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Exceptional quality and reliability is provided in all
UTC designs. Over 30 years of engineering knowl-
edge and experience backed by complete environ-
mental testing and life testing facilities assure the
highest standard in the industry. Full analysis and
evaluation of materials are conducted in UTC’s Ma-
terial and Chemical Laboratories. Rigid quality con-
trol measures coordinated with exhaustive statisti-
cal findings and latest production procedures re-
sults in the industry’s highest degree of reliability.
Range covered in Audio Transformers is from 0.1
cycles to 400 MC . . . microwatts to 50 KW.
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NINETY-DIODE MATRIX in a 9-by-10 array is key element in
a miniature decimal counter. A silicon slice 1 in. in diameter
and 0.01 in. thick is diffused and individual diodes machined
from it in the desired pattern. Then circuit boards (inset)
are attached top and bottom. Here’s the trick in making it: the
silicom slice is glued to a glass plate as the diode pattern is cut.
Then the top plate is soldered in place and the glue dissolved

so the bottom plate can be soldered on. See p 50 COVER

LASERS PUMPED by Sun and Exploding Wires. Short, high-
power pulses result when capacitor bank discharges into wire.
Focused sunlight is a feasible laser power source in space

MISSILE RANGE INSTRUMENTATION R&D Still Faces Many
Unsolved Problems. More accurate tracking and evaluation
techniques are needed. Also required: underwater equipment

NEC REPORTS on lllinois R&D. Survey shows area lags in
ratio of research to electronics production. A bright spot:
companies want to do something about it

ARMY COMPUTER Matches the Biggest in Size and Speed. Its
T72-bit, 4,096-word memory cycles in 1.5 usec. Included in the
report is a computer family tree

ION ENGINES OUTGROW THEORY. Electric propulsion engi-
neers are now working on nuts and bolts. First flight test may
be this year

MAGNETIC-TAPE STORAGE of Wideband Analog Data. Prob-
lem was how to store 52 channels of analog information with
each channel 15 Kc¢ wide on magnetic tape without using 52
heads. The answer was to use only two heads and a time-division
multiplex system to sample the analog channels. The author
compared several pulse-modulation schemes and settled on pulse-
amplitude modulation. The circuit uses two cascaded delay
lines since a single line with adequate tolerance was not
available. By M. H. Damon and F. J. Messina

DIODE MATRIX Shrinks Decimal Counter. The 90-diode matrix
is used to form feedback paths for 10 transistor amplifiers that
are, in turn, driven by a flip-flop. The result is a decimal
counter that measures only 1.15 by 1.35 by 1.25. Ouiput of the
transistors drives a glow-type decimal indicating trbe.

By R. W. Wolfe
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NOISE-FREE Keying Circuit. Here is a way to switch audio
signals without introducing noise or transients. Rise and decay
time is approximately 100 msec for a 60-db change in signal
output level. The tube’s grid bias network includes two photo-
resistors in a light-tight box with a lamp bulb. Lighting the
lamp switches the tube. By A. Martens

ANALOG MULTIPLIER Uses Pulse-Time Modulation. This
so-called rectangle multiplier consists of a self-saturating mag-
netic amplifier and a transistor switch driver. Voltage fed back
through an auxiliary switch to a feedback winding on the modu-
lator helps achieve an accuracy of 1 percent of full scale.

By W. R. Seegmiller

GIVING 111-KV BOOSTS to a Van de Graaff Generator. When
a 3.6-Mev Van de Graaff was used to inject a proton beam into
the Brookhaven Cosmotron, current drain caused an undesirable
energy decay. The solution was to boost the Van de Graaff out-
put during the injection pulse. It is done with an octupler
power supply and a 150-Kv pulser. By E. J. Rogers

OVERLOAD PROTECTION With a Low-Power Transistor. This
protection circuit detects excessive current and reduces output
voltage proportionately. It is inoperative until a preadjusted
current level is attained. It makes up for one of the shortcom-
ings of a zener-diode stabilizer. By C. Yarker
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CROSSTALK

GAS CHAMBERS —————1
CATALYTIC
ELECTRODES
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POWER SOURCES. For years, portable elec-
tronic equipment has depended on batteries and
small generators for power. These have been
augmented in recent years by thermoelectric gen-
erators, nuclear-fueled power sources, solar
cells and other devices, all part of the search for
more watts per pound, longer life and less main-
tenance.

