramic 
and vitreous enamel types, high-
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AIRPAX 
temperature film resistors, transis-
tors, transformers, relays switches 
and transmission cables. 

Frederick Seitz, now chairman of 

the department of physics at the 
University of Illinois, has compiled 
an extensive bibliography on the ef-
fects of irradiation on metals.' 

REFERENCE 
(1) Frederick Seitz, Effects of Irradia-

tion on Metals, Rev of Mod l'hys, p 656, 
Oct., 1962; also Science, p 563, Nov. 2, 
1962. 

Microwave Tube Operates 

At High Temperature 
INVESTIGATION of factors permitting 
long life operation of microwave 
tubes at very high ambients re-
sulted in the successful development 
of a magnetron that operates for 
400 hours at 400 deg C without need 
for cooling. 

The glass high-voltage bushing 
and output window were replaced 

with high alumina ceramic parts. 
Steel magnet poles were redesigned 
and clad with OFHC copper sheet. 
All silver solder used for braze 
joints was replaced with gold-
copper and gold-nickel alloy solders, 
copper solder, or heliarc welding. 
The copper was selected because 

of extremely low diffusion rate of 
hydrogen, carbon and oxygen, and 
because copper won't poison a thoria 
cermet-type cathode. Copper clad-
ding and steel were joined together 
by 825 gold-nickel solder. 

Double-vacuum bakeout was se-
lected as the exhaust processing 
method to eliminate gas permeation 
through the tube envelope during 
processing, reduce thermomechani-
cal bakeout stress, and allow for a 

sealoff vacuum of 10-e torr. 
Four tubes were constructed and 

evaluated: the prototype, a tube 
life tested at 240 deg C anode tem-
perature with the extremeties of 
the tube at 200 deg C, and two other 
tubes life tested at 400 deg C over-
all. 

Materials capable of withstand-
ing higher temperatures than cop-
per are presently being evaluated 
for use as anode material. 
Work was reported by Raytheon's 

Raymond Dyer at company's Spen-
cer Laboratory. 

F ml 
TELEMETRY 
DISCRIMINATORS 

MODEL FDS4 

Input voltmeter for setting preemphasis . . . Mirrored-scale 
meters . . . Input impedance, 200 K . . . Zero to full scale DC 
offset ... Constant amplitude or zero overshoot low pass filters 
. . . 0.1% linearity . . . Adjustable output, -± 1 to -± 10 V, 0 
to 100 MA (1 A on special order) . . . 7" overall height . . . 
Power, 45 watts or less, 100 to 125 V, 50 to 60 CPS. 

GENERAL SPECIFICATIONS FOR BOTH MODELS 

All solid state for high reliability, service free life and low 
power dissipation . .. Standard IRIG center frequencies (other 
channels from 100 CPS to 100 KC) . . Deviations -± 71/2 %, 
LI= 15% . . . . Input Sensitivity 10 MV RMS min.. . . . Input 
Dynamic Range, 60 db . . . Static Linearity within 0.1% of 
Bandwidth ... Output Noise, 0.15% of Bandwidth . .. Output 
Impedance below 10 ohms ... Plug-in Frequency Components. 

MODEL 42-7952 

Input impedance, 51 K min. . . . Sensitivity, 10 MV . . . 
Dynamic range, 60 db . . . Output, ± 1 V to 10 V, ± 1 MA 
to 10 MA . . . Linearity, 0.1% . . . Power consumption, 25 
watts max. per channel ... Eighteen units mount in a standard 
panel 19" wide x 83/4 " high. 

Airpax produces electronic and electromechanical COMMU-
TATORS, CALIBRATOR TEST EQUIPMENT, VCO's and a line of 

fixed crystal and tunable TELEMETRY RECEIVERS including a 

new compact type 4 3/8" high x 113/16" wide x 14" deep. 

PHONE. 587-1100 Nttitianae TWX: 305-587-1000 

SEMINOLE DIVISION • FT. LAUDERDALE, FLA. 
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PRODUCTION TECHNIQUES 

NETWORK BOARD welder machine makes a minimum of 10,000 welds an hour on 120 boards 

Low-Voltage Welding Lowers Costs 

Makes more connections 
in a given area. Has short 
weld cycle and high speed. 

By J. S. GELLATLY 
Western Electric, Inc. 
Chicago, Illinois 

POTENTIALS in the range of 35-
75 volts as compared with the 1,000-
1,500 volts in high-voltage per-
cussion welding have been used to 
obtain optimum percussion welds in 
150-300 microsecond time intervals. 
The low voltage percussion weld-
ing process has been developed to 
a stage of reliability and quality 
attractive for selected applications. 
A direct capacitor discharge en-
ables the weld energy to be closely 
controlled by the voltage to which 
the welding circuit capacitors are 
charged. Also contributing to weld-
energy control is arc current dura-
tion as determined by a special 
feather-edged welding tip that in-
tensifies the electric field on the 
end of the wire. This tip enables 

the arc to be struck at a distance 
of only a few angstroms as against 
the several thousandths of an inch 
separation in high voltage percus-
sion welding. 

Because of the short weld time, 
heat transfer is limited to a very 
minute value making the process 
attractive for connecting heat sensi-
tive devices. High arc temperatures 
and extremely short arc duration 
enable the joining of metals of high 
electrical and thermal conductivity 
to each other and also to metals 
of differing characteristics. Refrac-
tory metals may also be joined to 
other metals. Currently, machinery 
has been developed to weld: leads 
to resistor caps, leads to dry reed 
switches, capacitors and resistors 
to network circuit boards. 

SYSTEM UNITS—Two basic units 
—a mechanical system and an elec-
trical system—make up the device 
actuating the process. The mechani-
cal system includes a movable jaw 
that acceleretes the wire towards 
the terminal to which the wire is to 
be welded. Suitable movable clamps 

THIN FUSION area and un-
changed grain structure indicate 
small heat effects in tinned copper-
to-nickel silver weld 

or chucks are also used as wire-
holders. The electrical system con-
sists of a bank of capacitors, suit-
able d-c charging source and, in 
the case of a multiple welding set-
up, some isolating diodes to prevent 
interchange of energy between in-
dividual capacitor banks through 
the charging source. One side of 
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HAS ANYONE 
TOLD YOU ABOUT 

POWER SUPPLIES? 
The hundreds of Power Supply types 
and designs that we have engineered 
and produced gives us a wealth of 
experience and "know-how" that can 
be put to your advantage. Whether 
your need is for custom-designed 
units to meet a specific application or 
standard stock models, there will be a 
definite advantage in checking your 
requirements with Acme Electric. The 
following illustrated units indicate our 
wide range of production. 

• 
This custom 
designed unit, 
which is pro-
duced in pro-
duction quan-
tities, features 
modular con-
struction and 
advanced cir-
cuitry. 

• 

• 

This sturdily 
built design, 
for the manual 
regulation of 
saturable core 
reactors, features silicon rectifiers for 
full-wave d-c output. Available in 300, 
500, 1000, 2000 watts; 0-100 volts d.c. 

High efficiency, regulated power sup-
ply. Less than 1% ripple. Negligible 
thermal drift. Tubeless circuitry 
achieves maximum reliability. Output 
voltage maintained under varied con-
ditions of input and load. Six other 
big features described in Bulletin 174. 

• 

• 

• 
This Signal Developer Power Supply 
provides the necessary d-c for the 
signal control circuit of a magnetic 
amplifier. One/eighth watt, 0-25 volts. 

SAA 3574.2022A 

ACME ELECTRIC CORPORATION 
3112 WATER STREET CUBA, N. Y. 
In Canada: Acme Electric Corp. Ltd., 50 Northline Rd., Toronto, Ont. 

Calibrated 
standard 
antennas 
nine designs now cover 1-21 KMC! 

Stable, rugged, portable, accurately-calibrated antennas 
for every microwave application from precision field 
intensity, leakage, gain, and directivity measurements 
to the mpst demanding communications installation. 
Teflon windows, MIL fittings, compatible tripods and 
reflectors. Excellent directivity, high and uniform 
broadband gain, low VSWR ... CA Series. 

Call your POLARAD Field Engineer ... he is 
a Microwave Specialist! 

POLARAD 
ELECTRONICS CORPORATION 

World Leader in Microwave Instrumentation 
43-20N 34th Street, Long Island City 1, New York 

POLARAD 

CIRCLE 206 ON READER SERVICE CARD 

WHICH DEFLECTION YOKE 
FOR YOUR DISPLAY o 

Consult SYNTRONIC 

YOKE SPECIALISTS 
Syntronic's team of experts knows more about yoke design, engineering and 
quality control than anyone else. A solid 10-year record of leadership— 
acknowledged throughout the industry. Benefit from it. 

• 

syntromc INSTRUMENTS, INC. 100 Industrial Road, Addison, Illinois 
Phone: Kingswood 3-6444 

CIRCLE 220 ON READER SERVICE CARD 
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Higher-speed 
operation from 
built-in gauging 

New cam-lever linkage of the 
Di-Acro Model 36 shear pro-
vides a greater mechanical 
advantage than lever ac-
tions. This makes it easier 
to control both machine and 
material so that operation is 
easier, faster and safer. 
Quick-Set micrometer 

gauges set to hair-line ac-
curacy in seconds. The new 
Model 36 shear is fast to set-
up, fast to operate. To main-
tain tolerances to thou-
sandths of an inch, an auto-
matic hold down bar grips 
materials during shearing. 
Notching and slitting can be 
done easily by setting the 
adjustable ram stops to limit 
stroke length. Capacity of 
the machine is 16 gauge steel. 

Steel, rubber, mesh and all 
shearable sheet materials 
(even some plastics) can be 
cut to die-accuracy with the 
new Model 36. 

Similar performance is 
also delivered by a range of 
other models down to 6 
inches in width. For com-
plete, detailed information, 
call your Di-Acro distributor 
who is listed in the yellow 
pages of your phone book 
under Machinery—Machine 
Tools, or write us. 

DI-ACRO POWER SHEARS 
DI-Acro Shears in power model.; 
are available in 24", 30", and 
50" widths. The standard model 
provides continuous and single 
stroke operation. 
Vari-O-Speed inodel 
shears automatically 
at a range of speed 
from 30 to 200 R.P.M. 
or single stroke. 

je CrO 

We PRECISION 
METALWORKING 

EQUIPMF N 

DI-ACRO 
CORPORATION 
4312 8th Ave., Lake City, 

Minn. 
pronounced doe•od•ro 

0.020 WIRE END 

MAY HAVE 
SLIGHT ANGLE 

CUTTER WASTE 
JAW SHAPE WIRE END 

FEATHER-EDGED tip is cut at 
wire ends using the proportioned 
dimensions shown—Fig. 1 

the capacitor bank, usually the neg-
ative, is connected to the terminal 
holding device. The other pole at-
taches to the movable jaw holding 
the wire to be welded. 

FEATHER-EDGED TIP—In low-
voltage percussion welding, poten-
tials in the range of 35-75 volts 
make arc initiation difficult. A 
special tip was designed to intensify 
the electric field on the end of the 
wire. Without such a tip, arc initia-
tion is very erratic and, at high 
wire approach velocities, the arc 
may not strike. The tip represents 
the optimum shape as derived from 
extensive studies covering conical, 
pyramidal, unsymmetrically cut, 
and other types. As might be ex-
pected, for a given wire size, ap-
proach velocity, and stored energy, 
the volume of material within a 
given shape is also very important. 
For most instances, utilizing round 
wire, the dimensions of Fig. 1 may 
be proportionally scaled. The razor-

100"/SEC. 100"+/SEC. 

BURN-OFF '— ',C=> 

0.020 

\  
0.0070 \ 0.0054 

TERMINAL 

like, feather-edge tip will burn back 
and vaporize rapidly as the arc 
plasma expands over the full wire 
end area to provide the maximum 
molten section for welding. The arc 
is extinguished by contact of the 
molten surfaces when the rate of 
burn-back is exceeded by the ap-
proach velocity of the wire. 

TIME INTERVAL—The typical 
situation for arc initiation, burn-
back, and welding is shown in Fig. 
2. This is illustrative of such weld-
ing as #22 or #24 tinned copper 
wire to a nickel-silver or copper 
nickel-switch (or relay terminal). 
The mechanical system provides a 
constant velocity of 100 inches. The 
total capacitance and charging volt-
age have been selected so that ap-
proximately one-half the stored 
energy is dissipated in the arc prior 
to extinction. Thus, as pictured, the 
controlling parameters: velocity, 
volume of melted metal, and arc 
energy, are proportioned to accom-
plish the weld in 200 microseconds. 

ARC CURRENT—Figure 3 is an 
example of what is considered to be 
a desirable arc current curve for 
the typical case of welding #24 
tinned copper wire. Note the rapid 
rise of arc current with the peak 
occurring at about 35 to 40 micro-
seconds after arc initiation. The 
peak is followed by a typical ex-
ponential decay of arc current with 
arc extinction occurring at 190 mi-
croseconds. The second current peak 
represents the residual energy 
stored in the capacitors being dis-
charged through the completed 
weld. Note the approximate equality 

100"+/SEC 

---**C• BURN-OFF 
LINE 

0.0041 0.0025 

I00"+/SEC. 000 SEC. 

WELDED 
0.0000 

0 0 

ARC DURATION DURATION is 
Optimum welds result 
onde—Fig. 2 

50 100 150 200 

ARC DURATION IN MICROSECONDS 

determined by burnback rate and wire velocity. 
when duration lies between 150 and 300 microsec-

62 CIRCLE 62 ON READER SERVICE CARD electronics 



800 

600 
cc 
W400 

.sz 200 

O  -] 
200 400 600 800 1000 

MICROSECONDS 

RAPIDITY of process minimizes 
loss of weld heat prior to arc ex-
tinction after 190 microseconds— 
Fig. 8 

of the energy areas under the two 
sections of the current curve as de-
fined from arc initiation to closure 
and closure to zero current. 

Storage Space Saved 
By Tool Cabinets 

SERVICE manpower for old tool 
system (top) was greatly reduced 
by new system (bottom) 

THIRTY TWO industrial storage cab-
inets store $100,000 worth of tools, 
accessories and equipment at Ray-
theon's Airborne Operation plant. 
Use of the cabinets increases aisle 
widths over that in the former 
conventional setup which used a 
much larger area of about 700 
square feet. Formerly, individual 
items were stored in some 65 sec-
tions of open metal shelving run-
ning 7 feet in height, requiring use 
of ladders or stools. Charts were 
needed to locate 7000 different items 
in the tool crib inventory. The stor-
age cabinets, manufactured by Vid-
mar, are 59 inches high and take up 
less than half the former space. 

Continually improved since its 
announcement in 1956. the 1000-
watt Penta PL-172/8295 is now 
offered in a ceramic version, the 
PL-8295A. 
The PL-8295A is directly inter-

changeable with the PL-172,/8295, 
and may be substituted in sockets 
previously using the earlier version, 
without making circuit changes. In 
new equipments, the higher temper-
ature capabilities of the PL-8295A 
allow substantial reductions in air 
cooling requirements. 

Because of its outstanding per-
formance in critical linear radio-fre-
quency amplifier applications, the 
PL-172/8295 has become the choice 
of most designers wherever a one-
kilowatt plate dissipation screen-grid 
tube is required. Now, to the basic 

features resulting from the use of 
beam pentode construction, with tla. 
patented Penta vane-type suppressor 
grid, the PL-8295A adds the advan-
tages of ceramic: high-temperature 
processing, resistance to shock and 
vibration, and high allowable oper-
ating temperature capability. 
The PL-8295A is the logical choice 

in applications where ruggedness, 
reliability, and superior performance 
are desired. Detailed specifications 
and operating conditions are given 
on the PL-8295A data sheet—free for 
the asking. 

PENTA LABORATORIES, INC. 
312 North Nopal Street. 
Santa Barbara, California 
Trade Mork Reg. U.S. Pot. Off. 

Export Agents: e 
l'razar & Ilansen, Ltd., San Francieso 11, Calif. 
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DESIGN AND APPLICATION 

Diode Dissipates 1 Kw Reverse Power 

Miniature silicon axial-lead 

rectifier exceeds EIA-
NEMA Class-B service 

ANNOUNCED by General Instru-
ment Corp., Rectifier Div., 65 Gouv-
erneur St., Newark, N. J., the small 
(0.57-in, length), fiangeless, pig-
tailed-mounted silicon rectifiers, 
type V.I.P., are rated at 2 amperes 
and have built-in voltage impulse 
protection against reverse overvolt-
ages with reverse power dissipation 
of 1 Kw for 25 iLsec transients. 
These rectifiers use controlled ava-
lanche characteristics to dissipate 
large reverse power pulses without 
protective circuits. The 1N3938, 
1N3939 and 1N3940 are rated up to 

1,000 
600 
400 
300 
200 

100 
60 
40 
30 
20 

0 0 000 
rs.1 CI' .0,0 

0 0 000 0 
0 0 000 0 

tOGO 0. 0 
— 

MICROSECONDS 

0 000 
0000 
0-0_00_ awrcro 

600 y pv, and exceed requirements 
of EIA-NEMA class-B service. 

