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A Fully Automatic
CAPACITANCE BRIDGE

You Just Insert a Capacitor Easy to Use: Direct reading in C and D (or G)

. . . in-line readout locates decimal points and pre-
and Read l‘he Ans wer sents correct units of measurement.
Wide Range: Measures up to 1000uF; resolu-
/n VQ Second or SO tion is 0.01pF on lowest range.

Accurate: +0.1% of reading for C and G; £1%
. of reading for D.

»

Fast: Balance is completed in a fraction of a second —
less than 15 second at lkc/s. Both capacitance and
loss are measured simultaneously.

Stable: The instrument is a true bridge, not a fussy
modified digital voltmeter. Accuracy is completely
independent of generator voltage variations and
phase-sensitive detector stability. Stability is depend-
ent only upon passive standards and fixed trans-
former ratios.

Three Terminal: Stray capacitance from con-
necting cables is automatically eliminated from the
measurement. Ideal for remote measurements and
environmental testing.

New Type 1680-A Versatile: Choice of operating mode to suit the

Automatic measurement . . . high-volume capacitor measure-
Capacitance Bridge S 1 . 1 ki
.. $4880 nusa ments, sorting components close in value, tracking

changing capacitance, comparisons, reliability studies.

Type 1680-P1 Test Fixture ... $78 inusa and environmental testing.

BCD Output: Binary coded decimal output for

RANGES " . ..
data transmission to printers, limit comparators, and
Frequency 120¢/s 400c¢/s 1ke/s to converters for tape and card punches.
Capacitance 110(? (;:tr-'o 010(} FFto 0.0(} FFto
“ 1 . 1621
e s 7 ranges Tests itself: Bu1.lt in test program locates most
Conductance | 1ato 15 | 0.1ns to 15 | 0.1ns to 18 instrument malfunctions without auxiliary test equip-
dranges | 7ranges 7 ranges ment. All circuit boards are plug-in types and can be
Dissipation Factor: 0.0001 to 1.0 in one range easily replaced.
Please write for complete information
/ '\ GENERAL RADIO COMPANY
IN CANADA: Toronto 247-2171, Montreal (Mt. Royal) 737-3673 £ "
IN EUROPE: Zurich, Switzertand — London, England i WEST CONCORD, MASSACHUSETTS
— "‘@,ansp“
BOSTON NEW YORK, N. Y., 964.2722 CHICAGO PHILADELPHIA WASHINGTON, D.C.  SYRACUSE DALLAS  SAN FRANCISCO LOS ANGELES ORLANDO, FLA. CLEVELAI
(W. Concord) 646-0550  (Ridgefield, N. ).) 943-3140  (Oak Park) 848-9400 (Ft. Washington) 646-8030 (Rockville. Md.) 946-1600  454-9323 FL 7-4031 (Los Altos) 948-8233 469-6201 425-4671 886-015(
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. Moseley
Introduces

AUTOGRIP

: A REVOLUTIONARY
PAPER HOLD-DOWN
TECHNIQUE FOR X-Y
| & RECORDERS
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Test shows Moseley AUTOGRIP*in action. Paper is pulled

by a 4 Ib. weight without tearing, slipping or wrinkling. AUTOGRIP*is a significant breakthrough in chart paper
hold-down systems. Eliminated are all moving or me-
chanical parts, no clips, no fans, no pumps, no motors.
Uses an electrical principle with specially constructed
platen. Quiet with full gripping efficiency even with
paper smaller than platen.

Standard on the following Mcseley recorders: Models 7000A, 7030A, 2D,
2DR. 2D-2, 2DR-2, 2D-2A, 2DR-2A, 2D-2M, 2DR-2M, 2D-2AM, 2DR-2AM

2D-3, 2DR-3, 2D-3M, 2DR-3M, 2FRA, 2FRAM, 135, 135R, 135A, 135Ah, 135M
135MR, 135AM, 135AMR, 136A, 136AR. Available as an option at $95 addi-
tional on Models 7050A, 135C, 135CR, 135CM. 135CMR, 2D-4,2DR-4, 2D-4M
2DR-4M, 7590A, 7590AR. Call your Moseley/Hewlett-Packard field engineer
or write: Moseley Division, Hewlett-Packard, 433 N. Fair Oaks Avenue,
Pasadena. California 91102. “Trade Mark Pat. pend.

HEWLETT
PACKARD hp MoSELEY
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Solid-State Counters
whose “extras”
are not
~ extracost
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E: B233L ELECTRONIC COUNTER ‘
HEWLETT ‘Q PACKARD

Value is the big benefit delivered to the user with every
Hewlett-Packard solid-state counter . . . and in the “low-
frequency’’ instrumentation area, no other company
offers so much performance for so little money with
such a wide variety of counters.

Seven counters to choose from, ranging in maximum
counting rate from 300 kc to 2 mc, all with solid-state
reliability, all offering display storage, all offering BCD

performance, input circuitry, maximum frequency
range, display storage, BCD output, automatic decimal
positioning, display of measurement units, convenient
packaging, ease of operation, ease of reading, back-up
service, built-in quality.

You’'ll see why your best buy is from Hewlett-Packard.
Call your hp field engineer for a demonstration of the
counter to serve your needs best. Or write for complete

information, Hewlett-Packard, Palo Alto, California,
94304, Tel., (415) 326-7000: Europe: 54 Route des
Acacias, Geneva; Canada: 8270 Mayrand St., Montreal.

output and a variety of other features you get only as
extra-cost '‘options’’ with other counters.

Comparison is the key to your best counter buy. Com-
pare specs on time base performance, temperature

Primary Uses Frequency Range Characteristics

4.digit resolution in neon columnar
display; gate time 0.1 sec, 1 sec; $600
power line time base (typically 0.1%)

300 kc maximum
counting rate

Measure frequency, ratio,

5211A Counter speed with proper transducers

5211B Counter Same as 5211A, except offers additional gate time of 10 sec $72

Measure frequency, period,

300 kc maximum 5-digit resolution in in-line display;

5512A Counter murlaty_l:);e ﬁi?t?gneazg;?fe' counting rate time base stability <2/10¢/week $1050
5212A Counter Same as 5512A except offers neon columnar display $925

Measures rate, time, totalizes;
measures normalized rate, normal-
ized time, counts N events

5-digit resolution in in-line display;
preset N number, from 1 to 100,000; A7 5
locally or prog-am remotely

5214L Preset
Counter

300 kc maximum
counting rate

Measure frequency, period,
multiple period average, time
interval, ratio, multiple ratio

5-digit resolut on in in-line
display; time base $18325
stability <2/10¢/week

5223L Counter 300 ke

Measure frequency, period,
multiple period average,
ratio, multiple ratio

6-digit resolution in in-line
display; time base $1450
stability <2,/107/month

1.2 mc maximum
counting rate

5532A Counter

5232A Counter Same as 5532A except offers neon columnar display $130C

Measure frequency, period,
multiple period average, time
interval, ratio, multipie ratio

6-digit resolution in
in-line display; time base
stability <2,/107/month

2 mc maximum

5233L Counter counting rate

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

HEWLETT
PACKARD

An cxtra measure of quality
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No vidicon tube 28 Crystal gazing
Wanted: Fireflies 30 Green lights for
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An aid for radar 32 That $700 million
Laser radar 32 Video on records
Electronics Abroad

International radio 160 Where the buyers are
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Probing the News

Radar for the Gl in the field
Inertial navigation at a bargain price
The Pentagon tries life-cycle procurement

Technical articles

l. Design

A new look at coaxial cavities for varactor multipliers
Often ignored, this construction can be designed
into compact circuits

Gerald Schaffner, Motorola, Inc.

Suppressing noise at the connector
Tiny ceramic filter built into contact pin
reduces interference

E. Rowlands and M.P. Noonan, IT&T

Designer’s casebook

Feedback system detects 19 amplitude difference;
cascode amplifier stabilized by reducing

internal feedback

Il. Applications

Light pulse system shrinks high-voltage
protection device

System with light-emitting diode replaces bulky
current transformer

Clifford H. Moulton, Allis-Chalmers Mfg. Co.

Protecting digital transmissions with optical
matched filters

Ultrasonic pulses polarize light to speed the
decoding of military messages

Victore R. Latorre, University of California

Television's toughest challenge (cover)
In outer space, cameras have to work
under the most difficult of conditions
Max H. Messner, RCA
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Readers Comment

Traffic jam

To the Editor:

On reading the story “Northeast
Passage” [May 3, p. 30], I recalled a
project I worked on several years
ago. We considered developing an
elcetronic device which would au-
tomatically compute the distance
between vehicles, then control their
velocities to prevent a collision. We
planned to use doppler radar, and
to control carburetor fuel input and
braking by a precalculated sched-
ule.

At the time, we found the equip-
ment to do this would take up
about the same space as a large
two-way communications set. With
today’s technology, however, the
equipment would be no larger than
a football.

The project collapsed not on
technical grounds but because our
client found that auto manufac-
turers did not like the idea at all.

Although I like the idea of elec-
tric autos to reduce the noxious
gases that almost asphyxiate a
driver in heavy traffic, I can’t help
picturing a gigantic traffic jam of
thousands of stalled vehicles dur-
ing a severe electrical storm or icing
situation. The only alternatives
would be to supply power by in-
duction or some system of stored
energy.

I believe that a system could be
built to operate properly, but the
cost would probably run closer to
$3 billion or $4 billion than the $500
million estimated.