One of the newer and more promising power
sources are fuel cells, which combine some as-
pects of both batteries and generators. Like
batteries, fuel cells produce energy from a
chemical reaction. But the ingredients, fuel and
oxygen, need be added only as power is re-
quired. In this respect, fuel cells are like engine
generators.

There are many approaches to fuel cell design.
Fuel may range from organic compounds to
gases. Illustrated is a GE design for an oxy-
hydrogen cell. One of the subsidiary uses for
this class of cell is as a self-powered oxygen
monitor. If it is fed only hydrogen, the electrical
output indicates the amount of oxygen in, say,
a spaceship cabin.

Note the water drain at the bottom of the cell.
It has been suggested that fuel cells be used on
spaceships because they could supply not only
power, but fresh water for the crew. Or, the
water might be broken down into refueling gases
for the cell.

An interesting power source is the human
body. Researchers are attempting to get enough
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electricity out of people to operate miniature
biological monitoring devices.

And, taking their clue from animal processes,
battery developers are trying to duplicate in bio-
chemical cells the energy-producing reactions of
the body.

We could go on about all the other types of
power sources now in use and in development.
But that would take eight pages—the length
we’ve assigned to a really thorough roundup of
power sources next week.

The author is David Linden, of the U.S. Army
Signal R&D Lab at Fort Monmouth. He has
written a full-scale updating of a report on power
sources that he coauthored in our issue of March
20, 1959.

CHANGING BANDS Recently, we received from
Hallicrafters a complimentary copy of a large
wall chart showing in color all the electronic
countermeasures spectrum. We were startled to
see the radar band designations all changed
around.

Should we throw out the old bands (p 58, June
2, 1961) and publish an article about the new
ones? Cooler heads prevailed. A copy of the
pertinent military regulation (AFR 55-44) was
obtained. The bands are only different for ECM
purposes.

This little incident makes us sympathetic to
the problems facing missile range instrumenta-
tion people (p 32, this week). On top of all their
other worries, they’ll have to vacate the vhf
telemetry bands and move into higher fre-
guencies during the next several years.

ANOTHER FIFTY. This is the year for golden
anniversaries in radio. The IRE celebrated theirs
a few days ago at a banquet. In the fall, a group
of organizations will throw a party for amateur
radio operators licensed 50 years.

All hams who can prove they were licensed
in the first year of the Radio Act of 1912 and
who are still active today are eligible for awards
at a banquet to be held in New York October 12.
Proof should be sent John Huntoon, ARRL,
West Hartford, Conn., before August 15.

The banquet is sponsored by ARRL, AFCEA,
IRE, QCWA, HARC, SSBARA and Radio Club
of America.
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This extremely accurate log am-
plifier enables exact measure-
ments of attenuation in networks,
filters, amplifiers, and other de-
vices exhibiting dynamic operat-
ing ranges down to 90 db. Write
for complete technical data.

® Frequency range 500kc-100mc,
with flatness better than
+1/5 db.

® Four calibrated ranges:
Logarithmic 0-40, 0-60, 0-80 db
(readable to 90 db) and
one linear range 0-20 db
(variable gain).

e Continuously variable log-
expand control permits
uncompressed presentation of
first 5 db of each range.

® Direct-reading meter for
point-by-point measurements.

® Oscilloscope output jack for
sweep display measurements.

e Designed for rack mounting:
7" x 1415" x 19”. $795.00
ELECTRONICS
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Industrial Products Division, Dept. ITE-136
Philadelphia 32, Pa.
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COMMENT

Negative-Resistance Diode

Mr. Barry C. Dutcher has kindly
pointed out an error in my mathe-
matical analysis given in the article,
Negative-Resistance Diode Handles
High Power (p 44, Aug. 25, 1961).
The corrected analysis leads to the
prediction of modes of operation
impossible for a device of this kind.

The model upon which my analy-
sis was based was in error, and this
error, combined with the error in
the sign of 8 under the radical in
the solution for s, leads to results
which were substantially correct.