Avalanche breakdown at 0.05 ma 
d-c and 25 C ambient is up to 1,000 
v, rms input is up to 420 v, d-c 
blocking voltage is up to 600 v, and 
average forward current at 25 C 
ambient is 2 amperes down to 0.5 
ampere at 150 C ambient. Peak 
surge current, cycle non-recurrent 
at 25 C ambient, no load is 70 am-
peres, dropping to 30 amperes at 85 

C ambient superimposed on full 
load. 

Peak forward voltage drop at 6 
amperes, 25 C ambient is 1.1 v, re-
verse current full cycle average is 
200 ea, and maximum d-c reverse 
current at rated d-c blocking volt-
age is 5 µ,a, at 25 C and 500 ita at 150 
C. Avalanche voltage slope is typi-
cally 3 v. Thermal impedance, junc-
tion to air, is 85 C per watt. 

CIRCLE 301, READER SERVICE CARD 

Preventing Accidental Erasure of Clock Tracks 

DEVELOPED by Westwood Div., 
Houston Fearless Corp., 11801 West 
Olympic Blvd., Los Angeles 64, Cali-
fornia, the track protector prevents 
accidental erasure or distortion of 
magnetically-recorded clock tracks 
on memory drums and eliminates 
engraving drum tracks and the low 
readback voltages and signal-to-
noise ratios inherent in engraved 
tracks. Readback signal is not af-
fected by device. Available with 
clock frequencies between 25 and 
500 Kc, the device prevents erasure 

SHORT LENGTH OF 
SHIELDED CABLE 

DRuM RECORDING 
SURFACE 

or damage to a magnetically-
recorded track when a-c voltages up 
to 230 v, transient and d-c voltages 
up to 600 y and head drive voltages 
of any frequency were applied. If a 
clock track is read with the same 
head used for recording, there is a 
high degree of risk that the head 
may be subjected to transient elec-
trical conditions that may erase 
part or all of the track. The same 
thing is true of data tracks, but 
digital systems almost invariably 
are equipped to re-record data 

DRU M CONNECTOR 

PROTECTIVE 

NETWORK 

CLOCK READ 
HEAD 

ENCAPSULATED 
TRACK PROTECTOR 

/ CARD CONNECTOR 

CLOCK READ 

AMPLIFIER 

CLOCK SIGNALS 
TO ALL LOGICAL 
CIRCUITS AND 
READ/WRITE 
AMPLIFIERS 

tracks. When the clock track is 
damaged, specialized clock-writing 
equipment has to be used. Clock 
tracks have been damaged through 
routine use of ohmmeters, soldering 
irons that create thermoelectric 
forces in the electrical circuit of the 
clock read head, or even by plugging 
or removing the clock read amplifier 
card with system power on. As 
shown in the sketch, the track pro-
tector (consisting of passive ele-
ments) is placed in the head cable 
between the head and drum con-
nectors. (302) 

Sweep Generator Covers 
1 Kc to 15 Mc Range 
RECENTLY announced by Jerrold 
Electronics Corp., 15th and Lehigh 
Ave., Philadelphia 32, Pennsyl-
vania, the model 1015 video sweep 
generator covers the range between 
1 Kc and 15 Mc, has a stable narrow 
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DUROTHERM* Non-freezing Soldering Tips 
exAei POSITIVELY CANNOT FREEZE OR STICK IN ANY 
IRON BECAUSE OF PROTECTIVE ANTI-CORROSIVE ALLOY! 

AT LAST! MAXIMUM LIFE AND PERFORMANCE 
FROM BOTH ENDS OF COATED SOLDERING TIPS! 

*Inserted Section —Inserted portion of tip protected by long-wearing 100% scale-resistant 
DUROTHERM coating, bonded to base copper so securely that they become one integral part, to insure maxi-
mum heat transfer. Because there are no air spaces or looseness between coating and base copper, tip can-
not become dented or out of round, or move or slide out of place. This means faster and more constant 
delivery of heat with no tip maintenance. 

A—Heavy Iron Coating 

C—Pretinned Section 
0—Multi-coated 

and immunized 

B—Scale-Resistant 

DUROTHERM COATING 
Bonded to base copper 

*Exposed Section ."-Factory pretinning by exclusive process insures best performance and minimum 
maintenance. Exposed section is also multi-coated for extra long wear. This multi-coating immunizes shank 
of tip from solder, thus preventing solder from creeping into tip hole and spilling on components. 

*Resulting In—The longest wearing and best performing tip ever produced!  
*Both Features Exclusive Hexacon Developments 

HEXACON ELECTRIC COMPANY, 130 West Clay Ave., Roselle Park, N. J. 

SERVING INDUSTRY FOR MORE THAN THIRTY YEARS-PIONEER DESIGNER OF INDUSTRIAL SOLDERING IRONS AND COATED TIPS 

MODEL P•22 

MODEL VO-38 

MODEL PV-200 

Around the world its KEW 

MODEL EW- 16 

MODEL F-98 

• 59 

MODEL VR-21' 

MODEL TK-20A 

MODEL TR-A 

MODEL FL-202 

SWR & RF WATTMETER 

No. 120, Nakane-cho, Meguro-ku, Tokyo, Japan 

Coble Address: "KYORITSUKEIKI TOKYO" 

Tel (717) 0131 — 5 • 0151 — 3 

CIRCLE 207 ON READER SERVICE CARD 

BEST VALUE — BAR NONE 

for the 

ELECTRONICS LAB 

The New Model 19 THELCO Vacuum Oven 

There's no limit to THELCO oven usage: Accelerated 
life testing of all components ... aging, curing and 

conditioning • Drying cathode powders • Curing 
acrylic and epoxy resins • High altitude studies. 

Long recognized and accepted as the very best 
value on the market, THELCO gives more for fewer 
dollars . . . and LASTS LONGER. Only THELCO 
combines: 

• Two sizes of vacuum ovens —8"x8"x12" and 
12"x12"x17" 

• Round-the-clock, trouble-free operation 

• Maximum sensitivity and uniformity 
• Performance as advertised — or money back 

There are 11 new THELCO oven models. Precision 
also offers vacuum pumps for all laboratory needs. 

Write for new descriptive Bulletin 304 on the complete 
THELCO line and the name of the nearest stocking distributor. 

PRECISION 
SCIENTIFIC CO. 

3739 W. CORTLAND STREET 
CHICAGO 47, ILLINOIS 

LOCAL OFFICES IN: CHICAGO • NEW YORK • PHILADELPHIA • LOS ANGELES 
CIRCLE 208 ON READER SERVICE CARD 
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NEW FLEXIBLE 
PERMANENT 
SEALA 

,emue..... 
«1111.1». 
41111111110. mu-1w 

• 

RT V 
102 
SILICONE 

RUBBER 

ADHESIVE 

SEALANT 

READY-TO-USE 

ENERAIL (B). 

• seal metal joints, • seal leaks 
sheet work • use as adhesive 

• insulate wiring for pre-fabricated 
and terminals silicone rubber 

For a thousand jobs, just squeeze 
it on and it's on to stay! No pre-
mixing or priming. RTV-1 0 2 
silicone rubber adheres to almost 
anything — glass, metal, plastics, 
tile, wood, silicone rubber. Sets in 
minutes, cures in a few hours, forms 
a resilient rubber that never dries 
out, cakes or cracks. Resists mois-
ture, grease, weathering, many 
chemicals, and temperatures from 
—75°F to 500°F. 
RTV-102 won't sag on vertical 

surfaces, can he smoothed over 
large areas, "gives" with vibration 
and flexing. For free evaluation 
sample plus technical data, write 
on your letterhead describing your 
application to Section N1270, Sili-
cone Products Department, General 
Electric Company, Waterford, N.Y. 

GENERAL ELECTRIC 

sweep of 600 Kc maximum (20 cps 
residual f-m), and a wide sweep 
(10 Kc to 15 Mc) for video applica-
tions. Response is flat with ±-0.15 
db maximum variation. Three types 
of output are provided: wide sweep 
covering the entire range between 
10 Kc and 15 Mc; narrow sweep 
widths of 0 to 400 Kc centered any-

IN OUT 
MARKER 

IN 

TEST 

REF 
TEST 

where between 1 Kc and 15 Mc; and 
a e-w output. Device output is 2.0 
rms. Other features include man-

ual or automatic sweeping, sweep 
repetition ranges ranging from 1 
sweep per 24 minutes to 60 sweeps 
per second, built-in marker gener-
ator, and a built-in coaxial switch 
synchronized to the sweep to permit 
parallel substitution for measure-
ment by comparison. Output imped-
ance is 50 or 75 ohms and a cali-
brated output meter is provided. As 
shown in the sketch, two signals are 
combined in the mixer amplifier. In 
narrow position, a stable calibrated 
variable oscillator beats with a nar-
row sweep oscillator held at con-
stant frequency so that sweep width 
does not change as center frequency 
is varied. In wide position, same 
vfo is used as frequency marker. 
In c-w operation, modulation is re-
moved from narrow sweep oscil-
lator. Pyramid generator is variable 
between 1 sweep per 2 minutes to 
60 sweeps per second. Pyramid gen-
erator also drives the coaxial com-
parator. 

CIRCLE 303, READER SERVICE CARD 

Decade Inductor for Audio 
and Low R-F 
NEW from Bundy Electronics Corp., 
44 Fadem Rd., Springfield, N. J., is 

a decade inductor designed to pro-
vide incremental steps of induct-
ance for use in comparison circuits, 
wave filters, equalizers, tuned cir-
cuits and analyzers in the design 
stage. Sixteen inductors are used 
in four decade stages between 0 and 
11.110 henries in steps of 1 mh. 
Dissipation factor is 0.01 at 0 Kc, 
d-e resistance is approximately 45 
ohms per henry, voltage is 500 
rms and accuracy is based on nomi-
nal value at zero frequency and ini-
tial permeability. Since the induct-
ance values are determined at zero 
frequency and initial permeability, 
a frequency versus change in in-
ductance chart over the useful fre-
quency range is included to show 
the magnitude of effect of fre-
quency on inductance values and 
provides means of obtaining precise 
values at any frequency. (304) 

50-OHM 
LOAD 

50-01-1M 
STANDARD 

VSWR=I 

=1.25 

=1.50 

100 MC 200 MC 

Reflection Coefficient and 
VSWR Detector 
MANUFACTURED by Telonic Eng. 
Corp., P. 0. Box 277, Laguna Beach, 
California, the model TRB-1 Rho-
tector is a precision impedance com-
parator with range between 5 and 
900 Mc, 30 db minimum unbalance, 
and output impedance of 20,000 
ohms, negative polarity. The device 
is a symmetrical frequency-insensi-
tive bridge, with two legs consisting 
of externally-connected impedances 
and r-f power supplied to the input 
port. The device generates a de-
tected output voltage proportional 
to the coefficient of reflection be-
tween the impedances, unbalanced 
of negative polarity. Since the out-
put time constant is 4 ktsec, the de-
vice can be used with swept or 
modulated sources to display a vswr 
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vs frequency curve on a cro. In a 
typical application, the unknown 
impedance is compared with a 
standard matched load impedance. 
Output voltage magnitude is a 
monotonic function of the vswr of 
the unknown impedance referred to 
the standard with output null for 
unity vswr. Output indicator is cali-
brated by substituting one or more 
standard mismatched loads for the 
unknown impedance. Although op-
timized for 50 ohms, it can be used 
effectively for any standard coaxial 

impedance level. (305) 

LO 

HI 

PULSE 
MOTOR 

PRI 

PICKUP 
SIGNAL-e. 

ENGINE rj 

Pulse Rate Indicator also 
Has Threshold Detectors 

ON the market from Performance 
Measurements Co., 15120 Third 
Ave., Detroit 3, Michigan, the type 
PRI transistorized pulse rate indi-
cator measures varying-frequency 
input pulses to 0.1 percent and indi-
cates on a 0.25-percent deviation 
meter. Input pulses having a direct 
relationship to the variable being 
measured can be in the form of low-
level pulses or sine waves down to 5 
my or up to 400 y at frequencies 

between 10 cps and 10 Kc. Upper 
and lower threshold detectors can 
be set to particular points to 0.1-
percent accuracy. Relay contacts 
are rated at 5 amperes. Input trans-
ducers that can be used include 
magnetic, inductive and capacitive 
pickups, internal combustion igni-
tion, contact closures, photoelectric 
and photovoltaic cells, and essen-
tially any other repetitive electrical 
pulse. Irregularly-shaped pulses are 

rectified and filtered and resulting 
pulses are converted to rectangular 
ones by a trigger circuit. These ac-

tivate a multivibrator to produce 
pairs of rectangular pulses, 180 de-
grees out of phase and half fre-
quency. These output pulses go to a 
constant-width generator to pro-
duce pulses of constant width at 

# 5 of a series by Ultek Corp., sole manufacturer devoted exclusively 
to ion pump technology 

QUESTION: How high can you get 
in 4 hours? 

ANSWER: 350 miles, if you use 
a BoostiVac. 

If you want to get high in a bell ¡ar, Ultek's exclusive BoostiVac* is guaranteed 
to take you all the way to 5 x 10 -9 torr (pressure equivalent of 350 miles up) 
in only 4 hours. It will also cycle you repeatedly to 5 x 10 -8 torr in 60 minutes, 
and overnight achieve the exhilirating vacuum of 1 to 2 x 10 -9 —without bake-
out, or the clutter of air, water, and liquid nitrogen plumbing; all you need is 
an electrical outlet. 

Conversely, the economics of the BoostiVac are down to earth — a tenfold 
increase in pumping capacity over conventional 4001/s ion pump systems, with 
less than ten percent increase in system cost. Write today for complete details 
on the BoostiVac Model 70-410 system. 
*Potent Pending 

Send for free booklet #55 

"A little bit about almost nothing" which 

details the essential facts about ion 
pumps in general and Ultek ion 

in particular. 
pumps 

CORP. 

920 Commercial Street • Palo Alto • California 

Offices in: 

Boston New York Philadelphia Cleveland Chicago Los Angeles Dallas Washington, D.C. 
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NEW DESIGN 
ADDITIONAL WARRANTEE 
(Components :18 monthes) 

PULSE SAMPLING SYSTEM 
700mes 

, C1 

T 2700 
Sampling plug-in unit 
used on types 241, 242, 
243, 251 A oscilloscopes 
- Dual trace 
- Sensitivity : 50 mv/cm 
- Risetime : 0,5 ns 
- Input impedance:500 
- Sweep speeds : 
20 - 10 - 5 
2 - 1 - 0,5 ns/cm. 
Sampling Information: 
1 000 - 500 - 200 - 50 dots 
441 A 
Pulse  generator 
and trigger take-off 
- Pulse generator : 
risetime : 0,3 ns 
Repetition rate : 300 Hz 
- Trigger take-off : 
sensitivity : 50 mv. 
1021 A 
Double delay line 
Z : 50 £.) Delay 110 ns. 
Other available  
pjmg-in units used. 
on oscilloscopes 
241 A/242 A/243 A/251 A : 

T 130 : 1 trace - 
30 MHz 
Sensitivity : 
50 mv/cm D G 
5 mv/cm AC 
T 230: Dual trace - 
30 MHz 
Sensitivity : 
50 mv/cm DC and AC 
T D 1 : Differential 
preamplifier 
Sensitivity : 1 mv/cm 

T 1.20 : 1 trace - 20 MHz 
Sensitivity : 
5 mv/cm DC and AC 

TECHNICAL ASSISTANCE IS, AS USUAL, PROVIDED. 

RIBET—DESJARDINS 
MEASURE &CONTROL DEPARTMENT :1347, rue Périer MONTROUGE (Seine) 

FRANCE Tél. ALEsia 24-40 + Cable Address PILACELECT - MONTROUGE 

CANADIAN BRANCH : RIBET-DESJARDINS (Canada) LA .d. 

Room 114,5757 Decelles Avenue - MONTREAL 

Agencies throughout the world : addresses sent on request. 

a frequency equal to the trigger 

pulse. Amplitude limiting circuits 

maintain level constant. The meter 
circuit integrates to produce an an-
alog signal proportional to speed 
sensed at input. This analog signal 

can also be used for feedback rate 

control to vary unknown rate as 
shown on p. 67. If rate from en-

gine ignition coil (compared to low 
set point of device) goes below set, 

low contact alarm powers pulse mo-

tor to feed more fuel to engine. If 
rate exceeds top set point, fuel flow 

is reduced. 

