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W bc to 1500 Mc

Voltmeter K

— - Voltage Accuracy: +2% of reading above one-tenth
L e T ' of full scale. 0.005v minimum dc reading

Only one scale for all voltage measurements.
Prevents reading wrong scale.
Expanded scale for measurements below 1.5v ac.

Measures up to 1500 volts directly, ac or dc; no external
multipliers required.

Wide-range ohmmeter — 0.2 ohm to 1000 megohms
in four ranges.

Input Impedance: AC, 25 megohms, DC, 100 megohms or
“‘open grid'’ (on all but 1500v range).
Grid current is less than 10-10 ampere.

TRONIC } Built-in storage socket and reel for probe and its cable.
ELEC o

VOLTMETER

Handy storage compartment for accessories.

Calibration Stability is Excellent. The heart
of the Voltmeter is a stable tube-and-
transistor amplifier. There is so much
feedback that changes in tube transcon-
ductance or transistor current gain have
practically no effect.

|

Wide Frequency Range — within
+3 db up to 1500 Mc; resonant
frequency of probe is above
3000 Mc.

Input Impedance: 25 megohms in
parallel with 2 pf.

Accessory Tee Connector available for uhf measurements in

. = coaxial systems (Type 1806-P1, $35.00).
¢ ‘% B Type 1806-A Electronic Voltmeter . . . in convenient flip-tilt case for portability,
e .~ Wide variety of doubles as an adjustable stand — also available in rack model.
probe tips supplied. Price either model $490 (in U.S.A.)

IN CANADA: Torento 247-2171, Montreal (Mt. Royal) 737-3673 G E N E R A L R A D I o C o M P A N Y

IN EURGPE: General Radio Overseas, Zurich, Switzerland WEST CONCORD, MASSACHUSETTS
NEW YORK, N. Y., 954-2722 CHICAGD PHILADELPHIA, 424-7419 WASHINGTON, D.C. SYRACUSE DALLAS SAN FRANCISCO LOS ANGELES ~ ORLANDO, FLA.  CLEVELAND
(Ridgefield, N. J.) 943-3140  (Oak Park) 848-9400 (Abington) 887-8486 (Rockville, Md.) 946-1600  454-9323 FL7-4031  (Los Altos) 948-8233 469-6201 425-4671 886-0150
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NOT A STILL. Our Kentucky-bred art director suspicioned when
he looked our cover over that scientists at MIT’s Lincoln Lab
had taken to making “mountain dew.” It isn’t so. The fellow
is just siphoning liquid helium out of a storage dewar into the

dewar of a maser. See p 29 COVER

PLASMA HARMONICS—Key to High Power at Millimeter
Wavelengths? WESCON speaker sees “good chance” for tens
of watts. Another plasma development: beam welder for exotic
metals

MARINER C Shaping Up for ’64. Spacecraft’s mission requires
system changes. It will seek life on Mars

CRYOGENICS for the Electronics Engineer. The roster of elec-
tronic devices that like to operate down near absolute zero is
growing every day. This article will help you select and use
the special equipment needed to operate them. Jim Meyer, one
of the authors, was an inventor of the solid-state maser ampli-
fier. By J. W. Meyer and A. M. Rich, Lincoln Lab, MIT

COAXIAL FILTERS—A Practical Design Technique. Multiple
resonator coaxial filters used in microwave multiplex are short-
circuited quarter-wave lines inductively coupled by apertures
in their common walls. But the size of the apertures presents an
area of indeterminacy.

By J. F. Lally and R. R. Ciehoski, Litton Industries

UHF DIGITAL CONVERTER Uses the Latest Semiconductor
Circuits. This analog-digital converter can handle video sig-
nals with a bandwidth of 25 Mc but it requires a bit rate of 300
Mec. The converter uses a parallel-serial layout to keep speed

requirements reasonable.
By H. R. Schindler, GE Electronics Lab
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Subscriptions are solicited only from
o i . % those actively engaged in the field of
North Atlantic’s latest addition to the PAV line of Phase Angle Voltmeters* enables Whe oublicalon: |Pesifion nd com

you to make measurements while frequency is varying over half-decades without pany connection must be indicated on
orders. Subscription rates: United

e . .
recalibration. The VM-301 Broadband Phase Angle Voltmeter* provides complete States and Possessions and Canada,
coverage from 10 cps to 100 kc, and incorporates plug-in filters to reduce the $6.00 one year, $9.00 two vyears,
5 . 5 > $12.00 three years. All other countries
effects of harmonics in the range of 50 cps to 10 kc with only 16 sets of filters. $20.00 .one 'year. Single copies,
Vibration analysis and servo analysis are only two of the many applications for this United States and Possessions and
’ 5 _— 5 G Canada 75¢. Singl i Il other
unit. Abridged specifications are listed below: countries $1.50. e
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CROSSTALK

The Uses of Secrecy

IN CONGRESS, a new investigation of military
research and development has begun and there
is mounting pressure for a full-dress probe into
all federal R&D—military and nonmilitary. One
of the main objectives of the probe will be to de-
termine if the nation is getting full value from
federal R&D. To answer this question fully, we
think, the probe should include an investigation
of the ways by which R&D results are dissem-
inated to industry and whether the security
restrictions that block dissemination in some
cases are necessary or realistic.

Total expenditure for research and develop-
ment by the federal government is now about
$14 billion a year and is expected to keep rising.
The work is being paid for by the American peo-
ple, at the rate of about $75 per capita.

Two main objectives are implicit in the expen-
diture: First, national security and defense; sec-
ond, national improvement, which can be loosely
taken to mean improved living conditions and
personal development.

Obviously, many R&D results must be kept
secret, especially those relating to weapons and
national defense. But secret results can be ap-
plied only to specific projects; they cannot be
applied broadly to defense development nor to
the national economy so long as they remain
known only to a few.

When technical results are not published it
means we are limiting their application to a
select group—those with the need to know.
Classified publications ease this problem for
defense systems developers, but these publica-
tions necessarily have a limited circulation.

The question of secrecy, then, becomes one of
whom are we trying to keep in the dark about
a given development—other nations or our-
selves?

The decision to release research results to the
public or not must be finely balanced on whether
publication will help a potential enemy more than
failure to publish will hurt us. Published re-
search results may or may not help a potential
enemy, depending on his ability and desire to
put the results to work quickly, or upon what
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they reveal about our national defenses. Unpub-
lished and therefore little-used research results
may well represent a substantial waste of tech-
nological effort and money.

Only the officials charged with the responsi-
bility for national security can make the deci-
sion to publish or not in a given case, but they
must keep in mind that unpublished research
may represent one or two billions of taxpayer
money wasted each year.

Is it possible that hidden in some secret file
there is an unborn industry that would help solve
part of our unemployment problem? If there is,
we are not using secrecy, we are abusing it.

NEXT WEEK IN electronics

. . . you will find an easy-to-complete questionnaire
which we will ask you to return to us. Please take a
minute to do so, as completely and as accurately as
you can. The more we know about your needs the
better we can serve you

Coming in Our September 6 Issue

TELEMETRY TODAY. There’s no substitute for a fresh,
overall look at a fast-moving technology. Gives a
man a sense of perspective, especially when that tech-
nology—Ilike telemetry today—embraces such varied
applications as industrial control and space-system
monitoring, medical checkups and missile checkout.

To help you gain that perspective, we recommend
next week’s staff-written report on what’s new in
telemetry. Among the topics it covers are modu-
lating, coding, error-correction and bandwidth-widen-
ing techniques, how to handle the data, what fre-
quency changes are coming up, and more.

Other timely articles next week will include:

e Tunnel-diode circuits for magnetic-core readout.
A parts savings up to 80 percent was made in one
application

e New telecasting technique. Japanese broadcast
engineers developed this to get special video effects

e Reliability sliderule. Cut out the pages, paste
them on cardboard and you’ll be all set to figure out
equipment reliability in quick-time.



now
available
for

immediate
delivery:

JERROLD
RF SWEEP
EQUIPMENT
...the industry’s
finest!

Model 95008
Super Sweep Generator

Wide plus narrow band in one
versatile instrument. Handles all
IF, VHF, UHF sweep require-
ments. Sweep widths from 10ke
to 400me. Frequency range from
500ke to 1,200me. Built-in crystal-
controlled harmonic markers, de
or ac scope preamplifier, precision
attenuator. $1,980.00

Model LA-5100
rf Log Amplifier

Accurate within =1db over 80db
dynamic range. Frequency range
500ke to 100me. Lets you make
exact measurements of attenu-
ation in networks, filters, ampli-
fiers with dynamic ranges down
to 85 db. Total rf response dis-
played in precise log ratio on
standard dc-coupled scope.
$795.00

Model S00A Wide-Band Sweeper

Sweep widths from 100ke to
400me. Frequency range from
500ke to 1,200me. $1,260.00
Model 707 Ultra-Flat Sweeper
Flatness of *0.05db in highest
single octave. Plug-in oscillator
heads. $840.00
All for immediate delivery. Prices
f.o.b. Philadelphia. Write for com-
plete technical data on these and
other Jerrold rf test instruments.

JERROLD

ELECTRONICS
A subsidiary of THE JERROLD CORPORATION

Industrial Products
Division,
Philadelphia 32, Pa,
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COMMENT

Industrial Espionage

This is in regard to your articles
on industrial espionage (p 22, July
12, and p 32, July 19).

Much of the so-called “pirating”
of employers’ secrets is not pirat-
ing. An engineer working for a
company gets an idea. Management
[does] nothing with the idea and
reprimands him for wasting time.

Finally he quits and forms his
own company and manufactures the
item . . . Presently he is sued for
stealing the idea. He is denounced
—for doing something with the idea
he was formerly denounced for
getting . . .

GEORGE E. Row
Rowco Engineering Co.
Indianapolis, Indiana

RFI

Congratulations on your special
issue on rfi (p 37, June 21). You
can be justifiably proud of the re-
sults of your efforts.

As is bound to happen in an effort
involving so many details and the
coordination of information vre-
ceived from a multitude of sources,
some small errors have crept in. In
the section entitled Suggested
Definitions of Shielding Terms

(p 56), the formula A = 3.34t\/fou
was given incorrectly as A =
3.34t (fou).

Early in June, at about the time
that these suggested definitions
were being printed, they were be-
ing discussed at the National Sym-
posium for PTG-EMC (formally
PGRFI) in Philadelphia. A special
“work-shop” session had been set
up to try to come to some agreement
on these definitions. As of this writ-
ing, no concrete results have yet
come forth. Much work will be
needed before an agreement can
be achieved.

I also believe that you may have,
inadvertently, failed to mention
that the background photograph of
a shielding honeycomb, used on the
frontispiece of this article, was sup-
plied by Technical Wire Products
Incorporated.

O. P. SCHREIBER
Technical Wire Products, Inc.
Cranford, New Jersey

RFI

The special report on r-f inter-
ference (p 37, June 21) listed d-c
power supplies as a source of rfi
but did not dwell sufficiently on
this aspect. While many engineers
are concerned with the rfi generated
by d-¢c power supplies (particularly
high-current d-c power supplies us-
ing switching circuits including
scr’s and magamps), very little con-
sideration is given to rfi generated
by d-c series regulator-type power
supplies.

We have found, while developing
a series of high-current (4 amp to
60 amp) d-c power modules per
MIL-1-26600 and MIL-I-6181D, and
using the d-c series regulator tech-
nique, that unless preventive steps
are taken, considerable conducted
rfi is generated. The major source
is the input rectifier section, due
to the high reversed currents that
flow at the time the rectifier is
turning off. These high-current
transients cause considerable rfi to
be conducted back into the a-c¢ line,
from which point it may be con-
ducted to other equipment powered
from this a-c line.

To remedy this situation, we pro-
vide a filter between the power
transformer secondary and the rec-
tifier bridge, which greatly at-
tenuates the conducted rfi to the
point where it falls well within the
specification limits of MIL-I-26600
and MIL-I-6181D.

WILLIAM O. MCGREW
Valor Instruments, Inc.
Gardena, California

Avalanche Transistors

We are pleased to read in your
review the description of our pulse
generator, Avalanche Tansistors
Test 10-Nsec Logic (p 46, July 12).

Please note that the published
diagram is incorrect: the OA95 di-
odes and 6.2K resistors, shown
grounded on the emitter connection
of transistors Q. Q. and Q-, should
be connected to the bases of these
transistors, the bias of which they
provide, together with the three
1.5K resistors connected to the
emitter of Q..

R. CHARBONNIER
Rochar Electrorique
Montrouge (Seine)
France
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new
power photocell
from Delco

> Ead
> >
Here’s a cadmium sulphide photocell with R,
muscle. It’s Deleco Radio’s new LDR-25—a F;ﬁ[/ m
light dependent resistor equipped to dissipate s B |
25 watts at 14 ampere and with a 200 DC or el I
peak AC voltage capability.* Dark resistance l : MOT|OR
' i P B2 M
| 29
R3
é WSOJ\. 20W

LDR-25 in series control circuit using foot operated mechanical vane to
regulate light—eliminates need for moving contacts. Dual light source pro-
vides feedback for constant motor speed under varying loads.

at power levels up to 100 watts. Its medium and
Actual Size high power switching abilities are ideal for in-
ductive loads where voltage surge from breaker
LDR-25 points or junction devices is a problem.

value of the device exceeds,.5 megohm while
1,000 foot candles of illumination will reduce
its resistance to 15 ohms.

Characteristics of the LDR-25 make it ideally 5k
suited for direct-to-line control of 115 VAC A

. 5 Ry 0
powered appliances. It can be used as a ‘““variable
relay’ in series with an inductive load operating " 470K [50V-i0ma

LDR|[25(4)

Flasher circuit in which chain of lamps and LDR-25s provide power amplifi-
® cation with a gain of 100.
( The amazingly low-priced LDR-25 is avail-
. able now.
AC LDR 25 Contact any of our sales offices listed below
for more information.
1200~
I0W .% Union, New Jersey Palo Alto, California Syracuse, New York
324 Chestnut Street 201 Town & Country Village 1054 James Street
MUrdock 7-3770 DAvenport 6-0365 GRanite 2-2668
* AREA CODE 201 AREA CODE 415 AREA CODE 315
Detroit, Michigan Santa Monica, California Chicago, lllinois
%‘aﬂﬁ;ueg_é\égnue Lz&g:rg_asshg?nlca Blvd. g;gzsaiirarlem Ave.
LDR-25 in series motor control using potentiometer controlled light source. AREA’ CODE 313 AREA CODE 213 AREA CODE 312
*When properly mounted on heat sink. General Sales Office: 700 E. Firmin, Kokomo, Ind., Gladstone 2-8211—Ext. 500  Area Code 317

LCO

EPENDABILITY

DIO

ELIABILITY

Division of General Motors, Kokomo, Indiana
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SIMPLIFY

conpmunications
maintenance

Phe new & 3550A Portable Test
Set, designed specifically for
transmission system testing, is
especially useful for alignment and
maintenance of multichannel commu-
nication systems. It incorporates a 5 cps
to 560 kc oscillator with fully floating
output, a1 mv to 300 v 5 cps to 2 mc
voltmeter, and attenuator and imped-
ance matching networks to individually
match the oscillator and voltmeter to
135, 600 and 900 ohm lines.

The solid state instruments are
housed in a compact case with a splash-
proof cover, and both the oscillator and
voltmeter operate from internal re-
chargeable batteries or from an ac line.
The three instruments may be used sep-
arately in or out of the case.

The oscillator provides flat frequency
response and excellent amplitude and
frequency stability. The highly accurate
voltmeter provides a db scale for easy
measurement —72 to +52 dbm. The at-
tenuator and impedance matching unit
includes calibrate features to eliminate
insertion loss. Oscillator and voltmeter
batteries recharge during ac operation.

Check the specifications for the re-
markable versatility and convenience
of this test set, then contact your &
representative or call direct for a dem-
onstration on your bench or in the field.
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Frequency Range:
Dial Accuracy:
Frequency Response:
Output Impedance:
Output:

Distortion:
Hum and Noise:
Temperature Range:

Range:
Frequency Range:
Accuracy:

Nominal Input
Impedance:

DC Isolation:
Noise:

Attenuation:
Accuracy:

Impedance:
Input and Output:

Power:

Dimensions:
Price:

NEW
portable
test set
measures
gain,
attenuation,
frequency
response

SPECIFICATIONS

OSCILLATOR (& HO7-204B)
5 cps to 560 kc, 5 ranges

*+3%
+3% into rated load

600 ohms

10 mw (2.5 v rms) into 600 ohms, 5 v rms open circuit,
completely isolated

Less than 1%

Less than 0.05%

—20° to +50° C

VOLTMETER (% 403B)

0.001 to 300 v rms full scale; —72 to +52 dbm
5cpsto2mc

0°C to 50°C, within = 2% of full scale from 10 cps to
1 mc, within = 5% of full scale from 5 to 10 cps and
1 to 2 mc (on 300 v range, accuracy is = 10% from 1 to
2 mc; AC-21A 10:1 Divider Probe allows measurements
to 300 v in the 1 to 2 mc range with an accuracy of

* 5%); 0°C to — 20°C, %= 8% of full scale from 5 cps
to 2 mc

2 megohms, shunted by approximately 40 pf on 0.001 v
to 0.03 v ranges, 20 pf on 0.1 v to 3 v ranges, 15 pf on

10 to 300 v ranges

Signal ground may be =500 v dc from external case
Less than 4% of full scale on 1 mv range, 3% on

other ranges

ATTENUATOR/PATCH PANEL

110 db in 1 db steps

10 db section, error less than *=0.125 db at any step,

dc to 100 kc; less than £=0.25 db, 100 kc to 1 mc.

100 db section, error less than £0.25 db at any step

up to 70 db, less than +0.5 db above 70 db, from dc to
100 kc; less than £0.5 db up to 70 db, less than =0.75 db
above 70 db, 100 kc to 1 mc

600 ohms

50 cps to 560 kc; balance better than 40 db; frequency
response *0.5 db, 50 cps to 560 kc; impedance, 135, 600,
900 ohms center tapped. Input includes 10K bridging
impedance; insertion loss, less than 0.75 db at 1 kc;
maximum level 410 dbm (2.5 v into 600 ohms)
GENERAL

Voltmeter and oscillator each use a power supply of 4
rechargeable batteries (furnished, 40 hr. operation per
recharge [20 hours at —20° C], up to 500 recharging
cycles). Automatic recharging during ac operation

g;/go (;10igh, 19%" wide, 13%" deep. Weight 30% Ibs.

Data subject to change without notice. Price f.0.b. factory.

8020

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 Street, Montreal
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electronics NEWSLETTER

Platters Play Pictures on Tv Set

LONDON—Colin Mason, a Wol-
verhampton inventor, claims he
has developed a record player
that plugs into a tv set and re-
produces animated video and
monaural or stereo sound. Esti-
mated sales price for the device
is $100 in Britain; the records
would cost no more than conven-
tional ones. No tape is involved.

The company that backed devel-
opment, Wolverhampton Radio and
Supplies Co., is said to be negotiat-
ing a license with a ‘“large British
company with U. S. contacts”’—the
company may be EMI, but this has
not been confirmed.

