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Marksman below is aiming an infrared communications beam at a
recetver. Solid-state modulator controls the radiation, p 177
Parametric up-converter preamplifier for telemetry system, p 188
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new instruments to speed, simplify your scientific work/

—F’-___ - 4 New Transistorized Counters Give sy
- L& n .n o . . A = -
o EEEE ?] Continuous Dlsplay,1V\I{|d§ oMl * ?U
§ \ Temperature Range, 3%“ High \
3 @ 55124, 300 KC Continuous display holds while counter making count,only @ 5212A, 300 E(C
In-line readout, $1,175.00 changes when count changes, no “blinking.” Columnar readout, $375.00

B Four-line binary code (1-2-24) output.

ﬂ‘: B Measure frequency, phase angle, drift. ?‘gr“
a3 .H 3 e ® |
- m > 3 B Solid state dependability. - II““ .. o4
‘\ B Wide ambient temperature tolerance, —20 to +65° C. .
¢» 5532A,12 MC [l New & universal module cabinets; portable, easy-to-stack ¢ 5232A, 1.2 MC {
In-line readout, $1,550.00 bench instruments or sleek, space-saving rack mounting. Columnar readout, $1,300.00

10-nanosecond Resolution Time Measurement!

#p 5275A Time Interval Counter. & 562A Transistorized Printer.

ﬁ ] . e :_‘.:bs ~ Measures with 10 nsec accuracy time Prints data from two sources, stores
- 6 l between two electrical events. Range information being received while
Ilillll ¢ = ,-;L 10 nsec to 0.1 sec. Rugged, transis- printing previous data; does not

— torized, universal module cabinet. *hold off” data source, speeds data
Price on request. Used with new & acquisition. Accepts BCD, 10-line
101A 1 MC Oscillator (not shown), same precision time base as input codes. Price on request.
in & 524C/D counters, & 100E Frequency Standard. Stability

5/108/week.

New Microwave Power and Standing Wave Ratio Meters

& 431A Power Meter. Easiest to use, ends & 415C Standing Wave Ratio
*zero chasing” due to time-temperature drift;  Meter, transistorized, incorpor-
no zero change when switching ranges. Com-  gtes revolutionary four-times ex-

pact, transistorized, new universal module cab-  pgnsion of readings at any point
“ inet, line power or rechargeable battery opera-  on gny scale. Special circuitry
- ’. -
= .

tion. Quickly, accurately measures 1 uw to 10 protects bolometers. Recorder
mw with new & 478A Thermistor Mount (co-  output, bolometer checker, line
b axial) and new & X486A X-band Thermistor  or rechargeable battery opera-
- Q Mount (waveguide), truly temperature-com-  tion. Price on request.
‘ P N g pensated mounts. & 4314, $345.00. & 478A,
[ = $145.00. & X486A, $145.00.

New 1 to 4 GC (KMC) Coaxial Microwave Instrumentation

& S382A, X382B Precision Rotary Vane Attenuators. & 489A, 491C Traveling-Wave-Tube Amplifiers.
\ B Shorter, smaller; direct-reading 63" long 1 to 2 GC and 2 to 4 GC respec-

tively, have 1 watt output, new
permanent-magnet TWT’s, very
little heat. Compact, universal
module cabinet, rugged, depend-
able. & 489A, $1,970.00. 4 491C,
$1,970.00.

resolution to 0.005 degrees for ultra-high
definition, precise resetability, easiest

! reading. & S382A, price on request.
4 X382B, price on request.
& 760D /761D Coaxial Directional Couplers, flat to £0.5

db over 4-to-1 frequency range. & 760D, 250 MC to 1 GC,
$200.00. d» 761D, 1 to 4 GC, $185.00.

[ ’ ‘ db scale. Optional vernier gives rotary

& 906A Coax Sliding Load, 1 to 12.4 GC, SWR 1.05. HEWLE . -PACKARD COMPANY

Price on request. 1065K Page Mill Road Palo Alto, California, U.S.A.

& 536A Coaxi " W s L4 iscicleZo0kh Cable “HEWPACK” DAvenport 6-7000, Area Code 415
22T EMBI SR, » $500.00. Field representatives in all principal areas

HEWLETT-PACKARD S.A.

% Rue du Vieux Billard No. 1 Geneva, Switzerland
Data subject to change without notfce. Prices f.0.b. factory Cable “HEWPACKSA” Tel. No. (022) 26. 43. 36



3rd floor, head of escalators
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in science, the defense
PROGRESS &5t
dependent on precise

measurements, made swiftly, surely, repeatedly.

& seeks to engineer into every instrument and system

a genuine contribution to the art of measurement, plus the
quality and dependability that has made & instruments,
for over 20 years, the exceptional value

in electronic measuring equipment,

. : time-saving,
'L,/'f t t'/c" 8 convenient, new
LR instruments.
Many are

solid-state devices

RACK'EM UP-STACK
UP New, and only from @

UNIVERSAL MODULAR INSTRUMENTS

Lightweight, portable bench instruments, or neat, clean,
compact rack equipment— it’s all one in the universal
packaging concept developed for new & instruments.
Instruments mount in module multiples of one, two or three
per rack-width; fit 24" two-sided racks back-to-back, or stack
and nest neatly, firmly, one above the other, on your

bench. Zip-off covers for unmatched service accessibility.
See, at I.R.E., how much space and time you’ll save!




Achievement for your measuring progress —

r AR ..+1 New Frequency/Time Standard Systems
; Allow Precise Comparison With T
* HF, VLF Standard Broadcasts : },

L : | { 1 _'
| M. ‘ m LA M New ® 104AR Quartz Oscillator. Electronics’ most ultra- ! oo
LAT. 9 ¥ o1 (R modern precision oscillator,1/1010 typical short term stability, high ; e s % > S
g . ‘ L spectral purity, $3,250.00. L] —"!.!r-‘. S
99 “vav M New & 114BR Time Comparator. Allows time comparison  |%,* @ @ @ *
. ; o without changing clock setting, $1,200.00. & ".
7 : - v * B New ® 724BR, 725AR Standby Power Supplies. Automat- I *Q .- |
L= 4 * 9 ically assume load and warn when ac power fails, continuous 8 - ] e
- )=, ° e Q| operation assured, & 724BR, $850.00, & 725AR, price on request. Y S0 < Oy R
° 9/ S szs dy B Improved ® 113BR Frequency Divider and Clock, $2,750.00. {ﬂ:{‘t ‘ .Q—c d
=~ = 3‘ ! B Auxiliary equipment for HF or VLF comparison: & 523CR i s 3= AT S
n g Electronic Counter, & 103AR Frequency Standard, & 560A Printer/ ™ ﬁ L ﬁ =Y
| *9 Recorder, & 120AR Oscilloscope. Ly o3 4