CIRCLE 306, READER SERVICE CARD 

Half-Wave Rectifiers 
Have 20,000 PIV 
NATIONAL ELECTRONICS, INC., Ge-
neva, Ill., announces the NL-6894 
and NL-6895 mercury vapor h-v 

half-wave rectifiers. They have mul-
tiple ratings, depending upon the 
application and operating tempera-
ture. Ratings are: max d-c amperes 

output, up to 2.5; max instantane-
ous amperes output, tip to 11.5; 
max piv up to 20,000; and con-
densed mercury temperature limits, 

20 C up to 60 C. Other ratings ap-
plying to all applications: filament 

volts, 5; filament amperes, 9 to 11; 

filament heating time, 20 sec. (350) 

Subminiature Blower 
GLOBE INDUSTRIES, INC., 1784 Stan-
ley Ave., Dayton 4, 0. An a-c 

blower, which delivers 20 cfm air 
flow at 0.5 in. of water in a package 

weighing just 4.2 oz, is designed for 

both 400 and 800 cycle operation at 

115 y a-c, and has a 2,000 hr life 

while meeting all applicable MIL 
environmental specifications. (351) 
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High Frequency Hybrid 
Solves Balun Problems 
ADAMS-RUSSELL CO., INC., 280 Bear 
Hill Road, Waltham 54, Mass. New 
h-f hybrid is a balanced to unbal-
anced transformer that offers an 
off-the-shelf solution to broadband 
power splitting and balun problems. 
Features include: extreme broad-
band performance (5 Mc to 32 Mc), 
high isolation, low insertion loss, 
and excellent phase balance. The 
vswr is less than 1.5 when all ports 
are terminated in 75 ohms. Dimen-
sions ale. 5 in. wide by 4 in. high 
by 1 in. in depth. (308) 

Zener Regulators 
Offer High Reliability 
POWER COMPONENTS, INC., P. 0. Box 
421, Scottdale, Pa. The Z series 
Powercomp Zener regulators are 
available with voltages ranging 
from 6.8 to 200 y and power ratings 
of 1w, w and w. Standard toler-
ances on all units are 1 percent, 5 
percent, 10 percent and 20 percent. 
Ultra low reverse leakage current 
specifications exemplify processed-
in reliability. Specially designed 
pure silver leads further improve 
reliability by locking the device in a 
high temperature, high pressure 
molded package. (309) 

Gas Laser 
Produces C-W Light 
OPTICS TECHNOLOGY, INC., 248 
Harbor Boulevard, Belmont, Cali-

7,960 lee 
combinations... ilk-

çie 

JI 

industry's 
most complete 

Slide Switch line 
Take your switch problems to Stackpole, and you mul-

tiply the probability of getting the perfect switch for 

your product—immediately! Stackpole's complete line 

gives you a choice of ... 

• Eighteen basic slide switches—available in a range from 
0.5 to 10 amps and SPST to DP four-position switching. 

• Twelve trigger colors 
• Three trigger heights 
• Solder lug, printed circuit or quick-connect terminals. 

But when 7960 combinations won't cover your par-

ticular application, that's where Stackpole "custom 

engineering" comes in! Stackpole is ready to modify 

standard switches or to custom design a special switch 

to meet your special needs. 

For more information on Stackpole's complete slide 

switch line, write or call today! 

CARBON COMPANY. 
Electro -Mechanical Products Division 

Johnsonburg, Pennsylvania 
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EIC 
ODEL H-11:100 SERIES 
MAGNETIC HEADS 

AM • FM • AM / FM combination 

EIC magnetic recording head compon-
ents are now available for any recording 
or playback system. Originally designed 
for use in EIC recording systems, these 
heads are now proved and offered as 
industrial electronic components. Their 
wide range of electrical and mechanical 
adaptability makes them your best buy 
for laboratory and industrial applica-
tions in recording, control, and data 
analysis. 

Features: 

• Vacuum impregnated and potted in 
epoxy resin. 

• Mu-metal shielded. 

• Precise mechanical tolerances. 

• Available in single or multi-head 
blocks. 

• Blocks available in permanently im-
bedded or individually replaceable 
heads. 

Applications: 
• Drum, reel, or disc recording. 
• Sound or seismic recording. 
• Process instrumentation and control 

computers. 

Specifications 

Track Gap Over-All Induct- Resist-
Type Width Width Width ance ance 
No. (In.) (In.) (In.) (mh) (Ohms) 

A- 12 0.012 0.00025 0.125 6.7 6.75 
A- 40 0.040 0.00025 0.125 600 215 
A- 50 0.050 0.00025 0.125 750 220 
B- 50 0.050 0.00025 0.125 65 30 
C- 50 0.050 0.0010 0.125 325 220 
A- 60 0.060 0.0010 0.207 3 200 
A- 90 0.090 0.00025 0.207 100 30 
A-100 0.100 0.00025 0.187 1200 265 
B-100 0.100 0.0010 0.187 500 265 
C-100 0.100 0.00025 0.187 375 265 
A-I25 0.125 0.0020 0.207 29 34 
B-125 0.125 0.0050 0.207 1.17 1.9 
C-125 0.125 0.0050 0.207 0.224 0.7 
A-140 0.140 0.0010 0.207 500 230 
B-140 0.140 0.0010 0.207 7 10 
C-140 0.140 0.0030 0.207 235 230 
A-30-3 0.030 0.001 0.145 7.0 14.5 
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ELECTRODYNAMIC INSTRUMENT CORPORATION 
SUBSIDIARY OF REED ROLLER BIT COMPANY 

TWX 713-571-341 / RI 8-2760 1841 Old Spanish Trail -  Houston 25, Texas 

Cable: EICORP- Houston 

EIC REPRESENTATIVES 
CLYDE M. SALISBURY CO., San Francisco, 1453 Seventh Ave. - MO 4-0586 • REPCO SALES, Miami, 401 N.W. 
71st Street - PL 7-2911 • ELECTRONIC SALES, INC., Denver 22, 2641 S. Ivy Street - SK 6-4148 • WALLACE 
AND WALLACE, Los Angeles 15, 1206 Maple Ave. - RI 7-0401 • BRANCH OFFICE: P. 0. Box 30201, Dallas 30 - 
EM 1-0174. 

• SWITCHES 
• RHEOSTATS 
• TUBES 
• CONNECTORS 

1011r AVIONIC DIVISION 
2701 N. W 42ND AVE.. MUTAI, FLORIDA • 

2912 ATLANTIC AVE.. BROOKLYN. N. Y. • 

CIRCLE 210 ON READER SERVICE CARD 

Factory Distributors of: 

• WIRE 
• RELAYS 
• CIRCUIT BREAKERS 
• INDICATOR LIGHTS 

• CAPACITORS 
• RESISTORS 
• COAXIAL CABLES 
• LAMPS 

Electronic Equipment Co. Inc. 
NE 5-0421 

TA 7.6100 

up or drop out with the model E790 
or E791. Use where different set-
tings are required, or in labs for 
development of prototype systems. 
Available in 4pdt arrangement for 
up to 10 amp resistive at 32 y cl-c 
and/or 115 y a-c continuous duty 
with max recycle of 0.025 sec. Units 
are protected from transient spikes. 

CIRCLE 314, READER SERVICE CARD 

D-C Power Supply 
Weighs Only 100 Lb 
CHATHAM ELECTRONICS DIVISION of 

Tung-Sol Electric Inc., Livingston, 
N. J. Model R2432-100 solid state 
power supply provides 0-100 amp at 
24-32 y d-c from a standard 200-240 
v, 60 cps a-c source. Unit comes 
with standard equipment for re-
mote sensing and parallel operation 

and radio noise is internally sup-
pressed per MIL-I-26600 and MIL-
I-6181D. Regulation is ±0.75 per-
cent line and ±0.35 percent load. 
Response time is 100 millisec for 

a full load swing and the unit can 
withstand a 100 percent overload 

for 5 minutes, or 500 percent for 1 

sec. (315) 

Pressure Transducer 
Has Digital Output 
STATHAM INSTRUMENTS, INC., 12401 
W. Olympic Blvd., Los Angeles 64, 
Calif. Model P606 digital pressure 
transducer converts pressure into a 
7-bit unambiguous binary code out-
put which divides the pressure into 
128 discrete parts. The instru-
ment's output can be read visually 
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High Frequency Hybrid 
Solves Balun Problems 
ADAMS-RUSSELL CO., INC., 280 Bear 
Hill Road, Waltham 54, Mass. New 
h-f hybrid is a balanced to unbal-
anced transformer that offers an 
off-the-shelf solution to broadband 
power splitting and balun problems. 
Features include: extreme broad-
band performance ( 5 Mc to 32 Mc), 
high isolation, low insertion loss, 
and excellent phase balance. The 
vswr is less than 1.5 when all ports 
are terminated in 75 ohms. Dimen-

sions are: 5 in. wide by 4 in. high 
by 1 in. in depth. (308) 

I 

Zener Regulators 
Offer High Reliability 
POWER COMPONENTS, INC., P. 0. Box 

421, Scottdale, Pa. The Z series 
Powercomp Zener regulators are 
available with voltages ranging 
from 6.8 to 200 I; and power ratings 
of 1w, Fl w and w. Standard toler-
ances on all units are 1 percent, 5 
percent, 10 percent and 20 percent. 
Ultra low reverse leakage current 
specifications exemplify processed-
in reliability. Specially designed 
pure silver leads further improve 
reliability by locking the device in a 
high temperature, high pressure 
molded package. (309) 

Gas Laser 
Produces C-W Light 
OPTICS TECHNOLOGY, INC., 248 
Harbor Boulevard, Belmont, Cali-

r 

— Ji 

7,960 .. .. ,..4.-4%,.... 
combinations... imrt: 

'Nitv, industry's e 
most complete ...l-r 

Slide Switch line 
Take your switch problems to Stackpole, and you mul-

tiply the probability of getting the perfect switch for 

your product—immediately! Stackpole's complete line 

gives you a choice of . 

• Eighteen basic slide switches—available in a range from 
0.5 to 10 amps and SPST to DP four-position switching. 

e Twelve trigger colors 
• Three trigger heights 
• Solder lug, printed circuit or quick-connect terminals. 

But when 7960 combinations won't cover your par-

ticular application, that's where Stackpole "custom 

engineering" comes in! Stackpole is ready to modify 

standard switches or to custom design a special switch 

to meet your special needs. 

For more information on Stackpole's complete slide 

switch line, write or call today! 

CARBON COMPANY 
Electro -Mechanical Products Division 

Johnsonburg, Pennsylvania 
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PRINTING 

RECORDER with 

&tee/le/cc& /' 
The great versatility of this unit is based on the unique action of the 
"single decade", which can be arranged in combinations of 2, 4, 6, or 8 
to a frame, operating individually or sequentially. The "BUILDING 

BLOCK" modular cencept provides many variations, assembled to 
specific requirements for the recording of various types of data in high 
speed manufacturing, automation, chemical processing, liquid or gas 
metering, electronics and research. Practical, foolproof, and within the 

economical price range of $750 to $1500, depending upon specific 
requirements based on the modular principle. 

S,nd for CATALOG SO or call your DURANT representative 

*The Durant Printing 
Recorder accumu-
lates usable infor-
mation and, upon 
demand, produces a 
printed record of 
this data. 

MANUFACTURING COMPANY 

1912 N. Buffum St. 
Milwaukee 1, Wis. 

12 Thurbers Ave. 
Providence 5, R. I. 

REPRESENTATIVES IN PRINCIPAL CITIES 
CIRCLE 209 ON READER SERVICE CARD 

The high standards of MITSUMI electronic 

components are insured by a fully-auto-

mated assembly system, and double-checked 

by rigid quality controls. Mitsumi Electric 

Company is Japan's largest manufacturer 

of components for radio, television and 
communications equipment. 

MITSUMI PARTS  
MITSUMI ELECTRIC CO., LTD. 

Tokyo, Osaka, New York 

Good 
parts 
work 
best! 

Intermediate 
Frequency 
Transformer 

IFT 

POLYVARICON 
Variable 
Capacitor 

fornia. Model 150 produces visible 
light at 6328 Angstroms. Acces-
sories are available for infrared 
output at 1.153 microns. Output is 
ideal as a source for modulation and 
long-path interferometer experi-
ments, demonstrations in classical 
optics and various systems applica-
tions. Its precision mirrors adjust 
to produce various mode patterns. 
The laser may be table or optical 
bench mounted. A removable metal 
case protects the helium-neon gas 
tube and mirrors. 

CIRCLE 310, READER SERVICE CARD 

Power Relays 
Are Upright Mounting 
SNYDER ELECTRONICS CORP., 212 E. 
North St., Waukesha, Wisc., offers 
the series 240 and 242 power re-
lays. Each unit will carry 25 am-
peres resistive load at 230 y a-c. 
A million cycles at rated load was 
applied to the 240 relay without a 
failure and with no apparent wear 
of the contacts. Contact material is 
silver cadmium oxide alloy. Coil 
operating voltage, 6 y to 250 y; d-c, 
6 y to 110 v. Insulating materials: 
molded phenolic (Durez 1544) and 
laminated phenolic Grade XP. Insu-
lation resistance: 50 megohms min. 
Breakdown voltage: 1500 y rms 
between all elements. (311) 

Shielding Container 
Preserves Magnetic Tape 
MAGNETIC SHIELD DIVISION PERFEC-

TION MICA CO., 1322 North Elston 
Ave., Chicago 22, Ill., offers a rug-
ged Netic Co-Netic magnetic tape 
shielding container which keeps 
vital military and industrial record-
ings in their original condition and 
unaffected by exposure to unpre-
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dictable magnetic fields during 
transportation or storage. The 
hinge's axis is located on the con-
tainer's topmost edge. An overlap-
ping magnetic shunt strip heliarc 
welded into the cover eliminates the 
magnetically open gap that would 
otherwise be present in the space 
occupied by the stainless steel 
hinge. This makes for compact stor-
age and easy removal of stored 
tapes. (312) 

Parametric Amplifier 
Tunes Over 350-475 Mc 
AIRBORNE INSTRUMENTS LABORA-

TORY, Deer Park, L. I., N. Y., of-
fers tunable parametric amplifiers 
designed for use with quadruple di-
versity troposcatter communication 
systems. Model 1789 is tunable over 
the range from 350 to 475 Mc and 
has a nominal noise figure of 1.5 
db. Although designed for use with 
the AN/FRC-39 receiver, the unit 
is easily adapted to other systems. 
The amplifier is housed for installa-
tion in a standard 19-in, rack and 
is easy to tune and operate. (313) 

Time Delay Relay 
Has Adjustability 
WHEATON ENGINEERING DIVISION, 

Hurletron Inc., 920 Manchester 
Road, Wheaton, Ill. Dial your time 
up to 1,000 sec 7F:5 percent, lock the 
micro dial and time either on pick 

.05% RPM ACCURACY! 
24-30 VDC RANGE! 
0.4 OZ-IN TORQUE! 
2000 HR MINIMUM! 

Impossible? 
Prove it 
yourself! 

We're confident that you can't make our Chronometric 
motor K5801 go wrong. We tried. We varied line voltage. 
We varied load. We receive constant rpm's every time. 
The A. W. Haydon Company's Chronometrically governed 
DC timing motor, K5801 will deliver 0 to 0.4 oz.-in. 
torque at 3600 rpm, accurate to ±.05% over a range 
of 24-30 vdc! It will do this for at least 2000 hours! 
K5801 weighs only 9 oz.; will take ambient temperatures 
from —55°C to +100°C; vibration from 5-2000 cps at 
10g; shock at 100g for 11 -±1 milliseconds, and draw 4 
watts maximum. Recalibration, if necessary, may be done 
quickly to with a 60 cps strobe light and a screw-
driver. All this in a package only 21/4" long by 13/4 " 
diameter. This is a mighty motor indeed. Mighty accurate. 
Mighty reliable. Write The A.W. Haydon Company for 
ordering information and test procedure booklet SP9-4, fl COMPANY 
or see your nearest A.W. Haydon sales representative,235 NORTH ELM ST.. WATERBURY 20. CONN. 

Available as Shown or with integral gear head. 

AYDON 
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EIC 
ODEL H-1000 SERIES 
MAGNETIC HEADS 

AM • FM • AM / FM combination 

EIC magnetic recording head compon-
ents are now available for any recording 
or playback system. Originally designed 
for use in EIC recording systems, these 
heads are now proved and offered as 
industrial electronic components. Their 
wide range of electrical and mechanical 
adaptability makes them your best buy 
for laboratory and industrial applica-
tions in recording, control, and data 
analysis. 

Features: 

• Vacuum impregnated and potted in 
epoxy resin. 

• Mu-metal shielded. 

• Precise mechanical tolerances. 

• Available in single or multi-head 
blocks. 

• Blocks available in permanently im-
bedded or individually replaceable 
heads. 

laM11111141 
Applications: 
• Drum, reel, or disc recording. 
• Sound or seismic recording. 
• Process instrumentation and control 

computers. 