S. Hamilton McNeill
Guarantee Engineering
Enterprises, Inc.
Addison, Il

Blurred color

To the Editor:

The cditorial “Facing color tv
problems” [March 22, p. 15] is a
strong and undeserved disservice
to the American tv industry. It may
do great damage to world color
television unless the false impres-
sion it creates is corrected. The
American public is now buying
color TV sets as fast as they are
made. Is Electronics trying to save

Electronics | May 17, 1965



Now from Spragque!l

LOW-COST, HERMETICALLY-SEALED

®

SILICON EPITAXIAL PLANAR TRANSISTORS

TYPE NO.
@ TO-5 CASE | TO-18 CASE APPLICATION BVceo | BVeeo | hpe
r TNS3 TN54 High Voltage Switch, Amplifier, Gen. Purpose | 75V 45V 50 min.
705 case | TNSS TN56 Low-level, Low-noise AV 30V 60 min.
TN59 TN6O High Speed Switch A0V 0V | 100 m!n.
TN61 TN62 Hich Speed Amplif L 30V 50 min.
| NG | TNed ALY 20| 20V_| 25min,
l
| For complete information, write to Technical
] Literature Service, Sprague Electric Company,

35 Marshall Street, North Adams, Mass. 01248

SPRAGUE COMPONENTS

:ﬂ ®
TRANS ISTORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS |
CAPACITORS INTERFERENCE FILTERS PACKAGED COMPONENT ASSEMBLIES

RESISTORS PULSE-FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES
ABILITY
INTEGRATED CIRCUITS TOROIDAL INDUCTORS SILICON RECTIFIER GATE CONTROLS THE MARK OF RELI

THw-FHLM MICROCIRCUITS ELECTRIC WAVE FILTERS FUNCTIONAL DIGITAL CIRCUITS
4558125

*Sprague’ and '@’ are registered trademarks of the Sprague Electric Co.
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New _f{'om Sprague!

o RN TR,

FILMITE" ‘K
POLYCARBONATE FILM
CAPACITORS

COMPARE!

The tubular polycarbonate film
capacitor and the rectangular
oil-impregnated paper
capacitor are both rated
10 pF, 100 VAC, 400 cycles.

e More than 13 times smaller than
paper capacitors of cquivalent rating.

® Unusually high capacitance stabil-
ity over entirc tcmperature range.

e [ow dissipation factor — cxtremely
desirable where high current capabil-
ities are required.

e Low diclectric absorption over a
broad frequency/tempecrature spectrum,
e Extremecly high insulation resistance
— superior to many commonly-used
film dielectrics.

e Capacitance tolerances to =0.25%.

e For critical applications such as
tuned circuits, analog computers, digi-
tal circuits, etc.

For complete technical data, write for
Engineering Bulletins 2700 and 2705 to
Technical Literature Service, Sprague
Flectric Company, 35 Marshall Street,
North Adams, Massachusetts.

4SC-AL25R1

THE MARK OF RELIABILITY

‘Sprague’ and ' (2)° are registerea trademarks of the Sprague Electric Co.
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the rest of the world from the same
tate?

The editorial is strongly anti-
NTSC. It ascribes to NTSC diffi-
culties which apply equally well to
Secam and PAL, yet it says nothing
of the far more scrious defects of
Secam, wmong which are: lower
color resolution, poorer compatibil-
ity, breakup of horizontal detail, in-
ability to handle weak signals, seri-
ous shifts in saturation, inability to
provide practical hue and chroma
controls, and higher cost of re-
ceivers.

Referring now to specific errors
in the editorial:

= The change in color in the foot-
ball game, due to changes in cam-
eras and lighting, would also occur
with Seccam and PAL, because they
use the same cameras and the same
sunlight; it was the original color
that changed. In the case of sun-
down, the viewer no longer liked
the true color and wished to change
it to something more pleasing.

NTSC receivers can casily cor-
rect for these changes because they
have manual hue and chroma con-
trols.

Secam receivers cannot correct
for these changes because they
have no color controls. Moreover,
cven the vaunted color stability of
Secam did not hold in side-by-side
demonstration of six Secam receiv-
ers which differed appreciably from
cach other in hue and chroma. but
had no means of correction. Secam
cannot provide hue and chroma
controls which are both inexpensive
and mutually independent. For that
reason, Secam proponents claim
that such controls are unnecessary.

Color controls must be used to
compensate for camera and lighting
changes, ambient lighting in the
home, individual color preferences,
and differences in color vision; in
other words, to compensate for
causes which apply to all systems
equally. These controls are as nec-
essary as the volume control in an
audio system.

s NTSC receivers do have an au-
tomatic hue control; it is inherent
in the NTSC signal specifications.
These call for a color phase-refer-
ence burst having the phase of the
color subcarrier when it transmits
(B~Y). The continuous wave color-
reference signal (3.58 megacycles
in the U. S.), generated in the re-
ceiver, is phasc-locked to the burst

by an automatic phase control loop.
It is then used to extract the video
color signals by synchronous de-
modulation. The hue is then auto-
matically controlled and maintained
by the color reference burst.

However, no automatic hue con-
trol can correct for changes in cam-
cra characteristics and lighting
which affect the color at its point
of origination. The phase of the
color-reference  signal  can  be
shifted manually from its locked
value to provide any desired cor-
rection in hue. The corrected hue is
then maintained automatically by
the reference burst.

= Poorly registered color tubes
produce edge effects which resem-
ble single-sideband distortion. but
arc . much more frequent. Since
NTSC. Secam. and PAL usc the
same color tube, they are subject
to the same misregistration. Single-
sideband distortion does not occur
in an NTSC receiver designed to
make full use of the signal. Such a
recciver is illustrated on page 100
of the March 22 issue of Elec-
tronics. Commercial color receivers,
which for reasons of economy pro-
vide equal bandwidths for the two
components of chrominance, are
designed so that the advantages of
economy and greater bandwidth
are obtained without excessive sin-
gle-sideband distortion.

= Since hue is determined by the
phase of the subcarrier, it is true
that unwanted phase shifts can pro-
duce unwanted hue shifts. These
can be and now are effectively
controlled. Thus, a round-trip net-
work transmission of 3,000 miles of
the NTSC color signal shows no
discernible difference between the
output and input color,

Charles J. Hirsch

Radio Corp. of America

= In his zeal to defend the NTSC
system, rcader Hirsch missed the
point of the editorial—that propo-
nents of NTSC are not willing to
face up to the limitations and prob-
lems of their system. Secam advo-
cates admit weaknesses. But he re-
iterates a point that annoys a lot of
color tv set owners when he blames
broadcasters for some of the trou-
ble. The broadcasters are quick to
rebut the charge by blaming the
setmakers, leaving the poor owner
still with a bleary picture and a
sense of frustration.

Electronics | May 17, 1965
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INTEGRATED
OPERATIONALS

NOW you can obtain the advantages of high reliability and small
size inherent in monolithic diffused integrated circuits and still
get an output voltage swing of 20 volts. This and other important
parameter limits given below are all available — from stock —
in the A13-251. The budget saving price is $44.50 for small
quantities and $35.50 for 100 or more.

+i2y
712

. IT 1 1] SPECIFICATIONS
tL [N A OUTPUT SWING = 20 volts

)

s i I 4 INPUT IMPEDANCE = 1 Meg
T SLTIT L AR GAIN = 20,000
| e e o | AR BANDWIDTH = 10 Me
S AR OFFSET =5 mV (UNTRIMMED)
I AR DRIFT = 25 uV/°C & 5.0 nA/°C
L 1l A CMR =80 db
e A TEMPERATURE RANGE

—55°C to +125°C

CASE INTERNALLY CONNECTED TO -2V

AMELCO
SEMICONDUCTOR

DIVISION OF TELEDYNE, INC.
1300 TERRA BELLA AVE. MOUNTAIN VIEW, CALIFORNIA

Mail Address: P. 0. Box 1030, Mountain View, Calif./Phone: (415) 968-9241 /TWX: (415) 969-9112 /Telex: 033-914
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People

The nomination of retired Air
Force Gen. William F. McKee
as Federal Aviation Agency Ad-
ministrator en-
sures that if the
U.S. decides to
build a super-
sonic transport
(SST), it will
have an able
administrator
and a supporter
in a top devel-
opment position.

The Senate is expected to give
quick approval to the appointment.

McKee is a close associate of
Defense Secretary Robert S. McNa-
mara, who heads a cabinet-level
Presidential committee to study the
SST’s potential. Although McKee
won’t talk about his job until he
gets Senate confirmation, the word
in Washington is that both he and
MecNamara favor building the SST
quickly, since they think it will be
economically profitable.

McKee was vice chief of stafl of
the Air Force until a year ago.
Since his retirement from the Air
Force, he has worked as assistant
administrator of the National Aero-
nautics and Space Administration.

Gifford Johnson, the new president
of the nonprofit Graduate Research
Center of the Southwest, is neither
an educator nor
a scientist. The
46 - vear - old
Johnson is a
hard-driving in-
dustrialist  who
served as presi-
dent of Ling-
Temco - Vought,
Inc., from 1961
until he resigned last year. His
goal, he says, is to further the cen-
ter’s aim of becoming the “MIT of
the Southwest.”

The major job, he explains, is to
lure more top researchers to the
center. The institution currently
has 70 researchers with doctorates.

Johnson is known by his col-
leagues as a man who gets a job
done, and in doing that job, one
associate concedes, “He can be
rather snappy with those who work
for him.”