- ' \ & 525C Frequency Converter. % 526D Phase Measuring Unit.
! Plug-in for & 524C/D Counters, Plug-in for & 524C/D Counters, gives

9 @4 | permits measurementto 500 MC 0.1 usec resolution 10 cps to 20 MC,
’ “ with counter accuracy. & 525C, reads 400 cycle phase shift directly

| ‘ .Y $425.00. in degrees. % 526D, $750.00.
k2 AR L
New Oscilloscopes, Power Supplies, ‘ -
0 - 723A Power Supply. 15 ampere,40 v
Oscillators, Voltmeters, Pulsers o R s P s TR0 Gt b P

kS duces precise repeatable voltages for
) L) components testing. New module cab-
% % | inet. $225.00.

and Current Measuring Instruments
Speed Your Audio-Video Work

T s ot & 185B Oscilloscope. 1,000 MC all- . : ® 726AR Power Supply. Pro-

Ot - grammable 2 ampere, 45 v out-
purpose, “ultimate” oscilloscope, now O / put. Includes positive-action
with extended low frequency response. f'_: -l R V s circuit guarding transistors
Price on request. l..ﬂi ‘e ‘ 2Ny under test. Price on request.
& 215A Pulse Generator (not shown) 9.
produces fast rise-time pulses for com- . -
puter, tunnel diode analysis. 1 nano- ; @ 4288 Clip-on DC Mllllammgter.
second rise time, 1 MC rep rate. Price * 1 ma to 10 amps full scale, unique

probe clips around wire, doesn’t load
circuit. Meter reads dc, is unaffected by
ac. Recorder/scope output dc to 400
cps for hum, noise analysis. $550.00.

d 457A AC-to-DC Converter. Dou-
bles usefulness of your conventional
or digital dc voltmeter. Accuracy 0.39,
& 160B 15 MC Oscilloscope. Militar- Q W # =£0001v, 50 cps to 50 KC. Compact,
ized, rugged, has same multi-purpose i modular design. Price on request.
vertical and horizontal plug-in versa-

tility of 170A. Beam finder, sure trig- ® 413A DC Null Indicator. Highly sensitive, center-scale
gering for easy operation. $1,850.00. reading dc voltmeter developed from popular & 412A Volt-

2 Vertical, 3 Horizontal Plug-Ins for LA R
® 160B, 170A Oscilloscopes.

on request.

® 170A 30 MC Oscilloscope. Multi-
purpose vertical and horizontal plug-in
versatility designed to MIL specs for
high dependability. Easiest to use and
calibrate. $2,150.00

& 204B Portable Oscillator. Floating output usable above,

New & 166B Time Mark Generator below or isolated from ground. Transistorized, no warmup,
joins other horizontal plug-ins: & 166C stable output from turn-on. 5 cps to 500 KC. $275.00.

Display Scanner formaking recordings

and & 166D Sweep Delay Generator. & 405BR/CR Digital Voltmeters. Automatic precision in-
Vertical plug-ins include & 162A Dual struments, jitter-free,in-line readout, floating input, range 0.001
Trace Amplifier, and new & 162F Fast to 999 v dc. & 405BR, $850.00. & 405CR, with recorder, printer

Rise Amplifier. output. $925.00.
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PLOT MEASUREMENTS

INSTANTLY, ACCURATELY, ECONOMICALLY
WITH ROHDE and SCHWARZ

Z-g DIAGRAPHS

RANGE: 30 to 2400 MC

The Diagraphs employ the directional coupler principle. Measurements
can be read directly on a Smith chart or a special transmission-line
chart without any arithmetical or graphical evaluation work, thereby
saving time, expense, and eliminating error. A large number of accessories
is available such as baluns, variable shorts, etc.

THE DIAGRAPHS OFFER 4 MEASURING USES:

+ Impedance and Admittance Measurements: Wide-band response dia-
grams on aerials, transformers, load resistors, filters and other networks
can be traced within minutes.

« Measuring Transmission Characteristics: Transfer characteristics of
multi-terminal networks and semi-conductors can be plotted directly
on a transmission-line chart.

« Phase Angle Measurement: Take phase angle readings between 2
voltages from 4180° to —180° directly on a polar coordinate system.

. Use as a Measuring Receiver: The buiit-in superheterodyne receiver
can be used as a linear measuring receiver.

Specitications
Frequency Range | Type | [
30 to 420 mc ZDU 50*, 60 and 75

300 to 2400 mc 50* and 60

WRITE TODAY FOR DIAGRAPH DATA SHEET

*NORMALLY STOCKED

111 Lexington Ave., Passaic, N. J. « PRescott 3-8010

Visit our booth 3000 at the LR.E. Show

Attenuation and Phase Angie
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precision
waveguide
components

aelivery irom stocCk
Only available from FXR. .. the world’s most complete line
of field tested, precision 2- and 3-mm components. It takes
experienced, creative engineers, advanced production tech-
niques, skilled craftsmen and high precision machine tools
to produce components for the F band (90 to 140 KMC) and
the G band (140 to 220 KMC) ... and only FXR has these
four production requirements under one roof.

Infinite care in producing all the FXR 2- and 3-mm waveguide

components is exemplified by:

® Components machined and milled as needed out of sclid
blocks.

® All components internally gold plated to preserve their
low insertion loss features.

® Precision differential screw micrometer drives (readable
to £0.001 millimeters) used for FXR G band Frequency
Meters and Precision Sliding Shorts.

I FXR also has available m

Frequency Range: 140-

st complete line of mm wavegu

FXR GI105A
SLOTTED SECTION

4

.. Secandary waveguide

Sampling probe, fixed position, variable insertion

Primary woveguide
| M
¢
U
Signal Maunting shokt
input A

Ry e

Eccentrically maunted dielectric vane

Distonce - Load

(eloctrically variable )"—'l

Lood

ide components for use in the 18 KMC to 90 KMC re

Frequency Range: 140-220

KMC/sec
Novel technique (see d

ing) incorporates a fixed po-
sition probe and an adjust-
able phase shifter to sweep

VSWR pattern past
probe.