The proper model is not new, but
the reason for its use is sufficiently
subtle to excuse a few words of ex-
planation.

While a capacitive reactance C,
can be measured in shunt with the
junction, this is not the phase-shift-
ing element of the device in the
active region. A current-controlled
device having a negative resistance
represents a phase shift which is
inductive in nature. This can most
readily be seen by considering the
device operating with a small value
of load resistance so that it func-
tions as a switch., As the peak or

turnover point is reached, the de-
vice will switch at constant current
to some high voltage and then de-
cay to the stable current value.
That is, the voltage leads the cur-
rent, as through an inductor. The
external reactance necessary to pro-
duce unstable conditions is then
capacitive, the equivalent circuit be-
comes as Fig. A below, and the
circuit to be analyzed becomes as
Fig. B. The analysis proceeds in the
same fashion as that in the original
article to produce the new stability
relations which are shown as the
solid lines in Fig. C. The dotted
lines are the old stability relation-
ship. The same two dimensionless
ratios are used because the re-
actance is still related directly to
the quantity L/#*C. In the active
region the correct curve is remark-
ably similar to the old curve.

The experimental data fits both
curves about equally well. Results
and interpretations are unchanged
at high frequencies, but a capacitor
is necessary to obtain oscillation at
low frequencies. I wish to thank
Mr. Dutcher for his information on
his results which caused me to re-
examine the premise on which my
analysis was based.

A. P. SCHMID
Raytheon Company
Waltham, Massachusetts
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Nno case or hermetic seal required. ..

* low loss
* low noise
* greater stability
X wide temperature range
* impervious to humidity

—65°C to +125°C operation
0.5 mmf to 6800 mmf

50 to 500 vdc

Conforms to MiL-C-112728

©Vitramon, Inc. 1962
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solid state

PORCELAIN CAPACITORS

The diclectric used in “VY” Capacitors is a dense,
high quality porcelain, formulated and developed
by “Vitramon” research chemists. In a unique man-
ufacturing process, the “Vitramon” porcelain is
molecularly fused with fine silver electrodes to pro-
duce self-contained, homogeneous, monolithic units
that have an inherent immunity to environmental
degradations and exhibit outstanding electrical and
physical characteristics.

INCORPORATED

Box 544 e« Bridgeport 1, Connecticut
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Transient Voltages...Cause and Cure

A transient voltage can be generated whenever a mag-
netic component is energized, or de-energized. The peak
amplitude of the spike can be many times the normal
steady state peak inverse voltage, and is dependent on the
amount of magnetic energy stored in the circuit and the
rate of change of the collapse of the resultant flux field.

The amount of magnetic energy stored in various cir-
cuit reactances can be approximated by L%, and this
energy, when current is interrupted can produce a volt-
age equal to L%, It is apparent, therefore, that under
severe load or overload conditions, a high level transient
voltage with substantial energy can be generated.

In actual applications, transients are generated mainly
through interruption of current by switching, although
circuit characteristics and phenomena can contribute to
the problem. Full advantages to be gained from silicon
rectifiers are available only if they are properly applied
and protected. Silicon rectifiers have low inverse voltage
capabilities and thermal capacity, so any overvoltage
condition, even for a few microseconds, can destroy the
junction. The circuits illustrated are typical of those
where problems have been found.

In addition to the three most common causes, less
obvious circuits and phenomena can generate transients.
Among these are minority carrier recovery, switching
magnetic amplifiers, lightning or random line conditions
and motor regeneration.

The problem of computing C or RC filters is com-
plicated because of the possibility of changing circuit
operating parameters or causing oscillation.

Tarzian’s recently developed line of “klipvolt” seleni-
um transient voltage suppressors, therefore, offers a rel-
atively low cost, simply applied method of positive pro-

of voltage and current that govern typical application of
suppressors; however, special designs and ratings arc
available on request. There are two basic types of sup-
pressors, the non-polarized for use primarily across AC
components, and the polarized for use in DC load cir-
cuits. In some instances, however, it may be preferable
to use non-polarized suppressors in output circuits for
more positive clamping or non-interference with circuit
timing or operation.