Specifications 

Track Gap Over-All Induct- Resist-
Type Width Width Width anee ance 
No. (in.) (In.) (In.) (nh) (Ohms) 

A- 12 0.012 0.00025 0.125 6.7 6.75 
A- 40 0.040 0.00025 0.125 600 215 
A- 50 0.050 0.00025 0.125 750 220 
8- 50 0.050 0.00025 0.125 65 30 
C- 50 0.050 0.0010 0.125 325 220 
A- 60 0.060 0.0010 0.207 3 200 
A- 90 0.090 0.00025 0.207 100 30 
A-100 0.100 0.00025 0.187 1200 265 
B-100 0.100 0.0010 0.187 500 265 
C-100 0.100 0.00025 0.187 375 265 
A-125 0.125 0.0020 0.207 29 34 
8-125 0.125 0.0050 0.207 1.17 1.9 
C-125 0.125 0.0050 0.207 0.224 0.7 
A-140 0.140 0.0010 0.207 500 230 
8-140 0.140 0.0010 0.207 7 10 
C-140 0.140 0.0030 0.207 235 230 
A-30-3 0.030 0.001 0.145 7.0 14.5 

E 
IC 

ELECTRODYNAMIC INSTRUMENT CORPORATION 
SUBSIDIARY OF REED ROLLER BIT COMPANY 

TWX 713-571-341 / RI 8-2760 1841 Old Spanish Trail -  Houston 25, Texas 

Cable: EICORP - Houston 

EIC REPRESENTATIVES 
CLYDE M. SALISBURY CO., San Francisco, 1453 Seventh Ave.- MO 4-0586 • REPCO SALES, Miami, 401 N.W. 
71st Street - PL 7-2911 • ELECTRONIC SALES, INC., Denver 22, 2641 S. Ivy Street - SK 6-4148 • WALLACE 
AND WALLACE, Los Angeles 15, 1206 Maple Ave. - RI 7-0401 • BRANCH OFFICE: P. 0. Box 30201, Dallas 30 - 
EM 1-0174. 
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• SWITCHES 
• RHEOSTATS 

• TUBES 
• CONNECTORS 

'19210/ AVIONIC DIVISION 
2701 N. W .12 ND AVE.. MI/ MI. FLORIDA • NE 5-0421 

2912 ATLANTIC AVE.. BROOKLYN. N. Y. • TA 7-6300 
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Factory Distributors of: 

• WIRE 
• RELAYS 
• CIRCUIT BREAKERS 
• INDICATOR LIGHTS 

• CAPACITORS 
• RESISTORS 
• COAXIAL CABLES 
• LAMPS 

Electronic Equipment Co. Inc. 

up or drop out with the model E790 
or E791. Use where different set-
tings are required, or in labs for 
development of prototype systems. 
Available in 4pdt arrangement for 

up to 10 amp resistive at 32 y d-c 
and/or 115 y a-c continuous duty 
with max recycle of 0.025 sec. Units 
are protected from transient spikes. 

CIRCLE 314, READER SERVICE CARD 

D-C Power Supply 
Weighs Only 100 Lb 
C11,\THAM ELECTRONICS DIVISION of 
Tung-Sol Electric Inc., Livingston, 
N. J. Model R2432-100 solid state 
power supply provides 0-100 amp at 
24-32 y d-c from a standard 200-240 

v, 60 cps a-c source. Unit comes 
with standard equipment for re-
mote sensing and parallel operation 
and radio noise is internally sup-
pressed per MIL-I-26600 and MIL-
1-6181D. Regulation is .±0.75 per-
cent line and -±0.35 percent load. 
Response time is 100 millisec for 
a full load swing and the unit can 
withstand a 100 percent overload 
for 5 minutes, or 500 percent for 1 

sec. (315) 

Pressure Transducer 
Has Digital Output 
STATHAM INSTRUMENTS, INC., 12401 
W. Olympic Blvd., Los Angeles 64, 
Calif. Model P606 digital pressure 
transducer converts pressure into a 
7-bit unambiguous binary code out-
put which divides the pressure into 
128 discrete parts. The instru-
ment's output can be read visually 
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or it can be fed directly into a mag-
netic tape system, typewriter sys-
tem, etc. Transducer measures pres-
sures from 0-1 psi through 0-1000 
psi full scale; absolute, gage, and 
differential. Combined non-linear-
ity and hysteresis is less than ±:1 
percent full scale. Input is 1 to 10 
; output is a 7-bit binary code, 1 

to 10 v. Unit operates over a tem-
perature range of —65 F to +250 
F. (316) 

Double Stub Tuner 
Covers 40 to 400 Mc 

WEINSCHEL ENGINEERING, 10503 
Metropolitan Ave., Kensington, Md. 
By using a helical inner conductor 
in both the stubs and in the body 
between the stubs, the electrical 
length of the DS-109H has been 
made much greater than its me-
chanical length. A mechanical travel 
of the stubs of only 53 cm is equiva-
lent to a change in electrical length 
in excess of 300 cm. Within the 
specified frequency range, the DS-
109H will match any impedance in 
a 50 ohm line resulting in a vswr of 
less than 7.0. Price is $250. (317) 

Current Limiter 
Regulates to ± 1 Micromho 

CIRCUIT DYNE CORP., 480 Mermaid 
St., Laguna Beach, Calif., has avail-
able a low level current limiting de-

Better Measuring fromW 

X-Y 

RECORDER 

PRODUCES 
VISUAL DISPLAY 
of PHOSPHORESCENT 

SPECTRA 

Specially designed 
by Electro Instruments 

In biochemical applications such as these where the graphic display 

of low frequency phenomena is the criterion, El all solid state X-Y 

recorders are the most accurate and economical solution. Instan-

taneous display is produced in easily readable and reproducible 

form without the need of photographic equipment or processes. 

The Aminco-Keirs Spectrophosphorimeter, built by American 

Instrument Co., is a new instrument that excites innumerable 

molecules to a state of phosphorescence. While in this state, the low 

frequency spectral and decay patterns, unique with respect to spec-

tral frequency, lifetime and spectral vibration, are recorded on an 

El X-Y recorder. These recorded profiles are used for highly accurate 

identification of compounds and as a basis for quantitative assay. 

The uncompromising performance and careful design of the 

Electro Instruments all solid state Model 300 X-Y Recorder offers 

such prime users the advantages of high reliability coupled with 

mechanical and electrical specifications unavailable elsewhere at 

such an economical price ... just $1650, f.o.b., San Diego, California. 

Electro Instruments offers the world's most carefully designed 

and built X-Y recorders. 

For full details on El's individual instruments in the digital 
measuring field, or our complete systems capability in data 
acquisition, display and control—call the El office nearest 
you or write direct. 

E Electro Instruments, Inc. 
8611 Balboa Avenue, San Diego 12, California 
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DYNAMICS 
INSTRUMENTATION AMPLIFIERS 
— with complete 
galvanometer 
conditioning 
controls 

Model 6411 —transistorized, wideband de 

amplifier capable of delivering -±-10V 
and ±100 ma to the load. Unit features 
continuously variable gain control and 
variable de offset adjustment of -4--10V 
output range. Front panel galvanom-
eter controls include: 

galvanometer damping switch 
galvanometer simulated load switch 
dc output current meter 

output polarity-reversing switch 
internal/external load switch 

Voltage Gain: 0.1 through 1000 in 9 steps, continu. 
ously variable between steps. 
Linearity: Better than 0.05% 
Frequency response: -±-2.0% to 10 kc; 
down 3.0 db at 30 kc 
Drift: +2.0 gV in 40 hours operation after warm-up, 
referre-d-to input 
Power line isolation: shielded transformer produces 
less than 5.0 mmf of direct power line capacity to 
amplifier ground. 
The galvanometer conditioning controls are also 
available on Dynamics gain 10 or gain 100 dc ampli-
fiers. These units feature instantaneous overload 
recovery time (within rise time of the amplifier). 

Write for complete literature on Model 
6411, or the entire line. 

DYNAMICS INSTRUMENTATION COMPANY 
583 Monterey Pass Rd., Monterey Park, Calif. • Phone: CU. 3-7773 

CIRCLE 211 ON READER SERVICE CARD 

Now, go — no go noise testing 
on all Atohm pots! 

The Atohm Noise Tester performs noise tests which meet all applicable 
military and industrial specifications. It applies a constant 1 ma to the unit 
under test; responds to DC to 50 Kcps; and its input impedance exceeds 
10 times the nominal resistance value of the test sample. Its calibration 
decades may be adjusted to set its response threshold at any specified ENR 
level. While the noise level is under the established threshold a green light 
remains lighted. When it exceeds this level a red light is lighted. No more 
guessing. The human element has been eliminated entirely. 

SA1 
ATOHM ELECTRONICS 

OHM.. 
7648 San Fernando Road, Sun Valley, California • IR 7-9873 1ATOHM ELECTRONICS 

vice capable of ±1 ¿mho regula-
tion. Model CP-8 is a two-terminal 
component that may be specified 
with any current level from 2.1 to 
1 ma in 5 percent increments. 
Measuring only 0.8 in. in diameter 
by 1.05 in. long, the device is en-
capsulated in epoxy and is available 
with single-ended or axial leads. It 
is a silicon type, capable of han-
dling up to 40 y and operating in a 
temperature range of —55 to +100 
C. Over-all current regulation is 
±0.1 percent. 

CIRCLE 318, READER SERVICE CARD 

Protective Coating 
COLUMBIA TECHNICAL CORP., Wood-
side 77, N. Y. A single-component 
high temperature coating, Humi-
Seal type 1C42, is recommended 
for treatment of precision power 
resistors to pass MIL-R-26C speci-
fications. (319) 

Cavity Oscillators 
Span 960 Me to 5.9 Ge 
MICROLAB, Livingston, N. J., offers 
a series of cavity oscillators cover-
ing the frequency range from 960 
Mc to 5,900 Mc in four units, each 
within 10 percent tuning range. De-
signed around a ceramic triode, 
these units are used in local oscil-
lators, drivers for harmonic gener-
ators and c-w signal sources. Four 
models cover C, S, SL, and L band 
applications. Units are minimum 
size and light weight, varying from 
3.0 oz to 6.0 oz. Tuning is accom-
plished by means of a single screw 
adjustment. (320) 

Signal Sampler and 
Memory Module 
TEMPO INSTRUMENT, INC., Plain-
view, L. I., N. Y., has available a 
sample and hold miniature module 
which provides a sustained output 

74 CIRCLE 74 ON READER SERVICE CARD electronics 



voltage of a sampled analog signal. 
The transistorized module provides 
an accurate long-term voltage level 
output equal to the instantaneous 
amplitude of a sampled signal. The 
unit incorporates new solid-state 
circuits which perform this func-
tion accurately and economically. 
Module provides a high input im-
pedance and low output impedance, 
and is capable of sampling at a 
fast rate. (321) 

•   

Microwave Switches 
Use Ribbon Leads 
M ICROSEM ICONDUCTOR CORP., 11250 
Playa Court, Culver City, Calif., 
has available two lines of micro-
wave switches (750 mw and 300 
mw). For insertion into wave-
guides, the 0.150 in. length by 0.060 
in. diameter size of the 300 mw unit 
are most desirable. This is further 
enhanced by the use of a ribbon 
lead. Single junction silicon devices 
have high back resistances capable 
of 1500 y piv. Capacitances below 
1 pf are standard. Devices are op-
erational from — 65 C to + 175 C 
and meet or exceed MIL-S-19500 C 
and MIL-STD-202B. (322) 

Digital Voltmeter 
COHU ELECTRONICS, INC., Kin Tel 
Division, 5725 Kearny Villa Road, 
San Diego 12, Calif. Model 502 BZ, 
an a-c/d-c digital voltmeter for sub-
marine and other special environ-
ment applications, measures d-e be-
tween J..- 100 /Iv and zt.- 1,000 v, a-c 
from 30 cps to 10 Kc between 1 mv 
and 1,000 v. (323) 

Plug-In Oscillators 
SUM MERS AND M ILLS, INC., 1511 
Levee St., Dallas 7, Texas. Plug-in 
single frequency oscillators feature 
20 cps to 500 Kc selection, planar 
transistor reliability, 10 y rms out-
put, and low price. (324) 

about TELEDYNE° and TELEFLIGHT" pressure systems 

Taber Transducers monitor pressures 
in new space vehicle system at Bell 
Measuring gas pressures in propellant feed lines and a rocket thrust chamber, 
Taber TELEFLIGHT® pressure transducers are a vital part of a new gaseous 
bi-propellant attitude control system developed by Textron's Bell Aerosystems 
Company. The system controls orientation with respect to earth for vehicles in 
outer space. 

Of special design, the transducers have an extremely small volume pressure 
cavity for fast response, sustaining maximum volumetric ratio between the rocket 
thrust chamber and transducer pressure cavity. 

Ideally suited to a wide variety of test, ground support, and airborne applica-
tions, Taber Bonded Strain Gage Pressure Transducers provide many performance 
advantages: high frequency response, infinite resolution, hysteresis of less than 
0.25% full scale, and low sensitivity to temperature effects, shock or vibration. 

For detailed information on Taber Transducers (in pressure ranges from 0-50 
through 0-10,000 psi), mail this coupon attached to your letterhead. 

r. f7.777:1  

TO: TABER INSTRUMENT CORPORATION 
AEROSPACE ELECTRONICS DIVISION SECTION 158 
107 Goundry Street, North Tonawanda, N. Y. 

Send detailed information on Taber Teledyne , and Teleflight 
bonded strain gage pressure transducers. 

name title 

t's>te < 

company nut  

address 

city zone state 
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SPECTRA-FLEX CABLES ® 
DESIGNED TO DO A DIFFICULT JOB 

Use SPECTRA- FLEX and get exactly what you need. 

Multi-conductor, multi-color, 

all gauges fl10 AWG to #30 AWG. 

Any type of wire with 

a vinyl jacket. 

A COMPLETE LINE OF 
HOOK-UP MATERIALS. 
SPECTRA-STRIP 
VERILOCAP 
SPECTRA-TWIST 
SPECTRA-INK 
VYNA-KOTE. 

-.Smell-a-Strip Wire & eatte Corp. 
POST OFFICE BOX 415 

GARDEN GROVE, CALIFORNIA 

TEL: 714-537-4530 

TWX: 714-530-0313 
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There's Only 
ONE Chief-

Semi-Elements 
FULL SCALE PRODUCTION OF . . . 

• SODIUM TERBIUM BORATE 
• COBALT MANGANESE FLUORIDE 
• CALCIUM TUNGSTATE 

Developers and Producers of 

• "SELIG" 
EXPLORATORY LASER LIQUID 

• "FERROGLASS" 
OPTICAL GRADE MAGNETIC GLASS 

• SOLID STATE LASER UNITS 

• OPTICAL GAS LASER UNITS 

STOCK LASERS 

CaF_, BaF, CdF, SrF, TiO„ MgO, 

RbMnF, CaWO„ A1,0„, KMnF_, 

SrWO., SrMo0„ SrF, • CaF, 
SrF.. • BaF,, SrF, • BaF, • CaF, 

Write or Phone for Complete Literature ... 

Semi-Elements, Inc. 
Saxonburg Blvd., Saxonburg, Pa. 

DI AL-412-352-1548 

•;*taat 

COSMIC 

IMMEDIATE DELIVERY 
ANYWHERE 
IN THE 
NATION 

ELECTROLYTIC 
AND 

PAPER TUBULAR 

CONDENSERS 
"35 YEARS OF PROVEN 

DEPENDABILITY" 

COSMIC CONDENSER CO. 
853 WHITTIER STREET, BRONX, N. 

LUdlow 9-3360 
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Literature 

of the Week 
PIEZOELECTRIC CERAMICS Clevite Elec-

tronic Components, 232 Forbes 
Road, Bedford, O., has available a 
12-page booklet entitled "Modern 
Piezoelectric Ceramics." 
CIRCLE 325, READER SERVICE CARD 

AIR DATA INSTRUMENTS Giannini Con-
trols Corp., 1600 S. Mountain Ave., 
Duarte, Calif. Easy reference cata-
log describes 17 typical products in 
a line of air data instruments. (326) 

ENVIRONMENTAL TEST LABORATORY 
Philco Corp., 3825 Fabian Way, 
Palo Alto, Calif., has published a 
10-page brochure describing the en-
vironmental test laboratory of its 
space division, Western Develop-
ment Laboratories. (327) 

DIRECT-WRITING RECORDER Brush In-
struments, division of Clevite Corp., 
37th and Perkins, Cleveland 14, 0. 
Booklet describes uses of the direct 
writing recorder as applied in sup-
ervision, troubleshooting and main-
tenance of telecommunications 
equipment. (328) 

THERMOSTATS Chatham Controls Corp., 
124 River Road, Chatham, N. J. A 
six-page color brochure covers a line 
of miniature and subminiature 
thermostats. (329) 

FACILITIES General Electric Co., P. 0. 
Box 8555, Philadelphia 1, Pa., has 
published a booklet describing the 
new antenna and radar cross-sec-
tion laboratory at its Valley Forge 
Space Technology Center. (330) 

GALVANOMETER Consolidated Electro-
dynamics Corp., 360 Sierra Madre 
Villa, Pasadena, Calif. The high 
frequency capability of the type 
7-365 galvanometer is described in 
a two-page bulletin. (331) 

REED RELAYS Industrial Timer Corp., 
U. S. Highway 287, Parsippany, 
N. J. Bulletin 450 contains complete 
details and prices on five new types 
of dry reed relays. (332) 

PORTABLE OSCILLOGRAPH Massa Divi-
sion of Cohu Electronics, Inc., 280 
Lincoln St., Hingham, Mass. Data 
sheet describes a two-channel strip-
chart recording system in a porta-
ble package. (333) 

PHOTOELECTRIC COUNTER Electro De-
vices Inc., 75 Adams St., Newton, 
Mass. Bulletin gives information on 
solid state photoelectric counter for 
use with new or existing toroid 
winders. (334) 

TEMPERATURE TAPE Control Indicating 
Corp., Bradley Field, Windsor 
Locks, Conn. Six-page folder con-
tains technical data and application 
information on linear temperature 
tape. (335) 

y. 