Recommended accessories:

FXR G208A Detector
Mount and Crystal

2 & 3-mm waveguide components

gion.

raw-

the

Provides second harmonic
output signal in the fre-
quency range 140-220
KMC/sec when supplied
with a fundamental fre-
quency input signal
Required accessory:
FXR Z225A Harmonic
Cartridge

FXR G781A HARMONIC GENERATOR WITH
FXR 2225
HARMONIC GENERATOR CARTRIDGE ]

These components are also available in the FXR F band (90 to 148 KMC)
PRECISION MICROWAVE EQUIPMENT ©

March 10, 1961

HIGH-POWER PULSE MODULATORS ©

P FXR SERIES PREFIX
etk NN ot WAVEGUIDE SIZE d §
sitivity IN INCHES (1.D.) .080 x .040 051 x 0255
Series 208 Detqctor Mount FREQUENCY RANGE
ggpeb%r‘;ggg'w'ggl'oﬁg'eaf; IN KMC/SEC 90.-140. 140.-220.
or thermistor cartridges - SLOTTED SECTIONS F105A $1400 Gl05A  $1400
Recomarended accesso- ATTENUATORS—Precision Calibrated FI63A $ 975 GI63A $975 |
"%;R 22244 Crystal CRYSTAL DETECTOR MOUNTS—Tuneable | F208A $ 400 G208A _$ 400
Detector Cartridge CRYSTAL DETECTOR CARTRIDGE 72245 $ 150 72245 $ 150
FXR G208A DETECTOR MOUNT WITH E;:‘trilfos Bolometer HARMONIC GENERATDR F781A $ 475 G781A § 475
FXR 2224A CRYSTAL DETECTOR CARTRIOGE PR oL Ty HARMONIC GENERATOR CARTRIDGE 72255 § 150 72255 §$ 150 |
Cartridge BOLOMETER CARTRIDGE 72305 $ 150 72305 $ 150
- THERMISTOR CARTRIDGE 72355 $ 150 | 22355 § 150
TUNERS—E/H F313A §$ 775 G3I3A _$ 775
PRECISION PHASE SHIFTERS F34A  $ 950 G314A §$ 950
Frequency Range: 140- FR'EQUENCV METERS— - o — 750
‘ 220 KMC/sec eaction, micrometer 1 $ 75 i o
Micrometer dial, calibra- TERMINATIONS—Fixed F501A__§ 150 G501A_ §$ 150 |
tion chart supplied pro- WAVEGUIDE TEES—Series FE20A $ 275 G6208 § 275
vides an accuracy of Shunt F621A 275 G621A 275
+0.5%. Specific point . - Hyb';'d F622A ;2: 2@2‘; Zﬁ 4
g PAET L b S e R ] C623A § 275
Self-calibrating by using WAVEGUIDE 90° TWISTS F625A § 100 G625A § 100
successive resonances PRECISION SLIDING SHORTS F63IA § 275 G63IA § 275
STRAIGHT WAVEGUIDE
SECTIONS (Min. length) FE34A $ 85 G634A $ 85
STANDARD GAIN HORNS F638A § 200 G638A $ 200

Characteristics and prices subject to change without notice.

\

HIGH-YOLTAGE POWER SUPPLIES ©

SEE US AT THE I. R. E. SHOW, BOOTHS 3410-3414

FXR OFFICES IN NEW YORK o BOSTON e LOS ANGELES
REPRESENTATIVES IN ALL MAJOR CITIES THROUGHOUY THE WORLD.

FXR, Inc.

Design ,Development ,Manufacture

25-26 50th STREET
WOODSIDE 77, N V.

RA. 1-9000

TWX: NY 43745
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CROSSTALK

IRE CONVENTION—Chances are you are going to the IRE Convention a
week come Monday; more than 70,000 electronics engineers are. By now
you have your plane tickets for New York and, we hope, hotel reserva-
tions. And you are thinking about packing for the trip. May we suggest
that you take along this copy of ELECTRONICS. Of course it is heavy. But
you won’t be charged for overweight if you carry it in your briefcase.

With this issue of ELECTRONICS as your guide, your visit to the IRE
Show and Convention can be more profitable than ever. The meeting is a
pretty overwhelming experience: there are 265 papers to hear (not count-
ing panel sessions) and more than 850 exhibits to visit.

Now here is what ELECTRONICS’ editorial staff has done for you:

First we combed the entire technical program for papers that were
outstandingly new and significant. Then we went to the authors and their
companies to get brief but authoritative technical previews and merged
them into our feature article: Engineering Highlights of the 1961 IRE
Convention (p 182).

Then we approached exhibitors to find out what new developments they
are planning to reveal at the show (p 36).

We contacted employers and employment agencies to forecast what your
prospects will be if you decide tp investigate that area (p 40).

And these articles, as the man said, are only the beginning. We have
in this issue an interview with IRE President Lloyd Berkner (p 274),
new happenings in research and development (p 200), components and
materials (p 204), production techniques (p 208), and foreign electron-
ics (p 9), new products coming on the market at the show (p 212), and
a list of exhibitors with booth numbers (p 279).

For you who are coming to New York, this issue is an indispensable
guide; for you fellows who are “minding the store,” it is a convenient
way of keeping up with the art.

And for Show-bound travelers, the latchkey is out both at our editorial
offices on the eleventh floor of the McGraw-Hill building, 330 West 42nd
Street, and at booth 4314-16 at the Colesium. Stop in; we will be de-
lighted to hear your ideas for stories. You too can become an author.

CERMAN THOROUGHNESS. Trying to find filing space recently, a clerk in
the Berlin office of a large German electronic equipment manufacturer
was going over old, dusty folders—found one labeled “Top Secret.” She
took it to her boss and asked if it could be thrown out. Editor MacDonald
of ELECTRONICS happened to be visting at the time. It turned out to be
photographs of a transmitter installed in submarines in 1912!

Coming In Our March 17 Issue

BEAM MASER. Hydrogen cyanide is used in the beam maser described in
our next issue by F. S. Barnes and D. Maley of the electrical engineering
department at the University of Colorado in Boulder. The authors present
a thorough discussion of the design and operation of the maser, which
is built for three-millimeter wavelengths.