Electronics | May 17, 1965
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TV Transmitting Tube
For CHANNEL MOON,
On Target,

On Frequency

The ML-7855 frequency stable
Machlett UHF planar triode
transmitted all of the moon
pictures—sharp and clear—
for Rangers 7, 8, and 9. On
frequency, and at full power within
seconds, the ML-7855 powered
TV transmitters have been an
outstanding success. In space, in
the military service, in the nation's
airliners—wherever the highest
reliability and performance is
required, use of Machlett planar
triodes demonstrates the continuing
confidence in the capability of the
Machlett organization. Whether
you require high power/high
voltage triodes or tetrodes, UHF
planar triodes, X-ray tubes,
vidicons, or need assistance in
research or design development,
write: The Machlett Laboratories,

Inc., Springdale, Conn.
06879. An affiliate of @
Raytheon Company.

ELICTRON TUBE SPECIALIST
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see 4 response

traces on single-
trace scope

measurement by comparison
up to 1,200 mc

NEW

JERROLD
SOLID-STATE

3-POSITION
COAXIAL SWITCHER

Model TC-3 $2950

Turn any single-trace oscilloscope
into a 4-trace scope; insert two refer-
ence traces automatically in addition
to test trace and baseline. These
references have advantage of per-
manent relative accuracy over
scribed or painted lines.

Results are repeatable, as accurate
as your reference attenuators. Gen-
erator and scope drift do not affect
accuracy of measurements. Fre-
quency from dc to 1,200 mc extends
usefulness of comparison technique
well into the UHF band. The TC-3
Coaxial Switcher can save you thou-
sands of dollars in speed and accu-
racy. Write for literature.

JERROLI

ELECTRONICS

Industrial Products Division,
Philadelphia, Pa. 19132

In Canada: Jerrold Electronics,

60 Wingold Ave., Toronto 19, Ont,
Export: Rocke International,
13E.40th St., New York, N.Y.10016

SWEEP GENERATORS « AMPLIFIERS
PRECISION ATTENUATORS « COMPARATORS
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Meetings

Design Engineering Conference, ASME;
Coliseum, New York, May 17-20.

Society of Photographic Scientists and
Engineers Annual Conference, SPSE;
Sheraton-Cleveland Hotel, Cleveland,
May 17-21.

Aerospace Fluid Power Systems and
Equipment Conference, SAE;
Statler-Hilton Hotel, Los Angeles,
May 18-20.

Digital Equipment Computer Users
Society Spring Technical Meeting,
DECUS; William James Hall, Harvard
University, Cambridge, Mass.,

May 20-21.

Electronic Reliability Conference,
Metropolitan group on Reliability, 1EEE;
Carnegie Foundation Building, N.Y.C.,
May 21.

Advances in Computing, NYU, ACM,
IBM: NYU L. I. Campus, Stony Brook,
L. 1., May 21.

Microelectronics Annual Symposium,
St. Louis Section of IEEE; Chase Park
Plaza, St. Louis, Mo., May 24-26.

international Television Symposium,
IEEE/SEV/ASE; Pavillon of Montreux,
Montreux, Switzerland, May 24-29.

International Federation for Information
Processing Congress '65, |FIP/IEEE;
New York Hilton, N.Y.C., May 24-29.

Armed Forces Communications and
Electronics Association Annual
Convention, AFCEA; Sheraton-Park
Hotel, Wash., May 25-27.

Bicentennial Space Symposium and
National Conference, NASA, St. Louis
Bicentennial Commission; Chase-Park
Plaza Hotel, St. Louis, May 26-28.

Symposium on Analysis Instrumentation,
ISA; Sheraton-Mt. Royal Hotel,
Montreal, May 26-28.

Cybernation, Automation and Human
Responses Annual Conference, ICR;
Americana Hotel, N.Y.C., May 27-29.

Biomedical Computer Applications
Conference, BIO/New York Academy
of Sciences; Waldorf-Astoria, N.Y.C.,
June 3-5.

IEEE Annual Communications
Convention (Including GLOBECOM Vi),
CTG/IEEE; University of Colorado,
Boulder, Colo., June 7-9.

National Electronic Packaging and
Production Conference (NEP/CON'65),
EPP; Long Beach Arena, Long Beach,
Calif., June 8-10.

Broadcast and TV Receivers
Conference, G-BTR/IEEE; O'Hare Inn,
Des Plaines, !il,, June 14-15.

Midwest Symposium on Circuit Theory,
G-CT/IEEE; Colorado State University,
Ft. Collins, Colo., June 14-15.

Ocean Science and Ocean Engineering
National Conference/Exposition, ASLO,
MTS; Washington Hilton Hotel,
Washington, June 14-17.

Solid State Device Research Conference.
IEEE; Princeton Univ., Princeton, N.J.,
June 21-23.

Aerospace Technical Conference and
Exhibit, PTGAS/IEEE; Shamrock-Hilton
Hotel, Houston, Tex., June 21-24.

Joint Automatic Control Conference
(JACC), ASME, IEEE, ISA, AlAA, AICE;
Rensselaer Polytechnic Institute, Troy,
N.Y., June 22-25.

Electronic Standards Committee F-1
Meeting, ASTM; Randolph House,
Syracuse, N.Y., June 23-24.

Fluid Mechanics & Heat Transfer
Symposium, USAF, Lockheed Co.;
Lockheed Research Labs, Palo Alto,
Calif., June 24-25.

Summer Power Meeting, G-P/IEEE;
Detroit, Mich., June 27-July 2.

Electromagnetic Compatibility National
Symposium, G-EMC/IEEE; Waldorf-
Astoria Hotel, New York, June 28-30.

Physics of Quantum Electronics
Conference, ONR; San Juan, Puerto
Rico, June 28-30.

International Data Processing
Conference and Business Exposition,
DPMA; Benjamin Franklin Hotel and
Convention Hall, Philadelphia, June 29-
July 2.

Microwave Applications of
Semiconductors Meeting, IERE-IEE;
University College, London, June 30-
July 2.

Call for papers

Engineering in Medicine and Biol-
ogy, IEEE. ISA; Sheraton Hotel,
Philadelphia, Nov. 10-12. August 15
is deadline for submission of 1200-
word abstracts to Dr. Peter D. Ed-
monds, Moore School of Electrical
Engineering, Univ. of Penn., Phila-
delphia 19104.
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JOHN TLUKE MPFB. CO.. INC OC DIFFERENTIAL VOLTWMETER

NOW-on the line
0.0015% stability!

DC MODEL

-

#ac/oc mopEL (il 5 ' Tty
883AB

Rechargeable battery or line powered

100 uv full scale null sensitivity

1 PPM resolution for ail input ranges
Large, six-dlgit readout, automatic decimal

Universal package for bench or rack mounting

Stability and temperature coefficient of reference
element and precision resistors are often the “hid-
den” parameters of voltmeter design.

For Models 881AB and 883AB, Fluke processes
each zener diode reference to prove +0.0015% per
year stability; ratio stability of critical Fluke-
manufactured resistors is =-0.001% per year. Tem-
perature coefficient of the reference and critical
resistors is 0.0002%/°C and +0.00015%/°C, re-
spectively. This provides more than ample mar-
gin for long-term drift and temperature deviations
within the overall DC accuracy of +0.01% of in-
put plus 5 pv for the 881AB and 883AB.

“B” suffix of model number indicates operation
from either rechargeable batteries (30 hours on
full charge) or AC line (50-440 cps). Severe com-
mon mode problems are eliminated by battery
operation, as unit is completely isolated from
line.

LRE 0P daT (HECR
a1 oot

=6 LU e Itk

cnoe @ IEOEED
I \_

NODEL 88300
4OMN “LUKE MFG. €O INC

Null detector maximum sensitivity is 100 nv
full scale, and maximum meter resolution is 1
ppm of range for all input voltages. Six-digit in-
line readout is obtained by four decade switches
plus high-resolution interpolating vernier. Input
ranges are 1, 10, 100, and 1000 volts, with 10%
overranging for 0-1100 volts overall capability.

Stable, solid-state AC to DC converter of
Model 883AB is specified from 20 cps to 100 KC,
with basic accuracy of +0.1% of input +25 pv
applicable from 1 mv to 1100 VAC and 30 cps to
5 KC.

A single mechanical configuration is ideal for
portable field use, bench mounting (tilt-up bale) :
half-rack mounting (7-inch panel), or side-by-
side rack mounting. Mil-spec shock, vibration,
and temperature testing were included in devel-
opment, assuring years of dependable perform-
ance under adverse conditions.

AC OC DIFFERENTIAL VOLTMETER

The industry’s most complete line of differential voltmeters

SEE OUR
SPECIFICATIONS IN

MICROFILM CATALOG
FILE
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JOHN FLUKE MFG. CO., INC., Box 7428, Seattle, Wash. 98133. F l 'KE
Telephone 206-776-1171; Twx 910-449-2850; Cable: FLUKE. L
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Scope

In electronics,
industrial application,
medical or computer work :

there’s an hp scope

for your every need!




Performance, value from your Hewlett-Packard Oscilloscope:

4000 mc bandwidth— ‘‘State-of-the-art’’ band-
width is yours with the hp 185B Sampling Scope.
With 185B bandwidths to 4000 mc (90 psec rise
time) at sensitivities to 1 mv/cm, more than any
other scope offers, you can measure fast switch-
ing characteristics or cw signals directly. The
hp-developed bridging sampler lets you measure
signals in your circuit without disturbing the sig-
nal. With the 185B, you get plug-in versatility,
too. The specs tell the story.