Switching in Primary —Transients are caused by interruption

of “magnetic”’ current, or by energizing the primary and causing
oscillation between inductance and distributed capacity.

—
S1

T1 l
SR1

TCl RL
FIGURE 1

Switching Load— When the load is switched, the magnetic energy
stored in the input circuit generates a voltage across the rectifiers

and switch.
T1 S1
SR1 L1

FIGURE 2

Magnetic Components on Common Line—Other magnetic
components like motors, solenoids, relays or breakers can gener-
ate a transient peak when input is interrupted. The generated volt-
age will appear across the rectifier.

—
S1

Ml L1

tection. In many applications, a “‘klipvolt” suppressor will SR1 L2 ﬂ
reduce overall circuit cost and increase reliability. The
accompanying table covers the important design factors
FIGURE 3
TYPICAL —MAﬁWO-Q)b— SUPPRESSORS—SINGLE PHASE
DC LOAD CURRENT 0-35 36-55 56.100 | 101.110 110-200 | 201-350
PIV RMS VOLTS AMPS AMPS AMPS AMPS AMPS AMPS
» 50 35 S-487 | S.487A | S-487B S-487A S.4878B 5-487C
% 100 70 | s-a88 | s-a88A | _siss_si'_s-ztssxx S-488B S-488C
S 200 140 S-490 | S-490A | S-490B S-490A S-490B s490C |
e 300 210 S-492 | S-492A | S-492B S-492A S-492B §-492C
:;?.% 400 280 $-493 | S-493A | $.493B S-493A 'S-493B S-493C
- 500 350 S-494 | S.494A | S-494B S-494A S-494B | S-494C
600 420 S-495 | S-495A | S-495B S-495A S-495B | S-495C
TYPICAL THREE PHASE SUPPRESSORS
DC LOAD CURRENT 0-60a | I 61-115a 116-200a_ 201-450a
PIV RMS VOLTS H.W. BR H.W. BR H.W. BR H.W. BR
50 35 $-539 $-539 $-539 S-539A S-539A S.539B 5-5398 $-539C
100 70 $-540 $-540 $-540 S-540A S-540A S-540B S-5408 S-540C
200 140 S-542 S-542 S-542 S-542A | S-542A S-5428B S-542B S-542C
300 210 S-544 S-544 S-544 S-544A S-544A S.544B S-544B S-544C

Note: All types without suffix letter use plates 17 square; with “*A""—1%4", with “B''—1.6"; and with “C"—2” square. Length depends on voltage
rating and varies from 13" to 43;".

SARKES TARZIAN, INC.

World's Leading Manufacturers of TV and FM Tuners « Closed Circuit TV Systems « Broadcast
Equipment « Air Trimmers « FM Radios « Magnetic Recording Tape « Semiconductor Devices
SEMICONDUCTOR DIVISION ¢« BLOOMINGTON, INDIANA
In Canada: 700 Weston Rd., Toronto 9 « Export: Ad Auriema, Inc., New York

Write for complete
““klipvolt’’ application information.

COPYRIGHT 1961, SARKEE TARZIAN, INC.
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ELECTRONICS NEWSLETTER

British Group Proposes Satellite Net

LONDON—A $600 million plan for worldwide telephone com-
munication via nine satellites in equatorial orbit has been sub-
mitted to the British government by an industrial consortium of
11 major British firms, called the British Space Development Co.

After a 12-month survey and
expenditure of $300,000, BSDC esti-
mates that a network of nine satel-
lites in a 6,000 to 9,000-mi-high
orbit and 16 major ground stations
could provide 500 duplex telephone
channels by 1968-1970. Later de-
velopments would extend capacity
to 2,000 channels plus tv links.

Preliminary financial estimates
based on a $2.80 a minute tariff
anticipate an operating revenue of
$50 million by 1970. Revenue would
rise to $140 million by 1980. Total
profit for the first 18 years is esti-
mated as high as $1.4 billion dollars.

BSDC proposes to finance capital
cost by investment of industrial
firms plus assistance of British
and Commonwealth governments.
Among members of BSDC are Asso-
ciated Electrical Industries, Decca
Radar, Elliott Automation, Pye
Radio and Television, and Rolls
Royce. The proposal is likely to be
discussed in April at the Common-
wealth Satellite Communications
Conference in London.