IN ADDITION. A variety of interesting feature material to appear next
week includes: handling decimal digits with one clock pulse by A. A,
Jaecklin of the Swiss Federal Institute of Technology; phase measure-
ment at high frequencies by Y. P. Yu of Ad-Yu Electronics; and a wide-
band transistor preamplifier for low-noise applications by S. R. Parris of
Burroughs.

electronics
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BORG CONCENTRIC SCALE MICRODIALS

provide precise control ‘and fast readouts of . b

e Potentiometer contact position

® Shaft position, number of turns

‘ for any multiturn device
BORG,

N

Borg Concentric Scale Microdials
indicate the precise shaft positions of potentiometers or any
multiturn device of ten turns or less. These precision, turns-
counting dials divide each 360° revolution of the controlled
shaft into 100 equal increments. The turns-counting dial is
driven by the increment dial. Whenever the controlled shaft makes
a complete revolution, the turns-counting dial records it. Operation
is continuous in either direction. Possibility of backlash between the
controlled shaft and the Microdial is eliminated. Indexed accuracy
is one part in 1,000 — suitable to a potentiometer of 0.1%,
linearity, and permitting repetitive positioning of such a pot
within its tolerance. Borg Concentric Scale Microdials were
specially developed for and are ideally suited to Borg
Micropot Potentiometers. They can be used in
conjuction with other potentiometers however. See your
nearest Borg technical representative or distributor.

WRITE FOR COMPLETE INFORMATION

ENRICH CONTROL PANELS AND INSTRUMENTS
WITH A SUBTLE TOUCH OF COLOR . ..

Model No. "A" "B" "c"
1361 Dark Gray Light Gray Dark Gray
1362 Light Gray Dark Gray Lirghf Gray
1363 Black Black Red
1364 Dark Gray | Light Gray Red
1365 Light Gray | Dark Gray Red

BORG EQUIPMENT DIVISION

Amphenoi-Borg Electronics Corporation
Janesville, Wisconsin ¢ Phone Pleasant 4-6616

Micropot Potentiometers ®  Turns-Counting Microdials ¢ Sub-Fractional Horsepower Motors ¢ Frequency and Time Standards
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“TWO OUTSTANDING

HIGH-TEMPERATURE

FOR CONTINUGUS OPERATION AT
HOTTEST SPOT TEMPERATURES

FOR CONTINUOUS OPERATION AT
HOTTEST SPOT TEMPERATURES

For continvous operation at hot-
test spot temperatures up to
200°C (392°F) and vp to
250°C (482 °F) for short periods
of time—depend vpon TETROC
—an all Teflon-insulated wire
available in both single and
heavy coatings.

CEROC is Sprague’s recom-
mendation for continuous oper-
ation at hottest spot tempera-
tures up to 250°C (482 °F) and
up to 300°C (572°F) for short
periods of time. Ceroc has a
flexible ceramic base insulation
with either single silicone or
single or heavy Teflon overlays.
The cerumic base stops "cut-
through’’ sometimes found in
windings of all-luorocarbon
wire. Both Tetroc and Ceroc
magnet wires provide extreme-
Iy high space factors.

Write for Engineering Bulle-
tins 405 (TetrocWires)and
400A (Ceroc Wires).

SPRAGUE ELECTRIC COMPANY
35 Marshall Street, North Adams, Mass.

SPRAGUE

+THE MARK OF RELIABILITY

= ——
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COMMENT

Medical Electronics

I have just read Medical Elec-
tronics Part I in the Jan. 20 issue
(p 49). I would like to suggest
that this report should also appear
in a professional medical journal.

I believe that this report should
receive wider distribution among
the medical profession, and not be
buried from them in an electronics
publication that too few of them
read. How do we go about this?

VERNE F. GOERGER, M. D.
RAYMONDVILLE, TEX.

We'd welcome the broader dis-
semination of the information in
our five-part series on Medical Elec-
tronics.

The current series of editorial
material on electronics in medicine
prompts me to write you an expres-
sion of my observations over the
past 20 years of the medical re-
searcher as an electronic-instru-
ment user.

No group of customers displays
more emotion and less scientific
evaluation in the selection of their
measurement apparatus, which is
too often chosen on the basis of
what someone else may be using,
rather than “how will this appara-
tus perform with respect to my
problem?”

The research-minded MD is so
constituted that in many instances
he looks upon the electronics engi-
neer as a mere servant, with little
or no recognition that this man
proudly knows his business and can
offer constructive contributions to
many measurements problems at
hand.

He does not realize that the eco-
nomics of commercial electronic in-
strument marketing simply cannot
provide the hand-holding which is
frequently demanded at his con-
venience on a time schedule unheard
of in general industry.

If the medical researcher and
clinical investigator, who collec-
tively represent a significant elec-
tronic instrument market, would
seriously attempt to define their in-
strument needs so that the test-in-
strument industry could design
from a stable performance base,
medical research would be better
served.

Our grateful thanks are extended
¢co the many wonderful, dedicated
people involved in medical research
who, by conducting themselves in a
rational and reasonable manner, are
the recipients of more than their
share of help and attention from
many service organizations, who
are more than willing to incur
short-term financial losses as an in-
vestment toward long-term humani-
tarian gains.

WALTER A. KNOOP
GAWLER-KNooP Co.
ROSELAND, N. J.

We think reader Knoop i3 a bit
severe, except in his closing para-
graph. Certainly many medical re-
searchers can’t effectively outline
their needs; sometimes they’re not
sure exactly what they're looking
for, and frequently dow’t know how
a technology such as electronics can
help them. That’s one of the rea-
sons we're publishing this series;
to try and bridge the gap in under-
standing between electronics and
medicine.

Switched Pix

I noted with interest the story
and picture concerning my client,
S. Himmelstein & Co., on p 86-87
of the Jan. 27 issue. However, Mr.
Himmelstein’s picture was inad-
vertently carried over the Ross H.
Snyder story on p 87, and perhaps
it was Mr. Snyder’s picture that
appears with the S. Himmelstein
story on p 86.

It could be that you might want
to clear up this error to your read-
ers. At any rate, both are fine-look-
ing gentlemen, and certainly no
harm has been done . . .

JACK MATHIS
MATHIS ADVERTISING
CHICAGO

It is indeed my picture which ap-
peared on p 86 of the Jan. 27 issue
over the Himmelstein item. Please
do not be disturbed by the error;
ELECTRONICS makes them very
rarely, as I know from the care
with which you processed an article
of mine some years ago. No apology
is needed.