SNAP-ACTION SWITCHES MieroSwitch, 
Freeport, Ill. Micro Tips No. 31 
contains ideas submitted by plant 
engineers and electricians showing 



how they have used snap-action 
switches to increase production 
efficiency. (336) 

HALL EFFECT COMPONENTS Instrument 
Systems Corp., 111 Cantiague Road, 
Westbury, L. I., N. Y. A complete 
line of Hall effect components and 
devices is described in an 8-page, 
2-color catalog, No. H-20014. (337) 

H-F PHASE SHIFTERS Nilsen Mfg. Co., 
P. 0. Box 127, Haines City, Fla. 
Technical data sheet covers a series 
of r-f phase shifters operating at 
specific user frequency from 5 to 
40 Mc. (338) 

WIDEBAND TRANSISTOR AMPLIFIERS 

Radio Corp. of America, Somerville, 
N. J., has available a pamphlet en-
titled "Design of Wideband Tran-
sistor Amplifiers." (339) 

D-e POWER SUPPLY Engineered Elec-
tronics Co., 1058 E. First St., Santa 
Ana, Calif. Technical data sheet 
is available on a solid-state, triple 
six-volt d-c power supply with volt-
age regulation of 0.1 percent. (340) 

DIRECTIONAL CROSSGUIDE COUPLER ,; 

Microwave Development Labora-
tories, Inc., 15 Strathmore Rd., 
Natick Industrial Centre, Natick, 
Mass. Catalog XT62 describes more 
than 125 crossguide couplers in EIA 
waveguide sizes WR28 through 
WR284. (341) 

D-C AMPLIFIER Dana Laboratories, Inc., 
630 Young St., Santa Ana, Calif. 
Data sheet 34 describes model 2000 
solid-state, wideband, differential, 
low-level d-c amplifier. (342) 

VOLTAGE CALIBRATOR RFS Engineering 
Co., 2nd and Westmoreland Sts., 
Philadelphia 40, Pa. Bulletin de-
scribes model 1200 voltage cali-
brator that will precisely measure 
the amplitude of a signal on an 
oscilloscope and also check the band-
width of the oscilloscope. (343) 

COUNTER-TIMERS Eldorado Electronics 
Co., 1832 Second St., Berkeley 10, 
Calif. A two-page bulletin contains 
illustrations and technical descrip-
tion of the 720 series counter-tim-
ers. (344) 

DETECTOR/READOUT Trio Laboratories, 
Inc., Plainview, L. I., N. Y. Bulle-
tin TL-500 describes model ID-1 
precision voltage-sensitive detector/ 
readout. (345) 

SILICON RECTIFIERS Bradley Semicon-
ductor Corp., 275 Welton St., New 
Haven 11, Conn. Brochure covers 
the Redtop line of silicon rectifiers 
that feature integral insulation, 
high thermal conductivity and 
double diffused junctions. (346) 

MOTOR-RUN CAPACITOR Aerovox Corp., 
New Bedford, Mass. Bulletin 172B2 
gives details on a reduced size a-c 
motor-run metal cased tubular 
capacitor. (347) 

FACILITIES Milletron, Inc., 454 Lincoln 
Highway East, Irwin, Pa., has pub-
lished a brochure outlining its per-
sonnel, experience and facilities for 
instrumentation and control sys-
tems in the nuclear and industrial 
fields. (348) 

EECo G-Series Circuit Applications 
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10 Mc Shift Register with synchronous data entry followed by synchronous serial 
shifting, with true logic levels enabling the logic inputs of the JK flip-flops, and 

with data entered or shifted at clock time. 

Clock Input 
Max. rise time: 25 nanoseconds 
AC noise: reject at least 2 volts peak to peak 
True level: —6 VDC (nominal) 
False level: 0 VDC (nominal) 

EECo Modules/Bit 
One G.401 universal logic gating package 
One-half G.101 dual JA flip-flop 

Power 
—12 VDC: 2F/F=60 Ma, each 401=32 Ma 
—6 VDC: each 401=32 Ma 
+6 VDC: 2F/F=6 Ma 

Logic Input 
True level: —6 VDC (nominal) 
False level: O VDC (nominal) 
Logic transfer frequency: up to 10 Mpps 

COSTS LESS THAN $68/BIT 
Yet, it utilizes the most reliable circuits you can buy today —EECo 
G-Series extended-service digital-circuit modules. Every EECo module 
is guaranteed reliable and will be repaired or replaced under conditions 
defined in the company's written warranty. In addition, every module 
is a catalog item, available from stock. You can 
select from the 10 Mpps, 500 Kpps, and 25 Kpps 
basic frequency groups. No matter what your 
choice, three major benefits will always be 
yours—reliability, economy, availability. 

This is just one of the many practical applica-
tions of this versatile new series. Perhaps 
another will be of direct interest to you. Write, 
wire, or phone today for details; ask for the 
new G-Series catalog or a call from one of our 
experienced staff of applications engineers. 

ENGINEERED ELECTRONICS Company 
1441 East Chestnut Avenue, Santa Ana, California 
Telephone: 547-5651 Cable Address: ENGELEX 
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PEOPLE AND PLANTS 

3M Company Building Third Plant 

CONSTRUCTION of a third do-
mestic magnetic tape manufactur-
ing plant has been undertaken by 
Minnesota Mining and Manufactur-
ing Co. at Camarillo, Calif., about 
45 miles northwest of Los Angeles. 
The 125,000-square-foot plant is 

scheduled for completion late next 
year. Ultimately, it will increase the 
firm's magnetic tape capacity by 
35 percent. The plant will employ 
about 50 persons initially. However, 
the force is expected to increase to 
between 200 and 300 persons as 
production is boosted. 
The company has a tape produc-

tion facility at Hutchinson, Minn., 
and opened an east coast plant at 

Godycki Accepts 
Bourns Post 

L. E. GODYCKI has been appointed 
manager of materials research for 
the Trimpot division of Bourns, 
Inc., Riverside, Calif. His imme-
diate tasks will include research in 
advanced materials for use in Trim-
pot potentiometers, precision po-
tentiometers, and relays. 

Godycki was formerly a senior 

Freehold, N. J., about 18 months 
ago. 
The 3M Company produces more 

than 200 stock magnetic tape and 
accessory items and 1,000 special 
order products. It was a pioneer in 
the production of magnetic tape in 
the United States, producing its 
first commercially-usable tape in 
1947. 

The firm has developed special-
ized tapes for audio and video re-
cording, and for instrumentation 
applications, including guided mis-
sile and satellite projects, geophysi-
cal exploration, automated equip-
ment, telemetering, computers and 
data processing. 

research scientist for Electro-Op-
tical Systems in Pasadena. 

Radiation at Stanford 
Names Top Engineers 

RADIATION AT STANFORD, Palo Alto, 
Calif., has appointed Vernon L. 
Smith as chief engineer and Gene 
E. Tallmadge as assistant chief en-
gineer. 

Smith comes to Radiation at 
Stanford after 11 years at the U. 
of California's Lawrence Radiation 
Laboratory, where he headed an 
electronics project group. In his 
new post he will be responsible for 
design and development of high-
power electronic systems. 

Tallmadge joined Radiation at 
Stanford in 1955. He has served 
as group leader and project engi-

neer for the development of a num-
ber of special and exotic high-
powered transmitters. 

GE Appoints New 
Office Head 

K. M. FULLERTON has been named 
manager of General Electric's new 
Defense Programs Operation in 
San Bernardino, Calif. He will co-
ordinate his company's aerospace 
and defense systems business in 
this area with such organizations 
as the AF Ballistic Systems divi-
sion at Norton AF Base. 

Prior to this appointment, Ful-
lerton was district manager for 
GE's Missile and Space division in 
Los Angeles. 

Vergeichik Assumes 
Fairchild Position 

APPOINTMENT of John Vergeichik as 
director of engineering for Fair-
child Camera and Instrument Cor-
poration's Defense Products divi-
sion, Clifton, N. J., is announced. 
He comes to Fairchild from Max-

son Electronics Corp. where he was 
engineering assistant to the presi-
dent. 

Gulton Industries 
Hires Elwood 

APPOINTMENT of Albert A. Elwood 
as technical director of Gulton In-
dustries' new Marine Instrumenta-
tion Group at Pompano, Fla., has 
been announced. He will be re-
sponsible for development of 
oceanographic instruments, under-
water sound systems and complete 
data acquisition and reduction sys-
tems for the solution of oceano-
graphic problems. 

Prior to joining Gulton, Elwood 
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NOW... 
wound to 
any specs 

in any 
quantity 

Supplying exactly the coil forms you want — ceramic or 
phenolic; standard, printed circuit or shielded — is just one 
CAMBION® service. Winding them to your exact speci-
fications is another — which eliminates all the time and much 
of the expense of your own coil winding. CAMBION is fully 
equipped to custom-wind your coils precisely, lab-test them 
thoroughly to your qualifications and deliver them fast in any 
quantities you order. Like all CAMBION components they're 
quality-guaranteed. For prompt technical aid in meeting your 
requirements for custom-wound coils, call your CAMBION 
Engineering Representative, or mail your blueprints to 
Cambridge Thermionic Corporation, 437 Concord Avenue, 
Cambridge 38, Massachusetts. 

( ...1 CAMBRIDGE THERMIONIC CORPORATION 

w .30(--e-5m 
The guaranteed electronic components 
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New DIFFUSION FURNACE 
with Kanthal A-1 elements 

MODEL K-36 
Tube Furnace tube I.D. 2V2" 

end zones 29V2" 
center zone 11" 

Laboratory ovens 

Pot•type 
furnaces 

Many design features util-
ized in the new Despatch 
K-36 combustion and diffu-
sion furnace combine to give 
it broader applications and 
new dependability for labor-
atory and production work. 
The Kanthal 3-zone A-1 

elements are divided into 
end and center zone heats. 
The silicon control rectifier 
and transformer assembly 
withproper instrumentation 
provides accurate ± 1.¡° F. 
heat uniformity current con-
trol. The all ceramic exterior 
tubes and the efficient new 
type insulation, alumina-
silica fibers in multiple lay-
ers, combine to maintain a 
cool shell even when the fur-
nace is operated at capacity 
heat. 
The new Despatch K-36 

features are well suited to 
analytical work of semi-con-
ductor deposits, for diffu-
sion involving vapor growth, 
for combustion carbon de-
termination. 

For complete information 
write for bulletin 206-61e. 

DESPATCH OVEN CO. 619 S.E 8 St., Minneapolis 14, Minn. 

Drawer 
ovens 

Walk-in batch ovens 

Printed Circuit Designers! 
AVOID Wire Failures 
at Soldering Temperatures 

You've never had a printed circuit fail at room tempera-
ture. But you may often have experienced loose wire 
trouble in the soldering pot or during solder roller 
coating. 

Synthane G-10R, a special glass epoxy base laminate, 
was developed especially to eliminate wire failures 
during the soldering operation—approximately 500°F. 

G10-R meets or beats NEMA and MIL specs for peel 
strength at room temperature and has a hot peel strength 
of 2 to 4 lbs. per inch of width after immersion for 15 
seconds at 500°F4 instead of the customary 0.1 to 0.2 
lbs. per inch of width. 

G-10R is available in sheets 36" x 36" or 36" x 48" and 
in the usual foil thicknesses. Write for new folder on all 
Synthane metal-clad laminates. 
*Testa made on Sf. & VII"  wires. 

—SYlValANe 
1 

CORPORATION re OAKS, PENNA. 

GLendale 2-2211 TWX Valley Forge 735U 
Synthane-PaclCc 818 W. Garfield Age.. Glendale 4, Calif. TWX GLDL 4417U 

Synthane Corporation, 36 River Rd., Oaks, Pa. 

Gentlemen: 

Please send me your latest brochure on Synthane G-10R and other 
Synthane copper-clad laminates. 

Name 

Address 

City Zone State 

December 14, 1962 
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NOW! HIGH FREQUENCYUPT010POEMRFcO.R""E 

WITH MECHATROUS 
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nem 7538-18 
Data Matri.e NO. 39_.6.4471 
w ith Cartrid 

o. 39 
1471 

For computers, data 
processing, and other 
readout applications, 
DIALCO offers 

The complete line of 

1538 
der Bo. 6_1471 

with Cattridge 

DATALITES° 
Ultra-miniature DATALITES are available in several 
basic styles: CARTRIDGE HOLDERS that accommodate 
DIALCO'S own replaceable Neon or Incandescent 
LAMP CARTRIDGES. Unit mounts in 3/8" clearance 
hole... For multi-indication, LAMP CARTRIDGES are 
mounted on a DATA STRIP or DATA MATRIX in any 
required configuration...DATALITES with permanent 
(not replaceable) Neon Lamps may be had with or without built-in resistors...The 
"DATA CAP" series features a rotatable read-out lens cap; accommodates a clear 
(colorless) cartridge. LEGENDS may be hot-stamped on cylindrical lenses... Styles 
shown here are only typical. Send for information on the complete line. 

Write for 8-page Datalite Brochure L-160C. 

246_1540-930 

60 STEWART AVE., BROOKLYN 37, N.Y. • Area Code 212, HYacinth 7-7600 

was in charge of the Underwater 
Instrumentation department of 
Airpax Electronics, Inc. 

Redcor Corporation 
Advances Fuller 

DONALD W. FULLER has been elected 
vice president of engineering by 
the board of directors of Redcor 
Corp., Canoga Park, Calif. His 
former position was director of en-
gineering. 

Redcor designs and manufac-
tures a complete line of precision 
components for use in data acqui-
sition and systems control. 

Edcliff Instruments 
Appoints Swirsky 

BURTON D. SWIRSKY has been named 
engineering manager at Edcliff In-
struments, Inc., Monrovia, Calif. 

Swirsky joins Edcliff following 
five years with Spectrol Electronics 
Corp. where he was manager of the 
Special Products division. 

E&M Laboratories 
Hires Koontz 

E&M LABORATORIES, Van Nuys, 
Calif., announces the appointment 
of Rollin Harold Koontz as project 
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FREE TO 
COMPANY 
OFFICIALS 

LOOKING FOR 
ANEW 

PLANT SITE 

WE WILL PREPARE FOR YOU A 

CONFIDENTIAL SURVEY 
OF SELECTED LOCATIONS 

FOR YOUR NEW PLANT IN 

NEW YORK STATE 

TABLE OF CONTENTS 

e SUBJECT PAGES 

Introduction   1 
Growth Trends   2-3 
Climate   4-6 
Public Utilities   7-22 
Financial   23 
Government Services  

Taxes 
24-44 

• Protective Services 
Water Supply & Sewerage 

Community Facilities   45-73 
Housing 
Education 
Recreation & Culture 

Industrial History   74-79 

Labor   80-92 
ñ Natural Resources   93-94 

Transportation & Markets  95-104 
Sites   105-133 

TAILOR-MADE. This confidential re-
port is not taken off the shelf. It will 
be prepared specifically for you, based 
on the requirements for your new plant 
as you give them to us. Send these re-
quirements on your business letterhead 
to Commissioner Keith S. McHugh, 
N.Y. State Dept. of Commerce, Room 
231K 112 State St., Albany 7, N.Y. 

Keith S. McHugh, Commissioner 
New York State Department of commerce 

engineer. He will direct the com-
pany's efforts in advanced state-of-
the-art microwave components to 
complement the line of ferrite de-
vices and coaxial switches currently 
being marketed. 
Most recently, Koontz was senior 

engineer responsible for filter re-
search at Rantee Corp. 

Adler Appoints 
Executive Engineers 

THOMAS J. SALTER and Zen J. Ste-
vens, both formerly with Interna-
tional Electric Corp., have been ap-
pointed executive engineers in the 
systems engineering department, 
Government Products division of 
Adler Electronics, Inc., New Ro-
chelle, N. Y. 

Adler is a producer of telecommu-
nications systems and communica-
tions equipment. 

Melpar Names Kahn 
Chief Engineer 

DAVID A. KAHN has been named 
chief engineer of Melpar, Inc., Falls 
Church, Va. He was formerly sys-
tems associate of the firm, acting as 
a consultant for the company's mili-
tary systems programs. 

Before joining Melpar in May, 
Kahn was the system research man-
ager of the Cornell Aeronautical 
Laboratory. 