NATO Decides to Make
U.S.’s Bullpup Missiles

PARIS—United Kingdom, Denmark,
Norway and Turkey have decided to
participate in NATO-sponsored Eu-
ropean production of the Martin
Bullpup, a radio-commanded air-to-
ground missile. The U. S. will pro-
vide technical aid and reportedly
may procure some of the European-
built Bullpups.

This will be the third missile
program sponsored by NATO. Five
nations have joined a $500 million
program for Hawk and nine nations
are producing $40 million in Side-
winders. Bullpup expenditure will
reportedly be similar to Sidewinder,
but could grow if other nations,
notably West Germany, join in.

NATO sources declined to say

March 30, 1962

that Bullpup has been selected over
Nord Aviation’s AS-30. It was
pointed out that the British have
ordered both missiles and that
Nord is expected to sell the AS-30
to other NATO members.

Most NATO nations are also
participating in an effort to estab-
lish an advanced air-to-surface
missile.

Pentagon Spreads Around
Its Spare-Parts Orders

WASHINGTON—Defense Department
reports progress in its drive to ex-
pand contract competition. During
July-December, 1961, 40 percent of
contracts were let after advertised
bidding, informal or negotiated
price competition, or design com-
petition. The rate was 37 percent
in the previous six months.
Emphasis is on replacement spare
parts, normally bought in the past
from the original producer. The
policy is now to seek new sources
of supply through price competi-
tion. The Pentagon says the new

policy has affected about $100 mil-
lion in spare parts, mostly aircraft,
with reductions from original
prices ranging from 31 to 75 per-
cent.

Teaching Machine for
Languages and Mathematics

CHICAGO—McGraw-Edison expects
to start deliveries later this year of
a machine to teach languages and
mathematics. Touching keys on a
specially adapted computer readout
typewriter causes automatic pro-
nunciation of the selected symbol
and display of characters, words
and sentences on a display with an
automatic pointer.

The device will also deliver audi-
ble explanations and read stories
and can be set so that only correct
keys will respond to a child’s touch.

It was developed in collaboration
with Omar Moore, Yale University
behavioral scientist. Used at a lab-
oratory school in Hamden, Conn.,
the device has assisted children, 2}
to five years old, to read, spell, write
and pronounce up to several hun-
dred words after using it a half
hour daily for 16 to 33 weeks.

Six Firms Vie for Air
Traffic Control Contract

BOSTON—Air Force Electronic Sys-
tems Division has invited bids for
its Emergency Mission Support sys-
tem from Collins Radio, Hazeltine,

U. S. Hopeful for Space Concord with USSR

WASHINGTON—Reaction here to the Kennedy-Khrushchev ex-
change of letters on space cooperation is one of guarded optimism.
The Soviet offer centers around areas where the U. S. clearly has
the lead over the Soviets—in communications, meteorological and
scientific satellites (the USSR has just announced a new series

of scientific satellites).

Considerably less cooperation is offered for deep space explora-
tion and manned lunar expeditions that would involve the big
Russian boosters. Joint efforts on this front would expose the
boosters to U. S. evaluation and indicate the reliability of Soviet
missiles. Khrushchev said prospects hinge on disarmament agree-

ments.

Meanwhile, negotiations are underway at the United Nations
between Hugh L. Dryden, for the U. S, and A. A. Blagonravov,
for the USSR. The U. S. attitude is described as hopeful optimism




Lockheed, North American Avia-
tion, RCA and Westinghouse Elec-
tric. The air-transportable, all-
weather, air traffic control system is
to be operational in 1963. Bids are
due next Tuesday.

Digital Controls Run
Fast-Drafting Machine

CLEVELAND—Orthomat division of
Universal Drafting Machine Co.
will show a numerically controlled
drafting machine at the ASTME
Show here in May. The machine,
which uses digital circuits rather
than analog-digital, is reported to
draw at a rate of 200 in. a minute,
with tolerance of 0.005 in.

One feature is a transducer
which controls the stylus move-
ment acording to 1-mil taped com-
mand pulses and also reads out the
stylus’ absolute position with ref-
erence to a predetermined point.
Absolute position is displayed con-
tinuously within 0.001 in. on the
control panel.