Few technical details are avail-
able yet. Composite signals on the
disc are separated in the pick-up
head, providing a capacity for two
channels of video and two channels
of audio. Two separate systems
have been evolved, one compatible
with ordinary record players, and
one not compatible. It has not yet
been disclosed which system will be
adopted.

Since practical stereo viewers
have not been developed, the first
recordings will probably be monau-
ral sound and single-channel video.
The company says disc wear has
less effect on video than sound re-
production.

In the present design, the video
signal gives a bandwidth of 3.5 to 4
Me, suitable for Britain’s 405-line
tv system. The company says band-
width could be up to 35 Me.

School Video in
2.5-Ge Band Approved

EFFECTIVE Sept. 9, a new instruc-
tional tv fixed service is authorized
by FCC ‘“for accredited public and
private schools, colleges and univer-
sities in the formal education of
students.” Systems so licensed can
also transmit special training ma-
terial to hospitals, training centers,
rehabilitation centers, industrial
establishments and the like. Six
groups of frequencies totaling 31
channels from 2,500 to 2,686 Mc are

electronics o August 30, 1963

provided to operate at a nominal
maximum power of 10 watts. Each
channel is 6 Mc wide. An experi-
mental system developed by Adler
Electronics for the Plainedge, N. Y.
schools (p 7, Aug. 3, 1962) has been
operating about a year.

Liquid-Cooled Computer
Attains 3-Million Rate

CHIPPEWA FALLS, WIsCc.—Control
Data’s 6600 digital scientific and
engineering computer can run 11
different programs simultaneously
and without time sharing, achiev-
ing more than three million opera-
tions a second.

Multiple-level concurrent proc-
essing is the only answer to trans-
mission-line limitations, Control
Data says. To avoid time loss in
interconnections, the computer is
built in a cruciform shape that
keeps all interconnections under 8
feet long. Cordwood modules use
silicon planar transistors. Heat
transferred to a cold plate is picked

up by circulating Freon and carried
to a water exchanger.

Each of the 11 independent com-
puters in the 6600 has its own mem-
ory, and each can execute programs
independently of each other or of
the central processor. Concurrent
operations speed up the computer
by assigning the memory a second-
ary role of refill and empty.

The new model will become part
of the Control Data standard line,
following delivery to Lawrence Ra-
diation Laboratory next spring.
Cost is $7 million to $8 million or
$150,000 to $175,000 a month rent.

All the Missile
Ranges May Merge

CAPE CANAVERAL—Range Control
Center scheduled to become opera-
tional here late next year will prob-
ably become the nerve center of a
globe-girdling missile and space ve-
hicle tracking range that would in-
clude the Atlantic, Pacific and
White Sands Missile Ranges.

Air Force has awarded an $850,-

Washington-Moscow Hot Line Working

NEW YORK—The diplomatic “Hot Line” providing instant White
House-Kremlin teleprinter communication will meet the formal
Sept. 1 opening deadline. Starting Aug. 17, the radio circuit
through Tangier relay has been operating well in the equipment-
shakedown phase. Continuous transmissions were sent for the
first few days; checkouts are now made daily.

RCA Communications spokesmen, in describing the radio link
to ELECTRONICS, emphasized that they have been operating a cir-
cuit with Moscow since 1930. RCAC now provides private leased-
channel service to Tass and the Soviet delegation to the United
Nations (p 18, June 28).

Under the U. S.-USSR agreement, the hot line comprises both
a cable link and the radio circuit (p 7, Aug. 23). Teleprinter
messages are routed through RCA transmitters at Rocky Point,
Long Island, using frequency-shift tones on single-sideband, to
Tangier, Morocco. The Tangier receiver automatically keys the
fsk twinplex transmitter. Signals are picked up near Moscow by
facilities of the Soviet Ministry of Posts and Telecommunications.

Virtue of the Tangier two-hop circuit is that transmissions
into Moscow on frequencies in the order of 5 to 16 Mc are south-
erly to northerly rather than west-east across the auroral zone in
which communications failures can occur




000 contract to Sperry Piedmont
for an advanced Range Control Cen-
ter (RCC) to replace the presently
overcrowded Central Control.

Lt. Col. Max Findell, RCC project
officer, said that if present studies
being conducted in Washington re-
sult in combining the three ranges
under one cognizance, Canaveral
would monitor and control all track-
ing and telemetry instrumentation
on all ranges, including ships,
planes and even satellite-borne in-
strumentation. Findell emphasized
that as yet there was no definite de-
cision.

There are strong indications that
the move will be made, however.
Maj. Gen. L. I. Davis, AMR com-
mander, has been in Washington
several weeks in connection with
the establishment of an Air Force
Systems Command organization
that would control all the ranges.
Gen. Davis is the most likely candi-
date to head the new range organ-
ization.

The Sperry Piedmont system will
be able to monitor two countdowns
simultaneously and keep tabs on an
orbiting space vehicle as well
Sixty-four men operating 137 eon-
soles will control 800 instrumenta-
tion status displays coming in from
the entire range. High-speed real-
time computers will automatically
plot trajectory measurements and
impact prediction points.

Japanese Firms Set
Minimum Tv Prices

TOKYO—Japanese firms ratifying
the agreement on minimum floor
prices for tv sets exported to the
U.S. (p 7, Aug. 2) have increased
to 23. Violators would be subject
to a fine of up to 30 percent of the
transaction. The agreement is now
expected to be approved by the
Ministry of International Trade and
Industry and to take effect some-
time in September. Manufacturers
have agreed to a minimum export
price three percent over the manu-
facturer’s price. Manufacturers’
prices set to date are as follows:
16-inch vhf sets, $45; 16-inch uhf
sets, $55; 19-inch vhf sets, $55;
19-inch uhf sets, $63; 5 and 6-inch
transistor vhf, $70; 5 and 6-inch
transistor uhf, $80; smaller than
5-inch transistor uhf, $75.

Raytheon Develops
Cold-Cathode TWT

RAYTHEON has developed an experi-
mental 2 to 4-Gec traveling-wave
tube with a heaterless tunnel cath-
ode of semiconductor material. The
hollow electron beam is preshaped
and focused during fabrication—
masks are employed while deposit-
ing layers of semiconductor mate-
rials on the cathode. Emission cur-
rent has been measured at 100 pamp
when pulsed—500 wsec pulses with
a 5-percent duty cycle. Fast-start-
ing twts are envisioned.

Side-Tone Ranging to
Track EGO and OAO

FIRST OF THREE tracking systems
built by Motorola for NASA was
shipped to the space-tracking sta-
tion at Carnarvon, Australia, last
Thursday. The system—intended
for use with such programs as the
OAO and EGO—will track highly
elliptical orbits out to 70,000 miles
in perigee. Satellite transponders
will be interrogated from the
ground. Side-tone ranging tech-
niques will determine range and
range rate by doppler shift, to pin-
point spacecraft range to within 16
vards and speed to within 4 inches
per second.

Two Companies Expand
Microcircuit Activities

SAN FRANCISCO—H. C. Lin, of Wes-
tinghouse Molecular Electronics di-
vision, disclosed at Wescon that the
company expects to market next
vear the following devices in funec-
tional block form: surface-field-
effect, metal-base and light-actuated
transistors; pnpn switches; i-f and
a-f strips; a-f amplifier with re-
sponse from 1 cps to uhf; tuning
device; piezoelectric resonators.
M. W. Newell, Philco vice presi-
dent, announced Philco expects to
triple microelectronic engineering
facilities in the next six months,
and to be producing 10,000 silicon
microcircuits by next spring. Philco
is now producing Micrologic cir-
cuits under a Fairchild license.

In Brieft . . ,

CONTROL system components for the
Sprint antimissile missile will be
designed by Honeywell under a
contract from Martin.

TORONTO traffic signals are now con-
trolled by a Univac 1107 thin-
film memory computer. By 1965,
all timed traffic signals in Toronto
will be computer controlled.

GENERAL ELECTRIC has received a
$19-million NASA contract to de-
velop, assemble and test six
1,000-1b flight-model biosatellites
plus  ground-test  spacecraft.
Flights begin in 1965.

FREDERICK E. TERMAN, vice presi-
dent and provost of Stanford Uni-
versity, received the 1963 West-
ern Electronic Medal of
Achievement, at WESCON.

AUDIO DEVICES has arranged to buy
Sound Corporation of America.

COMPUTER PRODUCTS, INC. and Pack-
ard Bell Computer will jointly
design and install hybrid com-
puters. Likeliest hybrid is CP’s
Mark III analog model plus the
digital PB440.

HIGH-SPEED auxiliary arithmetic
unit has been developed by GE
to extend ability of the GE-235
computer. Execution time is as
low as 18 usec for add or subtract
instructions.

XEROX is planning to buy Electro-
Optical Systems.

CANADA will build a $5-million
ground station to conduect satel-

lite communications experiments
with NASA.

ACCIDENTAL break in transmission
line last Friday aboard the USNS
Kingsport, in Lagos Harbor, Ni-
geria, interrupted use of Syncom
II. Service was expected to be
restored late this week.

RELAY MARKET is pegged at $200
million by Carl Martin, Babcock
Relays vice president. He pre-
dicts $250 million total by 1969.
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—QUICK DEULIVERY FROM SPRAGUE
AND ITS KEYsINDUSTRIAL DISTRIBUTORS

ONE-WATT
BLUE JACKET
RESISTOR

P. P. S. For complete technical data write for Engineering Bulletin 7410D

SPRAGUE ELECTRIC COMPANY - 35 MARSHALL STREET, NORTH ADAMS, MASS.
For application engineering assistance write:
Marketing Dept., Resistor Division, Sprague Electric Co., Nashua, New Hampshire.

SPRAGUE COMPONENTS

®
RESISTORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS ]
CAPACITORS PIEZOELECTRIC CERAMICS PACKAGED COMPONENT ASSEMBLIES

TRANSISTORS PULSE-FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES
MICROCIRCUITS TOROIDAL INDUCTORS SILICON RECTIFIER GATE CONTROLS THE MARK OF RELIABILITY
INTERFERENCE FILTERS ELECTRIC WAVE FILTERS FUNCTIONAL DIGITAL CIRCUITS

‘Sprague’ and ‘@’ are registered trademarks of the Sprague Electric Co,
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PRIVATE LINE TO ANYONE
.. ANYWHERE.. ANYTIME
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L At AN A >

MOTOROLA’S RADEM * concepts, being applied to the most important recent

advance in military communication systems...will carry many high-priority radio mes-
sages simultaneously in a single wideband frequency channel; maintain private-line

direct dialing without central exchanges or fixed nets; do this without interference

between concurrent messages transmitted from different locations within the system;

and perform these tasks with designs that lend themselves to the application of advanced,
integrated electronic circuitry. @ RADEM is one of the many major military and space

electronic programs in progress at Motorola. Scientists and engineers interested in join-
ing the men who are making basic contributions to both research and applications in

advanced electronics write today describing your background and experience in:

Systems Design ¢ operational and functional systems analysis, economic analysis, optimum
time-bandwidth utilization, digital, voice and data communications, secure communications.
Advanced Equipment Design ¢ solid state receivers, transmitters and repeaters, digital
modems, digital data processing and display units, voice processing and reproduction equipment.
Familiarity with State-of-the-Artestatistical theory of communications, spread-spectrum
techniques,coding theory,integrated circuit applications,digital logic design,solid state RF circuit
techniques, auto correlation and cross correlation techniques.

We are particularly interested in programs on which your experience was obtained and the
extent of your technical responsibility. Please address this information to our Manager of Engi-
neering at the location of your choice for immediate and confidential attention.

An equal opportunity employer

MOTOROLA m Military Electronics Division

CHICAGO 51, lllinois, 1450 North Cicero Avenue /SCOTTSDALE, Arizona, 8201 East McDowell Road
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*RADEM (Random Access
Delta Modulation) principle
diagramed above is the result
of 5 years of independent
Motorola research.



BEHIND THE
TREATY ROW:
ANTI-ICBM
BLACKOUT?

PENTAGON
OK’S MOST
BUDGET CUTS

PHANTOM’S
SIDE-LOOKING
RADAR READY

MMRBM WAITS
ON ELECTRONICS

12

WASHINGTON THIS WEEK

TEST-BAN TREATY controversy is lining up the sides on the
probability of developing effective antimissile defenses. On one side
are the Administration backers who say that missile defense is still
beyond the technical capability of the U. S. and USSR, and that atmos-
pheric tests are not needed to work on an effective defense. Opponents,
especially Edward Teller, insist tests are needed, that Russia gained
knowhow in its sneak tests of 1961-62, and that you can’t be sure of a
system until it is integrated and tested realistically.

Developing the antimissile warhead is not the main problem. The
knottier question, which test ban questions relate to, is the rest of
the system. Because Nike Zeus is considered too slow for sifting incom-
ing warheads from decoys and then making the kill, R&D emphasis has
shifted to Nike X. Nike X would have diserimination radar and a
speedier missile. But the question still remains whether Nike X can
make its kill high enough to protect ground installations and population.
And what happens after the first explosion—either offensive or defensive
—blinds the radar to subsequent ICBM salvos has the scientists wringing
their hands.

DEFENSE DEPARTMENT has asked the Senate to restore only
$239.2 million of the $1.1 billion trimmed from this year’s military pro-
curement appropriation by the House and only one-quarter of the $400
million cut from the R&D request. The Pentagon’s original budget plan
called for $16.7 billion in procurement and $7.3 billion in R&D.

The Pentagon wants $44.6 million back of the $59.6 million the House
carved out of the appropriation for Army R&D on communications
satellite systems, and restoration of the $25-million cut for Phantom II
tactical recon planes. It did not seek restoration of the $58.3-million
reduction in the procurement appropriation for electronics and telecom-
munications, the $100-million reduction in the MMRBM (mobile medium-
range ballistic missile) program, nor the 1l-percent across-the-board
reduction in all procurement programs. The last cut was aimed to pres-
sure the military services into tighter contracting policies.

THE HOUSE cut procurement funds for McDonnell’s RF-4C ver-
sion of the Phantom II aircraft to ‘“‘slow down” production “pending
solution of development problems in the plane’s electronic systems.”
Deputy Defense Secretary Gilpatric now argues that there is no reason
for delaying procurement. He told the Senate that the plane’s side-look-
ing radar subsystem “is on schedule and in phase with the planned air-
frame production schedule” and will be delivered in September. The
framing camera’s most critical component, the shutter, has operated
successfully in X-15 flights.

IN ACCEPTING the MMRBM cutback, Gilpatric disclosed that the
Air Force will “concentrate its efforts for the time being on the pacing
elements of this system, namely, the guidance and command and control
components.” He said the existing budget will be “sufficient to carry out
that phase of the work.”
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SIZE

Electronic teclmoloyy that worlrs...

FERROELEC TRIC CERAMIC MODULE
COMBINES LOGIC WITH POWER CONTROLJ

A new product of Erie Resistor wrth a potentsally tremendous
commercial value: a ferroelectric ceramic material able to perform
any functzon presently accomplished with vanable react '
as magnetic amplifiers or frequency multaplsers
Performance features of this unusual mafer/al mciude
 Hysteresis curve characteristi .
Low coercswty ‘
High K values
equency eﬁtclency
Hagh feakage resrstance altowmg DC ccmrol charg“ to remain

_ Tms unique matenal is presem%y b
RC network. Here, it performs an
valve in the control of an electrolumm

.goals are assured. ‘
’ Tefl us your requ:rements Address

| ERIE RESISTOR OORPORATION

644 West 12th Street |
Erie, Pennsylvania

DESIGNER, PRODUCER AND MARKETER OF TECHNOLOGICAL PRODUéfS ’




The eighth one is no good. Do something about it—now.

Before the same defect shows up in #12 or #14.
While the component is still on the line.
Before the component goes into a sub-assembly.

An 18M computer can help you. It brings the speed and accuracy of electronic data pro-
cessing to in-process production quality assurance. Right on your production line.

An 1BM Industrial Testing System—your present testing equipment coupled with an 18BM
computer—collects, analyzes and evaluates mass test data on a real-time, on-demand basis.
Problems are caught, corrections made immediately.

Product quality and production efficiency go up. Waste and rejects go down.

Do something about your quality assurance now. Call 1BM.



~

BM’s new Industrial Testing System can help you with your quality
assurance program. Several different 1BM computers, such as this
1710 Control System, are available to meet your exact requirements
in collecting, analyzing and evaluating mass test data.

®
PROCESSING
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High Power at Millimeters—~rlasma

WESCON speaker sees
tens of watts. Another
plasma prospect: welding

By LAURENCE D. SHERGALLIS
HAROLD C. HOOD

Pacific Coast Editors

ED ADDEO

McGraw-Hill World News

SAN FRANCISCO—In the near
future, harmonic generation in plas-
mas has a good chance of becom-
ing one of the most efficient, high-
power schemes for generating
power at frequencies in the milli-
meter wavelengths, J. H. Krengz,
of Stanford University, told ELEC-

TRONICS last week.

Presently, he said, varactor
diodes are the most efficient method
of getting millimeter power. But
power levels are low. Plasma de-
vices, however, can be driven with
watts or tens of watts of power.

In experiments conducted at
Stanford and described in his pa-
per presented at WESCON last
week, Krenz has obtained 25 to 30-
percent efficiency at the second har-
monic using a 3-Ge source. His
paper, coauthored with G. S. Kino,
described measurements made on
a spherically shaped discharge.
Strong harmonic outputs up to the
seventh harmonic were observed.
Because there is resonance, and the
interaction is reactive, parametric

MARINER C Shaping

3y JOEL STRASSER

Assistant Editor

DIFFERENCES between Mariner
C’s mission to Mars and Mariner
IT’s mission to Venus will require
extensive changes in the new Mar-
iner’s electronics, according to
NASA project officials. The space-
craft is to be launched in November,
1964 from Cape Canaveral.

Mariner C’s primary objective is
to determine if life exists on Mars.
It will attempt to take high-quality
television pictures of Mars’ surface,
to study Martian magnetic fields
and trapped particle regions, and to
determine the existence and extent
of cosmic dust close to the planet.

Interplanetary experiments are also
planned.

Mariner C requires greater relia-
bility because its mission will take
twice as long as the Venus probe’s.
Project officials expect Mariner C
to reach the vicinity of Mars in
about 220 to 240 days. Mariner II
took 110 days to reach Venus
(ELECTRONICS, p 42, Dec. 14, 1962).

COMMUNICATIONS—Because of
the greater communication dis-
tances on the Mars mission, Mar-
iner C will have a power output of
10 w; Mariner II's output was 3 w.
To compensate for the loss of solar
energy near Mars, Mariner C’s solar
cells will occupy approximately 70
sq ft compared to 22.5 sq ft for
Mariner II.

Mariner C will communicate at
S-band, transmitting at 2,295 Mec
and receiving at 2,115 Mc. Mariner
IT operated at L-band receiving at
890 Mc and transmitting at 960 Mec.
Mariner C will have a fixed rather

MARINER C prototype undergoes
tests in high-altitude environmen-
tal chamber at Lockheed in Cali-
fornia

oscillations are also present. By
driving the plasma at twice the res-
onant frequency, parametric oscil-
lations were observed at about 1.5
Ge. This is reportedly the first time
that such parametric oscillations
have been obtained using a plasma
as a nonlinear reactive medium.