Dual-beam versatility—With two completely inde-
pendent horizontal deflection systems, the 132A
Dual-Beam Scope lets you view signals on dif-
ferent sweep speeds for measuring fast and slow
phenomena simultaneously or observe phase on
one channel while looking at a rate function on
the other. Add to this unique capability 100
wv/cm sensitivity vertical amplifiers with 92 db
common mode rejection, plus a 5 mv/cm hori-
zontal amplifier. Or look at the hp 120B, 122A
or 130C. The 120B and 122A, with 10 mv/cm
sensitivity, are ideal for production, systems or
lab work where high reliability and low cost are
important. The 130C, with 200 pv/cm identical
vertical and horizontal amplifiers, permits phase
mezsurements of small signals, plus a host of
other uses.

Time domain reflectometery, 20 mc bandwidth,
or 10 uv/cm sensitivity—These are performance
capabilities of the hp 140A Scope . . . all of them
possible with 140A plug-ins. Here's the most ver-
satile scope available today, offering the ability
to use either two single-size plug-ins or one
double-size. With the 1415A Time Domain Re-

flectometer, a double-size plug-in, you can locate
and analyze discontinuities in cables, connec-
tors and other broadband devices, saving time
and providing more information than with the
vswr approach; with single-size plug-ins you can
have 20 mc bandwidth with 5 mv/cm sensitivity
or 10 wv/cm sensitivity at 400 ke bandwidth.
Other plug-ins available, too.

Dual-channel, 1 mv/cm, 50 mc, recorder plug-in
—Exclusive performance features make the 175A
your best high-frequency scope buy. With the
new 1755A plug-in, you can have 1 mv/cm dual-
channe! performance with 20 mc bandwidth or
50 mc bandwidth at 10 mv/cm and up. Or where
more channels are needed, consider the 1754A
Four-Channel Plug-in, with 40 mc bandwidth. The
1784A Recorder Plug-in simplifies trace record-
ing by providing a strip-chart record of the crt
trace, simply by pushing a button. Other unique
plug-ins include a trace scanner for driving an
external x-y recorder, sweep delay generator with
mixed sweep, and time mark generator.

Hewlett-Packard has a scope just right for your
needs. Check the performance and price in the
table, then call your hp field engineer for com-
plete information. Or write for data to Hewlett-
Packard, Palo Alto, California 94304, Telephone
(415) 326-7000; Europe: 54 Route des Acacias,
Geneva; Canada: 8270 Mayrand St., Montreal.

An extra measure of quality

HEWLETT 'Tﬁ, PACKARD

Model Channels Bandwidth Sensitivity Price
120B one dc to 450 ke 10 mv/cm to 10 v/cm $ 495
122A two dc to 200 k¢ 10 mv/cm to 10 v/cm $ 695
o 130C one dc to 500 k¢ 200 pv/em to 20 v/cm $ 695
132A two (dual beam) dc to 500 k¢ 100 uv/cm to 20 v/ecm $1275
140A Versatile plug-in scope; accepts either two single-size or one double-size plug-in; regular time base $ 575
available at $325; $625 with sweep delay; also accepts 1415A Time Domain Reflectometer for
analyzing discontinuities in cables, connectors, strip lines, other broadband devices, $1050
1400A one dc to 400 kc 100 pv/cm to 20 v/cm $ 210
1401A two dc to 450 ke 1 mv/cm to 10 v/cm $ 375
" 1402A two de to 20 mc 5 mv/cm to 10 v/cm $ 550
1403A one 0.1 cps to 400 kc 10 pv/cm to 100 mv/cm $ 475
T 1405A two dc to 5 mc 5 mv/cm to 10 v/em $ 325
e 175A 50 mc plug-in scope accepts vertical and time base plug-ins; regular sweep plug-in $25; sweep $1325
delay, $325; other plug-insinclude strip-chart recorder, trace scanner and time mark generator
1750B two dc to 50 mc 50 mv/cm to 20 v/cm $ 325
1751A one dc to 50 me 50 mv/cm to 20 v/cm $ 160
T 1752A one dc to 22 mc 5 mv/cm to 20 v/cm $ 225
1752B one dc to 40 mc 5 mv/cm to 20 v/cm $ 285
1754A four dc to 40 mc 50 mv/cm to 20 v/cm $ 595
1755A two dc to 50 me, 10 mv/cm to 5 v/cm 1 mv/cm to 5 v/cm $ 575
dc to 20 me, 1 mv/em
o 185B Sampling plug-in scope; Model 186A Switching Time Tester plug-in for diode and transistors $2000
also available at $1700; Mode! 1103A Trigger Countdown extends 1858 triggering to 10 gc
187C two dc to 1000 mc (0.35 nsec rise time) 1 mv/cm to 200 mv/cm $1250
188A two dc to 4000 mc (90 psec rise time) 1 mv/cm to 200 mv/cm $1500
0 196B Oscilloscope camera for photographing both internal and external graticule $ 445
crt, 196A for external graticule crt's only, $395
o 170B Rugged, militarized scope; regular sweep plug-in, $35; sweep delay, $435 $2350
162C two | dc to 22 mc ] 20 mv/cm to 20 v/cm $ 420
Data subject to change without notice. Prices f.0.b. factory.
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HOW MANY SCOPES CAN THIS ONE REPLACE?

A sizeable number, depending upon the range of applications. For this is the Fairchild 777—the most versatile
of all industrial scopes. The 777 is a dual beam, dual trace scope in which any four of 20 plug-ins are com-
pletely interchangeable in both X and Y cavities. These are the same plug-ins that fit all Fairchild 765 Series
scopes. They include DC-100 mc bandwidth, spectrum analyzer and raster display capabilities, sensitivity to
500 uv/cm, risetime to 3.5ns. Other features of the 777 include 6 x 10 cm display area for each beam with
5 cm overlap between beams for optimum resolution ... unique 13 kv CRT with four independent deflection
structures ... solid state circuitry (with all deflection circuitry in the plug-ins). .. light weight (44 Ibs.). Environ-
mentalized for rugged applications. Price of the 777 main frame: $1,600. The 777 illustrates the Fairchild
concept of value through versatility. It helps you beat the high cost of T.O0.—Technological Obsolescence.
One scope doing many tasks is only part of it. Future state-of-the-art capability is equally important. And
service. Fairchild has more service centers than any fmemmm "oy T
other oscilloscope manufacturer. Ask your Fairchild

Field Engineer in your area for details on this and other EAl RC H LD
new generation Fairchild scopes. Or write for technical B - o 0
data sheet to Fairchild Scientific Instrument Dept., 750 DU MIONT LABORATORIES
Bloomfield Avenue, Clifton, N.J. SCIENTIFIC INSTRUMENT DEPARTMENT

*Technological Obsolescence
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Editorial

Confidence
in Defense?

When President Johnson went before Congress to
ask for an additional $700 million appropriation
to finance the fighting in Vietnam, he confirmed
what almost all the experts in Washington have
been saying [Electronics, May 3, p. 17]. The excep-
tion has been Defense Secretary Robert S. Mc-
Namara.

Asked at a press conference on April 26 if
more equipment would be bought for the stepped-
up fighting in Vietnam, McNamara’s answer was
unequivocal. “We don’t have plans to increase
procurement above the previously established
level,” he said.

Eight days later, the President asked for the
additional $700 million “for this fiscal year” and
laid out a program that indicated that the Penta-
gon had done considerable homework.

Either the defense secretary was uninformed,
or he was lying. In ecither case, the incident again
raises a question that has bothered people in and
out of government since McNamara was first

sworn in: is this pompous egomaniac qualified
to be a cabinet officer?

It is becoming increasingly obvious that our
governinent has not been telling us everything.
Less than two years ago, McNamara was issuing
statements of confidence on Vietnam. He even
predicted that our troops would be out of that
jungle country in 18 months. These rosy state-
ments don’t mesh with the increased flow of troops
into Vietnam these davs or the losses of aircraft
and life we keep rcading about.

McNamara has certainly been one of the most
publicized defense sccretaries, partlv because he
is a controversial figure and partly because he has
the biggest stalt of public relations agents.

Certainly he has imposed his will on the Penta-
gon, picking projects that he wanted and con-
tractors that he favored; but the jury is still out
on how much he has saved—or cost—the tax-
payers in dollars and military strength. Indications
from Vietnam are that our troops there have had
mediocre communications equipment and  out-
moded aircraft. The mounting casualty list is in-
deed a high price to pay for statistically-controlled
economy.

The difficult Vietnam war is complicated by
political considerations. To bring the fighting to a
satisfactory conclusion, the President needs the
support of Congress, industry, and the taxpayers.

We wonder if they can give their full support
if their confidence in the secretary of defense is
shaken.

Early Bird’s song

Ever since the Communications Satellite Corp.
started cominercial operations with its Early Bird
Satellite a few weeks ago, the world has been
treated to a powerful demonstration of what this
method of communications can do. And the sur-
face has just been scratched. It now seems clear
that communications satellites will untie the bonds
that have held back some other electronic de-
velopments, such as facsimile.

Early Bird has supplied anyone within its trans-
mission area a front row seat on the world.

A New Yorker has watched, from his living
room, East German Vopos hunt a would-be emi-
grant who tried to cross the Berlin wall. The
unscheduled escape was seen live, as it unfolded.
A Londoner has turned on his “telly” and watched
a policeman patrol the crime-ridden subways of
New York,

Seeing the news happen can increase its impact.
More significantly, reliable communications be-

tween opposing sides could prevent a confrontation
which could destroy civilization.