Electron Beam Seen as Key
To Dense Storage of Data

BOSTON — Electron beam storage
and readout are seen achieving the
“giant step” needed for microspace
information storage, according to
a report scheduled for presentation
yesterday at the Fourth Electron
Beam Symposium.

S. P. Newberry, of GE, says that
a writing beam can be at least 100
times smaller than optical, mag-
netic or mechanical means. Advan-
tages include: no perceptible in-
ertia, direct readout into electrical
signals, 25 times greater depth of
focus and greater energy density,
permitting higher writing and
storage speed.

GE researchers’ design goal is
10™ bits per sq cm, recorded on a
solid surface, Newberry reports.

Gaps in Radar Tracking
Are Bridged by Computer

AIR FORCE has placed in operation
at Cape Canaveral and Ascension
Island a real-time data handling
system to improve radar tracking
along the 5,000 mi Atlantic Missile

Range. Stored trajectory informa-
tion, tracking data transmitted
from Cape Canaveral and radar
tracking data available at Ascen-
sion Island are combined. The sys-
tem issues a series of predictions
to help other radar stations lock on
and track missiles or satellites.
Tracking information is also con-
verted for transmission back to
Cape Canaveral.

The system is expected to pro-
vide more accurate data, especially
during periods of radar blackout as
in missile reentry. The system in-
cludes Univac’s recently developed
1206 real time military computer
and converters, buffer units and
data recorders by Milgo Electronic
Corp., Miami.

System Monitors Nuclear
Weapons Test Circuits

BOSTON — Edgerton, Germeshausen
& Grier reports development of a
pulse-duration modulation system
to monitor status of circuits be-
tween control point and detonation
site during proposed nuclear weap-
ons tests in the Pacific. The com-
pany says it will radically reduce
complexity of cabling and increase
reliability.

EG&G is responsible for the
countdown system to trigger hun-
dreds of recording and analysis
instruments before a nuclear device
is detonated, and for gathering
blast and post-blast data.

Thermionic Converter Uses
Liquid Cesium Collector

MORE THAN 30 watts of power have
been obtained at 1500 C in a
thermionic converter under develop-
ment at Thermo Electron Engineer-
ing Corp., Waltham, Mass. The
collector is liquid cesium instead of
a solid.

A cesium vapor barrier forms be-
tween emitter and collector, allow-
ing the emitter to be any shape.
Evaporated emitter material, such
as uranium carbide, does not collect
on the liquid surface.

The company plans to build a
converter which will continuously
produce practical amounts of
power. One use would be direct con-
version of heat to electricity in a
reactor core.

In Brief . . .

NATO AND SHAPE are sponsoring a
laser symposium next week at
The Hague, Netherlands. Atten-
ance is by invitation only.

GENERAL PRECISION is buying out
Royal McBee’s interest in Royal
Precision. Royal McBee gets $5
million.

STATE FARM MUTUAL is renting 37
IBM 1401 and 1410 computers
worth $21 million for its home
and regional offices.

SUBCONTRACTS on the CENTO na-
tions communications net include
$1.2 to Collins Radio, multiplex
equipment at 23 stations, and
$1.1 million to Onan division of
Studebaker Packard, 267 gen-
erator sets.

PHILIPS, Netherlands, will build
Ghana’s telecommunications net
and radio station. First year’s
cost is 30 million guilders.

BAILEY METER will engineer and
make $2 million control system
for AEC’s Hanford atomic works.
Also, company sold 300-input,
computer-based, information sys-
tem to a Cleveland utility.

AIR FORCE SAC will have clock system
independent of external calibra-
tion. System’s frequency gener-
ator will be a National Co. Atomi-
chron.

RADAR contracts include $4.75 mil-
lion to Ryan, target augmenters
for Firebee system; $600,000 to
Servionics, target simulators;
$230,000 to GE, Mistram an-
tennas.

MISSILE system component orders
include $1 million to Emertron,
classified items; $750,000 to
Transitron, semiconductor de-
vices; $750,000 to American Elec-
tronics and $425,000 to Varo,
generators; $175,000 to Kear-
fott, flight control parts.