Assign Jackson to 
New Position 

APPOINTMENT of Harry A. Jackson 
as resident plant manager for Spec-
trol Electronics of Canada, Ltd., 
has been announced by the corn-

momrton 
A DIVISION OF LITTON INDUSTRIES 

- U 4-+-

01Z34567891,4"-Ab4 

01234567890"4k54 

o‘2345089.4-A54 
023450890—W 
otk3456789••-e%34 
023456789..-Ab4 
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Ot23456789.4-ele 
Actual size, 

16 column printout 

1040 Lines Per Minute 
Solid State Printer 
4 Line Coded Input 

MONROE DATA/LOG MC 10-40 

4 COLUMNS $1570. 
8 COLUMNS $1760. 
12 COLUMNS $1950. 
16 COLUMNS $2140. 

• Printing rate: 1040 printed 
lines per minute, 17.3 per sec-

ond • Input character code: Any 

4 line coded input • Column ca-

pacity: 4, 8, 12, or 16 columns • 

Printable characters per column: 

15 printing positions and blank 

• 0 through 9 plus 5 special 

characters (+, —, decimal, A and 

B are standard) • Character 

pitch: 10 characters per inch • 

Line spacing: 6 or 3 printed lines 

to the inch • Paper: 21/4 " width, 

roll or folded • Ribbon: 2" wide, 

30 yards long, nylon black only • 

Mounting: Rack or self enclosed 

• Dimensions: 12 1/4 " high, 19" 

wide • Construction: Modular, 

solid state, printed circuit 

boards • Power input: 95 to 130 

volts, 60 cps • Self-contained 

regulated power supply • Option: 

Register available for columns 

parallel, bits parallel, pulse in-

put • Transfer time: 2 microsec-

onds or less. 

Warranty: One year's parts and 

maintenance by Monroe, on 

yearly maintenance contracts 

thereafter. 

DELIVERY: 30 DAYS 

Electronics Components Division 
Monroe Calculating Machine Co., Inc. 
60 Main Street, San Francisco. California 
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ENGINEERS! 
Join the Navy's 

POLARIS Program 
at 

BUREAU OF NAVAL WEAPONS 
REPRESENTATIVE (SPO) 

SUNNYVALE, CALIFORNIA 
(40 Miles South of San Francisco, 

in Prime Family Living Area) 

• 

ELECTRONIC ENGINEERS 
(INSTRUMENTATION) 

Position .7 1 (Salary $9.475 to 511.995) Will direct 
Contractor's efforts in design and application of 
special factory test equipment to insure its com-
patibility with missile performance requirements. 
Will review and approve design documentation, 
run application suitability studies on current de-
signs and, where necessary, direct development 
and redesign of special test equipment. 

Position #2 (Salary $9.475 to $11.995) Will 
direct contractor's efforts in the design and ap-
plication of tactical test equipment to insure its 
compatibility with missile shore-based and fleet 
requirements. Will review and approve design 
documentation, mn suitability studies on cur-
rent designs and, where necessary, direct develop-
ment and redesign of tactical test equipment. 

Position #3 (Salary $11.150 to $14.070) Will di-
rect contractor's technical efforts in specialized 
areas of missile-borne instrumentation including 
FM/FM telemetering, PCM/FM telemetering, "C" 
Band Beacons, transponders, accelerometers, 
timers, batteries, electrical/hydraulic devices. and 
electrical subsystems. Will also direct contractor's 
technical efforts in design of ground facilities as-
sociated with missile flight tests. 

• 
ELECTRONIC ENGINEER 

(GENERAL) 
(Salary $9.475 to $11.995) Will conduct engineer-
ing review of electrical/electronic elements of 
POLARIS Missile System for reliability determina-
tions and assist contractor in implementation of 
test programs designed to verify adherence to 
objectives. 

• 
MECHANICAL ENGINEER 

(GENERAL) 
(Salary $9,475 to $11.995) Will be responsible engi-
neer in field of containers, and associated auxiliary 
equipment, including items ranging from simple 
dnun type containers to complex missile containers 
requiring shock mitigation systems atol temperature 
/humidity environmental controls. Will review and 
approve all tactical container designs submitted bY 
contractor. 

• 

MECHANICAL ENGINEER 
(INDUSTRIAL EQUIPMENT) 

(Salary $9,475 to $11.995) Will direct anti approve 
design of Naval final inspection gages and fixtures. 
Will direct contractor's efforts in field of in-
process inspection equipment used by factory fleet 
and shore based activities and dimensioning and 
tolerancing of production tooling to be used as 
inspection media. Will review missile correlation 
drawings for compatability of dimensioning, toler-
ancing and datum systems. 

• 

GENERAL ENGINEERS 
Position =I (Salary $9,475 to $11,995) Will pro-
vide technical direction, guidance and advice to 
the contractor regarding performance and progress 
of POLARIS Missile Navigation System in design, 
production and documentation aspects. Responsi-
bility will embrace mechanical design features 
including optical alignment, calibration and check-
out procedures employed in manufacture. assembly, 
test and installation of Ships Inertial Navigation 
System (stable platforms). 

Position #2 (Salary $9.475 to $11.995) Will con-
duct engineering reviews of the mechanical ele-
ments of missiles system for reliability, and assist 
contractor in implementation of test programs de-
signed to verify adherence to reliability objectives. 
He will assure that missile system. its subsystems, 
assemblies and components, function as required. 

• 

These are Civil Sen Career positions offering 
full training. leave and retirement benefits. Sub-
toit all applications, Standard Form 57, to: 

BUREAU OF 
NAVAL WEAPONS REPRESENTATIVE 

DEPT. A 

LOCKHEED MISSILES AND SPACE CO. 
Sunnyvale, California 

or 

Telephone 739-4321, Ext. 26564 

pany's parent firm, Spectrol Elec-
tronic Corporation of San Gabriel, 
Calif. Jackson has been employed 
by Spectrol-San Gabriel for seven 
years with assignments in engi-
neering and sales. 

Spectrol manufactures precision 
and trimming potentiometers and 
turns-counting dials. 

PEOPLE IN BRIEF 

Robert O. Gardner, formerly with 
Standard-Kollsman, named direc-
tor of engineering of Calibration 
Standards Corp. Two promotions 
at Adler Electronics, Inc.: Gordon 
Jones to supervisor of the pro-
duction estimating section in the 
Mfg. Operations div., Lester Ko-
walsky to supervisor of the pro-
duction engineering section. Ar-
thur L. Charlton advances to v-p, 
mfg., for Video Corp. George W. 
Leisz moves up to v-p and g-m of 
the Inertial Navigation Product 
div. of Autonetics. Donald M. Wor-
den, previously with Reed & Reese, 
Inc., appointed western regional 
military coordinator of Weston In-
struments div. of Daystrom, Inc. 
Jack R. Lyons leaves Sorensen Co. 
to join the Electronics div. of Re-
search-Cottrell, Inc., as sales mgr. 
Chester C. Pond from Philco Corp. 
to General Atronics Corp. as as-
sistant to the president. Joseph J. 
Sinacore, formerly with R-Tronics, 
Inc., now plant mgr. for Marstan 
Electronics Corp. General Electric 
Co. ups James A. Stark to mgr., en-
gineering, for the Audio Products 
dept. Haddon S. Wilson advances 
to mgr., engineering, of RCA's 
Microwave dept. Donald K. Lat-
shaw elevated to plant and pro-
duction mgr. of Kane Engineering 
Laboratories. Thomas R. Maher, 
ex-Packard Bell Electronics, now 
g-m of the Electronic div. of The 
Magnavox Co. of Tennessee. Roy 
A. Lindberg, former president of 
Lindberg Engineering Co., elected 
chairman of the board. Fred A. 
Hansen, formerly a v-p, named 
new president for Lindberg. David 
P. Weinberger leaves Burroughs 
Corp. to join General Kinetics Inc. 
as a computer applications engi-
neer. 

INSERT COMPONENTS FASTER 
With Dynasert you can insert compo-
nents in PW boards up to 10 times faster 
than by hand. The Dynasert inserting 
machine feeds, cuts and bends leads, in-
serts and clinches all types of axial lead 
components. Practical even for sample 
runs. Find out more. Call or write Mr. 
D. R. Knight, Dynasert, United Shoe 
Machinery Corp., Boston 11, Mass. 
Area Code 617, LIberty 2-9100. 

mama 
DYNASERT® 

CIRCLE 218 ON READER SERVICE CARD 

NIMS 

NATIONWIDE IMPROVED 

MAIL SERVICE PROGRAM 

For Better Service 

Your Post Office 
Suggests 

That You Mail Early 

In The Day! 
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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 professional experience. Fill in 

the Qualification Form below. 

STRICTLY CONFIDENTIAL 

Your Qualification form will be handled as "Strictly Confidential" by 

ELECTRONICS. Our processing system is such that your form will be 

forwarded within 24 hours to the proper executives in the companies 

you select. You will be contacted at your home by the interested 

companies. 

WHAT TO DO 

1. Review 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 Qualification Form 

5. Fill out the form completely. Please print clearly. 

6. Mail to: Classified Advertising Div., ELECTRONICS, Box 12, New 

York 36, N. Y. (No charge, of course) 

Mae-1MM Ma IM IIIN 

lcut here) 

COMPANY 

ALLEGANY BALLISTICS LABORATORY 
Operated by Hercules Powder Co. 
Cumberland, Maryland 

ARGONNE NATIONAL LABORATORY 
Argonne, Illinois 

ATOMIC PERSONNEL INC 
Philadelphia, Penna, 

BELL AEROSYSTEMS COMPANY 
D;vision of Bell Aerospace Corp. 
A Textron Co. 
B:.ffalo, N Y. 

BRISTOL COMPANY 
Waterbury, Conn 

BUREAU OF NAVAL WEAPONS 
Sunnyvale, Calif. 

COLLINS RADIO COMPANY 
Cedar Rapids, Iowa 

DOUGLAS AIRCRAFT CO. 
Missile 8 Space Systems Division 
Santa Monica, California 

GENERAL ELECTRIC CO 
Apollo Support Department 
Daytona Beach, Florida 

JET PROPULSION LABORATORY 
Pasadena, California 

MOTOROLA, INC. 
Chicago, Illinois 

NATIONAL CASH REGISTER CO. 
Dayton, Ohio 

SEE PAGE KEY = 

108" 1 

92* 2 

84 3 

110 4 

110* 5 

82 6 

101* 7 

17 8 

107* 9 

109" 10 

106' 11 

110* 12 

(Continued on following peg& 

11111 IM IM ME III MI 

electronics WEEKLY QUALIFICATION FORM FOR POSITIONS AVAILABLE 
(Please type or print clearly. Necessary for reproduction.) 

Personal Background 

NAME   

HOME ADDRESS   

CITY 

HOME TELEPHONE   

 ZONE  STATE  

Education 

(cut here) 

PROFESSIONAL DEGREE(S)   

MAJOR(S)   

UNIVERSITY   

DATE(S)   

FIELDS OF EXPERIENCE (Please Check) 

Aerospace 

Antennas 

ASW 

El Circuits 

ri Communications 
1-1  Components 
E Computers 

D ECM 
E Electron Tubes 

E Engineering Writing 

D Fire Control 

El Human Factors 

El Infrared 

El Instrumentation 

D Medicine 

D Microwave 

D Navigation 

DOperations 
E Optics 

D Packaging 

Research 

121462 

111 Radar 

D Radio—TV 
D Simulators 

D Solid State 
D Telemetry 

n Transformers 

D Other   

E  

CATEGORY OF SPECIALIZATION 

Please indicate number of months 
experience on proper lines. 

Technical Supervisory 
Experience Experience 
(Months) (Mouths) 

RESEARCH (pure, 
fundamental, basic) 

RESEARCH 
(Applied) 

SYSTEMS 
(New Concepts) 

DEVELOPMENT 
(Model) 

DESIGN 
(Product) 

MANUFACTURING 
(Product) 
FIELD 
(Service) 

SALES 
(Proposals & Products) 

CIRCLE KEY NUMBERS OF ABOVE COMPANIES' POSITIONS THAT INTEREST YOU 

1 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 

NATIONAL 
COVERAGE 

The advertisements in this section include all em-
ployment opportunities — executive, management. 
technical, selling, office, skilled, manual, etc. 

Look in the forward section of the magazine for 
additional Employment Opportunities advertising. 

—  RATES —  

DISPLAYED: The advertising rate is $40.17 per 
inch for all advertising appearing on other than 
a contract basis. Contract rates quoted on request. 

An advertising inch le measured 7/s" vertically on 
a column-3 columns-30 inches to a page. 

Subject to Agency Commission. 

UNDISPLAYED: $2.70 per line, minimum 3 lines. 
To figure advance payment count 5 average words 
as a line. 

Box numbers—enunt as 1 lino. 

Discount of 10% If full payment is made in ad 
Vance for 4 consecutive insertions. 

Not subiect to Agency Commission. 

PRODUCT 

DEVELOPMENT 

ENGINEER 
The design manufacturer of a national product 
line of airborne and space vehicle components 
wishes to add to its engineering staff. Current 
product lines include control motors, syn-
chronous motors, motor tachometers, thin 
metal film precision potentiometers and trim-
mer potentiometers. 

An engineering degree or the equivalent and 
at least 5 years of engineering experience are 
required to qualify. Emphasis will be placed 
on a good fundamental background and 
established capability in new product de-
velopment. 

LOCATION: SUBURBAN LONG ISLAND 

. . . SALARY OPEN . . . 

P-1179, Electron ics 
Class. Adv. Div., P.O. Box Pi, N.Y 38, N.Y. 

An Equal Opportunity Employer 

for FEE-PAID Positions 
WRITE US FIRST! 

Use our confidential application 
for professional, individualized 
service . . . a complete national 
technical employment agency. 

ATOMIC PERSONNEL, INC. 
Suite 12071, 1518 Walnut St., Phila. 2, Pa. 

electronics 
WEEKLY QUALIFICATIONS FORM 
FOR POSITIONS AVAILABLE 

(Continued from preceding page) 

NORTHROP CORPORATION 89* 13 
Beverly Hills, California 

NORTHROP CORPORATION 91* 14 
Norair Division 
Hawthorne, California 

REPUBLIC AVIATION CORPORATION 106* 15 
Missile Systems Division 
Mineola, Long Island, N. Y. 

SCOPE PROFESSIONAL PLACEMENT 
CENTER 110* 16 

Watlham, Mass. 

TEXAS INSTRUMENTS INCORPORATED 108* 17 
Apparatus Division Dept. 
Dallas, Texas 

P 1179 84 18 

*These advertisements appeared in the Dec. 7th 
issue. 

SEARCHLIGHT SECTION 
Classified Advertising' 

BUSINESS OPPORTUNITIES EQUIPMENT - USED or RESALE 

DISPLAYED ----RATES---- UNDISPLAY ED 
The advertising is $27.25 per inch for all $2.70 a line, minimum 3 lines. To figure ad-
advertising other than on a contract basis. vance payment count 5 average words as a line. 
AN ADVERTISING INCH is measured 7/8" vert. 
on a column, 3 cols.-30 inches—to a page. 
EQUIPMENT WANTED or FOR SALE ADVERTISE- DISCOUNT of 10% if full payment is made in 
MENTS acceptable only in Displayed Style. advance for four consecutive insertions. 

Send NEW ADVERTISEMENTS or Inquiries to Classified Adv. Div. of Electronics, P. 0. Box 12, 
N. Y. 36, N. Y. 

The publisher cannot accept advertising in the Searchlight Section. which lists the names of the manufacturers 
of resistors, capacitors, rheostats, and potentiometers or other names designed to describe such products. 

BOX NUMBERS count as one line additional. 

SAVE TIME AND MONEY 
ON PURCHASING 

RELAYS 
IMMEDIATE DELIVERY 48 HOURS 

OFF THE SHELF ITEMS 
• THIS MONTHS SPECIALS • 

MERCURY WETTED CONTACT RELAYS 
W.E. 275A: 10.1 ma; 2500 ohm; SPDT; ;it R2513; ex-
act equivalent to Clare HG1001  $8.00 ea. 
10 for $72.00. 

ADLAKE MW1602-4: 8.1 ma; 4000 ohm; SPOT; 
eR3340; exact equivalent to Clare HG1002..7.50 ea. 
10 for 67.50. 

OVER". „7"‘ 

2,000,000 

RELAYS in 20,000 
DIFFERENT TYPES 

MOST MAKES 

DELIVERY WITHIN 10 DAYS 

ITEMS REQUIRING REASSEMBLY AND/OR ADJUSTMENT 

SEND FOR LATEST CATALOG E 

niversa RELAY CORP. 

42A White St., New York 13, N. Y., WA 5-6900 
CIRCLE 950 ON READER SERVICE CARD 

SMALL AD but BIG STOCK 
of choice test equipment 
and surplus electronics 

Higher Quality—Lower Costs 
Get our advice on your problem 

ENGINEERING ASSOCIATES 
434 Patterson Road — Dayton 19, Ohlo 

CIRCLE 951 ON READER SERVICE CARD 

PROFESSIONAL 
SERVICES 

GIBBS & HILL, Inc. 
Consulting Engineers 

Systems Engineering 
Operations Research • Development 
Field Studies • Design • Procurement 

Power • Transportation • Communications 
Water Supply • Waste Treatment 

393 Seventh Avenue New York 1, N. Y. 

itleeen 
can deliver Amphenol 

Bendix # • 1 ... 

1c) e Cannon 
CONNECTORS 

FITTINGS 8c CLAMPS 
We stock more thon 5,000,000 MS/AN 
CONNECTORS . . . of 50,000 variations! 
In PRODUCTION QUANTITIES . . we sell 
BELOW "0.E.M." PRICE . . . and offer 
IMMEDIATE "OFF-THE-SHELF" DELIVERY] 

FRE E ... "LIST-PRICE SHEET" 
Send for latest brochure 

WILGREEN INDUSTRIES, Inc. 
102 Warren Street, New York 7, N. Y. 