MOSTLY THEORY—Krenz told
ELECTRONICS that most of the work
in generation of harmonics in a
plasma discharge is still theory.
Analysis is not complete enough
to permit prediction of uses in the
near future. But plasma devices
with high power outputs up to 100
Ge are desirable because of their
simplicity and high power capabil-
ity.

Up for 64

than adjustable antenna to save
weight. The Mars orbit does not
change appreciably with respect to
the earth-sun line.

GUIDANCE—On Mariner II, sen-
sors were used to line it up with
the earth and sun during the initial
guidance phase. The Venus probe
had no midcourse guidance system
because it could not be relied upon
at the time.

Subsequent advances in the state
of the art have changed that. A
star tracker will provide initial
and midcourse guidance. Built by
Barnes Engineering, the tracker
will acquire the star Canopus, which
provides a more stable reference
than the constantly moving earth.
No terminal guidance is planned.

WEIGHT—Mariner C will weigh
570 Ib, an extra 123 lb. To keep
weight down, there are no infrared
radiometers and two scheduled ex-
periments have been cancelled:
California Institute of Technology’s
infrared spectrometer experiment
and Stanford University’s radio
propagation experiment. A NASA
spokesman indicates Mariner is still
too heavy, so more may be cut.



Harmonics the Key

C. B. Swan, of Bell Laboratories,
indicated that the average power
capability of a gas-discharged de-
vice is one or two orders of mag-
nitude greater than varactor diodes.
Swan described experiments in the
generation of harmonics in a
plasma having a large electric field
gradient. High efficiency, he said,
requires such a gradient in the dis-
charge. Swan analyzed the effect
of the r-f field gradient in a co-
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WELDING is one use seen for
GE’s plasma-electron-beam device.
This is esperimental arrangement
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X-Ray Vidicon

X-ray TV image of metal-clad transistor and encapsul-
ated diode—a typical non-destructive testing application.

High quality-static and in-motion-
X-ray TV images...

The New ML-589 DYNAMICON is a 1” x-ray-
sensitive vidicon camera tube which is capable
of providing high contrast images with detail
resolution down to 0.0005”, and penetrameter
sensitivities up to 2%, when used with an ade-
quate CCTV system and x-ray source. Magnifi-
cations to bOX are easily obtainable. ML-589 is
particularly suited for non-destructive testing and
biological applications, permitting both static
and in-motion examinations of small encapsulated
components and materials such as plastics,
ceramics, steel, aluminum, and rubber.

For complete details write

The Machlett Laboratories,

Inc., Springdale, Conn. An electron tube
affiliate of Raytheon Co. specialist
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EIME MEMBER—SEE PAGE 28 FOR DATES WE
BE IN YOUR AREA

measure dc

Differential
Voltmeter

Keithley 660 measures dc voltages
with the accuracy and stability of
alaboratory standard and the ease
and low cost of an ordinary VTVM.

Features include:

® 0.02% limit of error

e reference supply stable to 0.005%
indefinitely, without periodic re-
standardization

® 100uv f.s. null range

® 2uv resolution

e infinite resistance at null, to 500v

® 0.005% repeatability

e 25 mv recorder output

e fully guarded input

e positive, negative or floating

Model 660 Differential Voltmeter
Model 6601A Voltage Divider . .

. $575
. $175

Send for four page Engineering
Note on the Model 660

latest catalog available
upon request

KEITHLEY
INSTRUMENTS

12415 Euclid Avenue » Cleveland 6, Ohio
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" AT WESCON, visitors saw some 39 operating lasers compared to L last

B =

year. Among the small ones are these from Perkin-Elmer (left) and

TRG’s setup for biomedical research

axial type gas-discharge harmonic
generator and found that the con-
ditions for high efficiencies can
be achieved at millimeter wave-
lengths. The analysis was mathe-
matical and work to correlate
mathematical analysis with experi-
mental results is in progress.

PLASMA WELDER—“First prac-
tical application of plasmas” was
disclosed by L. H. Stauffer of Gen-
eral Electrie’s Advanced Technology
Laboratories. GE obtains large
amounts of power in an electron
beam produced from a plasma in-
side a hollow cold cathode. The
obvious application is for welding
exotic metals, now welded by elec-
tron-beam techniques that require
high-vacuum. The plasma technique
reportedly reduces sensitivity to
contamination, eliminates the need
for high vacuum, and uses rugged
and simple equipment.

The cold cathode source is a hol-
low metal cylinder several inches
long. When the cylinder is charged
negatively to about 20 kv in the
presence of argon at low pressure,
a plasma of positive gas ions and
free electrons forms within the
cylinder. The few positive ions ini-
tially present in the gas knock elec-
trons off the cathode. Also, the
plasma glows with both visible light
and ultraviolet, and emits short-
wave radiation. High-energy ultra-
violet radiation helps maintain the
supply of electrons.

The electron beam emerges from
the cathode as a parallel beam of
electrons accelerated toward the
work piece. Adjustment of gas
pressure and cathode voltage are
not critical. Electromagnetic fo-
cusing concentrates the beam to

about 10 mils diameter. Energy den-
sities up to 40-Mw/sq in. will vapor-
ize any known material.

GE has built a 2-kw beam source
and is working on a 60-kw unit.
Tests have been run using cathode
voltages from 700 v to 150 kv and
with gas pressures considerably
higher than pressures used in vac-
uum systems. Conversion efficiency
of cathode input to the thermal en-
ergy in the target is about 70 per-
cent.

Control of beam intensity is an
innovation of the device, Stauffer
says. Control electrode or grid is
an open mesh cylinder through
which the beam passes. Varying
grid voltage varies beam intensity.
The beam has been pulsed with rise
times of about 0.2usec.

Much of this development is still
in the R&D stage. Some of the
phenomena occurring in the device
are still not fully understood, Stauf-
fer admits. However, the modu-
lated plasma beam has application
wherever a controlled, concentrated
heat input is needed. A variety of
beam configurations can be used,
depending upon the application.

CIRCUIT USES—Grid control of
the beam lends itself to interest-
ing circuit applications including
oscillators, amplifiers, and control
circuits. Nonthermal applications
of the plasma electron beam also in-
clude x-ray. In microwave genera-
tors, the beam could be fired into
a traveling-wave tube. Other appli-
cations, said Stauffer, must wait
for a better understanding of the
mechanisms of beam formation.

Martin Marietta is also conduct-
ing research on a device of this
type.
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IT
SOCKETS
LIKE A

TUBE!

This new relay concept saves you time, stocking and money

AE’s new Series EIN relay, that plugs in like a tube, has
taken the field by storm—and no wonder:

It’s the first telephone quality relay having all the conven-
iences of octal-type plug mounting, with savings of $1.93
or more per relay!

The special sockets are available separately from AE
stock. You can order the number you need for a complete
production run, and buy the relays and plastic covers “off
the shelf” to meet delivery schedules. There’s no need to
maintain large relay inventories.

The EIN’s modern, low silhouette design improves the

appearance of your product and cuts space requirements up
to 20%.

EIN relays are available in various spring combinations to
meet most design requirements. Sockets are available for
taper tab, solder, or printed circuit board terminations.

In initial cost and versatility, the EIN can solve many of
your design, production and inventory problems.

For full information, write the Director, Control Equipment
Sales, Automatic Electric, Northlake, Illinois.

AUTOMATIC ELECTRIC

Subsidiary of

GENERAL TELEPHONE & ELECTRONICS @

electronics e August 30, 1963
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A Dlgltal Printer
for as little as $258

Designed for custom use, the  ible. Compactly assembled on a
Texas Instruments Count Printer = 4% by 7% panel, the Count
is a simple, low cost instrument ¢ Printer is less than 7” deep and
capable of accumulating ‘sequen- © weighs-only 3}; pounds. It is avail-
tial input pulses at 600/minute. . able with either one or two in-line
The accumulated total .can be . count channels for a-c or d-c
printed up to 60 times/minute on . qperatlon. Each channel has in-
ordinary 3-inch adding machine dependent count and reset func-

tape . . . both dial total and last ~ tions. Prices start at $258 list.
printed total are 1mme%1a{e1§ vis-  Write for' full information,

TEXAS INSTRUMENTS

INCORPORATED

P. 0. BOX 66027 HOUSTON 6. TEXAS

INDUSTRIAL
PRODUCTS
GROUP

BENSING .
THE

RECORDING « TESTING .
INSTRUMENTS O F

DIGITIZING INSTRUMENTS
TEXAS INSTRUMENTS
664
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HELP YOUR POST OFFICE
TO SERVE YOU BETTER

MAILING EARLY IN THE DAY

NATIONWIDE IMPROVED MAIL SERVICE
PROGRAM
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MEETINGS AHEAD

MILITARY ELECTRONICS NATIONAL CON-
FERENCE, IEEE-PTGMIL; Shoreham
Hotel, Washington, D. C., Sept. 9-11.

ELECTRICAL INSULATION CONFERENCE,
IEEE, NEMA; Conrad-Hilton Hotel,
Chicago, Sept. 10-14.

JOINT ENGINEERING MANAGEMENT CON-
FERENCE, IEEE, ASME; Biltmore Ho-
tel, Los Angeles, Sept. 12-13.

INTERNATIONAL ASSOCIATION FOR ANA-
LOG COMPUTING, AICA; Brighton Col-
lege of Technology, Lewes Rd.,
Brighton, England, Sept. 14-18.

INDUSTRIAL ELECTRONICS ANNUAL CON-
FERENCE, IEEE, ISA; Michigan State
University, East Lansing, Mich,,
Sept. 18-19.

NATIONAL POWER CONFERENCE, IEEE,
ASME; Netherland-Hilton Hotel,
Cincinnati, Ohio, Sept. 22-25.

INTERNATIONAL TELEMETERING CONFER-
ENCE, IEE, IEEE, ISA, ARS, 1AS; Lon-
don, England, Sept. 24-27.

PHYSICS OF FAILURE IN ELECTRONICS
SYMPOSIUM, Armour Research Foun-
dation and Rome Air Development
Center, Illinois Institute of Tech-
nology, Chicago, Sept. 25-26.

ELECTROCHEMICAL SOCIETY FALL MEET-
ING, ECS; New Yorker Hotel, New
York, Sept. 29-Oct. 3.

CANADIAN ELECTRONICS CONFERENCE,
IEE REGION 7; Automotive Bldg.,
Toronto, Ont., Canada, Sept. 30-
Oct. 2

SPACE ELECTRONICS NATIONAL SYM-
POSIUM, IEEE-PTG-SET; Fontainbleu
Hotel, Miami Beach, Fla., Oct. 1-3.

PHYSICS & NONDESTRUCTIVE TESTING
SYMPOSIUM, Southwest Research In-
stitute; El Tropicana Hotel, San
Antonio, Texas, Oct. 1-3.

ELECTROMAGNETIC RELAYS INTERNA-
TIONAL CONFERENCE, IEEE, ICER, IEE,
Tohoku University, Science Council
of Japan; Sendai, Japan, Oct. 8-11.

ELECTRICAL-ELECTRONICS CONFERENCE,
Aerospace Electrical Society; Pan
Pacific Auditorium, Los Angeles,
Calif., Oct. 9-11.

NATIONAL AEROSPACE CONFERENCE, Na-
tional Society of Professional Engi-
neers; Lafayette Hotel, Long Beach,
Calif., Oct. 10-11.

ADVANCE REPORT

MILITARY ELECTRONICS NATIONAL WINTER
CONVENTION, PTGMIL-IEEE; Los Angeles,
Calif., Feb. 5-7, 1964 ; Oct. } is deadline
for submitting papers, 100-word unclas-
sified abstract, short autobiography to
Dr. Nicholas A. Begovich, technical pro-
gram committee chairman, Hughes Air-
craft Co., Fullerton, Calif. Papers in
line with the theme, “Weapons Systems
Selection—1964,” should stress systems,
technology advances. Awuthors submit-
ting classified material must obtain prior
clearance.
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What n data recorder can be simple — or sophisticated?

Here’s the newest recorder from Ampex— the
FR-1200. It's a medium-priced, basic data re-
corder that’s modular in design and built for
long-term reliable operation. With the FR-1200,
you’re offered various types of electronics and
accessories, and with these you can tailor a
recorder as simple or as sophisticated as you
want—one that meets your needs and budget
now, and can be expanded as you grow. You
can start at the simplest level—a one-speed,
record-only recorder—and build all the way to
a 14-track, record/reproduce system with six-

AMPEX

EMBER — Sce page 28 fo‘r»_dates we will b}g m

©AMPEX CORP. 1963

AMPEX FR-1200

speed (1% ips to 60 ips) electrically switchable
electronics and transport. Ampex ES-100
solid state electronics offer Direct recording
to 300 KC, FM recording to 20 KC, or IRIG
compatible PDM. The FR-1200 also features
a new tape transport. Rugged and reliable,
it offers low flutter, prevents tape stress dur-
ing fast starts, provides constant tape tension
on both reels and has new tape braking and
guidance systems. For details write: Ampex
Corporation, Redwood City, California. Sales
and service engineers throughout the world.

SEE THIS AND OTHER AMPEX PRODUCTS AT EIME
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For a quarter century, Panoramic ‘

instruments have been the pio-
neers and leaders in automatic
scanning instruments and other
test equipment. Facilities are
well-equipped and staffed to
supply standard off-the-shelf
items as well as more special-
ized instruments and systems to
meet military and commercial
requirements. The broad range
of Panoramic electronic instru-
ments for rapid graphical pres-
entation of energy-frequency
distributions covers the electro-
magnetic spectrum from 0.5 cps
to 64,000 mc. These versatile,
economical, and easy-to-use in-
struments speed lab projects and
simplify production testing. Of-
fering visual, directly calibrated
measurements, they are designed
for accurate, practical use.
Measurement capabilities are
consonant with the latest ad-
vances in their fields of appli-
cation.

SPECTRUM ANALYZERS
0.5 cps to 64,000 mc

Broad Band (0-25 mc)
Power Spectral Density
Vibration and Noise
Systems for Sonic Analysis
Time-Frequency-Amplitude
Telemetry, Subcarrier Band
RF, Communications
Microwave to 64,000 mc

COMMUNICATIONS
SYSTEMS ANALYZERS

RF, VHF, UHF

Panadaptors (for receivers)
Panalyzors (transmitter testing)
Single Sideband Systems
Microwave

FREQUENCY
RESPONSE PLOTTERS

Sweep Generators used with
Spectrum Analyzers 0-15 me
Phase Shift Curve Tracer
Crystal Filter Curve Tracer

TELEMETRY SYSTEM
TEST INSTRUMENTS -

Subcarrier Analyzers
Multipoint Channel Calibrators
Channel Selectors

TELEPHONE SYSTEM
_MEASURING SETS

Carrier Band Analysis

Voice Frequency Test Sets
RF Band Monitoring
RF-Microwave Signal Analysis

SIGNAL GENERATORS
50 ke~ 11 gc in 7 units

TEST METERS

Broadband Voitmeter
Broadband Voitmeter-Ohmmeter
RF Power Meter

SWR Indicator

ACCESSORIES

Oscilloscope Camera
Chart Recorder
Instrument Carts -

WRITE FOR DETAILS

R S
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SPA-4a

SPA-10

MICROWAVE SPECTRUM ANALYSIS
10-64,000 mc

Four Panoramic instruments provide an unmatched
choice of performance in the RF through micro-
wave region. Offering unexcelled performance,
versatility, and economy, they are also reliable
and easily maintained. The unmatched SPA-4a,
10-44,000 mc, has many special features for
maximum versatility and applicability, includes
separate broadband 0-70 mc and stable narrow-
band 0-5 mc sweeps and a sensitivity as great as
—110 dbm at 10 kmc. The new SPA-12 features
10-64,000 mc range and high sensitivity in a ver-
satile, reasonably priced unit. The low cost SPA-10
offers frequency coverage 10-43,000 mc, disper-
sion 200 kc to 80 mc (100 mc optional), high sen-
sitivity. Above units cover frequency range in one
composite tuning head. The SPA-1, 10-4000 mc
with three plug-in tuning heads, is very low in
cost and exceptionally stable.

ELECTRONIC MEASURING

COMMUNICATIONS
SYSTEMS
ANALYSIS

10 cps-40 mc

Panoramic provides spectrum analyzers for AM,
FM, SSB, and pulsed communications analysis.
Using Panalyzor SB-12b in a compatible instrumen-
tation system, the SSB-3 incorporates all neces-
sary analysis facilities to set up, adjust, monitor,
and trouble-shoot SSB transmission. It has virtually
uniform sensitivity over the complete 2-40 mc
band. With a 60 db dynamic range (65 db opt.),
selectivity to 10 cps, simple pre-set operation, and
self-checking facilities, it offers unequaled per-
formance and versatility. Component SSB instru-
ments are two-tone audio generator TTG-2, dual RF
tone generator TTG-5, and Range Extending Con-
verter REC-1 to extend analysis to 10 cps.

BROADBAND SPECTRUM ANALYSIS
5 cps - 25 mc

Panoramic Broadband spectrum analyzers supply an
unmatched selection of frequency-analysis instru-
ments. Model TA-2 is a new portable transistorized
universal spectrum analyzer. With AR-1 plug-in
module, it covers 20 - 35,000 cps, with other mod-
ules, up to 25 mc. Other units include the high-
reliability LP-l1a, 20 - 22,500 cps, the wide range
SB-15a, 100 - 600,000 cps, the low cost SP-7bZ,
200 - 300,000 cps, and the high-frequency SPA-3a
and SPA-3/25a, 1 kc to 15 mc and 25 mc respec-
tively. Uses include vibration and acoustic wave-
form analysis, digital or other pulsed signal anal-
ysis, telemetering subcarrier monitoring, distortion
measurements, and dynamic analysis of communi-
cations signals. Special (SY) systems combine
several sonic analysis instruments in integrated
assemblies, affording great versatility.

INSTRUMENTS

SA-8bZ

PANADAPTORS*
(Models SA-8b and
SA-3, over 20 types)

PANALYZORS*
(Models SB-8b,
SA-3, and $B-12b)

Panadaptors operate with communications receiv-
ers for spectrum analysis of the band centered at
the frequency tuned in by the receiver for pin-
pointing analysis of interference, band occupancy,
off-channel radiations, and as a graphic tuning aid.
Panadaptors are available for use with receiver IF
outputs from 450 kc to 30 mc with a wide variety
of scan and resolution capabilities. Low cost Pan-
alyzors are RF and UHF spectrum analyzers used
with an external VFO. They are used for signal
analysis in the testing of transmitters, signal gen-
erators, etc. Model SB-12b provides 10 cps reso-
lution and 65 db dynamic range for IM tests. The
versatile Models SB-8b and SB-3 are available in
many types.

G-3a Audio preampli-
fier response for

everal tone-
control settings.

FREQUENCY RESPONSE PLOTTING
20 cps - 15 me

Panoramic Companion Sweep Frequency Generators
provide swept-band single line plots of response
level vs frequency of amplifiers, speakers, lines,
filters, etc. Used with Broadband analyzers above,
the response plots are usable over a virtually un-
limited dynamic range. Models G-2a, G-3a, G-15a,
and G-6 cover the 20 cps to 15 mc range. Other
Panoramic plotters include the ultra-stable Model
SGR-3, 100 kc - 15 mc, ideal for crystal filters, and
the Sonic Phase and Amplitude Response Plotter
PA-1, used with Model LP-1a.