Ross H. SNYDER
EITEL-MCcCULLOUGH INC.
SAN BRUNO, CALIF,

We knew who they were; the

printer flopped the pictures.

electronics
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New Jerrold WIDE PLUS NARROW
SWEEP SIGNAL GENERATOR "%

Here’s a generator that follows in the FEATURES:

g&?::;epz(;)g ;I\ené);d;s d?i’nn;‘:; :(i)(»lvesl:vaez(; Sweep widths as wide as 400 mc; as narrow as 10 ke.
i - 1 9

capabilities and many of the features Frequency coverage %2 mc to 1200 me.
found only in signal generators, Jerrold e Accurately calibrated frequency dial.

2;“3 %;‘l‘::xfgyavgf:;’tu?lésxig §§§:5 o Built-in crystal controlled harmonic markers (at 1, 5,
Generator. The 900 B is one instrument 10 and 50 mc intervals).
that can handle practically any sweep Each marker output individually controls from front
signal requirement from 500 ke to 1200 panel.

g:);gg;rm\;fgx%gél}fézx};gg é‘:g :JJJI_{)IZ o Built-in dc coupled oscilloscope pre-amplifier.
serviced by the 900 B. e Built-in precision attenuator 10 db steps—zero to 50 db.

Price $1880.00* f.0.b. Philadelphia e High level, metered output.

See, examine and get the facts about this versatile instrument at
IRE BOOTHS 3904-3906 or write for complete technical data.

®
JEHHI]“] ELECTRONICS CORPORATION Industrial Products Division:
Dept. ITE- 84, Philadelphia 32, Pa.

Jerrold Electronics (Canada) Ltd., Toronto ¢ Export
Representative: Rocke International, New York 16, N.Y.

*Prices and specifications subject to change without notice.
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OUR SEMICONDUCTORS 60... This is the 20,000 G radial acceleration test. It’s a
part of the rigorous Military Specification test procedure which Saratoga Semi-
conductors go thru to assure the quality levels required for Military applications.

In Saratoga we get results . . . results which demonstrate why the Saratoga Semi-
conductor is called “The Thoroughbred of Semiconductors.”

Send for our new catalog SS-2001 outlining details, specifications, and appli-
cations of Saratoga silicon zener regulators* and silicon power rectifiers.*

SARATOGA SEMICONDUCTOR DIVISION, Saratoga Springs, ..

ESPEY MFG & [l[CTRﬂNws cuRP. * Meet all requirements of MIL S-195008
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IRE Show Papers Reflect
Event’s International Side

MANY ENGINEERS helping to shape
electronics overseas will be partie-
ipating in this year’s 49th Inter-
national Convention of the Insti-
tute of Radio Engineers.

Convention goers will have a
chance to learn what is being done
throughout the world.

One paper, for example, is being
given by a Norwegian engineer,
Herman Ruge of Oslo’s Central In-
stitute for Industrial Research.
The paper, “An Adaptive System
Using Periodic Estimation of the
Pulse Transfer Function,” is be-
ing presented by Ruge and an
American engineer, S. C. Bigelow
of Columbia University’s depart-
ment of Electrical Engineering.

A paper from Italy, “A Double
Delay Line Clipped Linear Ampli-
fier,” is being presented by an
Italian and an American engineer,
S. Svelto of C.I.S.E., Milan, and
R. L. Chase of Brookhaven.

A report on Soviet activity in
thermoelectricity will be presented
by an American observer, R. L.
Petritz of Texas Instruments, Inc.,
while another broad -category,
“Status of New Energy Sources in
Western Europe,” will be discussed
by Pierre R. Aigrain of the Uni-
versity of Paris.

A Japanese speaker, Masahisa
Miyagi of Nippon Electrie Co., will
present a paper on unbalance dis-
tortion in a baseband combiner.

There will be a detailed descrip-
tion of the first commercial com-
prehensive microwave and tropo-
scatter communication system in
South America. The speaker will
be F. B. Woodward of the Oficina
Tecnico Amando Capriles in Car-
acas, Venezuela.

Cambodians Starting
To Watch Television

PHNOM PENH—Private homes in
this Southeast Asian country are
installing television receivers, fol-
lowing inauguration of tv service
late in 1960. Presently, most of the
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program fare is motion pictures
with dubbed-in Cambodian sound
tracks. Transmission is from a
small portable transmitter. Plans
call for installation of a permanent
transmitter and extension of pre-
sent facilities later in the year.

Soviet Electronic Converter
Brightens Medical X-Ray Image

Moscow—Electronic optical con-
verter which increases the bright-
ness of an x-ray screen a thousand-
fold is being used at the Regional
Research Clinical Institute.

The device reportedly allows
radiologists to watch on film small
areas of the stomach wall affected
by cancer and to establish patho-
logical movements of the membrane
of the stomach’s various regions.

Soviet medical researchers say
the electronic converter is espe-
cially valuable in determining the
location of invisible alien bodies in
the respiratory tract.

Yugoslav Factory to Make
Philips Television Sets

ZAGREB—Through a licensing agree-
ment with Philips of Eindhoven,
the Yugoslav factory, RIZ (Radio-
industria, Zagreb) will start mass
production of television receivers
in May. The factory expects to
produce 100,000 sets a year, plans
to make 43 and 53-cm screen sizes.

Prices will probably be very
high, according to spokesmen in
this country, but both Philips and
RIZ are optimistic because the tv
sets will be in the category of ex-
pensive consumer items usually
sold under installment plans.

The 43-cm size sets will sell for
135,000 dinars (about $180), and
the 53-em size will cost 160,000
dinars (about $220). The sets will
be sold under the trademark Kum-
rovec, not Philips. The nomencla-
ture is aimed at making consumers
feel that this is a full-blooded
Yugoslav product since its name is
that of the birthplace of Marshal
Tito in Croatia.

Other electronics activity in

Yugoslavia include plans for an in-
ternational fair of contemporary
electronics to be held in Ljubljana
in October.

Last year’s fair here saw 41
Yugoslav and 68 foreign exhibitors
from 17 nations participating. The
U. S. had 19 exhibitors. It’s re-
ported some 5.5 billion dinars in
business was transacted at fair of
1959, about 8 billion dinars in 1960.

Argentina Cuts Surcharges
On Some Electronic Gear

BUENOS AIRES—OQObservers here say
a new decree by the Argentine gov-
ernment improves chances for U. S.
manufacturers to bring more com-
mercial electronic equipment into
this country.

The decree provides for reduec-
tions in surcharges on electro-
mechanical equipment operated
from punch card systems, elec-
tronic computers and accessory
hardware for statistical work, ac-
counting and compilation.