WOrth 4-2490-1-2 Wire: FXK 
emmeeemm.p.e.eemeem.eeeete> 

CIRCLE 952 ON READER SERVICE CARD 

RADIO RESEARCH INSTRUMENT CO. 
AUTO-TRACK &TELEMETRY ANTENNA PEDESTALS 
3 5, 10 CM. SCR. 584 AUTOTRACK RADARS. 
AN ,TPS-11) SEARCH. AN ,TPS-10 HT. FINDERS. 
AN/FPN-32GCA, AN/APS-10 NAVIG. 6, WEATHER. 
AN/APS-15B PRECISION, AN APCI-350 PRECISION, 
AN/APS-31A SEARCH. DOZENS MORE. 
.5-1-2 MEGAWATT HIGH POWER PULSERS. 

RADIO RESEARCH INSTRUMENT CO 
550 Fifth Ave. New York Judson 6.4691 

RADAR SYSTEMS & COMPONENTS/ IrcéneitTtE 
CIRCLE 953 ON READER SERVICE CARD 

FOR RESEARCH — DEVELOPMENT 
& EXPERIMENTAL WORK 

Over 10.000 different electronic parto: wave-
guide, radar components and parts, test sets. 
pulsars, antennas, pulse xmfrs. magnetrons 
IF and nulas amplifiers. dynamotors. 400 cycle 
xinfrs. 584 ant, pedestals, etc. 
PRICES AT A FRACTION OF ORIGINAL corn 
COMMUNICATIONS EQUIP CO. 
343 CANAL ST., N. Y. 13, WO 6-4045 

CHAS. ROSEN (Fonierly at 131 Liberty St.) 
CIRCLE 954 ON READER SERVICE CARD 

POTTING APPLICATORS 
MANUAL AND DISPOSABLE 

6cc 1 2cc 30cc 
FOR POTTING, ENCAPSULATING, AND 
SEALING OF MINIATURE COMPONENTS 

PHILIP FISHMAN CO. 
7 CAMERON ST., WELLESLEY 81, MASS. 

CIRCLE 955 ON READER SERVICE CARD 

GLASS TUBING 
PYREX - NONEX - URANIUM 

BULB & CYLINDERS 
WRITE FOR FREE MONTHLY LIST 

HOUDE GLASS COMPANY 
PHONE COLFAX 4-4800 

P.O. Box 206 Keyport, N. J. 

CIRCLE 956 ON READER SERVICE CARD 

Tèji3À "Cii FREE...  
BARRY ELECTRONICS 

512 BROADWAY WAlker 5-7000 
NEW YORK 12, N.Y. TWX: NY 1-3731 

84 
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SEARCHLIGHT SECTION 

EILECTRIDNIC 
WAR TERMINATION INVENTORIES 

WRITE OR WIRE FOR INFORMATION ON OUR 

COMPLETE LINE OF SURPLUS ELECTRONIC 

COMPONENTS. ALL PRICES NET F.0.8. 

PASADENA, CALIFORNIA 

SALES CO. 
2176.E East Colorado St 
Pasadena 8. CoPersia 

MUezay 1-7393 

SIMPLE DIFFERENTIAL 
WITH BALL-BEARING 

SUN GEARS 
The 1:1 reverse ratio 
spur gears ore 48-tooth, 
32 pitch brass with 
3/16" available face. 
On one side, the shaft 
is 23.64" dio. for 

11/16" and has a pin hole, then increases in 
dio. to .377" for the remaining 3/16" of length 
On the other side, the shaft is .377 dio. lg. 
2.13/16" dio, is required to clear the body. 
Stock no A6-115   each $15.00 

RCA 6032 IMAGE-CONVERTER TUBE 
Combined with suitable optical systems, 
this 3-electrode tube permits viewing 
of scene with infrared radiation. Scene . 
to be viewed is imaged by optical ob-
jective upon semi-transparent photo-
cathode. Spectral resp., S-1; good response up 
to about 1200A. Max. ratings, absolute, grid 

20,000VDC or peak AC, grid =1,2700. 
$9.95 ppd. 

MINOR SWITCH 10-position, 3-pole, with 
stopper & reset coil 6-12 V. D.C. off-nor-

.4‘ mal non-bridging wiper. wt.: 1 lb. $9.95 

400-CYCLE 

MOTOR 

GENERATOR, 

PU-20 

The generator assembly consists of a 1400-
watt, 120-volt, 400-cycle inductor-alternator 
and a 400-watt, 27-volt D.C. generator. The 
alternator rotor and the D.C. generator arma-
ture are mounted on a common shaft, which 
is dual-belt-driven by a 3-H.P., 1750-R.P.M., 
115/230-volt, single-phase 60-cycle electric 
motor. Weatherproof output box is mounted 
on top of the stator shell. It contains a 
rheostat, adjustable resistor, two pin jacks for 
plugging in an A.C. voltmeter. Size: 28" W., 
33" L., 18" H. Weight, approx. 250 lbs. 

Price $175.00 

8-DAY ELAPSED-TIME SURPLUS 
AIRCRAFT CLOCK 

Here's an occ, ate hme.contral 
center that II help you win your 
next rallye. It not only tells 
.you the dote and time of day 
right to the second, its a stop 
watch that gives you elapsed 
time in seconds, minutes, and 

hours! The 24-hour clock simplifies adding and 
subtracting elapsed time for your navigator. Manu-
factured by Elgin Watch Co. to exacting military 
specifications, it will remain accurate in spite of 
road bumps and vibrotioss. Uses no electrical con• 
nections. Does the job of high-cost equiPment. 
Jeweled/Sweep Second Hand/luminous Hands and 
Numerals/25-Hour Dial/Block Face and Plastic 
Cose/3t/z" Mounting. 
Cost the Government $185.00 

Only $39.95 Pc‘ineiji 

SPERRY 
VERTICAL 
GYRO 

Part #673073, Moto, 
115 volts, 3 phase, 400 
cycle, 8 watts, 20,000 
RPM. 3-minute runup, synchro pm:offs, roll 
360', pitch 85 °. Synchro excitation 26 volts, 
400 cycle, 150 ma. Vertical accuracy -±-%• 
Weight 3y, lbs. Approx. dim. 5'/,, L., 41/1" 
W., 1/4 " H Price $35.00 

VARIABLE SPEED BALL DISC 
INTEGRATORS (All Shafts 

Ball Bearing Supported) 
No. 145 Forward d. Reverse 2%"•0-2%. Input 
shaft spline gear 12 teeth 9/32" dia. 3/4 " long. 
Output shaft 15/64" dio. x 15/32" long. Control 
shaft 11/32" x te long. Cast aluminum con-
struction. Approx. size $31' 7'.50x 
3" a Ph"    

No. 146 Forward 8. Reverse 4-0-4. 
Input shaft 5/16" dia. a t/," 
long: Output shaft 15/64" dio 
x 9/16" long. Control shot 
11/64" dia. x 11/16" long. Cast 
aluminum construction. Approx. 
size 4i/ % ," x 4^ x 4". $18.50 ea. 

SMALL DC 
MOTORS 

(approx, sire 
over 

5a0611/0:04"030 rpm. D dia co 12 VDC PM 1* x 1" a 2", 
$7.50 

5067126 Delco PM, 27 VDC, 125 RPM, 
Governor Controlled 15.00 ea. 

5069600 Delco PM 27.5 VDC 250 rpm 12.50 
#5069625 120 rpm, mfr. Delco, 27 VDC eov 
•rnor controlled  $15.00 
5069230 Delco PM 27.5 VDC 145 rpm 15.00 
5068750 Delco 27.5 VDC 160 rpm w. brake 6.50 
5068571 Delco PM 27.5 VDC 10,000 rpm 

(bile") 5.00 
5069790 Delco PM, 27 VDC, 100 RPM, 

Governor Controlled 15.00 ea 
#5069800 575 rpm, mfr. Delco, 27 VDC, PM 
reversible governor controlled, equipped with 1.7 
VDC clutch  517.50 
5072735 Delco 27 VDC 200 rpm governor con-

trolled 15.00 
SBA10A118 GE 24 VDC 110 rpm 10.00 
5114104.137 GE 27 VDC 250 rpm reversible 10 00 
511A10A.152 27 VDC 145 rpm reversible 12 50 
513A10A.150, G.E., 12 VDC. 140 ram 15.00 
W10E14018, G.E. 28 VDC, 215 rpm, 

10 on. in., 7 amp, contains. brake 15.00 
¡Mite:1421, C.F. 26 VDC, 4 rpm, reversible, 
6 or. in., .65 ama I 5.00 

400 CYCLE PM GENERATOR 

115/200 volts A.C. 1-

or 3.phase, 200 watts. 
4,000 r.p.m. Approx. 

dimensions: eh" dio.; 

3" long; V," shaft, 
AN connector. $75.00 

9KVA 

400-CYCLE 

GENERATOR 

120/208 volts, 3-phase power factor 1.0 CCW 

rotation. Approx. 131/2 lg. x 8" dia. 4000 

rpm, mfg. Bendix Aviation P/N 1633.1A. 

$150 00 

MINNEAPOLIS-HONEYWELL RATE GYRO 
(Control Flight) 

Part no. 1G7005A, 115 
volts A.C., 400 cycle. 
single phase potentiorn 
nier take off resiston, 
530 ohms. Speed 21.000 
r.p.m. Angular momen-
tum VA. million, CM'/ 
sec. Weight 2 lbs. Di-
mensions 4-7/32 
3-29/32 x 3-31/64. 

Price $22.50 

$27.50 
34.50 
34.50 
34.50 
37.50 
37.50 

23CT6 control transformer  
23CX6 control transmitter  
23176 torque transmitter  
7DG differential generator  
211E1 Gen. I15/57.5V 400 cy  
2.11F3 Gen. 115/57.5V 400 cy  
2.11FA1 Gen. 115/57.5V 400 cy  
2.11G1 57.5/57.5V 400 cy  
2.11H1 Diff. Gen. 57.5V 400 cy  
21501 Cont. Trans. 105/55V 60 cy  
215E1 Cont. Trans. 105/55V 60 cy  
2.15H1 Gen, 115/105V 60 cy  
2.115M1 Gen. 115/57.5V 400 cy  
5CT Cont. Trans. 90/55V 60 cy  
50 Diff. Mir, 90/90V 60 cy  
5DG DM, Gen. 90/90V 60 cY  
5f Syn, Mtr. 115/90 VAC 60 cy  
5G Syn. Gen. 115/90VAC 60 cy.  
SHCT Cont. Trans. 90/55V 60 cy  
5SDG Diff. Gen. 90/90V 400 cy  
6DG Diff. Gen. 90/90V 60 cy  

, 6G Syn. Gen, 115/90VAC 60 cy   
I 7G Syn. Gen. 115/90VAC 60 cy  
C56701 Type 11.4 Rep. 115V 60 cy 

C69406 Syn. Transm. 115V 60 cy 
C69406-1 Type 11-2 Rep. 115V 60 cy. 
C78248 Syn. Transm. 115V 60 cy 
C78410 Repeater 115V 60 cy 
FPE 49-7 Diehl servo motor, 115 volts, 
60 cycle, 10 watts  

SELSYNS-

SYNCHROS 

ICT cont. Trans 90/55V 60 cy 
1DG Diff, Gen, 90/90V 60 cy 
IF Syn. Mtr. 115/90V 60 cy  
1G Gen. 115V 60 cy  
1HDG 
1HCT . 
1SF Syn. Mtr. 115/90V 400 cy  12.50 
23784 torque receiver  34.50 
23TR6 torque receiver  37.50 

37.50 
37.50 
37.50 
37.50 
7.50 

10.00 
7.50 
5.00 
7.50 
17.50 
17.50 
17.50 
17.50 
34.50 
34.50 
34.50 
34.50 
34.50 
37.50 
12.50 
25.00 
34.50 
42.50 
20.00 

C69405-2 Type 1-1 Transm. 115V 60 cy.. 20 00 
20.00 
20.00 
12.50 

  20.00 

30.00 

400 CYCLE, 3 PHASE GENERATOR 
BY MASTER ILECTRIC Type AG, frame 364Y, 

7.5 kw, 3428 rpm, pf 
.95 Star connected 
120/208 3 phase, 22 
amps. Delta connected 
120 volt single phase 
6 amps. Self excited. 
Complete with control 
box, voltage regulator. 
AC voltmeter and fre-
quency meter. Shaft 1" 
dia., 2" long; overall 
dim, of unit: 21"6x111"x 
20'. 

Price 5395. 00 each 

SENSITIVE INTEGRATING GYROS 
This is the (onto. HIG Gyro 
which is being used in missile 
guidance systems, radar stabi-
lization and fine control sys-
tems: Government cost ap-
proximately $1500. 
PRICE $50.00 

OIL CAPACITORS 
1 MFD. 25,000 V. DC Westinghouse inter-

teen type FP style 1313854. 
$39.95 each 

10 or more, $35.00 each. 

HONEYWELL VERTICAL GYRO 
MODEL AG 7044A 17. 

115 volts, 400 
cycles, single 
phase, 35 watts. 
Pitch and roll 
potentiometer 
pickoffs 890 
ohms, 40 volts 
max. AC or DC. 
Speed 20,000 
rpm, ang. mo-

mentum 12,500,000 
gm-cm 2/sec. Erec-
tion system 27 VAC, 

400 cycles, time 5 min. to 1/2 '; caging mecha-
nism operates on 24 VDC. ,0 

24 VOLT DC POWER SUPPLY 
input: 115/440 son, r. r) • 
•-ingle phase 
Output: 24 volt, D C at 25 amps 
tapped primary and secondary to 
iary voltage unit contains 0-30 ‘olt 
C meter and 0-30 onto meter,rir-

rant breaker, filtered, selenium type 
reetifier approx. dim: IC" %vide, IS 
long P1,2" high approx. ut.: TO 11,   
PRICE  $49.50 each 
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SEARCHLIGHT SECTION 