OTHER MILITARY contracts are $1.6
million to RCA, missile test
equipment ; $400,000 to Tracerlab,
nuclear survey meters; $259,000
to Rixon Electronics, teletype-
writer multiplexers; $100,000 to
Dorsett Electronics, missile test
telemetry equipment; $100,000 to
Leach, tape recorders.

electronics



New from Sprague!

NO30 MONOLYTHIC" Ceramic Capacitors
offer unparalleled size and circuit stability

Here is a new kind of capacitor . .. with a com-
bination of stability, weight, and size advantages
never before achieved in a “compact” capacitor!

Layer-built by a unique automated process,

MonNoLyTHIC Ceramic Capacitors exhibit ex-

tremely low capacitance change with temperature
(about one-fourth that of comparable capacitors using
other dielectrics). Their special construction also per-
mits a new order of compactness—MONOLYTHICS pack
more capacitance per unit volume, resulting in sub-
stantial reductions in size and weight.

In addition to single-section capacitors, MoNo-

LYTHICS can also be obtained as multiple-section

| units, allowing circuit designers to replace several

conventional capacitors with a single compact device.

The availability of these tiny yet highly stable units with

either axial or radial leads offers further flexibility to
the circuit design engineer.

Cumulative test data prove the low failure rate of
‘ these epoxy or phenolic coated capacitors in serv-

ice—established by thousands of life, moisture re-
sistance, shock, and vibration tests,

For application engineering assistance without obligation, write to
Commercial Engineering Section. For complete technical data,
write for Engineering Bulletins to Technical Literature Section.
Sprague Electric Company, 35 Marshall Street, North Adams, Mass,

SPRAGUE COMPONENTS

—aas 3 —

CAPACITORS

RESISTORS

MAGNETIC COMPONENTS
TRANSISTORS

INTERFERENCE FILTERS
PULSE TRANSFORMERS
PIEZOELECTRIC CERAMICS
PULSE-FORMING NETWORKS

March 30, 1962

HIGH TEMPERATURE MAGNET WIRE
CERAMIC-BASE PRINTED NETWORKS
PACKAGED COMPONENT ASSEMBLIES
FUNCTIONAL DIGITAL CIRCUITS

SPRAGUE

THE MARK OF RELIABILITY

“‘Sprague’ and ‘@’ are registered trademarks of the Sprague Electric Co,
CIRCLE 9 ON READER SERVICE CARD 9



three
1I0cm

oscilloscopes
with following

features:

calibrated amplifiers

calibration voltages for adjustment of the
amplifier available

calibrated sweep speeds
stable and sensitive triggering
modern design and good accessibility

suitable for all normal mains supplies

delivered with a complete set of accessories
and a manual with operating- and service
instructions

-

3
A

[

Both amplifiers

Bandwidth: 0 - | Mc/s (-3dB).

Sensitivity: Y-amplifier 100 mV/cm,

X-amplifier 200 mV/cm.

Attenuation: up to 50 V/cm in 9

calibrated steps, accuracy 3"/, con-

tinuous adjustment to at least

150 V/cm. Relative phase shift: less

than 20 for frequencies up to | Mc/s.

Time Base

Sweep speeds: 2 usec/cm -

100 msec/cm in 8 calibrated steps,

accuracy 5%.

Trigger facilities

Internally or from an external source

for pulse repetition frequencies up

to | Mc/s, adjustable triggerstability.

Cathode ray tube

10 cm flat-faced tube with 2 kV ac-

celerating voltage. Different grati-

cules for curve tracing and phase
measurements are supplied

with the instrument.

x- I Oscilloscope, type GM 5639

p“ I ll Ps electronic measuring

10
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Sold and serviced by Philips Organizations all over the world

Further information will gladly be supplied by:

N.V. Philips’ Gloeilampenfabriecken, EMA-Department, Eindhoven, the Netherlands
For Canada: Philips Electronics Ind. Ltd., 116 Vanderhoof Ave., Toronto 17, Ont.

electronics



H F Oscilloscope, type GM 5601

instruments:

March 30,

Vertical Amplifier

Bandwidth: DC -5 Mc/s (-3dB).
Sensitivity: 100 mV/em - 5 V/em in
6 calibrated steps, accuracy 3%,
continuous adjustment to at least
15 V/em. Input impedance: | MQ2in
parallel with 35 pF. An attenuator
probe 10 : | is delivered with the
instrument.