The new law provides for a drop
of 20 percent, as compared with the
previous surcharge rate of 40 per-
cent. It applies to both electronic
and electrical equipment,

Ireland Planning
New Tv Service

DUBLIN—Recently established Irish
Television Authority reports plans
to go on the air in November. The
new tv service, called Radio Eire-
ann, is now getting ready to install
studio gear in four locations in
Dublin central headquarters.

Two of the four studios will con-
tain four 43-in. image orthicon
camera chains and associated audio
and video gear consisting of two
16-channel sound mixers and two
10-channel video mixers. The third
and fourth studios will contain
equipment for live pickup.

Most studio equipment is being
purchased from EMI Electronics,
Ltd. Ampex Ltd. of Reading, Eng-
land will provide video tape record-
ing equipment for both studio and
mobile use.
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No leads to unsolder
Four overlapping Beta Ranges « High meter resolution

Direct reading with test circuit power off SPECIFICATIONS

New Sierra 219B 4-range Transistor Tester reads Beta directly in the Test ranges

a q % A Beta 1-4, 3-12, 10-40, 30-120*
circuit; also measures lco, Beta out of circuit. fc: 0-50, 0-500 ua

Accuracy

Less downtime and less danger of damage to transistors under test in circult, £20% for external loads aver

with this new Sierra instrument—battery-operated, light weight, port- ,,,fggosgg*;bcu,acy e
able, easy to use. ’ 500 ohms, usable readings

below 500 ohms.
Out of circuit: +10%

Maintenance, quality control, incoming inspection and production B e o

testing are just a few of the applications where you save time and zinc-carbon typé, 600 frs. av.
money by testing transistors, even complete assemblies, without un- _ frontpanel meter
soldering leads. Model 219B reads Beta in the circuit, 1 to 120. leo Tempernure 32 to 149° F
is measured on a straightforward basis; collector potentials of 3, 6 size: 9” high, 75" wide, 6%~
or 12 vdc may be selected. All controls are on the front panel . . . an e e
instrument of convenience, speed, accuracy. Price: §275.00
Write or phone today for information and demonstration. Bfé%%ﬁﬁ%’é?éa”“ LI
See us at LR.E.

Third Floor—Just Behind Escalators

S & SIERRA ELECTRONIC CORPORATION

A Divisfon of Phifco Corporation
6919A BOHANNON DRIVE . DAvenport 6-2060 - MENLO PARK, CALIF.,, US.A.
Sales representatives in all principal areas.
Canada: Atlas Instrument Corporation, Ltd., Montreal, Ottawa, Toronto, Vancouver.
Export: Frazar & Hansen, Ltd., San Francisco. €919
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ELECTRONICS NEWSLETTER

Navy Designs to Emphasize
Microelectronics

OFFICE OF NAVAL RESEARCH study
group on microelectronics released
its final report last week on cir-
cuits and systems with equivalent
component densities “at least one
order of magnitude greater than
conventionally fabricated circuits.”

The state-of-the-art report em-
phasizes that future design will in-
volve a basic change in device
fabrication and in approach to sys-
tems and circuits. Not only will
dramatic reductions in size be pos-
sible, ONR feels, but also the new
technology of molecular electron-
ies will permit “greater simplicity
and reliability, new functions,
higher performance, and lower cost
and power consumption . . . These
objectives . . . are well within the
possibilities of achievement as a
result of proper and sufficient R&D
effort.”

Revenue Service Studies
Taxability of Knowhow

INTERNAL REVENUE SERVICE an-
nounced last week that it is sus-
pending rulings with respect to
what part of a knowhow agreement
is a nontaxable transaction.
Knowhow, to IRS, includes secret
processes, technical assistance,
technical information, diagrams,
designs, and so forth. Technical
assistance agreements frequently
transfer these imponderables in
exchange for stock in a foreign
corporation. IRS is studying the
issue to determine what parts
should and should not be taxable.

Britain Now Constructing
Integrated Air-Traffic System

BRITISH GOVERNMENT “Air Esti-
mates”  memorandum recently
noted that a new high-perform-
ance radar system is under con-
struction, designed to detect and
control supersonic aireraft.
System will form part of an in-
tegrated civil and military air-
traffic control network for Great
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Britain. Associated computers and
data-handling equipment will be
fast enough to calculate intercept
data for supersonic craft. Long-
range equipment will supplement
the BMEWS installation at Flying-
dales, England, handling the air-
craft part of the early-warning
problem.

Project is under security wraps
because of its military use. Even
the names of contracting manufac-
turers are being withheld.

Study Subsurface Travel
Of ULF Waves

AIR FORCE Cambridge Research
Laboratories have hired Space
Electronics Corp. to study subsur-
face propagation of ultra-low-fre-
quency radio energy at long dis-
tances.

The company will experiment
with 400-cps energy over paths
thousands of miles long. Field-in-
tensity measurements at various
ranges and azimuths, the noise en-
vironment at 400 cycles, propaga-
tion mechanisms, radiation-to-
medium coupling, and propagation
anomalies are among studies to be
undertaken. Space Electronics has
conducted several USAF study pro-
grams in subsurface communica-
tions in the last two years.

Electronics Introduces
Building Design Problems

ARCHITECTS and construction engi-
neers are beginning to face the
problems in building design and
construction introduced by prolif-
eration of electronic equipment,
ELECTRONICS learns. Another part
of the problem is energy from out-
side a structure being conducted
through the metal frame to affect
electronic operations inside.
Radio-frequency interference
problems are compounded by new
emission sources, from communica-
tions through computers to auto-
matic elevators. Elevator controls
have been known to interfere with
medical instruments and com-
puters. Building frame can be an

antenna, which makes matters
worse.

R-f interference studies are cur-
rently being undertaken for archi-
tects on new buildings which will
house electronic research or medi-
cal equipment, also for such com-
puter-loaded office buildings as the
Government Offices Center soon to

g0 up opposite the White House.

Pay-Television Trial
Underway in Hartford

FEDERAL COMMUNICATIONS COMMIS-
SION acted en banc recently to give
final approval to the first subscrip-
tion-tv trial. Grant was made to
Hartford Phonevision, licensee of
Hartford, Conn., station WHCT
(channel 18).

RKO General is sole owner of
Hartford Phonevision. Zenith Ra-
dio developed the system; Televi-
sion Entertainment Co. (Teco) is
Zenith’s patent licensee. RKO has
assumed the cost of the test, which
it estimates at $10 million and
which it does not expect to recover
“during the three-year period.”