TMC-505

TELEMETRY
TEST
INSTRUMENTS
12.5 cps-190 ke

Panoramic is the industry’s leader in telemetering
test instruments. Telemetering Subcarrier Indica-
tors used from 12.5 cps to 190 kc provide rapid
and precise subcarrier analysis for pre-emphasis,
noise, distortion, VCO deviation, and related tests.
Models TMI-1b, TMI-1b/120, TMI-23, TMI-4/120,
TMI-2L, and TMI-3LI provide an unsurpassed
choice. Panoramic solid-state, crystal-controlled
Telemetering Calibrators Models TMC-411E and
TMC-505 provide five simultaneous markers (TMC-
411E provides eleven) for each sub-carrier channel
for up to 18 channels (21 optional), with 0.002%
long-term frequency accuracy, manual deviation
selection and many other features.



MODEL MPT MICROPOTENTIOMETER

DC — RF calibration standard provides true rms voltages from 1 uv
to 660,000 uv. Interchangeable radial resistors supplied in type N
connectors. Certifiable by NBS to ==2% up to 100 mc; =3% to
500 mc; *=5% to 900 mc. Model MPC, Micropot Calibrator, is an
instrument for the rapid readout of micropotentiometers and their
calibration at time of use.

MODEL CTC COAXIAL THERMAL CONVERTER

DC — RF voltage transfer standards for true rms measurement or
calibration. Ranges: 0.5, 1, 2, 5, 10, 20, 50 and 100 volts; usable
from 20% to 135% of nominal value. Certifiable by NBS at =-0.02%
to 50 ke £0.1% to 10 mc; *0.2% to 30 mc; *=1.0% to 100 mc.

MODEL ATV A-T VOLTMETER

RF voltage standard having true rms response. Ranges and frequency:
from 0.2 to 20 volts up to 1000 mc; 1 to 300 volts up to 100 mc;
10 to 500 volts up to 10 mc. Accuracy 1% == of NBS calibration.
Features 134" diameter micrometer readout with direct resolution
of 0.0001" per division.

ELECTRICAL MEASURING STANDARDS

SINGER COMPANY

AC/DC TRANSFER STANDARDS

MODEL FLH is a precision, true RMS, voltage
standard, designed to measure in percentage of
reading the influence of frequencies (AC/DC dif-
ferences) between 20 cps and 50 kc on the indi-
cation of voltmeters, voltage calibrators and other
transfer standards over a range of 1.5v to 1125v.
Accessory units available to measure currents from
1.5ma to 100 amps. Supplied with NBS certificate.

Accuracy: 0.01% of reading from 20 cps to 20 kc;
0.02% to 50 kc.

AC/DC
“SELF CHECKING"
VOLT-AMP-MILLIAMMETER

MODEL THACH Combs. 1x and 3x contain an inter-
nal standard cell and galvanometer for ‘‘Self
Checking’’. Ruggedized Comb, 5x substitutes an
internal .02% stable, solid state reference source
for autocalibration. 1000% overload protection.
Accuracy: =.1% of fs at “‘Self Check' points and
*+.2% of fs at all other points.
Frequency range: DC and 7 cps to 4 kc at full
accuracy.
Ranges: 19 overlapping full scale ranges from 10
ma to 5 amps and 1v to 1000v.

AC-DC PANEL INSTRUMENTS

Most SRI precision portables are available as edge-
wise panel instruments with no loss in accuracy or
sensitivity. Scale lengths 4’ (Models JW-4A and
JWSP), 5 (Type EW-5A) and 7'’ (Type EW-7A).
Switched controlled. Single or multirange. In some
cases, such as Polyrangers, they are supplied
mounted in standard 19’ rack panels. Rectangular
panel mounted models with scale lengths of 4"
(Model UPP) and 6'/(Model NP) are also available.

MODEL PARK
HIGH
VOLTAGE
DIVIDER

Precision high voltage measuring or calibration
standard. Constructed to a design by Howard Park
of the National Bureau of Standards.

Total resistance: 100 megohms.

DC ratio accuracy: 100 kv to 1 v == .05%

AC ratio accuracy (60 cps): 50 kv to 500 v == .5%.
Units may be stacked for higher voltage measure-
ments.

The comprehensive array of
Sensitive Research* high accu-
racy AC/DC electrical instrumen-
tation ranges from portable and
panel type indicating instru-
ments to the most sophisticated
laboratory standards. The cali-
bration of all Sensitive Research
instruments is traceable to the
National Bureau of Standards.

AC/DC TEST SETS

AMMETERS

AMPLIFIERS

CALIBRATION CONSOLES
CHOPPERS

COAXIAL THERMAL CONVERTERS
COMPENSATING INDUCTORS
CORE LOSS TEST SETS
CORROSION INSTRUMENTS
CONSTANT TEMPERATURE ENCLOSURES
CURRENT CONTROLLERS
DIFFERENTIAL INSTRUMENTS
DUAL CONTACT SWITCHES
ELECTROSTATIC VOLTMETERS
FLUXMETERS

FLUXMETER CALIBRATORS
FORM FACTOR INSTRUMENTS
FREQUENCY METERS
GALVANOMETERS
GAUSSMETERS

HIGH VOLTAGE DIVIDERS
HIGH VOLTAGE PROBES
INCREMETERS

INDUCTERS

ISOLATING POTENTIAL COMPARATORS
KILOVOLTMETERS

LINDECK MICROVOLT SOURCES
LOW THERMAL NOISE SWITCHES
MAGNETIC TEST INSTRUMENTS
MICROAMMETERS
MICROPOTENTIOMETERS
MILLIAMMETERS
MILLIVOLTMETERS
MULTIPLIERS

POLYRANGERS
POTENTIOMETERS

POWER FACTOR INSTRUMENTS
POWER SUPPLIES
RATIOMETERS

REVERSING SWITCHES

SHUNTS

STANDARD CELL ENCLOSURES
STANDARD RESISTORS
TEMPERATURE MEASURING EQUIPMENT
TEST CONSOLES
THERMOCOUPLES

THERMOMETER BRIDGES
TRANSFORMERS

THERMAL COMPENSATORS
VOLT-AMP-MILLIAMMETERS
VOLT-AMP-WATTMETERS
VOLTMETERS

VOLT RATIO BOXES

YVOLTAGE REFERENCE SOURCES
WATTMETERS

“y” BOXES

WRITE FOR DETAILED
SPECIFICATIONS OR CATALOG 75

50-7
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up to 100 watts CW

FXR’s new Z790A signal source is RF-tight. No
stray radiation to interfere with precision measure-
ments, thanks to full wrap-around RF shielding.

Magnetron tuning? Precision calibrated frequency
control, right on the front panel.

Besides 100 watts CW, the Z790A delivers 900
watts pulse and 200 watts square wave, with a variety
of internal and external modulation capabilities.

Eight easy-change RF magnetron heads span the
frequency range from L through X bands (0.975 Ge
to 10.475 Gc). Factory-calibrated for front panel
read-out, each head also has its own calibration chart

24 CIRCLE 24 ON READER SERVICE CARD

but only where you need it

and frequency index front panel control. And you can
change heads easily —don’t even need a screwdriver.

Extras? Well there’s the full-size RF-tight rear door
for easy access to all components, complete interlock-
ing and overload protection, monitoring lights and
meters, modular construction and a mobile cabinet.

Ed McDonald, our product planner, will be glad to
supply you with the complete specs and, if you’d like,
set up a demonstration. Call him at FXR, 25-26 50th
St., Woodside 77, N.Y.

™
Q(H THE RF PRODUCTS AND MICROWAVE DIVISION
OF AMPHENOL-BORG ELECTRONICS CORPORATION



EIME MEMBER — See page 28 for dates we will be in your area
NEED A POWER SUPPLY TO MEET SPECIAL REQUIREMENTS?

See how LAMBDA modifies
standard models at low cost

Chassis slides

Panel fasteners

Now you can have Lambda power supply quality and
reliability even if you must have a unit tailored to your
needs. In most cases, Lambda can meet your special re-
quirements by making simple, fast, low-cost electrical
and mechanical modifications to any of its transistor-
ized and tube regulated power supplies. lllustrated are
justafew of themany modifications that Lambda makes

Enlargements show some typical modifications made to a standard Lambda LA Series Power Supply.

Connector replacing
barrier strip

Special handles

Ruggedized MIL meters,
front panel voltage adjust,
special panel layout

to a standard LA Series transistorized power supply.
Lambda’s 5-Year Guarantee of performance applies
to all modified units, as well as standard models.
Write for bulletin listing typical modifications that
can be made to Lambda’s LE, LA, LT and Com-Pak®
Series power supplies.
SEND FOR COMPLETE LAMBDA CATALOG.

LAM B DA. ELECTRONICS CORP.

515 BROAD HOLLOW ROAD ¢« MELVILLE. L. I. NEW YORK ¢ 516 MYRTLE 4-4200
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What’s behind your digital voltmeter (or system)?
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Can the manufacturer of your digital voltmeter (or digital measuring
system) repair or replace its circuit modules within hours after you
call?

Is repair service handled by a full-time employee paid by the manu-
facturer or someone who divides his time among several lines?

pimien)

™
-

o 06

How much engineering help does the manufacturer provide and how
good is it?

Is there a full range of compatible accessories to choose from to insure
instrument versatility and prevent obsolescence?

Important questions? You bet. In fact, engineers tell us that back-up
after the sale is almost as important as the quality of the hardware

®
3w
s

o itself.
" ® Point by point, here’s how NLS answers cach need:
@ L] AFTER-THE- SALE SUPPORT. With 23 full-time engineering-

service centers (40 by year’s end) staffed with full-time factory-
trained NLS people, your instrument investment is protected by fast,
competent service right in your area.

ENGINEERING ASSISTANCE. NLS field men are qualified to
provide valuable engineering assistance. Example: in most cases,
they’ll draw upon years of experience to help design a digital system
to meet your specific needs, and quote a firm price on the spot.

v . INSTRUMENT SELECTION. From the NLS line, you can specify
the one instrument or system that best answers your measuring needs

at the lowest possible price. It is an undisputed fact that NLS has the world’s broadest line of digital voltmeters, ohmmeters,

ratiometers, multi-purpose instruments, accessories and standard systems—broadest by both purpose and price.

LONG-TERM INSTRUMENT USEFULNESS. There’s a reason you see more NLS digital voltmeters in use than any other
make—apart from the fact that NLS originated the DVM and remains the only major company specializing in DVMs.
NLS digital voltmeters have been proved in use by the toughest judges in the business. Most of these companies have specified
NLS again and again, many owning 50 or more.

INNOVATION IN DESIGN. Already this year, NLS has introduced 20 new (not simply updated) instruments—more than
the complete lines of most manufacturers. For the new catalog that covers them all, simply call your local NLS engineering-
service center or circle the reader service number.

@ non-linear systems, inc.

DEL MAR, CALIFORNIA
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PHILBRICK produces a wide variety of cool, reliable, solid
state operational amplifiers to meet the gamut of application
requirements in measurement, computing, control, data proc-
essing, and testing. The units shown in this chart are a few of
the most popular differential types now in production. In addi-
tion to these, Philbrick is developing new and improved types
to meet the ever-increasing challenges to operational amplifier
performance. Besides basic amplificrs, one can obtain voltage
and current boosters, regulated dc power supplies, and opera-
tional manifolds from Philbrick. You are invited to discuss
the application of operational amplifiers to the solution of your
problems with Philbrick or our nearest Representative.

PHILBRICK
ALL-SOLID-STATE

OPERATIONAL
AMPLIFIERS

J
HARACTERISTICS TYPICAL MODEL > P45 PS5A PP55A PE5A P2 P75 SP656
EERMCTERSTIS = AllSilicon AlLSilicon ——f— All-Silicon ———All-Silicon———— AllSificon Floating AllSilicon AlLSilicon —
1. Application features Wide Utility Utility General General differential High Chopper
bandwidth Modest Modest Purpose Purpose inputs impedance stabilized
High performance performance Plug-in Wire in High input Low input High Gain/Low Drift
performance & price & price (Compact) impedances current Mechanical or
Plug-in Plug-in Wire-in negligible common Plug-in photochopper
=20 ma Output Compact mode error Plug-in
Builtin
2. Voltage gain (dc open loop) adjustment
+25°C, rated load, minimum 20,000 20,000 20,000 20,000 20,000 30,000 20,000 10
+85°C, " " ,typical 30,000 35,000 35,000 40,000 40,000 —_ 40,000 2x10
—25°C; " ", minimum 10,000 5,000 5,000 10,000 10,000 —_— 10,000 5x10"
+25°C, no load, typical 200,000 60,000 60,000 80,000 80,000 30,000 80,000 2x10*
3. Response (open loop, as inverter, 25°C)
Full output (worst case) 300 Ke 10Ke 10Ke 10Ke 10Ke 0.6Ke 10Ke 10Ke
Small signal unity gain-bandwidth (100 Mc) IMc IMe 1.3Mc 1.3Mc 60Ke IMc IMc
Gain at 1.0 Mc, typical 100 1 1 13 13 — 1 1
Gainat 10 Mc, typical 10 — - — — — — —
4. Rated output (—25°C to +85°C) (420°Cto +45°C)
Voltage =10V =11V =11V =I1v =11V =10V =11V =11V
Current =+20ma =+2.2ma =+2.2ma ==2.2ma =+2.2ma =Ima =+1lma ==20ma***
Load 5002 5K 5K 5K 5K 10K 10K 5000***
5. Suggested booster type:
for 20—100'ma @ 10V — P66 PP66 P66 PP66 P5 or P66 P66
" 10ma @ 25V * * * * * . . « »
"5 ma @ 50V * . * . . * N * *
" 50ma@ 50V * . * N * . » « *
6. Input voltage offset . - .
Adjustment (built-in or external) External External External Builtin External Built-in Builtin External
Max. vs Temp. (—25°C to +85°C) 10mv** 20mV 20mV 6mv 6mV Smv 12mv S0
Max. vs Temp. (-10°C to +60°C) 2.5mv** SmV SmV 1.5mv 1.5mV +20°C to +45°C 3mV 20uv
vs Time (per day) 100pV** 1001V 100V 501V 50mV 1001V 1001V 1pv
vs Time (%2 hour) 15u\** 250V 250V 101V 10mV 500V 25V v
Narrow-band noise (p - ) 5uV 10V 10V 2uV 2V 4N 10V 10pv
7. Input current offset External trim Built-in trim External trim Built-in trim External N/A No trims used N/A
25°C worst case without trims 600na — 21a — 400na s 10na 10~"amp
25°C worst case (nominal trims) 100na 200na 200na 100na 100na - Ina =
Max. vs Temp. (—25°C to +85°C) 1.2pa** 4pa dpa 800na 800na — 20na 10~ amp
Max. vs Temp. (+10°C to +60°C) 300na** 1pa 1pa 200na 200na 5>10"""amp 5na 3X10""amp
vs Time (per day) typical 30na** 100na 100na 20na 20na 10~"amp 1na <10~ ""amp
vs Time (¥2 hour) typical 3na** 10na 10na 2na 2na 10~ "amp 0.2na <10~"amp
Narrow-band noise (p - p) typical 1Ina Ina Ina 0.5na 0.5na 10~ "amp 0.05na 10~ "amp
8. Input impedance (25°C) (resistive comp.)
Between inputs 100K 75K 75K 150K 150K >100 M 510M 440K DC
Either input to com (untrimmed) >20M >10M >10M >20M >20M >10,000M >100M —_
9. Common mode
Input range =10V =10V =10V =10V =10V =200V =10V =
Max. dc error (25°C) = 10mV =+ 20mV =+20mV ==10mV = 10mV <0.0001% =+ 10mV —_
10. Temperature range (in  Centigrade)
Max. operating —25to +85 —25t0 +85 —25 to +85 —25to +85 —25 to +85 +20to 45 —25 to +85 —25 to +85 (M)
Max. storage —55 to +85 —55to +85 —55to +85 —55to +85 —55 to +85 —55 to +65 —55 to +85 —55 to +85 (M)
Typical operating
(best performance vs. reliability) -+10 to +55 -+10 to +60 -+10 to +-60 +10 to +60 +10 to +60 +20 to +45 +10 to +60 +10 to +60
Max. operating, with derated specs. —45 to +85 —45 to +85 —45 to +85 —45t0 +85 —45to +85 0to +55 —45 to +85 —45 to +85 (M)
11. Power requirements (+25°C) *AC for chopper plus
Voltage =15V =15V =15V =15V =15V =15V =15V =15V
Current at 15V (Quiescent) 45ma ” 5.5ma 5.5ma 55ma 55 ma 12ma 4ma 6.5ma
Current at -+15V (Full load) 24 ma 8ma 8ma 8ma 8ma 16ma 5ma 2lma
Current at — 15V (Quiescent) 45ma 5.5ma 5.5ma 5.5 ma 55 ma 12ma 4ma 6.5ma
Current at —15V (Full load) 24 ma 5ma 5ma 5ma 5ma 13ma 4ma 21ma
12. Outiine :eimhns & connections A A B A B P2 A c
13. Price (subject to change) 1-4 $135 $54 $57 $85 $85 $227(1-9) §135 $247(1-4)
5-14 126 53 56 8 83 218(10-24) 127 239(5-9)
15-24 110 51 54 80 80 - 112 229(10-14)
25> * * * » * * " * *
“Philbrick or your nearest Philbrick Representative will welcome your inquiry **(Quiescent) ***Corresponding figures for early units are —-15ma, 6672 (M) Mechanical chopper
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CRYOGENICS

FOR THE ELECTRONICS ENGINEER

More and more electronics engineers are getting their feet wet, figuratively, in
liquid nitrogen. This article combines some theory of refrigeration cycles with

practical considerations for the handling of fluids and the selection of equipment

By JAMES W. MEYER and ABRAHAM M. RICH, Lincoln Laboratory* APPLICATIONS of low-tempera-

Massachusetts Institute of Technology, Lexington, Mass. ture techniques to electronics are
increasing apace with this burgeon-
ing field. Most of the exciting new
developments in electronics from
ultrasensitive detectors: masers,
paramps, infrared detectors, to new
sources of electromagnetic energy:
optical masers, diode luminescence,
either must operate at low tempera-
tures or their operating character-
istics are markedly improved when
operated there. We are rapidly ap-
proaching the time when few sys-
tems will not have some cryogenic
part for the advantages to be
gained, and the increased ease of
field application can put the solu-
tion of challenging systems prob-
lems within reach. As a result the
electronic systems engineer needs
an understanding of cryogenics en-
gineering as part of his profes-
sional bag-of-tricks.