SPECIAL PURPOSE TUBES 
0A2  .80 4-125A  20.00 100TH 12.00 816  2.00 5836 50.00 
0A2WA  1.50 4-250A 35.00 100TL 12.00 826  3.50 5837 50.00 
0A3  .85 4-400A 35.00 FG-105 25.00 828 12.50 5840  2.50 
OAS  5.75 4-1000A 95.00 FO-172 . 25 00 8296 10.00 5842  7.00 
082  .60 4AP 10 10.00 HF-200 15.00 832A  7.50 5845  6.00 
0 B2WA  1.50 4831 15.00 212E 50.00 833A 37.50 5847  7.55 
OB3  .75 4C35 12.50 242C 10.00 836  2.50 5852  5.00 
0C3  .50 4CX250B 30.00 244A  3.50 837  1.25 5876  9.50 
0D3  .50 4CX1000A. 125.00 2498  8.50 842  7.50 5879  1.15 
CIA  7.50 4D32 15.00 249C  6.50 845 12.50 5881  2.50 
IA04  1.75 4E27 10.00 250R 10.00 849 75.00 5886  3.50 
I B24  7.50 4J32 100.00 258TH 25.00 851 50.00 5893 10.00 
1824A 17.50 4J34 100.00 251A 75.00 866A  2.00 5894 19.85 
1835A  3.50 4J50 100.00 259A  5.00 869B 75.00 5899A  2.00 
1E159/R1130B 10.00 4152 35.00 2626  4.00 872A  5.00 5915  1.00 
1863A 10.00 4J62 150.00 2678  5.00 884  1.25 5933  3.50 
IC /3822  5.00 4.163 150.00 271A 10.00 885  1.00 5948 150.00 
1021 /SN4  5.00 4J64 150.00 274A  3.50 889RA 150.00 5949 100.00 
CI K  7.50 4P R60A 50.00 279A 200.00 8918 200.00 5963  1.00 
1P21 30.00 4X150A 12.50 283A  3.50 913 12.50 5964  .85 
IP22  8.00 4X150D 12.50 287A  3.50 927  2.00 5965  .85 
IP25 10.00 4X150F 20.00 0K-288 200.00 931A  5.00 5976 50.00 
IP28 15.00 4X150G 25.00 HF-300 35.00 10001 100.00 5993  5.00 
1Z2  2.50 4X2508 25.00 3008.  5.00 1237  5.00 5998  5.00 
2-01C 12.50 4X250F 30.00 304TH 35.00 VC-1257 975.00 6005  1.50 
2AP1A  8.50 5ABP1 20.00 3047L 35.00 VC-1258 15.00 6012  4.00 
2823 20.00 5A HP7A 25.00 310A  3.50 K-1303 35.00 6021A  2.00 
2BP1 10.00 58P 1A  9.50 311A  3.50 15007 200.00 6028  2.75 
2C36 22.50 5C22 17.50 313C  1.50 1603  3.50 6032 50.00 
2C39  5.00 SCPIA  9.50 323A  6.00 1614  2.25 6045  1.15 
2 C39A 10.00 5CP7A  9.50 328A  4.50 1620  4.00 6072  1.25 
2C39B 15.00 5.126 75.00 329A  4.50 1624  1.00 6073  1.50 
2C40  7.50 5LP1A 20.00 336A  2.50 1625  .50 6074  1.50 
2C42  4.00 5R4G Y  1.25 337A  3.50 1629  .50 6080  3.35 
2C43  7.50 SR 4 WGA  4.00 348A  4.50 1645A  4.00 6080WA  5.00 
2C50  4.00 5R4WGB  6.00 349A  3.50 1846 50.00 6080WB 10.00 
2C51  1.50 5R4WGY  2.00 350A  3.50 1850A 300.00 6081 25.00 
2C53  7.50 5RP1A  9.50 3508  2.50 2000T 350.00 6082  3.35 
2D21  .65 SUP I  12.50 352A  8.50 2050  1.25 6087  2.50 
2021W  1.25 5Y3WGT  1.25 354A 12.50 ZB-3200 150.00 6101  1.50 
2E22  3.00 6A C7 W  1.00 355A 12.50 5516  7.50 6115A 63.00 
2E24  3.50 6AG 5WA  1.50 393A  5.00 5528 /C6I.  3.50 6130  6.50 
2E26  2.50 6AG7Y  1.00 394A  3.00 5545 25.00 6136  1.50 
2.142 75.00 6AK 5W  1.25 4038  3.00 5550 35.00 6146  3.00 
2J51 50.00 6AL5W  .60 404A  7.50 5551 /FG271 . 50.00 6159  3.50 
2.155 100.00 6AN5   1.75 407A  3.75 5552 /FG235 . 60.00 6161 35.00 
2.166 200.00 6A N5 WA  3.50 408A  2.75 5553/FG258. 125.00 6163 15.00 
2K22 25.00 6A 05W  1.00 4108 75.00 5556 /Pia 20.00 6164 45.00 
2K25  8.50 6AS7G   2.50 GL-414 80.00 5557 /FG17 . 5.00 6186  1.60 
2K26 35.00 6A U6WA  1.25 4168 20.00 5558 /FG 32 10.00 6189  1.60 
2K28 25.00 6B4G 3.35 417A  7.50 5559/FG57. 10.00 6197  1.75 
2K29 25.00 6BA6W  .75 418A  7.50 5560/FG95 20.00 6199 35.00 
2K 30 50.00 6BF7W  2.00 420A  5.00 5561/F0104. 40.00 6201  1.75 
2K 33A 175.00 6BL6 20.00 421A  7.50 5586 125.00 6202  1.50 
2K34 100.00 6BM6 20.00 422A 10.00 5590  1.00 6211  .75 
2K 35 200.00 6BM6A 30.00 423A  4.00 5591  3.00 6213  2.50 
2K 39 125.00 6C4W  2.50 427A  4.00 5603  3.00 6216  3.00 
2K41 35.00 6C21 25.00 429A  6.50 5608A  5.00 6236 125.00 
2K42 150.00 6F4  5.00 432B  7.00 5636  2.25 6263  9.00 
2K43 175.00 C6J 10.00 GL-434A 10.00 5641  2.00 6279 17.50 
2K44 125.00 6J4  1.75 450TH 50.00 5642  2.25 6280 30.00 
2K45 20.00 6J4WA  2.50 450TL 40.00 5647....  3.50 6291 35.00 
2K47 150.00 6J6W  .75 CK -503AX.. . 1.00 5651  1.00 6292 40.00 
2K48 60.00 6J6WA  1.00 575A 15.00 5654  1.50 6293  4.50 
2K 50 100.00 6L4  3.00 578  5.00 5656  5.00 6299 37.50 
21( 54 15.00 6L6GAY  1.25 NL-615  7.50 5665 40.00 6303 65.00 
2K 55 15.00 6L6WGA  1.50 Nt-623 10.00 5667 125.00 6316 100.00 
2K 56 50.00 6L6WGB  2.00 631-P1  5.00 5670  1.00 6328  7.50 
2X2A  1.25 605G   2.50 673 15.00 5672  1.35 6336  8.75 
3A5  1.00 6S J7WGT  1.25 677 50.00 5675  9.50 6336A 12.75 
3AP1A 12.50 65(7w  1.00 BL-696 35.00 5678  1.50 6350  1.25 
384  2.50 6S1.7WGT  1.25 701A  5.00 5684  9.50 6363 90.00 
3824W  3.00 6SN7 W  .75 7078  2.50 5685 15.00 6364 130.00 
31324WA  5.00 6SN7WGT  1.00 Nt-710 10.00 5686  2.25 6385 10.00 
3825  2.50 6V6GTY  1.00 715C 15.00 5687  1.50 6390 125.00 
3826  3.50 6X4W  .75 719A 12.50 5691  5.00 6394 12.73 
3828  3.00 6X5WGT  1.00 721B  5.00 5692  3.50 6442 25.00 
3829  5.00 7M P7 22.50 723A /8  3.50 5693  3.50 6476 10.00 
3BP IA  7.50 10KP7 15.00 725A 10.00 5696  1.00 6485  1.50 
3C22 25.00 12AT7WA  1.25 726A  5.00 5718  1.50 6528 12.75 
3C23 .... ... 5.00 12AU7WA  1.50 7268  5.00 5721 100.00 6550  3.50 
3C24 /24G  5.00 12AX7W  1.35 726C 10.00 5725/6AS6W 1.50 6655 40.00 
3C45  3.50 12AY7  1.00 7507L 112.50 5726  .75 6807 25.00 
3CX100A5 15.00 12GP7 25.00 NL-760 25.00 5727  1.25 6816 40.00 
3D21A  5.00 X-13 150.00 BL-800 75.00 5728 /FG67 . . 20.00 6877 12.50 
3E29  7.50 C16J 25.00 802  7.50 5734 15.00 6883  3.50 
3GP1A. . ...... 12.50 HK-24  5.00 803   5.00 5749  1.00 6888  3.50 
C3J  7.50 251  7.50 804 15.00 5750/68E6W 1.75 6896 350.00 
3J21 35.00 26 Z5W.  1.50 805  7.50 5751WA  1.50 7391 47.50 
3.131 100.00 28D7W  3.50 807  1.50 5755  5.00 7521  100.00 
3K21 125.00 FG-32 10.00 807W  2.50 5763  1.75 7580 35.00 
3K 22 125.00 35T  7.50 808  2.50 5777 150.00 8000 20.00 
3K23 200.00 35TG  3.75 809  4.75 5778 150.00 8002R 35.00 
3K27 150.00 FP-54 150.00 810 17.50 5783  2.25 8008  6.00 
3K 30 100.00 FO-57 10.00 811  3.00 5787  2.50 8013A  5.00 
3K PI  9.75 RK-60/1641. 1.50 811A  4.75 5800  7.50 8014A 25.00 
3R PI  7.50 HY-69  3.00 812A  4.75 5803  5.00 8020  6.00 
3WP 1 12.50 75TL 17.50 813 12.50 5814A  1.35 8025A  5.00 
3X2500A3... . 150.00 KU-99 12.50 814  4.50 5819 40.00 9003  2.00 
4-65A 12.00 HF-100  8.85 815  3.50 5829  1.00 9005  3.50 

ALL TUBES ARE NEW, INDIVIDUALLY CARTONED, FULLY GUARANTEED 

TELEX or TWX: 
916-681-3061 
Telephone: 
916-685-9582 

western engineers 
ELK GROVE, CALIFORNIA 
SUPPLIERS OF ELECTRON TUBES SINCE 1932 

Prices FOB 

Min order $10 
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electronics IS EDITED 

TO KEEP YOU 

FULLY INFORMED-

a"well-rounded"engineer 

What's your present job in elec-
tronics? Do you work on compu-

ters? (electronics ran 158 articles 

on computers between July, 1961 
and June,1962!) Are you in semi-

conductors? (For the same period, 

electronics had 99 articles, not in-
cluding transistors, solid-state 
physics, diodes, crystals, etc.) 

Are you in military electronics? 
(electronics had 179 articles, not 
including those on aircraft, mis-

siles, radar, etc. 
In all, electronics' 28-man edi-

torial staff provided more than 

3,000 editorial pages to keep you 
abreast of all the technical devel-

opments in the industry. No mat-
ter where you work today or in 

which job function(s), electronics 
will keep you fully informed. 

Subscribe today via the Reader 
Service Card in this issue. Only 

71/2 cents a copy at the 3 year rate. 

electronics 
8t electronics 
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of Electronics Buyers' Guide for complete line of 
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This Index and our Reader Service Numbers are pub-
lished as a service. Every precaution is taken to make 
them accurate, hut electronics assumes no responsi-
bilities for errors or omissions. 

TELEMETRY 
SYSTEM 
CALIBRATION 
0,002% ACCURACY 

sj only 7" high 

6 

Panoramic 
SIMULTANEOUS 
5 PT. CALIBRATOR 

m""TMC-505 
• Secondary Frequency Standard 

• For Discriminator Checkout 

The low cost Panoramic Model TMC-505 simul-
taneously generates precise frequencies for all 
18, -±-71/2% IRIG FM/FM Channels. The --b15% 
upper channels A to E, are panel selectable. 
Five equally spaced deviation frequencies for 
each channel are automatically sequenced with 
1/4 to 4 second dwell time. Manual deviation 
selection can also be made. For versatility, the 
TMC-505 includes panel switches for selection of 
desired channels in the composite output. The 
18 channel composite level is adjustable from 
O to 2 volts rms. All unwanted output frequen-
cies are at least 40 db down. There are many 
available options, among which are selectable 
single channel output and remote sequencing 
control provisions. 

CHECK THESE IMPORTANT FEATURES: 

• All solid state for exceptional reliability . . 
(entire unit just 7 inches high) • Miniaturized 
modular "circuit card" construction • Illumi-
nated push buttons for manual deviation selec-
tion • No switching transients . . virtually no 
output jitter • No warm up time • Crystal con-
trolled outputs with 0 002° long term accuracy 
• Each oscillator can be trimmed for greater 
accuracy. 

OTHER RELIABLE TELEMETRY TEST EQUIPMENTS 

Model TMC-411E Simultaneous 11 point Calibra-
tor, 0.002% accuracy, 7" high. 

Model TMI-lb Telemetring Indicator; 350 cps-85 
kc, log and lin scans. (used with TMC-1 
and or CHS-l). 

New Model TMI-lb '120 Telemetering Indicator, 
350 cps to 120 kt. Log and lin scans. 

New Model TMI-2L Telemetering Indicator, 350 
cps-120 kc. Log scan only. 

New Model TMI-31. Telemetering Indicator, 50 
cps-120 kc. Lin scan only. 

New Model TMI-23 Telemetering Indicator (com-
bination of TMI-2L and TMI-3L). Separate 
log and lin displays. 

Model TMC-la Subcarrier Deviation Indicator 
and 3 Point Calibrator (0.02% accuracy). 

Model CHS-1 Channel Selector. 
Panadoptors Models SA-3 and SA-8h for Tele-

metry Receivers. 

Write for 

detailed 
technical 

literature 

IS Pembroke St., Bridgenort 8. Conn. • FOrest 1-3201 
A Trademark of the Singer Mtg. Co. 
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The Choice of the Discriminating 
Communication Engineer . . . the 
Man who Never Settles for Anything 
Less than THE-VERY-BEST! 

\NbtleaT.r.. 

tellle,Z "BEAMED-POWER" 
ANTENNAS and ANTENNA SYSTEMS 

Provide optimum performance and 
reliability per element, per dollar. 
Antennas from 500 Ke to 1500 Mc. 
Free PLS8 condensed data and pricing 
catalog, describes military and com-
mercial antennas, systems, accessories, 
Towers, Masts, Rotators, "Baluns" 

and transmission line data. 

Communication frand .TV Antennas 

LABORATORIES 
Asbury Park 41, New Jersey, U.S.A. 

CIRCLE 219 ON READER SERVICE CARD 

• SCAN CONVERSION 
• FLICKERLESS 

DISPLAY STORE 
• VIDEO STORAGE 
RECORDING STORAGE TUBE SYSTEMS 

Single-gun, dual-gun, multi-tube 
systems to convert scan for radar, 
sonar, television, and to perform 
analog processing, data analysis, 
contract or expand time scale, 
auto correlation. 

• SLOWED TELEVISION 
TRANSMISSION 
by telephone line or other narrow-
band systems. 

• IMAGE ENGINEERING 
OPTICAL CHART READERS, FLY-
ING SPOT SCANNERS, LOW-LIGHT-
LEVEL CAMERAS, and IMAGE 
RECTIFICATION. Automatic inspec-
tion and recognition of size, shape, 
color, and texture. 

• 
1.1 Nrite or call for complete information: 

7_57 INSTRUMENTS, lac. 

  2300 Washington Street 
0 Newton 62, Massachusetts 

617 WOodward 9-8440 ___I 

electronics 
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Chemical Engineering 
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Equipment 
Construction Daily 
Control Engineering 
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NEW! DC STANDARD ACCURATE AND STABLE ENOUGH 
TO CALIBRATE ANY DIGITAL VOLTMETER! 

KIN TEL's remarkable Model 303A DC Voltage Standard 

Now there's a compact source of accurate, precisely adjust-
able DC from zero to over zi..-.1100 volts for just about any 
laboratory or industrial application — including calibrating and 
testing digital voltmeters! It's KIN TEL's Model 303A DC 
Voltage Standard. 

/ /Ay-step adjustments. Look at its seven decaded controls. These 
readout-type dials let you control output in microvolt steps 
from 0 to over ±11 volts, in 10-microvolt steps to over ±-110 
volts, and in 100-microvolt steps to over -±1100 volts. 

0.01% accuracy, 0.005% stability. The output is accurate to 
within 0.01% of the dial setting, and is stable to within 
0.0025% for over eight hours and to within 0.005% for over 
30 days. Resolution is 0.1 part per million of full scale. 

5, 10, 15, or 25 nia current. With the 303A, you can get up 

to 25 milliamperes of current on any voltage range, or you 
may limit the output by panel control to 5, 10, or 15 milli-
amperes. 1 f the current you select is exceeded or if the out-
put voltage deviates from the dial setting, an overload relay 
automatically disconnects the output terminals and causes an 
indicator lamp to glow. 

Floating guarded circuit. Because the circuit is fully isolated 
from both ground and chassis, and is completely shielded and 
guarded, you may operate it either grounded or floating. Com-
mon-mode rejection is 120 db at 60 cps. Separable, sampling 
terminals provide effective source impedance at the load of 
0.001 ohm. 

Price: $2995. F.O.B., San Diego, (50-cps/220 volt operation 
at additional cost; programable, AC/DC, and cabinet versions 
at factory request.) Write for literature or demonstration. 

Representatives in all major cities. 5725 Kearny Villa Road. San Diego 12. California. Phone 277-6700 (Area Code 77/) 

Prsini ffl L.. 
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Higher Circuit Performance 

Lower Component Cost 

_ar 

Major Manufacturers of TV, Audio and Hi-Fi Equipment 
Are Switching to NOVAR... what about you? 

8 LEADING MANUFACTURERS HAVE ALREADY USED HALF A MILLION NOVAR TUBES IN TV, AUDIO AND HIGH-FIDELITY EQUIPMENT 
14 MORE LEADING MANUFACTURERS WILL USE NOVAR TUBES IN THEIR NEW SET MODELS 
Why? Because the 9-pin. integral-base novar design offers better 
performance at lower cost than comparable tubes, regardless of base 
configuration, previously manufactured with octal base and T-9 or 
T-I2 envelopes. With so many important manufacturers swinging 
over to low-cost, high-performance novar, you won't want to miss 
out on the unique advantages of novar design, namely: 

Larger internal lead diameter—provides strong cage support and 
high thermal conductivity for very effective heat dissipation. 

Wider spacing between pins (0.172")—minimizes the possibility of 
voltage breakdown; hence greater reliability. 

Pin length of 13.335"—assures firm retention of tube in socket. 

Pin circle diameter of 0.687"—large enough to permit use of both 
T-9 and T-12 envelopes. 

RCA "Dark Heater"—operating about 350'K below the temperature 

of conventional heaters, "Dark Heater" assures longer tube life and 
improved stability and reliability. 

These novar tube types are commercially available: 

For TV damper service: RCA-6AY.3. 12AY.3, I7AY3: RCA-68113. 
I7BH3, and 22BH3; RCA-6DW4 (color and black-and-white). 

For TV horizontal-deflection amplifier service: RCA-6GT5, 12GT5 
and 17GT5: RCA-6G15. 12G15 and 17G15. 

For use in hi-fi amplifiers: RCA-7868. 

For rectifier use in TV sets, hi-fi audio equipment and radio power 
supplies: RCA-5BC3. 

For additional information on any novar tube type, call your RCA 
Field Representative or write Commercial Engineerinr. RCA !Elec-
tron Tube Division. Section I.-19-1W-2. Harrison. N.J. 

The Most Trusted Name in Electronics 

REA ELECTRON TUBE DIVISION—FIELD OFFICES ... EAST: 744 Broad Street. Newark 2, New Jersey, HUmboldt 5-3900 • MIDWEST: Suite 1154. 
Mtechandise Mart Plaza. Chicago 54, Illinois, WHitc hall 4.2900 • WEST: 6801 E. Washington Boulevard. Los Angeles 22, California, RAymond 3-8361 