Royal Navy Developing
Weapons-Control Computers

GREAT BRITAIN’S Royal Navy is de-
veloping computers to track and
classify  targets automatically,
store and display the information,
and calculate and recommend battle
procedures.

Revelation of the development
came during debate in Parliament
on the navy estimates last week.
System will be flexible and simple
enough to permit reprogramming
for changes in weapons and weap-
ons policy. It will prepare and ac-
cept information for automatic ex-
change among ships in its own and
allied task forces.

“Dark Heater” Promises
To Extend Tube Life

DEVELOPMENT of a “dark heater”
that operates 350 K below the
1,500-1,700 K of a standard ther-
mionic-cathode heater was reported
last week by RCA’s electron tube
division.

The heater has a grey insulation
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coating applied to the heater wire.
The darker surface radiates heat
more efficiently, improves the
transfer of heat to the cathode,
permits efficient cathode operation
at 1,350 K.

Company spokesmen say the low-
ered bulb temperature will extend
life and improve performance of
entertainment-type tubes. RCA has
already produced a quarter-million
electron tubes using dark heaters.

Lowered internal stresses and re-
duced thermal change during cy-
cling, according to RCA scientists,
lessen the chances of recrystalliza-
tion and burnout. Current charac-
teristics are extremely stable. Ef-
fects of a-c leakage and hum are
reduced.

Cooler operation means a greater
margin of safety in present heater-
cathode voltage ratings.

Air Force Accelerates
Weather System Test

RADARS for detecting severe storms
are being set up at Hanscom Field
in Bedford, Mass., and at the Army
Ordnance Depot in Maynard, Mass.,
for accelerated testing of USAF’s
433L project. The 433L system will
be a global semiautomatic weather
system using AN/FMQ-5 Rawin
gear, now under development (and
similar to Weather Bureau’s AMOS
IV). The 5.6-cm AN/FPS-68 ra-
dar. developed by Navy, is the sys-
tem that will be used to detect
heavy rains and thunderstorms. An
East-Coast prototype network for
438L. built for the Air Force by
United Aircraft, should be ready
for tests in May.

A vertically pointing radar at
0.86 c¢m is already under test for
the detection of cloud layers.

Commissioner Pushes
All-Channel Tv

SENATE is considering a proposal
from Federal Communications
Commissioner F. W. Ford to re-
quire that all new tv sets moving
in interstate commerce be equipped
to receive uhf as well as vhf chan-
nels.

Uhf has been caught in a vicious
circle of inactivity: setmakers
won’t include tuning capability for
channels 14 through 83 because
too few broadcasts are transmitted

12

on uhf; broadcasters don’t want to
see the channels because few people
want to spend the $15 or $20 to
buy an adapter. Ford’s proposed
legislation would make manufac-
turers help expand tv coverage.
Adding uhf would cost the setmak-
ers about $10 a set, Ford figures.

Prove Perceptron’s Ability
To Learn Problem-Solving

SEVERAL STUDIES of reinforcement
procedures and other aspects of the
perceptron electronic nerve net-
work have been completed by Cor-
nell Aeronautical Lab for the
government.

The study results indicate that
memory functions and training
procedures currently exist which
guarantee that a perceptron “will
wtimately arrive at a solution to
any given response - association
problem” as long as a solution can
be represented by an acceptable
terminal state of the preceptron.
A wide variety of problems—with
wide variations in frequency and
amplitude of stimuli—are soluble
with existing training procedures.

Different transfer functions built
into a perceptron system evidently
do not affect ability to arrive at
solutions to learning problems.
The perceptron eventually finds a
way; the efficiency of the path is
what varies with the variation in
transfer functions.

Japan Industrialist Proposes
Color Television for Taiwan

NATIONALIST CHINESE Government
of Chiang Kai-shek recently re-
ceived a proposal from Matsutaro
Shoriki that color television be im-
mediately introduced into Taiwan.
Shoriki is publisher of Tokyo’s
Yomiuri, chairman of freewheeling
Nippon Tv Network, and Grand
0Old Man of Japan’s information
media.

His proposal suggests that Tai-
wan’s tv system, now going in, is
years behind the world if it can
only handle monochrome; if in-
stalled in color, it would be abreast
of the world and ahead of the
Chinese Peoples Republic (which
now boasts a 29-station mono-
chrome network). Shoriki points
out that only Japan and the U. S.
are now carrying on full-scale color

telecasting, suggests that—if un-
dertaken before the present sys-
tem is cemented into place—a color
system could be installed in Taiwan
by adding one or two hundred mil-
lion yen (between $280,000 and
$560,000) to the present appro-
priation.

NTv is offering not only tech-
nical assistance in setting up the
island system on Taiwan, but also
financial aid amounting to the
necessary one or two hundred mil-
lion yen.

Air Force Pays for Study
Of Radiation Transients

PROBLEM of malfunctions in elec-
tronic gear from high transients
of nuclear radiation will be studied
by Boeing Airplane Co. under con-
tract from USAF’s Air Research &
Development Command.

Study will use the pulsed nuclear
reactor at Lawrence Radiation Lab,
Livermore, Calif. It will seek to
determine radiation levels at which
present-day electronic gear can op-
erate, will try to find design par-
ameters to make equipment im-
mune to high transient values of
radiation. Flash X-ray system now
under development at Boeing will
also be used to simulate nuclear-
weapon transients.

Missile-Warning Network
Gets First Phone Circuits

FOUR STATIONS of the 34 USAF
microwave and tropo-scatter sta-
tions being installed by Western
Electric for the ballistic-missile
early-warning system in Alaska
went into operation last week. The
initial link from Clear connects
Murphy Dome and Pedro Dome to
the Alaskan Communications Sys-
tem office in Fairbanks.

The whole system—connecting
Clear through Anchorage, Fair-
banks, Juneau and Ketchikan to
North American Air Defense Com-
mand headquarters in Colorado
Springs—will become operational
this summer. It will complement
and augment the existing White
Alice system.

The Thule, Greenland, leg of
BMEWS communications has been
in operation since last Oct. 1.

electronics



This Top Team of Application Engineers

Represents You at Bourns!

Consider this crack Trimpot® engineering group an extension of
your own staff...because that's exactly what it is. Each of these
men is a graduate engineer; each has extensive experience in
potentiometer applications; and each is responsible for techni-
cal subjects within a specific geographic area. The Bourns
specialist assigned to your region therefore becomes well
acquainted with your requirements—to help you solve today's
problems today!