Slightly over a half century ago,
Kamerlingh Onnes discovered that
certain metals lost their resistance
to the flow of current at tempera-
tures near absolute zero. Since
then, we have learned much about
the properties of matter at low
temperatures where the restless
atoms and molecules are more quies-
cent. Probably the most significant
turning point in the microwave art
was the development of the solid-
state maser amplifier, which not

‘ m * Operated with support from the U. S.
TRANSFER from storage dewar to operational maser dewar Army, Navy, and Air Force.
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CARNOT CYCLE diagram is a reference for refrigeration-cycle efficiency
(A) Regenerative liquifing process must take place below the inversion
temperature of the working gas (B)—Fig. 3

only permitted us to approach the
ultimate in microwave receiver sen-
sitivity, but also prodded the com-
petitive devices to new degrees of
excellence. Now we have varactor-
diode parametric amplifiers capable
of being operated at extremely low
temperatures where their perform-
ance closely approaches that of the
maser. Other applications of cry-
ogenic techniques to microwave en-
gineering are manifold, and include
low-loss isolators and circulators
operated in magnetic fields pro-
duced by superconducting electro-
magnets, and the establishment of
noise performance of microwave
amplifiers in terms of an absolute
noise temperature.

CRYOGENIC FLUIDS—The most
straightforward and most fre-
quently used method of thermostat-
ing microwave devices is to immerse
them in a cryogenic fluid. The boil-
ing points and fusion temperatures
of the most commonly used fluids
are given in Table I.

The temperatures are given for
one atmosphere pressure. A vac-
uum pump reducing the vapor pres-
sure above the liquid permits op-
eration at temperatures intermedi-
ate to the boiling point and fusion
temperatures. The use of hydrogen
or oxygen in the laboratory is haz-
ardous, and their use in field instal-
lations more so. Although neon is
expensive, it has interesting prop-
erties in the temperature gap left
between helium and nitrogen if hy-
drogen is not used.

The range of temperatures be-
tween the boiling point and the
freezing point is not large, and
clearly hydrogen temperatures can-
not be reached by pumping on liquid
neon. The cooling capacity, on the
other hand, of liquid neon is large.
Another rare gas, helium 3, pro-
vides easier access to temperatures
below 4 K than helium 4. Because
the vapor pressure of ‘He (8.6 mm
Hg at 1 K) is much larger than
that of ‘He (0.12 mm Hg at 1 K),
the pumping required for operation
at temperatures near 1 K is not
nearly as large. The high cost of
*He requires closed systems for gas
recovery.

CONTAINERS—An early applica-
tion of cryogenics to microwave
problems was made by Maxwell and
Schmidt," who devised a supercon-
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MASER dewar being hoisted to antenna

ducting echo box having a Q of
about a half-million. The integral
cryostat unit was capable of storing
liquid helium for periods of 26 days
and liquid nitrogen for 12 days. A
cross section of the dewar design
is shown in Fig. 1A. A common
laboratory design is in glass as
shown in Fig. 1B. It is a helium
dewar within a nitrogen dewar that
is necked down to allow insertion
between the pole pieces of an elec-
tromagnet. A more rugged version
is made of metal. Fig. 1C. A metal
heat shield between the wall of the
helium container and the outer wall
of the cryostat is cooled by thermal

mnnwu};

I

conduction from the liquid nitrogen
bath. Designs, in metal, for longer
term operation are available from
commercial firms such as Cryogenic
Engineering Company, Sulfrian
Cryogenics Incorporated, Hoffman
Laboratories, Janis Manufacturing
Company, Superior Air Products
and Standard Air Products. These
companies offer a wide variety of
dewars as stock items and will pro-
duce custom designs to meet indi-
vidual needs.

The insulation in the containers
discussed has been the high vacuum
between the walls of the dewars
which have been silvered or pol-

WHY CRYOGENICS?

The maser was one of the first electronic devices to require an

operating environment

down near

absolute zero. Infrared

sensors also operate in this region as do many lasers. Perhaps
many other devices would benefit from the intense cold of liquid
helium or liquid nitrogen if more electronics engineers knew

how to handle these fluids

PROPERTIES OF LIQUEFIED GASES—TABLE I

Fusion
Gas Boiling Point Temperature
Helium. ... ... ... ...... ‘e 1 2K
Fiydrogen. . .« om o005 0055 I, 20 1 K 11 K
NIPOEI: o oo inie s i amas & ] o 773K 63 2 K
OYROIE: 1055 .7 005 B o2 s s 0, 90 K 511 K
Carbon Dioxide.......... CO, 195 K (normal sublimation
temperature)
TGO . . v 0« 5w s wiviar s & s Ne 27K 21.6 K
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INSTALLATION of maser on dewar

ished to reduce radiation losses. Re-
cent advances in super insulation
make solid dewars possible with
their improved mechanical proper-
ties for field installations.

TECHNIQUES—Two other impor-
tant experimental techniques rela-
tive to the handling of liquid helium
are the transfer siphon and the
means of measuring the liquid he-
lium level. These items are impor-
tant for storage vessels. It is not
always possible to remove the he-
lium transfer siphon from a storage
dewar. An excellent demountable
transfer siphon has been developed
by Stickler and Rauch at Lincoln
Laboratory, Fig. 2. Part of the si-
phon tube remains permanently in
the cryostat. The other half is con-
nected only when it is desired to fill
the cryostat with liquid helium.
This unit suffered no greater trans-
fer losses than its nondemountable
equivalent.

The liquid level indicator problem
is solved in the laboratory by a
polyfoam float on a balsa stick, a
carbon resistor, or a mechanical vi-
bration indicator.

The carbon resistor with its neg-
ative temperature coefficient of re-
sistance is a convenient way of
measuring liquid helium level in the
field. Helium vapor is not as effi-
cient in carrying away heat as the
liquid and the resistance of a car-
bon resistor changes markedly as
it is raised through the liquid-vapor
interface. This change can be ob-
served with a meter or used in con-
nection with an automatic alarm
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circuit to give direct indications of
level. While this is not a continu-
ous indication, a few resistors
placed at strategic points will give
all the information necessary for
field operation.

Flexible transfer siphons and
special units for transfer of liquid
helium or its vapor for a distance
of one hundred feet have been de-
signed and constructed successfully.

LIQUEFACTION—In any refrig-
erative process a compressed gas
does work, and is thereby cooled,
the work being done against in-
ternal forces as occurs in a free ex-
pansion or against external forces
as occurs in piston engines or tur-
bines. The expansion of a gas
through a valve without doing ex-
ternal work, the Joule-Thomson
process, is most commonly used as
the final stage of a liquefier because
the relative incompressibility of the
liquid would cause problems in a
piston or displacer engine.
Refrigerator efficiency can be
rated relative to the ideal (Carnot)

32

cycle. The work input for refrig-
eration output as a function of tem-
perature is shown in Fig. 3A. Other
refrigeration processes are less effi-
cient, ranging from 10 to 50 per-
cent of the Carnot value, depending
upon the cycle and operating tem-
perature.

A system employing only a Joule-
Thomson expansion often referred
to as a Linde or Hampson system,
Fig. 3B, uses compressed, purified
gas cooled by a counter flow heat
exchange by the lower temperature
low-pressure gas. If the process
takes place below the so-called in-
version temperature of the working
gas, cooling and eventual liquefac-
tion will occur. The inversion tem-
perature is a function of the in-
ternal gas forces and for many
gases lies above room temperature.
Helium, on the other hand, has a
low inversion temperature and must
be cooled by other means before J-T
cooling can occur.

An expansion engine, doing ex-
ternal work on a piston, and em-
ploying a heat exchanger is called a

Claude cycle system. A pressure-
volume diagram of the Claude en-
gine is shown in Fig. 4A. A two-
process machine employing a more
efficient Claude cycle for precooling,
and a J-T expansion for liquefac-
tion is shown schematically in Fig.
4B. The piston engine in this sys-
tem could be replaced by an expan-
sion turbine as was done by Kapitza
for an air liquefier.

In the counter flow heat ex-
changer, the two gas streams do not
intermix. In a regenerator, heat is
alternately stored or removed from
the regenerator. The regenerator is
filled by a mass of metal having a
large surface area to permit rapid
and effective heat transfer to and
from the gas. A cycle employing a
piston displacer, regenerator and
room temperature valving has been
described by MecMahon and Gifford,”
and incorporated into the ADL
Cryodyne. The operation of the
system is shown in Fig. 5A. In this
cycle the piston does not work,
rather it displaces the gas in and
out of the regenerator that has been
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cooled by adiabatic expansion.

The Philips Company of Holland
has devised an efficient gas refrig-
erating machine based on the Stir-
ling cycle, employing an integral
regenerator and component piston
displacer-compressor. This hybrid
unit is the most efficient process
between temperatures of —80 C and
—180 C, where it exceeds 40 per-
cent of Carnot. The Claude cyvcle
does not exceed 30 percent and the
J-T expansion is less than 20 per-
cent of Carnot efficiency. The cool-
ing process is described in Fig. 5B.

SOLID STATE — Thermoelectric
coolers for use at moderately low
temperatures are now available
from Pesco Products Division of
Borg-Warner Corporation, Jep-
son Thermoelectrics Incorporated,
Whirlpool and Westinghouse and
others. These coolers are for milli-
watt loads at temperatures in the
vicinity of —80 C. Since the prop-
erties of materials change at levels
below —80 C, the problem of ther-
moelectric cooling is one of ma-
terials research.

Contemporary research is ad-
dressing itself to the problem of
thermoelectric cooling at much
lower temperatures, and the be-
havior of material in magnetic fields
at low temperatures leads to the
belief that such cooling at temnera-
tures in the liquid helium-liquid hy-
drogen range will become practical.

FIELD USE — Sophisticated low-
temperature microwave devices
must serve their function in the
field. Consider the problem of sys-
tems for such field operation. It has
been shown that it is possible to
design dewars capable of holding
their liquefied gases over long pe-
riods of time. Even so, the re-
quirement of periodic refilling is
not likely to be relished by the sys-
tem engineer or operator. The avail-
ability of long, flexible, transfer
tubes and of low-temperature valves
makes an on-line transport system
practicable. One such arrangement
is shown in Fig. 6 where a rela-
tively compact working dewar is
connected to a remote, large capac-
ity storage vessel which might in
turn be kept full by an integral
machine. The liquid level is main-
tained in the working dewar by au-
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tomatic valving or siphoning.

The convenience of a compact,
closed-cycle system for on-site use
makes it most attractive. Its port-
ability, adaptability to field site lo-
gistics, and inherent conservation
of helium are important considera-
tions. However, refrigeration ca-
pacities in excess of a watt are not
required but rapid cool-down from
room temperature is necessary.
Thermal mass in the system does
not decrease with size so rapidly as
capacity. Hence small capacity
often means slow cool-down. There
are methods of precooling which
can shorten the cool-down time. By-
passing arrangements can be made
in some systems which have the
same effect. An obvious answer to
the problem is the extremely reli-
able, long-lived system.

Important problem areas are de-

GAS
RECOVERY
UNIT

AUTOMATIC
VALVING

LONG FLEXIBLE LEADS

REFRIGERATION TRANSPORT
system makes on-line applications
feasible. Long, flexible, transfer
tubes and low-temperature wvalves
are available—Fig. 6

signing compressors capable of ex-
tended operation, highly eflicient
and free from contamination. Other
areas are in making heat exchang-

ars and regenerators that are
highly efficient and have a small
insertion pressure drop, also in de-
signing engines having high effi-
ciency consistent with low tempera-
ture cycles, easy valving, adequate
lubrication, small heat leaks, effec-
tive coupling of engine output and
easy maintenance.
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* CLOSED CYCLE REFRIGERATOR SUPPLIERS—TABLE II

REFRIGERATION

TEMPERATURES

(Milliwatts) (deg W) WT OF CARNOT
COOLING AT- PRO- AT- PRO- POWER SYSTEM EFFICIENCY
SUPPLIER MEDIA TAINED JECTED TAINED JECTED (Kw) (LB) (PERCENT)
Air Products and
Chemieals, Inc.
80 K Closed Cycle
Cooler Nitrogen 2,000 5,000 30 380 0.3to1 16 to 35 1.83
30 K IR Cooler Nitrogen and Neon ... .. 350 .. 30 0r 17 0.850 10 to 50 50
C-102 Nit., Hyd., Helium 1,000 1,000 4.4 4.4 725 5,100 20
2.5 Req. Ielium 215 1,000 2.48 v & 5.7 250 0.50
173 K Cooler Freon ..... 1,500 173 300 6
Arthur D. Little
Model 100 Helium 500 at 3 to 750 at 3 to 2.9 2.6 74 1,600 6.3
1.5K 4.5K
Model 110 Helium 1,750 at 3.1K 2,500 at 3.4K e 3.0 9 1,400 5.8
Model 200 Helium 750 at 4.2K 1,000 at 4.2K 3.8 3.5 4 950 6.3
Cryogenerators
Model 12300 Helium 1,000 at 30K .. ... 25 to 300 0.2t00.1 12
10,000 at 80K
Garrett Corporation
1 Watt Nitrogen Nitrogen 1,000 17 0.130 20 2.2
50 Watt Nitrogen Nitrogen 50,000 77 2 53 8
2 Watt Neon Neon 2000 25 0.730 30 3.41
1 Watt Helium Helium 1,000 ) 5 178 1.42
General Electric r
Helium 50-3,000 3.6 2. 5/watt Less than
refrigeration 100
ITughes Aircraft Co.
Mark 111 Helium ... .. 2,000 1.2 & 120 6-10
5000 2°5
Malaker Laboratories
Helium 2,080 at 92Kk 1,000 at 30 K 78 30 0.130 9.8
Stratos
Model 7500 Nitrogen and Helium 200 22 0. 550 27 051
Linde
Nitrogen and Helium Fraction to
Hydrogen Several 2 to 80

Neon

* As of January 1963
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FINDING the size of a two-section
filter aperture.
equipment setup (B)—F'ig. 1

Coaxial Filters—

Test jig (A) and

A Practical Design Technique

Here’s a method for determining the dimensions of multistage filter coupling

apertures that provide required coupling coefficients between filter sections

By J. F. LALLY

R. R. CIEHOSKI

RADCOM Div., Litton Industries,

College Park, Md.
MULTI-RESONATOR coaxial fil-
ters are commonly used in micro-
wave multiplex systems. Actually,
these resonators often are short-
circuited quarter-wavelength coax-
ial transmission lines inductively
coupled by an aperture in their
common walls. Thus, this construc-
tion comprises a multi-stage filter
whose over-all response is deter-
mined by the interstage couplings.

Excellent design equations for

both Butterworth and Tchebycheff
type responses are in the litera-
ture" *, but the actual technique for
designing multi-resonator coaxial
bandpass filters is not as clearly de-
fined as are other designs which
utilize a strip transmission line or
waveguide. The area of indeter-
minacy in the design of this type
filter is the size of the interstage
coupling apertures needed to obtain
the desired bandpass response.
Since these coupling apertures nor-
mally turn out to be relatively large,

electronics ¢ August 30, 1963

calculations based on Bethe’s small-
aperture theory® do not yield useful
results. The purpose of this article
is to demonstrate how practical de-
sign information is obtained and
used.

GETTING EMPIRICAL DATA —
Consider the problem of designing
a coaxial filter of the type previ-
ously described. After the type of
response and the number of stages
required have been determined, the
interstage coupling coefficients may
be calculated using the following
general expression derived by Cohn?®

oo fo = i
= wl, ({]f (Ii+1) ( _f,, ) (1)

ki. 141

FILTER SPECIFICATIONS

f,=162.5 Mec
fo—f,—=25 Mc (measured at 1-db points
on filter skirt)

2:=2.0991 Fere=0.0219
g:=1.0644 Feas=0.0189
2:=2.8311 Fes=0.0219
2:=0.7892

where k, ., is the coupling coeffi-
cient between two adjacent reso-
nant circuits, o7 = 1 for Tcheby-
cheff or Butterworth response, ¢, =
low-pass prototype element values,
and (f, — f,)/f, = fractional band-
width.

How can the designer practically
realize the coupling coefficients that
were computed by the above equa-
tion? With a minimum of effort it
is possible to obtain empirical data
of aperture size and location versus
coupling coefficient which is suffi-
ciently accurate for most filter de-
signs. For the purpose of the pres-
ent discussion, the type of aperture
shown in Fig. 1A will be consid-
ered, but the method is generally
applicable to any type of aperture.
The test jig shown in Fig. 1A con-
sists of two resonators (A and B)
having the exact internal dimen-
sions as the desired filter, with the
wall between the two resonators
variable in precise increments. To
prevent direct coupling between the
coupling circuits, a loop is used to
magnetically couple into the cavity
and a capacitive probe to electri-
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cally couple out of the cavity. The
technique for making this measure-
ment follows:*

1. Set up the equipment as
shown in Fig. 1B.

2. Designate as A and B the two
adjacent resonators between
which the coupling coefficient
is to be determined.

3. Couple a non-resonant signal
generator directly and very
loosely to resonator A.

4. Couple a non-resonant detec-

tor to resonator A.

5. Tune resonator A for max-
imum output from the detec-
tor at frequency f,.

|
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Fo=762.5MC
0.036 .
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| /
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0016 ‘ o

0014 (—
0012 1/
0010 /

i

0.008

02 0406 08 | 12 14 16 18

(A) L (DISTANCE FROM SHORT IN INCHES)

6. Tune resonator B for min-
imum output from the detec-
tor at frequency f..

7. Measure the peak bandwidth
(AF,) between the response
peaks on the primary side.

The coupling coefficient, &, may

then be calculated by using the fol-
lowing approximate equation by
Dishal.

k = 0.96(AF ) /1, @)

Thus, by changing the physical

aperture in precise increments and
repeating the above procedure at
each setting, the curve of coupling
coefficient versus aperture size is
obtained.
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COUPLING COEFFICIENT is plotted against gap in (A). The response
curve of a filter that was fabricated according to data of (A) is shown in

(B)—F1ig. 2
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— VIDEO
PICKOFF

FOUR-SECTION FILTER sketch. Internal view shows center conductor
of one of the four sections of the filter—Fig. 3
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EXAMPLE — The practicality of
such empirical curves can be best
demonstrated by an example. Con-
sider a four-stage, direct-coupled
coaxial bandpass filter that has a
Tchebycheff response with a 1-db
passband ripple and the specifica-
tions listed in the Table on p 35.

Having first computed the re-
quired coupling coefficients, the
curve of coupling coefficients versus
gap dimension shown in Fig. 2A
was next obtained using the above
procedure. From this curve, the
necessary gap dimensions between
the four resonator sections were
determined to be:
L, = 0,620, L; =
0.620.

The filter was then fabricated
using these gap dimensions and the
resultant bandwidth was within one
megacycle of the design value with-
out any adjustments being made to
the coupling apertures. A plotted
response of this filter is shown in
Fig. 2B. A sketch of a four-stage
(four resonant circuits) filter is
shown in Fig. 3.

During the course of this work
it was desired to extend this design
information to cover a frequency
octave. Since the accumulation of
all this data by direct measurement
would consume a prohibitive amount
of time, it was decided that a fam-
ily of five such curves would be
experimentally obtained. By careful
measurement, an excellent set of
curves was obtained. From these
curves, all the intermediate fre-
quency design data was easily in-
terpolated. Several filters were de-
signed and built using the inter-
polated information and all filters
tested had bandwidths which were
close to the design value. Thus, it
is possible to come up with a theo-
retical design for a series of nar-
row-band filters that covers a com-
plete octave of frequencies and then
to construct them without any ad-
justments of the interstage cou-
pling aperatures.