Each of these contributions is wonderful enough
to justify communications satellites, but to the
electronics engineer, the most significance may lie
in the unlocking of restrictions on some other de-
velopments.

For example, tor years people have been pre-
dicting a bright future for facsimile, and its use is
indeed growing. But since facsimile requires
tremendous bandwidth, it is expensive to trans-
mit over long distance telephone lines or cables.
The satellite may resolve that problem.

To take advantage of these capabilities will re-
quire a stepup in the development of facsimile
equipment. Better and more compact transmitters
and receivers are required, for noise can make
facsimile copy unreadable. The cost of the terminal
equipment has to be reduced, too.

With such improvements, mail will be trans-
mitted overseas by facsimile, and important busi-
ness mail will be moved that way in the U.S.
Most people agree that conventional mail is too
slow these days, when events move so quickly
and decisions are made so fast.
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Periormance

System Accuracy:
= (0.071% RMS

Total Rotor Null;
0.2 mv/volt

- Signal to Noise
Ratio: 74 db min,

. Components

that
speaks
for

itself

i
Clitton Amplifier-

Let's skip the hot air and talk about
the performance of this '‘state-of-the-
art’ Amplifier - Resolver Combination
built for military airborne use.

This Combination is designed for sys-
tems requiring interchangeability of
resolver or amplifier without adjust-
ment or trimming. System accuracy of
+0.071% RMS is obtained under any
combination of voltage, temperature,
and frequency within the given ranges.
Voltage range is O to 26 VRMS. Fre-
quency range: 380-420 cps. Tempera-

i
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{DUAL CHANNEL BOOSTER

RESOLVER AMPLIFEER
MFG. MODEL NO. 460
CUST. PART NO.

SERIAL NO. [T
QPLEALING VOLIABE  +15 VEC & -30 ¥DC
CHFION PRECTHION PRODUCIS Div:410N

{HTTON FRETISION PRODULCIS (W
(I ON BUGHTS *a
RADE N QYA

.‘

o

ture range —25°C to +95°C. Input
impedance is 100 k ohms = 1%.
Total rotor null is 0.2 mv /v of input
and fundamental nulls are .05 mv/v.
Iinteraxis error is 3 minutes maximum.
Calibration error, 2.5 minutes max.
The ratio of the actual output voltage
to the undesired output voltage at
20 volts level is 74 db min.

The Resolver is a compensated Clifton
Size 11 with the stator as the primary
winding. Stator tuned impedance
13.8 k ohms. Stator nominal Q—=6.1.
Rotor peaking frequency: 40 kc mini-
mum. Weight is 5.5 oz. maximum.
Temperature range —55°Cto+125°C.

CLIFTO

PRECISION
PRODUCTS

DIVISION OF LITTON INDUSTRIES

Interchangeable

without losing system accuracy

esolver Combination

The Dual Channel Booster Amplifier
is1.84"x1.63" x.75". Power require-
ments +30 VDC =2 VDC @ 25 ma.
max.:. —30 VDC +2 VDC @ 35 ma.
max. Ripple 10 mv max. Weight 2.5 oz.
Temp. range —55°C to +125°C. A
single channel amplifier 1" x 1.63" x
.75" is also available.

"Nuff said? For price and delivery con-
tact any of our sales offices or repre-
sentatives. Clifton Precision Products,
Division of Litton Industries, Cliften
Heights, Pa., Colorado Springs, Colo.

[H
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Ground stations
at half price

Epitaxial process
may shrink
computer modules

Color tv: demand
outstrips supply

6-wheel Gl truck
runs by electricity

Electronics Newsletter

May 17, 1965

Successful satellite communications are opening a multimillion-dollar
market in ground stations for countries that aren’t ready to build their
own. In a move to tap this new market, Page Communications Engineers,
Inc., a subsidiary of the Northrop Corp., has introduced a $500,000
ground station that’s a bobtailed version of the American Telephone and
Telegraph Corp.’s huge station at Andover, Maine.

Page says stations of comparable signal-receiving ability cost about
$1 million.

A new epitaxial process for making ferromagnetic oxide films may sharply
shrink designs of microcircuit computer modules. With the process, devel-
oped by the Autonetics division of North American Aviation, Inc., com-
puter memory banks can be designed to operate at lower power levels
than ever before. The memories can be driven directly by integrated
circuits; unlike most computers, they won’t need power amplification.

In the Autonetics process, single crystals can be grown around a poly-
crystalline conductor for the first time. Autonetics engineers have been
able to grow a crystal five mils thick with a gold wire running through
its center. There is perfect contact between the current-carrying element
and the magnetic material. Since this also results in a completely closed
flux loop between them, lower switching currents and higher signal out-
puts are possible.

Within 18 months, Autonetics expects to batch-fabricate epitaxial fer-
rite memory devices in subsystems.

Despite sharp gains in production, about 300,000 people who want to
buy color television sets this year won’t be able to get them. The Radio
Corp. of America says the industry’s production of color tubes is expected
to fall that far short of the demand. Earlier this year, sales of color tv
sets was estimated at 2.6 million in 1965.

RCA, which produced 85% of the color tubes in the United States last
year, announced early this month that it will start to ration color tubes
to other set makers, because its own needs have outpaced production.

The other tube manufacturers—the National Video Corp.; Sylvania
Electric Products, Inc., a subsidiary of the General Telephone and Elec-
tronics Corp.; and Rauland Corp., a subsidiary of the Zenith Radio Corp.
—are not expected to be able to make up the difference.

Other companies are getting ready to enter the field. The General
Electric Co. announced recently that it was going to begin manufacturing
tubes. The Admiral Corp. said it was building a $12-million plant, and
production should begin by year’s end.

An electrically powered 6-by-6 truck that may be the forerunner of a new
breed of quiet, exhaust-free commercial vehicles will be unveiled later
this month by the Army. Each of the truck’s six wheels is driven by a
small 20-horsepower a-c motor. The Army says the vehicle consumes
33% less fuel than comparably sized conventional trucks.

Power to the wheels can be adjusted independently for speed and
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Orbiting sphere
is radar standard

Army testing 50 kw
solid state radio

Better laser for
communications

18

Electronics Newsletter

torque, so the truck can be maneuvered like a tractor through mud or
over rough terrain. The driver adjusts wheel power through silicon con-
trolled rectifier static converters. The truck has been under test for a year
by the Army’s Tank Automotive Command and by Lear Siegler, Inc.

Although electricity for the test model is generated by a gasoline en-
gine, an Army team at Fort Belvoir is experimenting with hydrocarbon-
air fuel cells, which may save even more fuel.

A large, hollow aluminum ball was fired into orbit last week to finely
calibrate high-power ground radars and satellite communications ter-
minals. The 75-pound sphere, 4415 inches in diameter, soared into space
on a Titan 3-A rocket. It rode piggyback with an 80-pound experimental
military communications satellite, called LES-2, designed by the Lincoln
Laboratory of the Massachusetts Institute of Technology.

LES-2, an acronym for Lincoln Experimental Satellite, is almost a
duplicate of LES-1, which was orbited earlier this year [Electronics, Feb.
22, p. 50], but accidentally ended up in the middle of the Van Allen radi-
ation belt. LES-2’s experiments will test the effectiveness of communica-
tions in the X-band frequencies, 8,000 megacycles.

Radar equipment on earth sees the sphere as a target with an area of
one square meter, the conventional unit for measurement of radar back-
scattering cross-section. It is, therefore, a radar measurement standard in
orbit, the first of its kind. Because of its shape, it reflects radar echoes uni-
formly. All other satellites now in orbit are nonspherical and produce
echoes that fluctuate widely in strength.

The sphere is also expected to provide additional information about
the shape of the earth’s gravitational field.

Next week, the Army will begin tests on the most powerful solid state
radio transmitter and receiver system ever built. The transmitter, which
produces 300 kilowatts peak and 50 kilowatts average output, is the first
system of its kind to meet the stiff specifications of the Defense Com-
munications Agency. The system is fully transistorized except for the final
amplifier.

Comparably powered vacuum-tube radios were about twice the size of
the new gear, which was developed by the Westrex Communications
division of Litton Industries, Inc.

The Westrex equipment, which broadcasts at 2 to 30 megacycles, is
versatile as well as powerful. It can simultaneously transmit up to 64
teletype channels; or it can simultaneously send 16 teletype channels, a
facsimile channel, a voice channel and 2,400 digital bits of data.

Scientists at Bell Telephone Laboratories are said to have produced a
gas laser with an output of more than 1.5 watts at a wavelength between
10.5 and 10.7 microns. The wavelength is called ideal for communica-
tions, because it’s attenuated relatively little by water vapor or other
elements in the atmosphere.

This month, la Societe Anonyme de Telecommunications in France
announced it had produced an output of 1.5 watts in about the same
wavelength. Alan P. Truffer, head of their laser project, said larger
versions of the laser should produce 10 watts soon. The tube contains
nitrogen, carbon dioxide, argon and oxygen.
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Look to EW for fast service on
these new small-signal Tl semiconductors

Now — complementary transistors
in flat package

A new dual silicon transistor offers
complementary NPN and PNP active

elements in a single flat package. The
new device, known as the 2N3838,
is now carried in stock. It makes
possible smaller high-reliability cir-
cuitry including complementary flip-
flops and complementary amplifiers.

This new device is one of a rapidly-
expanding line of “compatible com-
ponents” — especially designed to be
electrically and mechanically com-
patible with integrated circuits*. Ask
us for a file of compatible compo-
nent data sheets in a miniature form.