Because Bourns offers the widest selection of adjustment poten-
tiometers in the nation, these men are in the best possible posi-

o

NUMBER 12 — APPLICATION SERIES

See us March 20-23 at the
IRE Show/Booths 1816-1818.

tion to steer you to fast answers for your potentiometer needs.
If modifications or specials are in order they'll come up with
sound, low-cost solutions. If your problems require direct engi-
neer-to-engineer contact on problems involving design, quality
control, or testing, they’ll provide it...on the phone or in
your office.

Here, in short, is a group of engineers devoted to giving you
personal service and personal follow-through on your projects,

The phone is right there on your desk—call anytime!

INC., TRIMPOT DIVISION
8138 MAGNOLIA AVE,, RIVERSIDE., CALIJF,

PLANTS: RIVERSIDE., CALIFORNTA;.
AMESB. IOWA: TORONTO. CANADA

Exclusive designers and manufacturers of Trimpot® potentiometers. Pioneers in transducers for position, pressure, acceleration.
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BARNSTEAD
ENGINEERED

TRANSISTOR
WASHER

WITH GREATER CAPACITY
for
WASHING and RINSING

o TRANSISTORS

o DIODES

o MISSILE PARTS

o LARGE POWER TUBES
o ELECTRONIC PARTS

The new Barnstead Model TW-50X
Transistor Washer, completely enclosed
in stainless steel cabinet, was engineered
for washing and rinsing transistors,
diodes, missile parts, large power tubes
and other electronic parts in hot, ultra
pure water with continuous repurifica-
tion. It produces best results with faster
rinsing and fewer rejects.

The purification system continuously
repurifies the water by (1). removal of
organic impurities, (2) demineralization
and (3) filtration of submicroscopic par-
ticles to 0.45 microns. RESULT: Ultra-
pure final rinse water which is not only of
high electrical resistance, (15,000,000 to
18,000,000 ohms @ 18° C., but also
free of organic impurities and minute
particulate matter which often interfere
with thorough cleaning.

A minimum amount of heat is required
since the system contains its own regen-
erative heat exchanger. The water is
continuously recirculated and repurified,
thus saving thousands of gallons of pure
water daily, and eliminating the need for
a larger capacity purification system.

Reduce your costs . . . cut down on
rejects . . . write Barnstead for literature
on the Transistor Washer Model TW-50X.

Barnstead

STILL AND STERILIZER CO.
84 Lanesville Terrace, Boston 31, Mass.

FIRST IN PURE WATER
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WASHINGTON OUTLOOK

KENNEDY ADMINISTRATION’s reappraisal of the nation’s defense policy
is expected to result in a new emphasis on development and procurement
of electronic command and control systems.

The Pentagon has recommended a sharp increase in spending for such
equipment as part of the overall effort to reduce the vulnerability of
strategic weapons systems and to improve operational decistonmaking.
Service officers have long complained about inadequate budgets for com-
mand and control systems.

While the White House has accepted the Pentagon’s general view on
the need for bolstering electronic command and control facilities, no
one is certain how much additional spending the administration will
authorize for the fiscal year starting next July. Any substantial step-up
will probably appear in fiscal 1963, when Kennedy’s first complete budget
will be in effect.

INDEPENDENT REVIEW of government patent policies concludes that the
policies are functioning reasonably well and that there seems to be no
urgent reason for change. The study was made for the General Services
Administration by George Washington University’s Patent, Trademark &
Copyright Foundation.

The Foundation’s conclusion, which is based on a study of R&D con-
tracting by both Defense Department and Atomic Energy Commission,
contradicts allegations of the electronics industry and other defense
contractors. These contractors want the patent policy of National Aero-
nautics & Space Administration revised so that it will be more in line
with the Pentagon’s than with AEC’s. The Defense Department allows
contractors title to patents developed under contract; NASA’s policy,
like AEC’s, restricts the award of patents resulting from federally
financed R&D.

The GWU study claims this controversy on patents is “exaggerated”
and that very few patentable inventions actually come oul of research
for the government. It argues that there is no strong case for a uniform
patent policy, suggests that uniformity might hamper Pentagon-AEC
flexibility in dealing with contractors.

It does concede, however, that AEC policies probably are too rigid
and may have deprived the Commission of the fullest cooperation from
private industry. It describes as ‘“negligible” the danger of undue
concentration in industry which some Congressmen have said would
result from the Pentagon’s policy.

NAVY is asking for authority to develop a Polaris missile with 5,000-
mile range, and an even bigger Polaris for use as a seaborne satellite
launcher.

The 5,000-mile version of the missile would be tagged A-5, would
follow up the 1,200-mile model now operational, the 1,500-mile A-2,
to be ready next year, and a 2,500-mile A-3 scheduled for service use
in 1964. The A-5 could be developed by around 1970, Navy sources
say.

The proposal to convert Polaris into a satellite launcher is called
Project Sea Scout. The hefty solid-fueled rocket would be used to orbit
the Transit navigation-aid satellite and for other Navy-initiated space
projects.

FIRST CONSTRUCTION CONTRACT for a Minuteman ICBM base has been
awarded after a five-month delay. The delay resulted from a $25-million
gap between the Pentagon’s original $50-million estimate for the work
and the low bid that was received on the first round of bidding. Defense
Department negotiated the price down to $61.8 million by agreeing to
furnish certain equipment which the construction contractor was ini-
tially required to buy and install himself.

electronics



Inventiveness: indispensable ingredient of Space Technology Leadership

In the achievement of Space Technology Leadership, on-the.shelf hardware and the existing state-of-the-art are not always equal to
the requirements of advanced missile and space systems. In such challenging situations Space Technology Laboratories responds
with the full breadth of its resources ® In response to the need for time compression, STL inventiveness produced devices answer-
ing urgent requirements of advanced space programs conducted for the Air Force Ballistic Missile Division, National Aeronautics
and Space Administration, and Advanced Research Projects Agency. Among these: Telebit, first digital computer to enter space;
the first muiti-million-mile space communications system of Pioneer V; a continuous-wave radio guidance system and light-
weight autopilots for Able-series space vehicles; and a low-thrust multi-start space engine for maneuverable satellites ® On this
foundation of inventiveness STL continues to broaden in scope, translating creative concept into accomplishment for Space Tech-
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