0.510 and L, =
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USING THE

LATEST

CONVERTER consists of
nine boards like this one

By HANS R. SCHINDLER

Electronics Laboratory,
General Electric Co.,
Syracuse, New York

Semiconductor Circuits in a

UHF Digital Converter

Hybrid serial-parallel system splits the signal into mine subchanmels.
Analog-digital converter works at 300 Mec, has a 25-M¢ bandwidth. Level

decisions introduce weighted currents into lower channels

CONVERSION of wideband ana-
log signals into digital becomes
possible using new high-speed
semiconductor devices such as tun-
nel diodes, charge storage diodes,*
computer diodes and uhf transis-
tors. Specifically, this converter
converts video signals having a
bandwidth of 25 Mc and has a level
resolution of 64 steps.

Such a converter must have a
minimum sampling rate of 50 Mec.
To describe the 64 levels in binary
language, 6 bits are needed. Thus,
a bit rate of 300 Mc is required.

The analog and the digital wave-
form and the corresponding time
scale are shown in Fig. 1A. The in-
terval between two succeeding in-
stances where samples are taken is
20 nsec and the interval between
two succeeding bits is 3.3 nsec.
Approaches to analog-digital
conversions vary from all-serial
through serial-parallel to all-paral-
lel. In serial analog-digital conver-
sion, the mechanism of encoding in-
volves a sequence of comparisons
to obtain successively closer ap-
proximations. In a parallel encoder

WHAT'S IT GOOD FOR?

This analog-digital converter was designed to be used in a
satellite, which transmits data digitally because such signals are
less affected by noise over long distances.

The 25-Mc bandwidth of the converter makes it useful for
transmitting up to four television channels simultaneously

electronics ¢ August 30, 1963

all the level comparisons are done
simultaneously. Several series re-
alizations are possible. Figure 1B
shows a scheme using a staircase
generator, threshold element, gate
and counter. It affords circuit sim-
plicity, but in high-speed conver-
sion it requires extremely fast
counter circuits. In this converter
a counter capable of counting up to
3,200 Mc would be required. This
is at present unrealistic.

Another series realization con-
sists of a sequence of a first-level
comparison, level shifting or
weighting, second-level comparison,
another level shifting and so on un-
til the required resolution is ob-
tained. This technique is adaptable
to high-frequency operation. How-
ever, an all-parallel approach in-
volves complex circuits and a large
number of threshold elements. In
6-bit conversion, 64 threshold gates
would be required. In addition, a
complex logic circuit would become
necessary to convert the output of
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the 64 parallel lines into series.
The third possibility is a hybrid
parallel-serial solution. It was se-
lected for simplicity and reliabil-
ity. Furthermore, the speeds needed

o

20 NSEC

STAIRCAS

ANALOG SAMPLING
INPUT HOLD

are within reasonable limits.

SYSTEM—Figure 2 is the block
diagram of the system. The signal
is split into three main channels,

BINARY
COUNTER

PARALLEL [ICE
SERIAL CONV IRGINEIN

WAVEFORMS of converter (A), with analog at top, digital below; serial
converter approach (B). Symbol below gate is inhibitor—F'ig. 1

CHANNEL |

SAMPLING
8

THRESHOLD

LOGIC

P

P-s

CONVERTER

INPUT

&)
DELAY

LOGIC

P-5S

1
converter| | OUTPUT

=

LOGIC
p-s

CONVERTER

CONVERTER shows signal split into three channels and then into mine

subchannels—Fig. 2
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each of them being split again into
three subchannels. In the first three
subchannels, three level decisions
are made simultaneously to deter-
mine if the signal level lies in the
first, second, third or fourth quar-
ter of the maximum signal range.
As a result of these decisions a
weighted current is introduced into
the second and third main channels,
at points P and Q. A few nanosec-
onds later three level decisions are
made in the second main channel.
The outcome of the second series of
three decisions introduces a
weighted current into main channel
three, at point Q. Finally, the last
level decisions are made. All the
outputs of the nine subchannels
have to be processed logically and
then converted into a serial form.

In such a high-speed system,
there are two special considera-
tions. First, every wire that con-
nects different parts in the circuit
is a transmission line. It has an
impedance that should not vary
along the line and it should be prop-
erly terminated at least at one end
to avoid reflections bouncing forth
and back and distorting the wave-
forms. Two different types of trans-
mission lines are used, 50-ohm coax
cables for the distribution of pulses
for interrogation and reset and 150-
ohm strip lines for the logic outputs
of the subchannels.

SAMPLING—Figure 3 shows the
sampling and threshold circuit,
which consists of a transistor and
two tunnel diodes. The transistor
is in common-base connection. It is
an isolator and transmission-line
termination. The first tunnel diode,
called threshold tunnel diode, is fed
by both the signal current and one-
nanosecond-wide current pulses re-
peating at 50 Mc. These pulses are
generated in a circuit using charge-
storage diodes (Fig. 3, right). The
tunnel diode is biased so that in the
absence of the current pulse it can
never fire into the high-voltage
state. At the instant of the current
pulse, the diode fires if the signal
current is below the threshold level.
Within less than one nanosecond,
the tunnel diode switches back into
the low-voltage state, generating a
narrow pulse. The second tunnel
diode, called a memory tunnel diode,
is biased slightly below the peak
current. It switches into the high
voltage state if the first tunnel
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SAMPLING and threshold circuit.

,cent from the base line—Fig. 3

diode fires. It remains there until

reset by another positive-going cur-

rent pulse. The relative current
levels in the threshold tunnel diode
are shown in Fig. 4 (left).

The waveforms across the
threshold tunnel diode for signal
currents below and above the
threshold level and the correspond-
ing waveforms across the memory
tunnel diode are reproduced in Fig.
4. The threshold tunnel diodes
can resolve current level differences
of less than 50 pxa within 0.3 nsec.
It corresponds to a charge of less
than 0.015 pc. This is equal to 100,-
000 electrons. The theoretical limit
determined by the tunnel-diode shot
noise was calculated to be about
0.004 pc, or 25,000 electrons. The
measured value is about four times
larger than the theoretical value.
It is due mainly to noise and hum
in the pulse generator.

For a signal with 25-Mc band-
width and a maximum amplitude of
8 ma, this resolution in time and
level is more than sufficient for the
conversion into 6 bits correspond-
ing to 64 levels.

WEIGHTING—Figure 5 shows the
weighting circuit, which, according
to the decision of the threshold tun-
nel diode, introduces within a few
nanoseconds a precise amount of
current into the points P or Q of
the block diagram.

The circuit uses a transmission-
line transformer, consisting of a
twisted pair of wires, for phase in-
version. The lower cut-off fre-
quency of the transformer has been
chosen so that the signal gets dif-
ferentiated, to avoid problems of
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d-c restoration. The delay in the
transformer is about 0.3 nsec and
the signal risetime at its output is
less than 0.2 nsec. The transformer
is connected to a third tunnel diode
for current amplification. Its out-
put feeds an mnpn common-base
transistor which drives the switch-
ing network consisting of ultrafast
computer diodes and a pnp common-
hase stage. The precision of the
current is achieved by choosing a
high value for the emitter-resistor
of the second transistor. The cur-
rent step gets flat within =1 per-
cent in less than 4 nsec (Fig. 5). It
gets fed to point P, where the de-
layed and isolated input signal is
split into the second series of sub-
channels. There the next series of
level decisions will be made.

The whole converter consists of

+ CHANNEL |

- CHANNEL 2

+ CHANNEI

nine boards (photo). Each con-
tains a sampling, threshold and
memory circuit and NONE, ONE or
TWO0 weighting circuits. All lead
lengths have been kept to a mini-
mum and all the components are
close to the ground plane to avoid
unnecessary inductances. The digi-
tal output from the circuit is taken
from the memory and the current
amplifier tunnel diode. That means
that both polarities are available.
The digital signal is fed through
150-ohm strip transmission lines
and a matched strip-line connector
into the main board. The outputs
from the nine boards are not yet in
the proper binary form.

LOGIC—A simple logic operation
is needed as shown in Fig. 6A. On
the left side a truth table relates

—AMN——

DIGIT 2

DIGIT | = QUTPUT CHANNEL 2
DIGIT 2= QUTPUT CHANNEL 1+3-2

INPUT

PUMP NIPO

PARALLEL
INPUT

INTERR
PULSE

PUMP

INPUT

PINO

QUTPUT

3 NSEC DELAY

LOGIC for generating the digits from channel inputs (A); d-c¢ coupled
pumped tunnel-diode tramsistor logic circuit (B); parallel-serial con-

verter (C)—F1ig. 6
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the channel outputs to the binary
form for all the possible combina-
tions. The output of the second
channel corresponds to the first bit.
The second bit is related to all the
three channel outputs by the simple
equation shown on the right side.
This equation can be realized by an
adder network as both signal po-
larities are available. This logic has
to be performed three times, once
for each main channel.

By now, the binary output is
available in six parallel channels.
But a serial output is needed. That
means that the information of the
six channels has to be transformed
into a time series of six bits. This
is done using the technique devel-
oped for a computer circuit having
a clock rate of 200 to 500 Mec.*

COMPUTER—The computer is
based on pumped tunnel-diode-
transistor logic (Fig. 6B). It uses
two basic modules that are d-c cou-
pled, the Nipo and the Pino ele-
ment: Nipo means ‘“negative input-
positive output” and Pino “positive
input-negative output.” In a Nipo
element, for example, one or more
negative pulses at the input inhibit
the positive-going pulse at the out-
put; Pino and Nipo elements oper-
ate at opposite half-cycles of the
pump source and follow each other.
Delay from one module to the next
is one-half cycle of the pump fre-
quency. For the 300-Mc pump, the
delay per logic step is 1.6 nsec.
Figure 6C shows the layout of
the parallel-serial converter. At
left are the six parallel channels, at
right the serial output. The delta
symbol means an additional delay
of the signal of 3.3 nsec. This is
done by making the strip-type
transmission line connecting the
modules about two feet longer. The
parallel-serial converter uses 10
Pino and 6 Nipo elements, which
can be placed on one circuit board.
The author thanks the Aero-
nautical Systems Division of the
Air Force Systems Command,
Wright-Patterson, for the support
of this work and William Peil and
Fred King from the Electronics
Laboratory for their assistance.
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Clarostat offers
another plus
feature on the fabulous
Series 62 Precision multi-turn
potentiometer: For the design and
evaluations engineer, an X- Y- plot chart indicating the exact linearity characteristics of the
prototype potentiometer. The chart is packaged with the poteantiometer,
enabling the engineer to conduct the most exacting tests with the specific unit.
This, added to the outstanding electrical precision
and low cost (as little as $5.00 each in quantity) and the recently announced
choice of any number of turns to ten makes the Series 62 your best
buy for every industrial and instrument application.
Write for complete technical details . . .

PRECISION POTENTIOMETER DIVISION

S
( 7

SLAROSTAT

CLAROSTAT MFG. CO, INC. DOVER, NEW HAMPSHIRE
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“A.C. Corona Level Unimpregnated
Wound Capacitors "Mylar” Polyester Film
i : T

400

“
z
& 300
$
2

g

AC CORONA LEVEL

Corona levels for various gauges of “Mylar’* in
capacitors were determined in life tests and are
shown above. AC corona level is defined as the
r.m.s. voltage below which corona does not exist,

Unimpregnated Single Layer 25 Gauge
Capacitors of "Mylar”

D.C. Bias (Volts) i 0 | 100

A.C. Volts R.M.S.
necessary to produce corona
at 25°C . 290 | 290
 at125C 285 @ 285

|

Unimpregnated Single l.aygr;&d Gauge
Capacitors of “"Mylar”
D.C. Bias (Volts) 0 | 200 | 400

A.C. Volts R M.S. ,

necessary to produce corona | |
at 25°C 345
at 125°C

AC/DC CORONA LEVEL

Corona is a function of AC voltage only. Table
shows full AC voltage must be applied before
corona can exist, whatever the DC bias may be.

AC/DC Capacitor study...
New tests show
compatible iIn

Now designers can apply the high reliability
and low cost of capacitors of ““Mylar’’ to AC and
AC/DC circuits. Capacitors with “Mylar”* poly-
ester film as the dielectric are completely compat-
ible in these circuits in home entertainment equip-
ment and similar circuits in other equipment. Data
proving compatibility was developed in Du Pont's
test at the Film Department Sales-Service Lab-
oratory and at Inland Testing Laboratory.

Briefly, the tests showed that for a capacitor
with a dielectric of dry “Mylar” it does not matter
whether the voltage is DC, or AC, or combinations

of these voltages. There are only two limitations:
(1) the AC voltage or AC component in an AC/DC
situation should not exceed the corona level, and
(2) the total of the DC voltage plus the r.m.s. AC
should not exceed the rated DC working voltage.

Now that it's assured that these capacitors are
completely functional in such circuits, designers can
utilize the other advantages of “Mylar” — over-all
reliability, high IR, small size, moisture resistance,
capacitance stability. Remember, too— capacitors
of “Mylar"” cost about the same as paper.

*Du Pont's registered trademark for its polyester film,

TO APPLY THESE IMPORTANT FINDINGS TO YOUR DESIGN, CLIP AND MAIL THIS COUPON:D

42 CIRCLE 42 ON READER SERVICE CARD
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Lower Limit of Life vs Total Voltage
- Single Layer 25 Gauge "Mylar”

~ Lower Limit of Life vs Total Voltage
- Single Layer 25 gauge "Mylar” At 125°C

. (X~250 V.DC. Biss

e | ©—200 V.D.C. Bias

- ‘ A-150 VDC. Bias
| 4-100 VDG Bias

X—300 V.D.C. Bias

 ©-200 V.DC. Bias —

 Timeto 7.5 Per Cent Failure (He

AC/DC LIFE

Below AC corona level, life is a function of total Regardless of AC/DC combinations, the basic volt-
voltage. AC/DC total voltage life performance is age-life law is maintained, and the law applies to
identical to DC life performance. various operating temperatures as shown.

capacitors of MYLAR
AC/DC circuits

‘1--------------------------------------------------------q

E. 1. DU PONT DE NEMOURS & COMPANY (INC.)
FILM DEPARTMENT

BOX 22B—RM. N10452 WILMINGTON 98, DELAWARE

REG.U. 5. PAT.OFF

Rush me your Pocket Report on “Mylar" polyester film as
a capacitor dielectric for AC and AC/DC voltages.

BETTER THINGS FOR BETTER LIVING
... THROUGH CHEMISTRY

NAME TITLE only DU PONT makes
®

FIRM EQUIPMENT

ADDRESS POLYESTER FILM

CITY STATE

---------------------------.----------------------------!
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COMPONEN1TS AND MATERIALS

Experts Evaluate Nonwirewound Pots

Speakers bring engineers
up to date on capabilities

and use of new technology

STATE-OF-THE-ART report on
nonwirewound pots, was given last
week in San Francisco at a sympo-
sium sponsored by the Precision
Potentiometer Manufacturers As-
sociation. Symposium was planned
to time with the WESCON show.

Tom Peart and Stanley Schnei-
der, of Helipot Division, Beckman
Instruments, brought engineers up
to date on a new technology for pots
that incorporates a steatite ceramic
frame with their cermet resistance
material.

Since Helipot also manufactures
both wirewound and conductive
plastic unit, these two were chosen
as a point of reference for their
cermet pots.

Authors say that the major prod-

RESISTANCE film for cermet po-
tentiometer is composed of glass
and precious metals, and screened
onto the base. Oven firing at high
temperatures forms a permanent

bond
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ucts ideally suited to their cermet
technology are precision potentiom-
eters in both rotary and translatory
designs, trimming potentiometers,
and fixed resistors. The high watt-
age characteristic and the ability
to obtain a wide range of resistance
values in very short lengths and
small total areas with excellent
resolution characteristics allow ex-
treme miniaturization in cermet
trimming pots, according to report.

ADVANTAGES—In addition to
the obvious capability of improved
resolution, “essentially infinite,”
the outstanding capabilities of the
ceramic units are their immunity to
catastrophic failures, high temper-
ature and wattage capacity, chemi-
cal and electrical resistance to wa-
ter vapor and most other liquids,
authors say. Another characteris-
tic is long life, during which the
ceramic pot experiences little deg-
radation in functions such as line-
arity, total resistance, noise, and
electrical angle.

The cermet pots are also well
suited to ‘“dither” operation, since
there is virtually no wear on the
resistance element, according to
report. The major wear is in a con-
tact designed to retain its mechani-
cal configuration with the resist-
ance element during life. Integral
resistors can be made with match-
ing temperature coefficients for
both precision and trimming poten-
tiometers, authors say.

Both cermet and conductive plas-
tic pots are capable of satisfactory
operation into the megacycle re-
gion. Authors rate cermet a plus
over both their conductive plastic
and wirewound pots for resistance
stability.

Authors said that their cermet
3-inch diameter single turn oper-
ated continuously at 30 watts, with
short time overloads to 140 watts.
Although cermets can be operated
safely at many times their rated
wattages, they are susceptible to ex-
tremely high voltage or current

AUTOMATIC processing equip-
ment is employed in the Helipot
Ceramic Engineering department
to form the basis of cermet re-
sistance elements

transients, even though of very
short duration. Thus ohmmeters
and digital ohmmeters should not
be used. Authors advise making
voltage divider measurements for
test or operational procedures.

Peart and Schneider say that
high-temperature exposure and op-
eration is one of the outstanding
capabilities of their cermet. Oper-
ation at 300 C is feasible for short
periods, and 200 C is the standard
upper operating limit for some of
their trimming potentiometer mod-
els. As temperatures move above
150 C towards 200 C, the cermet pot
is said to not only maintain stabil-
ity, but essentially becomes the
only one of the three types of pots
to operate at this extreme. Temper-
ature and electrical load tests over
10,000 hours have shown the cermet
units to remain within 0.5 percent
to 1 percent with most of the shift
within the first 100 hours.

CONSIDERATIONS — After stat-
ing the characteristics of their cer-

mets, authors caution that “no
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product can be everything to every-
body.” Some of the capabilities are
superior over certain resistance
ranges, have limits in compatibility
with other needed parameters, and
are influenced by mechanical design
considerations such as size, weight,
shape and standardization criteria.
Development aim for the future,
authors say, lies not only in im-
provement of individual character-
istics, but also in the summation of
all these characteristics into each
requirement for a particular appli-
cation.

Other papers given at the sympo-
sium included a method used for
linearity correction of conductive
plastic potentiometers, by Richard
D. Ward, of New England Instru-
ment; a paper on the use of conduc-
tive plastic potentiometers, by A. A.
Vercesi, of Fairchild Controls; a
discussion of resistive metal glaze
potentiometers, by H. Casey, W.
Mulligan and J. Woods, of Interna-
tional Resistance; a paper on out-
put characteristics of conductive
plastic precision pots and their re-
lation to system circuitry and en-
vironment, by Kenneth H. Hard-
man, of New England Instrument;
and a discussion of recent studies in
output smoothness by Hans H.
Wormser, of Markite Corporation.

Tube Permits Quick
Warmup of Transceiver

POWER tetrode develops 70 per-
cent of full plate current in 100
milliseconds from a new directly-
heated oxide cathode. Eimac’s new
tube, X2013 will have its first ap-
plication in the government’s AN/
PRC-38 multimode pack set, built
by Collins. The transceiver is a
high-power, battery-operated set
with solid-state circuits. Primary
use is for military ground forces,
although set can be used in air-
craft and ships. The set operates
without standby power and the
transmitter section draws no
power during receiving operations.