RS

N-channel FET's provide low-noise amplification beyond 200 mc

You can improve RF amplifier per-
formance by using new TI N-chan-
nel field-effect transistors. Two
2N3822’s, used in the 200 mc cas-
code amplifier shown above, gave
12 db gain and only 2.5 db noise
at 200 mc. Cross-modulation was
less than one percent when a 1000
#v, 200 mc signal and a 200,000 uv,
150 mc signal were combined.
The new series, numbered 2N3821,

22 and 24, offers yy as high as 3000
min at 100 mc. Noise figure is typi-
cally 3 db at 10 cps. Gate leakage
current is typically 10 pa, and maxi-
mum input capacitance is less than
6 pf. Other advantages include zero
offset voltage (in chopper applica-
tions) and high input impedance.
We have just received a shipment
of these new devices and can offer
immediate delivery. Call us.

New solid-state light source combines
small size and high reliability

The new TIXLO1 planar gallium arsenide
light emitter gives users of silicon light
sensors high efficiency, long life and free-
dom from the catastrophic failures charac-
teristic of incandescent lamps.

As shown above, the TIXLO1 measures
only 1/16-inch diameter by 1/10-inch
high. Emitters may be mounted directly
in 1/16-inch printed circuit boards, sim-
plifying assembly.

We have added these new devices to our
stock, ready for immediate delivery. Call us.

it

Get your new Tl Communications

Handbook from EW

We have a new shipment of the latest com-
munications handbook available —a set of
two 6- by 9-inch paperback volumes that
total 366 pages and contain 417 illustrations.
Special price for the set is only $3.50.
Order from us and get immediate delivery.

T1 cannot assume any responsibility for any circuits shown *Patented by TI

or represent that they are free from patent infringement.

“SERVING THE ENTIRE SOUTHEASTERN U.S.”

ELEGTRONIC WHOLESALERS INC.

SALES OFFICES

BALTIMORE, MARYLAND MELBOURNE, FLORIDA
Phone WI 5-3400 Phone PA 3-1441

WINSTON-SALEM, N.C.

MIAMI, FLORIDA  WASHINGTON, D.C.
Phone PA 5-8711

Phone OX 6:1620 Phone HU 3-5200
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Don’t just Talk about l
Cutting Distribution Costs...

A

Let Tiger Know-How Show You How!

No matter how you ship now, you owe it to your l

company to investigate Tigerfreight. Tigers cut total
distribution costs and it's the total that counts.

Tigers' fleet of CL-44s fly daily coast-to-coast
nonstop. This kind of fast service means: reduced

need for inventories, less capital tie-up, lower taxes

on unsold stocks, and savings on financing and

handling costs. Entire warehousing operations can

even be eliminated.

As these expenses are cut, so is pilferage, theft and
spoilage—all related to length of time in transit.

Tigers even help you slash costly packaging
procedures. Our Swingtail CL-44s easily accommo-
date cargo without special crating. Tare weight is less.
Labor expense of crating and uncrating is cut.

Tigers offer you all these benefits plus low rates.
Our new wholesale "“Blocked Space” rates can

save you an additional 15%. I

So don't just talk about cutting distribution costs.
Cut ’em! Call “The Airfreight Specialist.” We've
got the proof. You can't afford not to ship Tigers.

FLYING
TIGER % N
LINE

The Airfreight Specialist ~‘ )
= e
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When you need

entertainment grade electrolytics
... Look at the Mallory line!

Here’s what you’ll find. Premium performance in step with—or even
ahead of —your own tightened specifications for component quality.
Practical designs and low costs that anticipate your own value
analysis programs. A broad selection of ratings, sizes and mounting
methods are offered and are constantly expanded to keep pace with
your requirements.

New molded case Type MTA... miniature tubulars with out-
standing stability and moisture resistance. Now in three case sizes,
with ratings from 20 mfd., 50 VDC to 175 mfd., 3 VDC.

Famous FP . . . the original 85°C electrolytic is now better than ever,
with higher ripple ratings, lower DCL limits. Sealed aluminum case
with vertical twist-prong mounting. Printed circuit Type PFP.
Scores of values in singles, duals, triples, quads.

Type TC metal tubulars . . . axial lead type, rated at +85°C opera-
tion. New TCW types have improved all-welded construction for
low voltage applications.

Miniature metal tubulars ... Type TT now is available with new
electrolytes that extend temperature range to —55°C with good
retention of capacitance and ESR values. Ratings from 620 mfd.,
3 VDC to 17 mfd., 150 VDC.

Cardboard tubulars . .. a complete line including new CVM vertical-
mount type that snaps into place . .. plus printed circuit types.

For facts and figures, write or call Mallory Capacitor Company, a
division of P. R. Mallory & Co. Inc., Indianapolis, Indiana 46206.
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Mr. Executive . . . Would you like to
save money while improving the product?

(Take only a minute to read this unique, no cost offer of a survey and report)

There is available at Gudebrod a wealth
of experience, gained in a specialized
attention to the harnessing of wire cables
since the earliest days of electronic equip-
ment. Gudebrod has the latest informa-
tion on tools and techniques, the latest
information on materials and layout, the
latest information on government re-
quirements and industry trends. There is
no comparable source for such informa-
tion in the industry. Some companies, in
the course of normal business have taken
advantage of this Gudebrod experience
and knowledge. You, too, can benefit from
them. We can recommend ways in which
to improve the operation of your harness
room—and ways to save money at the
same time. Here is what we propose—
there are three parts.

First, we arrange, at your convenience, to
have a Gudebrod representative make a

(1]

thorough survey of your harness operation
—specifications, methods, materials.

Then, this survey is sent to the Gudebrod
Home Office for review by an experienced
consultant.

Finally (and most important), a Consult-
ant’s Report (as illustrated on the left
hand page) is delivered to you. This will
contain special, written, confidential rec-
ommendations on how your harnessing
can be improved, how you can save money.

With self-interest, Gudebrod believes that
by improving the state of the art through-
out the industry, they will also improve
their own business atmosphere. In your
own concern for your company, why not
talk to us about a survey of your harness
operation—to improve it—to save
money? To repeat—you will be involved
in no cost or obligation.

UDEBROD BROS. SILK CO.,INC.

FOUNDED IN 1870

12 SOUTH 12th STREET, PHILADELPHIA, PENNSYLVANIA 19107

ROD
Soamad
Qo ’O
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Area Code 215, WA 2-1122
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What do you need—

a status symbol or a scope?

Now you have a choice—Data Instruments 543. For those who
do not need the extras but who require reliability and perform-
ance in the essentials, it is the finest scope available. True, it
concedes something to the glamor versions in the number of
knobs—but it concedes nothing in way of performance or engi-
neering. The main frame features a 4 inch precision flat face tube
in a variety of phosphors with controlled edge lighting. A built-in
time base provides sweep speeds up to 1 usec/cm with hori-
zontal amplifier and trigger providing 10 X expansion to 400kc.
Five plug-in amplifiers, ranging in price from $80 to $160, give
the unit broad operating capabilities: 23 nanosecond rise time;
sensitivities of 100mv/cm with 15mc bandwidth and +5% accu-
racy. Narrow band and wide band differential amplification as
well as tuned bandwidth to 32mc are also available.

There are two models in the 43 Series—the Single beam 543 at
$365 and the Dual beam D43 at $399. Each instrument is fully
guaranteed for one year, and complete servicing is provided.

1f you don’t need a status symbo! but do require performance
and reliability in the essentials, the 543 is the finest scope
available. And at $365 it is very available.

Data Instruments Div, * 7300 Crescent Blvd, ¢ Pennsauken, N.].

Circle 24 on reader service card
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Space electronics

No vidicon tube

A matchbook-size solid state tele-
vision camera may be handling
some of the photo assignments
when United States astronauts
make their trip to the moon. The
miniature camera will contain no
vidicon tubes and is expected to
produce pictures with resolution
comparable to that of commercial
tv systems.

Crude pictures of moving ob-
jects have already been taken with
the camera, according to Carl T.
Huggins, of the National Aero-
nautics and Space Administration.
However, says the NASA engineer,
who is in charge of the project,
an operational version is probably
still a few years off. The Aerospace
division of the Westinghouse Elec-
tric Corp. is developing the camera
for the space agency.

2,500 elements. The system de-
veloped thus far uses a thin silicon
wafer of less than one square inch
as a mosaic sensing device. The
wafer replaces the vidicon tube of
conventional tv cameras and con-
tains 2,500 sensing elements that
are switched on digitally by simple
counting logic.

Each element is made up of a
three-layer phototransistor  that
controls a current which runs
through it The current, in turn, is
modulated by the light that hits
each element. Output from each
of the elements is stepped up by
a video amplifier before transmis-
sion,

All the circuitry is in micro-
miniaturized wafers or chips and
the power input is four watts and
up.

More sersors, less space. Even-
tually, Westinghouse researchers
say, a wafer of about the same size
will contain 40,000 sensing ele-
ments on its surface. The small
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Tiny television camera developed without vidicon tube
uses 2,500 phototransistors as mosaic sensor

number, comparatively, of sensing
elements now on the surface leaves
wide spaces between each; this is
one reason for the crude pictures
so far, the engineers explain. The
fully developed camera will oper-
ate on only %2 watt from a 28-volt
power supply and weigh about a
third of a pound, including all as-
sociated electronics.

Instead of an electron beam to
scan each row of sensors, digital
logic circuits scan the wafer at 60
frames per second. The scan rate is
expected to be slowed eventually
to 30, the speed at which com-
mercial tv scans,

Better image. The system pro-
duces tv pictures composed of a
series of dots rather than lines.
With the 2,500-element system, the
engineers calculate that the resolu-
tion is comparable to a crude 50-
line tv system. When the 40,000-
element system is perfected, they
believe, resolution will be equiva-
lent to 200 lines, about the same
as in commercial tv.

Major obstacles will confront
the researchers. For one, higher-
powered transmitters must be de-

signed to send high-resolution sig-
nals over long distances in space.
Also, new production techniques
must be developed to squeeze the
40,000 elements onto the wafer.

NASA’s Marshall Astrionics La-
boratory initiated the development
of the camera three years ago.

Wanted: Fireflies

A couple of thousand 4-H Club
members in Florida are out catch-
ing fireflies for the National Aero-
nautics and Space Administration
and shipping them to the agency’s
Goddard Space Flight Center in
Greenbelt, Md.

Scientists at Goddard are de-
veloping a life-detection system
that uses luciferin, the extract from
the tails of fireflies, as the chief
ingredient. A big problem, which
the Florida youngsters are solving,
was the shortage of the extract.

The system works by lighting
up when luciferin comes in contact
with a compound found in all liv-
ing things, adenosine triphosphate
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(ATP), the same principle that
lights a firefly’s tail. In a first ex-
periment, the instrument will be
sent 100 miles into space with the
firefly extract. Energy converted
to light and transmitted back to
earth will indicate to scientists the
presence of microorganisms. NASA
scientists believe there are micro-
organisms at that altitude.

A sensitive photoelectronic sys-
tem will sense and amplify the
light during flight and radio it back
to earth. Goddard scientists say
the instrument will be able to de-
tect as little as a quadrillionth of
a gram of ATP, and evenually
hope to reach a sensitivity of one-

hundredth of that.

Computers

Self-diagnosis

Computers, which are highly com-
petent at finding defects and pre-
scribing remedies in other systems,
are now going in for self-analysis.
Circuitry and programing modifi-
cations in the newest lines make it
possible for a machine to report on
a breakdown, say, in a particular
printed circuit card—and even sug-
gest the cure, such as replacement
of the card.

Such self-diagnosis is being built
into computers made by the Inter-
national Business Machines Corp.,
the Burroughs Corp. and the Sperry
Rand Corp. The savings, for either
the customer who owns a machine
or the producer who rents it out,
can be substantial, because down
time for a computer that costs sev-
eral hundred thousand dollars
amounts to a few hundred dollars
an hour.

In the IBM System/360 and the
Burroughs B5500, a small amount
of additional circuitry has been in-
stalled, and special programs writ-
ten to speed up the process of
finding and correcting a defect.
Sperry’s Univac 1108 accomplishes
similar results with programing
techniques only and no additional
hardware.
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Isolated areas. In principle, the
techniques for self-diagnosis utilize
special test programs that put the
computer through all its paces.
Each part of the program is de-
signed to test generally isolated
areas of the computer. If an area
is found to contain a defect, the
computer is told to look with more
detail until the specific faulty cir-
cuit card or component is pin-
pointed.

In the System/360 the objective
was to reduce unscheduled mainte-
nance time. The design requires
that at least 3% to 10% of the com-
puter be working properly for it
to report back the nature and loca-
tion of its fault. In the B5500, how-
ever, at least 15% to 20% of the
computer must be functioning cor-
rectly for it to act as its own doctor.
In both cases, the diagnostic tests
are run only when the operator gets
a clue that something is wrong.

Sperry, which was concerned
with preventive maintenance time,
took a slightly different approach.
The Univac 1108 executive pro-
gram runs a confidence check on
circuits whenever the machine has
a few seconds to spare—for in-
stance, while a tape is being
changed.

If a defect is detected, the com-
puter tries the circuit a second

time the next chance it gets. If the
fault is still there, the machine
stops and reports the defect to the
operator. But if the defect isn’t
found on the second check, the
computer notifies the operator to
analyze the transient fault later.

Solid state

An aid for radar

Solid state delay lines may soon
be in radar systems if the rapid
pace of their development con-
tinues. The devices could eliminate
bulky coiled-up coaxial cable in
some instances, or they might re-
place special circuits that intro-
duce delays by lowering microwave
frequency to an intermediate fre-
quency,

When the Sperry Rand Research
Center in Sudbury, Mass., last
month announced a device that
amplifies as well as delays [Elec-
tronics, Apr. 19, p 17], one reaction
was: “It would be fine if it weren’t
restricted to X band and didn’t
need a cryogenic environment.”

A bit warmer. This month, at
the Sperry center, researchers did
succeed in getting amplification

“The computer says it has a hysterical paralysis in
circuit 403B2X, brought on by an Oedipal fixation on a
vacuum tube. It wants an analyst who knows Fortran.”
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plus delay at frequencies below X
band and without the cryogenic
temperatures. In separate experi-
ments reported last week, they
found a technique to make signal
delay continuously variable from
zero to 50 microseconds—without
net gain in this case, but without
attenuation cither; this work was
done at X band, using a liquid
helium  environment.

Signal delay is an essential fea-
ture of some radars. In doppler
systems, for example, a delay line
momentarily remembers the orig-
inal, or reference signal. In elec-
tronic countermeasures, a variable
delay line in a warhead gencrates
phantom radar echoes to mask its
true signature, or the warhead’s
delay line remembers the frequency
at which it was detected and shifts
the frequency of the return signal.
And thie pulse-compression tech-
nique developed in the 1950’s re-
quires delay lines to make the
broad frequency-modulated return
signal appear at the receiver as a
narrow pulse.

Too big. Delay lines, however,
are big and bulky. They attenuate
signals at the higher frequencies.
Usually, the signals are so severely
attenuated in the delay process
that they must be reamplified to
usable levels.

In the Sperry device, the delay
function is accomplished with a
half-inch-long crystal of yttrium
iron garnet. The slowed-down sig-
nals are not attenuated by the YIG
crystal; the device, in fact, ampli-
fies them while performing the
delay funetion. The solid state unit
is a comhbination of variable delay
device and parametric amplifier.

Richard W. Damon and Herman
van de Vaart, the developers, have
begun testing similar devices for
lower frequencies in L and S bands.
Only preliminary work has been
done at the lower frequencies, but
it appears that liquid helium tem-
peratures aren’t needed. The liguid
helium cocled X band delay line
produced a 35-decibel net gain of
delayed signals at 8,700 mega-
cycles. The low-power X-band in-
put to the YIG rod was pumped
with a signul at twice the frequency
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— 17,400 megacycles.

A big boost. In the initial experi-
ments, a pulsed X-band signal in
the nanowatt range was put into
the YIG rod. Acting as its own
transducer, the YIG converted the
X-band input into magnetoelastic
waves—a  combination  of  spin
waves and sound waves. At the
opposite end of the rod the Ky-
band pump signal was applied at
approximately 100 watts of power
to amplify the slow waves para-
metrically. Delayed 5 to 15 micro-
seconds Dy the rod, the waves
were converted again to X-band
pulses and displayed on an oscil-
loscope with a trillionfold ampli-
fication.

The Sperry scientists reported
that the device demonstrated at
least 4 to 5 Mc bandwidth at the
peak X-band amplificaion.

A magnetic field almost parallel
to the axis of the YIG rod deter-
mined the length of the delay. A
change of 20 gauss in the field re-
sulted in a one microsecond change
in delay. In the more recently de-
veloped technique, delay is varied
by changing the time interval be-
tween the input pulse and the
pump pulse. The delay time of the
echo is always twice the delay be-
tween the input pulse and the
pump pulse. There is no net gain
of the delayed signal. Damon and
van de Vaart point out that this
behavior is quite different from

magnetoelastic waves, for which
the delay time is determined by the
applied magnetic field strength.
They attribute the recently ob-
served behavior to parametric ex-
citation of traveling spin waves,

Advanced technology

Laser radar

A new type of laser amplifier,
which boosts the power of a laser
pulse four times by a factor of 50,
for a total amplification of 6% mil-
lion, and then adds even further
amplification, will be tested this
summer by the Air Force, It will
form part of the first high-powered,
coherent optical radar system,
which will go into operation in
about two years.

The amplifier is contained in a
system called MOPA by its design-
ers, Electro-Optical Systems, Inc.,
of Pasadena, Calif. MOPA, an
acronym for Master Oscillator
Power Amplifier, is made up of a
continuous-wave laser oscillator, a
modulator, and optical circulators
and amplifiers. The Air Force will
add a final amplifier to the system.

The first two amplifiers are dou-
ble-pass and will produce the 6%
million amplification. Two more
single-pass  amplifiecrs  will be
added; final output power and
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Optical circulator will be used in high-powered laser radar system

developed by Electro-Optical Systems, Inc.
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range are classified. The Air Force
will add a fifth amplifier later.

The second two amplifiers are
not double-pass because the beam’s
amplitude is so great by the time
it reaches them that they become
saturated, and would not amplify
on a second pass.

Because the optical radar will
operate at a frequency about 1,000
times as high as microwave radar,
its resolution will be higher. A mi-
crowave antenna array the size of a
football field has only one tenth the
directivity of a four-inch lens or
mirror for a laser radar.

Back and. forth. MOPA’s oscilla-
tor output is pulsed by a Kerr cell
modulator. The pulsed beam enters
a circulator that directs it through
an amplifying laser. As the beam
leaves the laser, it is turned around
and sent through again. On each
pass, the pulses are amplified 50
times. The beam then goes to a
second circulator-amplifier combi-
nation, which performs another
double pass.