The X2013 is available in three
versions: convection cooled, con-
duction cooled or forced air cool-

ing type.

electronics e August 30, 1963

FREQUENCY/TIME CONTROLS+LOGIC BOARDS
AVAILABLE...RIGHT NOW!

Frontier's Total Systems Capability provides you with high-quality,
proven systems components that meet today’s needs today. ® We
offer conservatively-rated standardized units that fill an amazing
number of special applications. And we make specials based on
those standard units. Our prices might be quite attractive to you
considering that all R & D work has been done, and the production
line set up and running. You can count on swift delivery, usually off
the shelf, though specials may take a little longer. ® Engineering aid?
It’s yours for the asking. ® Write today on your company letterhead
for a copy of our catalog.

TIME SYSTEMS
LOGIC -~ == -
TOTAL SYSTEMS CAPABILITY

FRONTIER ELECTRONICS DIVISION

INTERNATIONAL RESISTANCE COMPANY
401 N. BROAD STREET ¢ PHILADELPHIA 8, PA.
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PRODUCTION TECHNIQUES

Kitting Cuts Assembly Errors

Sequential Kitting
saves time and space
for circuit assembly

SKIN-PACKAGED components
kits have provided potential sav-
ings of $600,000 in one missile sys-
tem manufacturing area reports
the Lockheed Missile and Space
Company. The components at-
tached to a fibre board in the
order they are used by circuit
board assemblers. Lockheed ex-
pects further applications in elec-
tronics to increase potential an-
nual savings to almost $2 million
for its customers.

Kitting has helped overcome
problems caused by volume and
complexity of circuit boards.
LMSC’s contribution to the launch-
ing of a Polaris missile, for ex-
ample, is approixmately 3,000 elec-
tronic parts and assemblies. Prob-
lems have been created for LMSC’s
personnel: for the design engineer,
for the stores and stock people who
kit or batch the parts assemblies to

SEQUENTIAL KITTING method delivers assembled kit of electronic

SKIN-PACKAGING machine drapes the film tightly around the parts and

adheres it to the fibre backing board

be joined to the circuit board, and
for the assembler.

WITHOUT SEQUENTIAL KITS—
Formerly the assembler received

parts, in sequence by operation and use, to electronic assembly area. Parts
sequence is certified by quality control and assurance departments
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a step-by-step operation sequence
sheet, a tote box containing a cir-
cuit board and, on the average, 50
plastic bags, each containing the
total required number of identical
parts for the assembly run. The
assembler would consult the se-
quence sheet to determine the part
number and part quantity re-
quired for a given assembly step.
After selecting the part from the
bag, he would again check his
sequence sheet to determine the
location of the part on the board.
Then he would find this location
on the board and attach the part.
Interruptions in assembly caused
by sorting and look-up functions,
and the requirement that sorting
be done by part number, resulted
in a slow and painstaking operation
with inherent possibilities for
error. The apparent solution was
an improved method of kitting the
parts for sequential selection.

SEQUENTIAL KITTING—Meth-
ods now developed includes the
skin-packaging process, in which
parts are secured by a transparent
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plastic film to a neutral piece of
single-faced  corrugated fibre-
board. Before the work order is
given to the assembler, the re-
quired parts are obtained and each
part is affixed to a length of fibre-
board in the order of its use on
the circuit board. These board
units consist of parts limited to
one operation of the work order.
The lengths of fibreboard, or back-
ing boards, with sequentially
placed parts are inspected and
stamped by the quality assurance
department to certify their cor-
rectness before the parts are fixed
to the backing board.

This new method eliminates
parts-sorting and simplifies opera-
tion-sequence look-up by the as-
sembler, and provides a visual aid
to assembly sequence, protects the
parts from degradation and pro-
vides rapid identification of the
parts. Also it resolves the problem
of reorientation after interrup-
tion. Human error is reduced
through simplification of work
functions and decreases in han-
dling operations. Also provided is
product assurance verification that
a complete package is checked be-
fore it goes to the work station.
Each of these factors improves the
reliability of the product, which
is the basic premise of high re-
liability programs.

Data On Polaroid Prints

ouUTPUT
PULSE
4TURN)

SIMPLE method of inscribing data
on Polaroid scope pictures is illus-
trated. Before the print is coated,
the emulsion is very soft and can be
seribed by a stylus. The stylus
should be rounded and have a fine
toothed surface. W. G. Trabold, of
GM research laboratories, Warren,
Mich. says the technique is to
abrade the emulsion without dig-
ging into the support
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Gov'’t spec tolerances +.004;
Royal RG-59/U coax twice that good!

ROYAL

The graph above shows the variation in diam-
eter for nearly one mile of ITT Royal coax,
type RG-59/U. Over the entire length the
maximum variation was less than =+.00135.

This kind of mechanical perfection is im-
portant. Every variation in coax dimension
means a variation in impedance and capaci-
tance. Every impurity of materials or lack of
homogeniety of the dielectric changes the
specified electrical values of the cable.

Whether it’s RG-59/U or any of the other
69 standard types of coax, ITT Royal con-
sistently produces superior cable and wire at
competitive prices.

Write for information, or see your nearest
ITT distributor. Royal Electric Corporation,
a subsidiary of International Telephone and
Telegraph Corporation, Pawtucket, R. I.
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NEW PRODUCTS

Amplifier Extends Photomultiplier Range

Unit delivers
output between
0 and 5 wvolts d-c

ANNOUNCED by Block Engineer-
ing, Inc., 385 Putnam Ave., Cam-
bridge, Mass., model BA-040 am-
plifier will extend the range of a
photomultiplier tube to better than
1,000 to 1 by automatically con-
trolling cathode voltage. Unit is de-
signed for use with tubes having a
dark current below 0.02 pamp at
1,200 volts and has an output of
0 to 5 volts d-c for telemetry or
recorder use.

Model BA-040 is designed to op-
erate from unregulated supplies de-
livering between 24 and 32 volts
d-c and is packaged in an en-
capsulated module. It can withstand
shock, vibration and environmental
requirements of military specifica-
tions and occupies only 4 X 4 X 2
inches of space.

Unit has a high voltage maximum
load of not less than 5 megohms,
high voltage at dark condition of
—1,200 v at =39, input impedance
above 10 megohms, output im-
pedance less than 1,000 ohms and
a frequency response between d-c
and 100 cps. Moreover, it will op-
erate between —25 C and 75 C and
has high-voltage at saturation of
—400 v, =39 with a 5 megohm

HV 2470 32
_l VOLTS DC
ro—d=——-- S
| HIGH- 1|
VOLTAGE
|| suppLY |
| § :
I HIGH- LOW- |
|| VOLTAGE VOLTAGE
| | CONVERTER CONVERTER :
|
|1 |
|| CONTROL voLTAGE | !
| | AMPLIFIER | | cONVERTER] |
i L L
| i P
| D-C lout
TI PREAMP :
=3 T I J

load. Model BA-040 is priced at $1,-
400.
CIRCLE 301, READER SERVICE CARD

Filter Connectors Suppress RFI

MANUFACTURED by Loral Electronics
Corp., 825 Bronx River Ave., Bronx
72, N. Y., new filter-connectors use
lossy epoxy that is effective in re-
ducing and suppressing undesirable

48

radiation in the uhf and microwave
spectrum, while exhibiting mini-
mum reactive effect. Designed to
meet military specs above 1 Ge,
these units have applications in

GUARANTEED
MINIMUM
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microwave tuners, high-voltage
klystrons, oscillators and signal
generators that exhibit r-f leakage
on power and interconnecting wir-
ing. According to company engi-
neers, filter-connectors require less
than % the volume associated with
conventional  suppression tech-
niques, are applicable to any con-
nector type and cause no phase
shift when used in servo circuits.
The diagram shows typical sup-
pression characteristics between
0.1 and 3.0 Ge. (302)

Triggered Spark Gap
Features Long Life

NOW being offered is a triggered
spark gap, type GP-200, with a life
of millions of discharges in the
5 Kv to 25 Kv operating range with
a pulse duration capability of 3
milliseconds and up to 1500 joules
energy input. Edgerton, Germes-
hausen & Grier, Inc., P. O. Box 98,
Goleta, Calif. (303)

Servo Indicator
Has High Accuracy

MODEL CS106 versatile servo sys-
tem indicator is announced. Ac-
curacy of the overall system is 0.04
percent. This accuracy has been
achieved by a built-in high-gain
transistorized amplifier with a low
output impedance coupled to the
motor which drives the indicator
through a low-friction high-ac-
curacy gear train incorporating
anti-back lash gearing. Coupled to
the indicator is a continuously and
individually adjustable 14 cam and
switch module. Model CS106 is also
available with an auxiliary po-
tentiometer or synchro output. An
output shaft that can be loaded
with a maximum of 500 oz in. can
be supplied. Control Technology Co.,
Inc., 41-16 29th St., Long Island
City 1, N. Y. (304)
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Literature of
the Week

MICA CAPACITORS Erie Resistor Corp.,
644 W. 12th St., Erie, Pa. Bulletin
528 presents specifications of a new
line of miniaturized Mica capaci-
tors. (305)

COAXIAL CABLE Phelps Dodge Elec-
tronic Products Corp., 60 Dodge
Ave., North Haven, Conn., has
available a data sheet listing RG-
189/U to RG-306/U numbers ap-
plicable to air dielectric coaxial
cable. (306)

CONNECTOR SELECTOR Microdot Inc.,
220 Pasadena Ave., South Pasa-
dena, Calif., is offering a connector
selector circular slide rule that en-
ables the design engineer to choose
from 40 parts in designing his own
crimp-type connector. (307)

PRECISION POTENTIOMETERS New Eng-
land Instrument Co., Kendall Lane,
Natick, Mass. New brochure illus-
trates and describes the company’s
lines of conductive plastic and wire-
wound potentiometers. (308)

TIME INTERVAL COUNTER Eldorado
Electronics, 1832 Second St., Berke-
ley, Calif., has released technical
data literature on the model 783G
10 nanosecond time interval coun-
ter. (309)

SEALED CAPACITORS The Gudeman
Company of California, Inec., 7473
Avenue 304, Visalia, Calif. Six-
page folder covers the 68 series of
hermetically-sealed Mylar capaci-
tors. (310)

TELECOMMUNICATIONS SERVICES Micro-
wave Services International, Inc.,
U. S. Route 46 & Cisco Road, Den-
ville, N. J., offers a brochure de-
scribing its services, capabilities
and experience in the telecommuni-
cations systems engineering en-
vironment. (311)

SPRAY SYSTEM Zicon Corp., 63 East
Sandford Blvd.,, Mount Vernon,
N. Y. A new system which enables
a manufacturer to spray conformal
and protective coatings on p-c
boards and electronic components is
detailed in a report. (312)

REMOTE ANGLE INDICATION Theta In-
strument Corp., Saddle Brook,
N. J., has published a 28-page cata-
log giving details on new angle-re-
peating instruments. (313)

MODULAR COUNTERS Computer Meas-
urements Co., 12970 Bradley Ave.,
San Fernando, Calif. Six-page bro-
chure covers line of modular digital
test instruments. (314)

COMPOSITE SUPERCONDUCTIVE WIRE Su-
perior Tube Co., Norristown, Pa.
Superconductive wire made by
drawing columbium tubing as a
barrier sheath and Monel Alloy 400
tubing as an outer sheath over a su-
perconductor core of columbium-tin
powders is described in Data Memo-
randum No. 3. (315)
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WIDE-RANGE, HIGHLY-SENSITIVE
VARIABLE CAPACITANCE DIODE

(Brand: Varipico)

Fujitsu Varipico is a new diode designed to serve especially as a variable
capacitor. Having a “hyper-abrupt” junction, a wide range of capacitance

variation is made possible by simply varying a small negative bias voltage.
The relationship of capacitance to bias voltage is: Cocvln—. Since n can
be set anywhere between 1 and 5, the capacitance range is very large.

This makes the Varipico extremely useful in many applications such as

frequency modulators, sweep generators, signal generators, frequency

meters, phase shifters, converters and multipliers, and parametric ampli-

fiers. The Varipico, hermetically sealed in a metal case, measures only 5.7

mm in diameter and 8mm in length, exclusive of leads. For full technical

data and application information write to our representative shown below.

FUJITSU LIMITED

Communications and Electronics
Tokyo, Japan

Represented by: U.S.A. HAR-WELL ASSOCIATES, INC.” Southbury, Connecticut, Phone: 264-8222 THE NISSHO PACIFIC
CORP. 120 Montgomery St., San Francisco 4, California, Phone: YUkon 2-7901, 7906 Canada: NISSHO (CANADA) LTD.
100. University Avenue, Toronto, Phone: EMpire 2-4794 United Kingdom: WALMORE ELECTRONICS LIMITED 11-15
Betterton Street,Drury Lane, London W.C. 2, Phone: TEMplebar 0201-5 Germany: NEUMULLER & CO. GMBH 8 Miinchen

| 13, Schraudolphstr, 2a, Phone: 29 97 24
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Your electronics BUYERS'
GUIDE should be kept in
your office at all times—as
accessible as your tele-
phone book.
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specify the new Bendix. Products

LINETS

contact Avnet for best service

 TI Il T I T
Pygmy*types PT, SP; Pygmy
crimp types PTCE, PTSE; MS,
MS-E, MS-R, QWLD, SR rack

and panel

™ Ay

on-time delivery of emergency

BEND I

and prototype connector needs

B B 0§
Reg. T.M. Bendix Corp.

v
r------------

B can your Local Avnet Headquarters 1

AYNET:

B The Avner System, coast to coast

h-----------‘
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NIMS

NATIONWIDE IMPROVED
MAIL SERVICE PROGRAM

For Better Service
Your Post Office
Suggests

That You Mail Early
'n The Day!
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PEOPLE AND PLANTS

Raytheon Elects Levy

ELECTION of Lawrence Levy by
Raytheon Company’s board of di-
rectors to the newly created posi-
tion of vice president for corporate
development has been announced.

During the past two years, Levy
was headquartered in Paris where
he served as principal civilian
representative of Defense Secretary
Robert McNamara in Europe, North
Africa and the Middle East as well
as defense advisor to Thomas Fin-
letter, U.S. Ambassador to NATO.

Reporting to Levy in his new as-
signment will be the director of
marketing, the director of advance
systems planning, the director of

Lockheed To Build
Research Complex

LOCKHEED-GEORGIA C0., division of
Lockheed Aircraft Corp., an-
nounces plans to build an exten-
sive research facility to cost be-
tween $3 million and $3.5 million,
fully equipped, on a 45-acre com-
pany-owned tract in Marietta, Ga.
Best present estimates indicate
there will be five buildings. Facili-
ties will be broken down into these

market planning, the director of
management sciences and the group
assigned to the company’s acquisi-
tion program.

general categories—physical sci-
ences, material sciences, applied
aerospace, and systems research.
Lockheed planners expect to move
researchers into the first building
by mid-1964. The entire project is
expected to be completed in 1965.

Sperry Canada Elects
King to Top Post

B. WENSLEY KING has been elected
president and chief executive officer

Scionics Occupies New Facility

SCIONICS CORPORATION of Canoga Park, Calif., manufacturer of
capacitors and telemetry devices, has occupied a mew 27,000-square foot
building in Northridge, Calif. New facility will house the corporate offices

and the Instrumentation and Information Systems-divisions.

The Capaci-

tor division will be expanded in its Canoga Park location
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of Sperry Gyroscope Co. of Canada,
Ltd. and its affiliated company,
Sperry Gyroscope Ottawa, Ltd. He
was formerly managing director of
both companies.

Leon Accepts
New Position

APPOINTMENT of Herman I. Leon as
director, Systems Research and
Technology Center, has been an-

PEOPLE IN BRIEF

Ned E. Garlock promoted to di-
rector of science and engineering
applications at Northrop’s Ventura
div. Warren Bacigalup, g-m of the
Cableaire div., elected a v-p of
Computer Equipment Corp. Four
research directors elevated to
v-p’s at IIT Research Institute:
Virgil H. Disney, Electronics Re-
search div.; George S. Gordon,
Chemistry Research div.; Donald
J. McPherson, Materials Research
div.; and Leonard Reiffel, Physics

nounced by Norman E. Friedmann,
vice president, California Opera-
tions, of ITT Federal Laboratories
in San Fernando.

Leon was previously with Space
Technology Laboratories. In his
new post, he will direct the research,
analysis and preliminary design
activities for missile and space sys-
tems at the San Fernando facility
of the research and manufacturing
division of ITT Corp.

Research div. Alexander Alexan-
drovich, formerly with GE, now

asst. to the v-p for engineering
technology at Grumman Aircraft
Engineering Corp. George W.

Mousel advances to asst. g-m of
Perkin Electronics Corp. Jack
Pinner moves up to director of en-
gineering of Rotating Components,
Inc. Richard H. Frost elected
chairman of the board of Holtzer-
Cabot Corp. James W. Tweedy,
formerly exec v-p, succeeds him
as president. Earle M. Knibiehly
leaves U.S. government service to
join LogEtronics, Inc., as director
of R&D.

spectfy the new U.S.Semcor Products

AVNE]

contact Avnet for best service
NN N N BN AN BN

r---------

on-time delivery of

{1

diodes and capacitors

5 watt miniature Zener Diodes, high
voltage temperature compensated
Reference Elements, non-polar solid
and hermetically sealed wet Tanta-
lum Capacitors, 400MW Glass
Zeners Mil Types USN IN 962BM

—USN IN 984BM
I N N N B D B N
call your local Avnet Headquarters

AVNET:

The Avnet System, coast to coast
| p—— L L 0]
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TO ORDER REPRINTS

Fill in, cut out coupon below

insert in envelope and mail to:

electronics
330 W. 42nd Street, New York, N. Y.

Reprint Dept.
10036

REPRINT ORDER FORM

(To help expedite mailing of your reprints please send cash,
check or money order with your order.)

For Listing of Reprints Available see the Reader Service Card.

For Reprints of the latest Special Report:
Radio Frequency Interference

Send me., . .v00. Reprints of Key No. R-39 1-10 copies 75¢
each, 11-24 copies 60¢ each, 25 or more 50¢ each.

For Reprints of previous Special Reports or Feature Articles fill
in below:

Send me...... Reprints of Key No.(s)...... @ < oiin ¢ each.
(For prices, see Reader Service Card.)

*For orders of Bulk Reprints of other editorial articles in this
issue or past issues:

Send me. .. .Reprints of page No.(s). .. .of issue date....
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*Minimum bulk order 100 copies. You will be advised of costs
by return mail.
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The DECI-DUCTOR

new subminiature molded inductor — 24 Hour Delivery
up to 1000 uH in1/10° dia. x 1/4'' Ig. envelope
10X the inductance available in the same size

Epoxy molded for
highest reliability

Meets MIL-C-15305B

Forty nine inductance
values in stock

FEATURES
24 hour delivery

1/10” dia. x 1/4” Ig.

100 PER SQUARE INCH

DECI-DUCTOR is the latest addition to Nytronics’
DECI Series—a series that consists of inductors,
capacitors and resistors in a uniform (¥ watt re-
sistor and diode size) envelope to facilitate point-

to-point assembly in cordwood, printed circuit and
other high density module assemblies.