The oscillator is an yttrium-alu-
minum garnet rod doped with neo-
dymium. It is pumped by two io-
dine-cycle tungsten-filament lamps,
in an elliptical cavity with reflect-
ing walls. The laser’s output wave-
length is 1.06 microns, or 3 x 10
cycles per second.

The modulator, a nitrobenzene
Kerr cell with crystal polarizers,
shapes the output into pulses that
are nearly square. A fast-rising
pulse with a flap top is best for ob-
taining range and doppler range-
rate data with the radar, according
to EOS.

Optical Circulator. The key to the
amplification technique is the op-
tical circulator (see diagram, p. 27).
The horizontally polarized beam is
deflected by the first prism into the
Faraday rotator, which turns the
polarization 45° clockwise. When
the beam leaves the rotator, it is
slightly elliptical. This is corrected
by the Soleil-Babinet compensator.
The derotator restores the beam’s
horizontal polarization, and it goes
through the second prism into the
amplifier. On the return trip from
the amplifier, it retraces its steps
through the rotator. The changes
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in beam polarization add up in-
stead of canceling each other out.
Polarization becomes vertical, so
that the beam is deflected by the
right-hand prism to a new direc-
tion, and goes into the second cir-
culator.

The beam strikes a Brewster an-
gle on the entrance end of the am-
plifying rod and is turned to travel
parallel to the rod’s centerline. As
it traverses the rod, it is pumped
up by xenon flashtubes. The ampli-
fied beam exits perpendicular to a
mirror, which reflects the beam
back into the rod for further am-
plification on a second pass.

Manufacturing

Crystal gazing

When a semiconductor processing
line starts turning out too many de-
fective devices, the technicians
start muttering about “black mag-
ic”—their term for gremlins. It’s
probably wishful thinking, for it
would almost be easier to call in a
magician than to go through the
necessary painstaking analysis of
why the devices fail.

One tool for analyzing defects
hidden in the semiconductor crystal
is x-ray topography—recording an
x-ray picture. Such a method, how-
ever, may require days to produce
a precision topograph of a large
slice of silicon on which planar de-
vices and integrated circuits are
made.

G. H. Schwuttke, a scientist with
the International Business Ma-
chines Corp., has developed under
an Air Force contract an x-ray
technique that provides such topo-
graphs of large areas within a few
hours, making it practical for use
in quality control or process evalua-
tion. The method does not damage
the devices and can be used before
and after any processing step, in-
cluding metallization.

Eyestrain. Conventional x-ray
microscopy is so slow because the
slice must be minutely examined by

a finely focused beam. It takes 20
hours to scan an area 12 millime-
ters in diameter. Schwuttke’s x-ray
beam is a narrow band which
makes topographs of 31-mm slices
in three hours.

The crystal cannot be examined
all at once by a strong x-ray beam
because strains in semiconductor
crystals reflect x-rays so intensely
that they mask the less prominent
defects. There is no such thing as
a strain-free slice of silicon—strains
are introduced as the crystal is
grown, during every processing
step and even when the slice is
mounted for x-ray analysis. Local
variations in crystal orientation also
appear as strains which reflect
x-rays greatly.

Extinction contrast. At the Elec-
trochemical Society meeting in San
Francisco May 10, Schwuttke was
scheduled to explain how his “ex-
tinction contrast” method enables
him to obtain clear x-rays of defects,
including the tiny strains called
microstrains, caused by variations
in the amount of doping impuri-
ties diffused into different devices
on a slice. X-ray analysis can be
correlated with electrical tests of
the same devices or of integrated
circuits.

The radiation from a standard
x-ray source is cut down to a nar-
row band, 50 mm high by %2 mm
wide, by passing the beam through
slits before it reaches the crystal.
As the beam passes through the
crystal, part of the beam glances
off dislocations or other variations.
The horizontal divergence of the
beam is controlled by adjusting the
slits, so that the beam is of just
the right intensity to bring out the
type of imperfections that are be-
ing studied.

The reflections strike an x-ray
filn placed behind and to one side
of the crystal. The film and the
crystal are mounted on a holder
that moves them back and forth to-
gether, so that film exposure is
regulated by the number of times
the beam scans the crystal. Scan-
ning also averages out fluctuations
in beam intensity, producing a
more accurate picture.

An alternate scanning technique
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SILICON HIGH VOLTAGE ASSEMBLIES
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ULTRA/FGP®ishere...ready to
protect your integrated circuits
with a hard, monolithic glass and
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Box 747, Bay City, Mich. 48709.
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was devised by Schwuttke to han-
dle situations where varying angles
of incidence are needed to obtain
reflections from a series of defects.
The crystal and x-ray film are oscil-
lated back and forth in front of the
beamn, as though they were on a
pendulum.

Industrial electronics

Green lights for New Yorkers

Ask a New Yorker the fastest way
to go crosstown on 42nd Street,
and he’ll probably tell you: “Walk!
It’s twice as fast as taking a cab.”

Late this fall, though, New York’s
traffic-weary drivers may start see-
ing green at the intersections in-
stead of red. If all goes according
to plan, the Sperry Gyroscope Co.,
a subsidiary of the Sperry Rand
Corp., will start installing a com-
puter-operated traffic-control sys-
tem for southern and midtown
Manhattan and scattered areas of
Brooklyn, the Bronx and Queens.

Keep it moving. Under a $5.5-
million contract, Sperry is develop-
ing a system that will monitor
traffic flow at every major inter-
section and feed the data into a
Univac computer. The computer
will then calculate the best traffic-
light pattern,

Sperry will get its first chance
to test its system any day now.
The first test was scheduled to be
conducted on April 26, but a strike
at its Great Neck, L. I, plant
forced a postponement. The test
will be conducted at the Sperry
labs, using simulated signals.

Financially, the test means a lot
to Sperry Gyroscope. About two
months ago, the company, hard-hit
by a sharp decline in defense or-
ders, laid off some 150 engineers.
But if the city decides to install
Sperry’s system, the company will
have the inside track on a $100-
million order for additional equip-
ment.

Standing on the corner. Sperry
is to install 1,000 radar units on
street-corner posts. The radar will
count the number of cars and their

)
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speed, and transmit the information
to the Univac. The master com-
puter will make major decisions on
general traffic patterns and trans-
mit those decisions to 19 control
systems  strategically  located
around the city. These submaster
controllers will make on-the-spot
decisions for small traffic areas,
taking into consideration the over-
all traffic pattern. This data, then,
will be fed into 2,693 intersection
controller units, which will operate
the traffic lights.

In the event the radar system
proves unsatisfactory for sensing,
Sperry is also developing a sonic
detector. Both electronic systems
will use all solid state equipment.
- Triple control. The system will
be able to adjust the traffic-light
pattern in thrce ways: cycle length
(the total “red” and “green” time);
split (the ratio of “red” to “green”
time); and offset, or progression
(the staggering of “red” to “green,”
which would allow cars to travel
down a street at a fixed speed
without hitting a red light).

According to New York’s Traf-
fic Department, the system will be
the most versatile one ever de-
veloped—more sophisticated than
traffic-control setups in Toronto or
Baltimore. Neither, of those sys-
tems, the department explains, can
react to unexpected changes in
traffic patterns and adjust isolated
areas of traffic lights.

For an idea of the foreign ap-
proach to computerized traffic con-
trol, see the story on page 162
about the system Munich will in-
stall next year.

Instrumentation

The untouchables

In industry, it’s often necessary to
detect minute variations in dimen-
sions without making physical con-
tact. Such problems occur in vi-
bration analysis in checking the
tolerance of a precision part under
environment stress. In recent
weeks, scientists at opposite ends
of the United States have devel-
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oped two different ways to do this
safely.

One instrument, developed by
the Weinschel Engineering Co. of
Gaithersburg, Md., uses a micro-
wave signal to detect small
mechanical displacements in sta-
tionary or moving objects. The
second device, basically a ca-
pacitance sensor, was developed
by Turbo-Machine, Inc., of Mon-
rovia, Calif. It uses the sensor as
one plate of a capacitor and de-
tects changes in capacitance as the
distance from the sensor varies.

High resolution. Weinschel says
its instrument can measure dis-
placement to one millionth of an
inch; resolutions are one micro-
inch for stationary objects and 10
microinches for moving objects. A
portable sensing head aims a mi-
crowave signal at the target
through a waveguide on the head.
For targets more than two feet
away, an ll-inch elliptical antenna
can be attached to the sensor head.
The device detects changes in
phase of a reflected 35-gigacycle
signal.

Because the device is designed
to operate with low levels of re-
flected signals and is insensitive to
magnitude, it can be used for both
metallic and dielectric targets. The
standard for calibration is a micro-
meter-driven phase shifter attached
to one arm of a reference bridge.

Carl F. Augustine, chief devel-
oper of the $12,000 instrument,
emphasizes that its high resolution
is achieved without the use of ex-
pensive phase-locking equipment.
Also, all the microwave plumbing
is milled in a continuous solid
brass piece; this eliminates micro-
phonic and temperature-expansion
problems.

Change in phase. The Turbo-
Machine device is a proximity de-
tector; it uses a high-frequency
reference oscillator that is elec-
tronically coupled to a tuned quad-
rature circuit 90° out of phase.
When an object is brought near
the tuned circuit sensor, it “loads”
the sensor and causes a change
in its frequency that is phase-pro-
portional to the distance of the
mass. The tuned circuit controls
the grid of a gated beam tube
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