For complete engineering data, write Dept. WL-38,
or phone 201-464-9300.

NFTRONICS, INC.

550 Springfield Ave., Berkeley Helghts, N.J.
Design Leaders STANDARD components to meet CUSTOM requirements
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- Space-
the

youthful

outlook _

Space-General offers unlimited opportunities for engi- There are many outstanding career opportunities
neers and scientists who want to move ahead quickly at Space-General for engineers and scientists
in a dynamic young organization dedicated to space with a B.S. degree or higher and at least two

years of experience in any of the following fields:
Communication Systems Analysis « Circuit
Design « Heat Transfer-Thermodynamics
Analysis ¢ Stress Analysis « Trajectory Analy-
sis and Aerodynamics « Hydraulic-Pneumatic
Controls Development « Structural Test Analy-
sis « Space Vehicle Design « Guidance and

projects. m Less than three years old, Space-General now
has grown to almost 1,200 employees and occupies one
of the newest, best-equipped facilities in the industry.
Location is ideal...in the San Gabriel Valley, 15 minutes
by freeway from downtown Los Angeles. m Our current
interests are broad: electronics, guidance and control

systems, space telemetry, survivable communications, Control Analysis » Advanced Sensor Research
satellite and military systems, space vehicles, lunar and « Microwave Research « Nuclear Test Instru-
planetary exploration craft, inflatable reentry vehicles, mentation « Bio-Sensor Research. m Your
and nuclear detection studies. m Our employees tell us resume will receive immediate confidential at-
they prize Space-General's unusually heavy emphasis on tention. Send to: Donald L. Craig, Employment
individual work and ideas. As a matter of fact, every mem- Mgr., Space-General Corp., Dept. No. NP-14,
ber of our technical staff is expected to make a creative 9200 E. Flair Drive, EIl Monte, California.

contribution to the growth of our technological capability. An equal opportunity employer.

SPACE-GENERAL CORPORATION
GENERAL El Monte, California

A subsidiary of Aerojet-General Corporation
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EM PI.OYMENT

OPPORTUNITIES

electromcs

WEEKLV QUALIFICATION FORM
"FOR POSITIONS AVAILABLE

ATTENTION:
ENGINEERS, SCIENTISTS, PHYSICISTS

This Qualification Form is designed to help you advance in the elec-
try. It is unique and pact. Designed with the assistance
of professional personnel g nt, it isolat
in electronics and deals only in essential background information.

d

tronics i

specific experience

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

. Review the positions in the advertisements.

. Select those for which you qualify.

. Notice the key numbers.

. Circle the corresponding key number below the Qualification Form.

. Fill out the form completely. Please print clearly.

. Mail to: Classified Advertising Div., ELECTRONICS, Box 12, New
York, N. Y. 10036. (No charge, of course).

COMPANY SEE PAGE

ATOMIC PERSONNEL, INC. 55*
Philadelphia, Penna.

BELL AEROSYSTEMS CO. 54
Div. of Bell Aerospace Corporation
A Textron Company
Buffalo, New York

LOCKHEED MISSILES & SPACE CO.
Div. of Lockheed Aircraft Corp.
Sunnyvale, California

NORTH AMERICAN AVIATION INC.
Space & Information Systems Div.
Downey, Calif.

PAN AMERICAN WORLD AIRWAYS, INC.
Guided Missiles Range Division
Patrick Air Force Base, Fla.

SNELLING & SNELLING
Professional Placement Center
Waltham, Mass.

SPACE-GENERAL CORP.
A Subsidiary of Aerojet-General Corp.
El Monte, Calif.

UNION CARBIDE NUCLEAR COMPANY
A Division of Union Carbide Corp.
Oak Ridge, Tenn.

* These advertisements appeared in the August 23rd issue.

KEY #
1

(cut here) electronics WEEKLY QUALIFICATION FORM FOR POSITIONS AVAILABLE (cut here)
(Please type or print clearly. Necessary for reproduction.)
Personal Background Education
BRMIR . v o i v o s eiws § Sis e iaih s T T e PROFESSIONAL DEGREE(S) ........... ol 91478 RiSls BlaT0 SI6L8 818 9100 B
HOME ADDRESS: ... .o oo wion wios s o ¢ 5155 o1 55506 665 655 6 9055 6 MAJOR(S) .....coo000000ee ¥ Sisle wierd Bieik Wiele WIeT BISTE R6H Blete Aee
CITY i oo s scvii o aooie soos e s ZONE....... STRIE. . ivnincinais UNIVERSITY' i i i oo i e aiv o 50 oae ot oois ani o
HOMBCTEREPRONE . .. ..o oo d oipe boos 370 smnn siovs wisie o0 8 wiwd wisie o DATELS) .ot -5 sl s 5 vil s, s d Sias e LA SEEAOES
FIELDS OF EXPERIENCE (Please Check) 83063 PORROET Tk SEPCLG AT
Please indicate number of months
i lines.
D Aerospace D Fire Control D Radar e p;:fhe"ric: ’ Siperiisery
Experience Experience
D Antennas D Human Factors D Radio—TV (Months) (Months)
RESEARCH (pure,
D ASW D Infrared D Simulators RE;:::%:MMI’ basic) ...... ...
[:] Circuits D Instrumentation D Solid State (Applied) S
SYSTEMS
(] communications [ medicine [] retemetry (New Concepts) cereee eeeen.
DEVELOPMENT
D Components D Microwave D Transformers (Model) T vewn e
DESIGN
D Computers D Navigation D Other .......o.u... Produet) = casese  asesee
MANUFACTURING
D ECM D Operations Research D ................... Product)] = = ei.iie  eenews
FIELD
D Electron Tubes D Optics D ................... (Servic8) @ === wedmes  ssmeas
5 SALES
D Engineering Writing D Packaging D ................... (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
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SEARCHLIGHT
SECTION

(Classified Advertising)

EMPLOYMENT OPPORTUNITIES

The Advertisements in this section include all employment opportunities—execu-
tive, management, technical, selling, office, skilled, manual, etc. Look in the
forward section of the magazine for Additional Employment Opportunities
advertising.

BUSINESS OPPORTUNITIES

EQUIPMENT - USED or RESALE

DISPLAYED RATE

The advertising rate is $27.256 per inch
for all advertising appearing on other
than a contract basis. Contract rates

Employment Agencies
Employment Services
Labor Bureaus

Civil Service Opportunities
Selling Opportunities Wanted
Selling Opportunities Offered

Positions Vacant
Positions Wanted
Part Time Work

DISPLAYED

The advertising rate is $40.17 per inch for all adver-

tising appearing on other than a contract basis.
Contract rates quoted on request.

An advertising inch is measured 7” vertically on a
column—3 columns—30 inches to a page.

Subject to Agency Commission.

———RATES———

UNDISPLAYED

$2.70 per line, minimum 3 lines. To figure advance
payment count 5 average words as a line.

Box Numbers—counts as 1 line.

Discount of 109% if full payment is made in advance
for 4 consecutive insertions.

Not subject to Agency Commission.

Send NEW ADS to CLASSIFIED ADV. DIV. of ELECTRONICS, P. 0. Box 12, N. Y., N. Y. 10036

ENGINEERING SPECIALIST

SECURE
RADIO COMMAND
& NAVIGATION
SYSTEMS

Salary to $15.000

The Avionics Division at Bell Aerosysfems,
which is currently grossing $30 million, is
working in 5 major areas: command and
control, inertial guidance, radar, simula-
tion und control, and air traffic control.
With increased company-funded R&D in
electronics, the Division is expanding,
creating an immediate opening for a
graduate EE with a minimum of 5 years
experience.

The man selected must be quallﬁed to
direct and/or participate in proposal
preparation, R&D projects and prototype
development of secure command links,
data links and radio position-fixing sys-
tems for military airborne vehicles.

Resumes are invited. Please address

Mr. Thomas Fritschi, Dept. G-34.

D seu

AEROSYSTEMS

COMPANY
ovision oF BELL fxironl

P.O. Box #1, Buffalo 5, New York

An Equal Opportunity Employer

SELLING OPPORTUNITY WANTED

NASA/Houston Representation. Qualified
technical space consulting company. Pre-
senting your capabilities at lower fixed
sales cost. RA-2778, Electronics, Classi-
fied Adv. Div.,, 645 N. Michigan Ave.,
Chicago, I1l. 60611.

EMPLOYMENT PROBLEM?

When you are in need of specialized men
for specialized jobs, contact them through

an employment ad in this publication.
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Electronic Instrument Technicians
The Oak Ridge National Laboratory
operated by

UNION CARBIDE NUCLEAR COMPANY

at
Oak Ridge, Tennessee
Has Openings for

Highly skilled electronic instrument technicians
to work with electronic engineers in the develop-
ment, installation and maintenance of electronic
systems. Digital data handling, transistorized
pulse height analyzers, analog and digital com-
puter systems are only a few examples.

Minimum high school education, with addmonal
tralnmn in electronics and at least three years’
experience in installation and maintenance of com-
plex electronic systems. Entrance rate $3.19 per
hour: $3.25 per hour after six months. Reasonable
interview and relocation expenses paid by Company.

Excellent Working Conditions
and
Employee Benefit Plans
An Equal Opportunity Employer
Send detailed resume to:
Central Employment Office

UNION CARBIDE NUCLEAR COMPANY

A Division of Union Carbide Corporation
Post Office Box M Oak Ridge, Tennessee

quoted on request. AN ADVERTIS-
ING INCH is measured 7 inch verti-
cally on one column, 3 columns—30
inches—to a page. EQUIPMENT
WANTED or FOR SALE ADVER-
TISEMENTS acceptable only in Dis-
played Style.

UNDISPLAYED RATE

$2.70 a line, minimum 3 lines. To figure
advance payment count 5 average
words as a line.

PROPOSALS, $2.70 a line an insertion.

BOX NUMBERS count as one line ad-
ditional in undisplayed ads.

DISCOUNT OF 10% if full payment is
made in advance for four consecutive
insertions of undisplayed ads (not in-
cluding proposals).

CHARLIE:

D.A.T.A. Tabulations keep you current
on all Transistors * Semicon. Diodes
* Microwave Tubes in the world.
Characteristics, type numbers, manu-
For free literature write:
D.A-T.A.,, INC,, 43-15 S. Day St.,

Orange, N. J. 07050

facturers.

®
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Put Yourself in the Other Fellow’s Place

TO EMPLOYERS - TO EMPLOYEES

Letters written offering Employment or applying
for same are written with the hope of satisfying a
current need. An answer, regardless of whether
it is favorable or not, is usually expected.

Mr. Employer, won’t you remove the mystery
about the status of an employee’'s application by
acknowledging all applicants and not just the
promising candidates.

Mr. Employee you, too, can help by acknowledging
applications and job offers. This would encourage
more companies to answer position wanted ads in
this section.

We make this suggestion in a spirit of helpful
cooperation between employers and employees.

This section will be the more useful to all as a
result of this consideration.

Classified Advertising Division

McGRAW-HILL PUBLISHING CO., INC.
330 West 42nd St., New York 36, N. Y.

VARIAN KLYSTRONS—BRAND NEW!

Immediate delivery from stock
[EA

v KU $700
VA-64F KU 15W $700
VA-64G Ku 15W $500
VA-67B KU Iw $700
VA-201 H, J X 40mwW $200
VA-217 X 60mwW $220
VA-242 E. F. G 700mwW $130

5 MICROWAVE
P. 0. Box G, Coilingswood, N. J. 609—W06—2929

CIRCLE 951 ON READER SERVICE CARD

RADIO RESEARCH INSTRUMENT CO.

AUTO-TRACK & TELEMETRY ANTENNA PEDESTALS
& 10 CM. SCR. 584 AUTOTRACK RADARS.

GC. 3
ﬂF‘S ISB PRECISION. AN/APQ- 355 PRECISION.

AN/APS-31A SEARCH. DOZENS MO
-1-2 MEGAWATT HIGH POWER PULSERS

RADIO RESEARCH INSTRUMENT CO.
550 Fifth Ave., New York Judson 6-4691

RADAR SYSTEMS & COMPONENTS/ 'NMEDIATE

LOOKING FOR

USED/SURPLUS ELECTRONIC
EQUIPMENT/COMPONENTS?

For an up-to-date listing of such
equipment see Searchlight Sec-

tion of August 19th issue.

August 30,
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1963 o electronics



k.

ENGINEERS & SCIENTISTS

ALL CHIEFS, NO INDIANS !

With tongue in cheek, this phrase might be applied to the scientists and engineers of Pan Am’s Guided Missiles
Range Division. Under the direction of the U.S. Air Force Missile Test Center, GMRD has, since 1953, been respon-
sible for conceptual planning, specifications, and operation of the range instrumentation systems developed by
industry for the Atlantic Missile Range. The decisions made by Pan Am's technical staff are vital... directly affect-
ing the success of each missile, space vehicle, and scientific probe launch operation at Cape Canaveral.

RANGE PLANNING analyzes projected program requirements up to 15 years ahead, predicts range support
capability required and develops the advanced instrumentation system concepts.

SYSTEMS ENGINEERING utilizes these range plans to develop detailed specifications for all range instrumen-
tation, data, and support systems. They then evaluate bids from industry to insure that capable industry sources
will furnish such systems. This is only the beginning of their task —they follow and monitor the development of
this equipment through installation and checkout.

RANGE OPERATIONS plans and evaluates range support for all launches, coordinates all range support activities,
provides data and command/destruct for range safety, and manages the operation of down-range stations.

Individually and as team members, the men in these groups
have become authorities in range technology. To add to the
capability of the range, the following typical assignments
are under way in Range Planning, Systems Engineering,
and Range Operations:

CW and Pulse Radar: modify and improve sensitivity of Mis-
tram, Glotrac, AN/FPQ-6, and AN/TPQ-18; develop velocity meas-
uring system with an accuracy of 0.1 fps.

Telemetry: increase the operating range of antennas to cover
frequencies up to 2300 mc; design a system which, upon command,
will select the most important data from each station.

Optics: devise and install an orientation system for both CZR
and cinetheodolites; improve ballistic cameras with respect to
random errors, shutter speed, exposure time and time correlation.

Infrared: develop high resolution spectrometer for launch and
re-entry coverage; implement a complete infrared measurement
system for mid-range coverage.

Underwater Sound: introduce a nuclear battery power supply
into the ship-tended acoustic relay (Star) and extend the range
of this system.

Data Processing: add automated methods to enable more effi-
cient handling of larger volumes of data with minimum degrada-
tion; convert processing of weather information to near realtime.

Meteorology: improve cloud height and growth indication instru-
mentation; develop a system to measure atmospheric electrical
potential and cloud movement.

Instrumentation & Vehicle Control: automate the entire track-
ing network through a Range Instrumentation Control System;
add space diversity to the Cape Canaveral command control sys-
tem by adding a van-mounted 10 KW fast-reaction command
control system.

Correlation: reduce time correlation uncertainty across the range
to less than 100 microseconds; standardize the timing signal for-
mat on the AMR.

Radiometry: schedule and control all electromagnetic radiation
within the missile test area with a Spectrum Surveillance System;
automate, where possible, instrumentation for interference con-
trol, spectrum signature collection and quality analysis.

Data Handling: design equipment to permit very high density
realtime data transmission over RF lines or submarine cable;
increase the digital data equipment available at off-cable sites to
provide more efficient on-site computer programming.

Range Safety: increase the electronic monitoring of launch
hazard areas and of missile and spacecraft performance; install
a second Range Acquisition Data Distribution & Control system
to permit handling of dual missions; develop instruments to
measure blast parameters and fireballs resulting from exploding
missiles.

Ship and Aircraft Instrumentation: improve the instrumenta-
tion to meet more stringent telemetry, navigation, tracking,
communications, and data handling requirements; phase into
operation new and/or modified tracking ships and aircraft.

Capable engineers and scientists with applicable experience are invited to write in confidence to Manager, Range Development, Dept. 28H-5
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Brush
lightbeam
recorder
eliminates
RFI with
silent light!

CIRCLE 901 ON READER SERVICE CARD
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The unique incandescent optical system of this new direct-
print oscillograph completely eliminates confused data caused
by generation of RF interference into associated equipment.
It is the only lightbeam recorder that meets RFI specs . . .
MIL-1-26600 and MIL-1-6181D. Whether your application
is industrial or aero-space, check out these important facts.

Start and Re-start Recording time . . . 50 milliseconds
Writing Speed . . . Greater than 30,000 in./sec.
Companion Amplifiers . . . Especially Designed
Complete Line of Accessories

8 Pushbutton Record Speeds

Internal Chart Take-up

High Contrast Traces

16 Channels

Now you can record over the whole range of most-used
frequencies with Brush systems incorporating all the known
refinements in oscillography. Write for full details.

erSh INSTRUMENTS

DIVISION OF [CLEWVITE] 37TH AND PERKINS. CLEVELAND 14, OHIO




RGA-AT9288
PENGIL
TRIODE

MORE TUBE POWER FOR MINIATURIZED MICROWAVE DESIGNS

Increased power per unit weight—that's the
challenge successfully met by the RCA-
A15288. An excellent example of recent
advances in Microwave tube design, this tiny
pencil triode can provide | Kw of useful peak
power output at 5 Gc as a plate-pulsed
oscillator.

For use in telemetry, altimeters, and UHF
transceivers,theceramic-metal RCA-A15288
is designed to operate at altitudes up to
25,000 feet at 3.5 Kv without pressurization.
Furthermore, the coaxial arrangement of
electrodes around the RCA-A15288 heater
practically eliminates tube characteristic

changes caused by heater-voltage variations.

If your design involves miniaturized
Microwave equipment for application in the
5 Gc region, consider the RCA-A15288. It
offers exceptional reliability in vibration and
shock environments. Heater power require-
ment is a low 1.6 watts; warm-up time is
4 seconds.

For information on how the RCA-A15288
can be used in your design circuits, see your
RCA Industrial Field Representative, orwrite:
Manager, Microwave Marketing, RCA Elec-
tronic Components and Devices, Harrison,
New Jersey.

THE MOST TRUSTED NAME IN ELECTRONICS

RCA-A15288
Plate-Pulsed Typical
Oscillator at 5 Ge Operation
"oy e, _| 2ot
DC Plate Current 0.0022 amp
DC Grid Current 0.0015 amp
Grid Resistor 2,000 ohms
AR | 1000 vats
Pulse Duration 1.0 usec
Pulse Repetition Rate 1,000 pps
Plate Efficiency 20%
RCA FIELD OFFICES:
OEM SALES: Newark 2, N. J., 32-36 Green St., {201)
485-3900 « Chicago 54, Ill., Suvite 1154, Merchandise

Mart Plaza, (312) 527-2900 « Los Angeles 22, Calif.,
6801 E. Washington Blvd., (213) RA 3-83461 « GOVERN-
MENT SALES: Harrison, N. J., 415 South Fifth St., (201)
485-3900 « Dayton 2, Ohio, 224 N. Wilkinson St., (513)
BA 6-2366 « Washington 6, D. C., 1725 'K’ St., N.\W.,
(202) FE 7-8500 « INTERNATIONAL SALES: RCA Inter-
national Division, Clark, New Jersey, (201) 382-1000