Time Base

Sweep speeds: 0.5 pusec/ecm -
200 msec/cm in |8 calibrated steps,
accuracy 3%. Magnification : 5 x,
accuracy 5°%.

Trigger facilities

Up to | Mc/s, internally, externally,
or line frequency with adjustable
trigger level and stability control.

Cathode ray tube

10 ¢m flat-faced tube with 3 kV ac-
celerating voltage.

PHILIPS

1962

LF Oscilloscope, type GM 5606

Yertical amplifier

Bandwidth: DC - 200 ke/s (-3dB).
Sensitivity: I0mV/em- 50 V/em in 12
calibrated steps, accuracy 3%, conti-
nuousadjustmenttoatleast[50V/em.
Input impedance: | MQ in paraliel
with 40 pF.

Time Base
Sweep speeds: 2.5 usec/em -
| sec/cm in 18 calibrated steps, ac-
curacy 3'u Magnification: 5 x,
accuracy 5%

Trigger facilities

Up to 200 kc/s, internally, extern-
ally or line frequency with adjust-
able trigger level and stability
control.

Cathode ray tube
10 cm flat-faced tube with 3 kV ac-
celerating voltage.

quality tools for industry and research

CIRCLE 11 ON READER SERVICE CARD
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PURCHASE
RULES TO
GIVE MORE
INCENTIVES

SCIENCE
AGENCY
SOUGHT

BOMBER
FUNDS NOW
OPTIONAL

CHECK ON
HEARING
AID PRICE

12

WASHINGTON OUTLOOK

ARMED SERVICES Procurement Regulations have been revamped to
allow higher profits for contractors who assume greater financial risks, cut
costs, beat delivery dates, or improve performance and reliability. But there’ll
be penalties—lower profit allowances—for contractors who exceed target costs
or otherwise fall short of contract requirements. The changes reflect Defense
Secretary McNamara’s aim for a “closer relationship between a company’s per-
formance and its profit on a defense contract.”

Specifically, the new rules will mean increased use of firm fixed-price con-
tracts, less dependence on cost-plus-fixed-fee contracts in major weapon devel-
opment projects, greater use of incentives in fixed-price and cost-reimburse-
ment contracts, broader range of fees on cost-plus contracts, and a larger
contractor share of savings on incentive contracts.

Cost-plus-fixed-fee contracts, now accounting for about 37 percent of all
orders, have been criticized for not curbing mounting development costs. Plans
are to restrict them to research and other situations where objectives cannot
be closely defined.

THE WHITE HOUSE proposes to set up an office of science and technol-
ogy. The proposal must be approved by Congress. The new agency would pre-
sumably be headed by Jerome W. Wiesner, the President’s science adviser. It
would coordinate government-supported scientific projects and would take over
some of the responsibility for national science policy now held but not fully
used by the National Science Foundation.

The new agency would have the same relationship and responsibility to the
President and to Congress as the Council of Economic Advisers and the Budget
Bureau. This would bolster Wiesner’s political stature and the role of scien-
tists in federal policy making.

IN A FACE-SAVING MANEUVER to get both the administration
and Congress off the hook, the House Armed Services Committee toned down
its weapons authorization bill which had ‘“directed” the Defense Department
to spend $320 million more than it wanted for B-70 development next year.
Now, expenditure of the extra money is authorized, but not mandatory.

In return, the administration promises to make a “new study . .. of tech-
nological developments” to see whether the project can be fruitfully acceler-
ated., Air Force plans a detailed reevaluation of the B-70—RS-70, now—within
the next month. It will again propose additional prototypes, plus a stepup in
electronic subsystems development.

Pentagon insiders bet that McNamara—with the President’s approval—will
again reject Air Force recommendations. Even after Air Force began its new
study, McNamara doubted that Air Force could make an impressive argument
for expanding RS-70 development work. McNamara is skeptical of potential de-
velopment of high-resolution, side-view radars and other subsystems for the
reconnaissance-strike version.

SENATE ANTITRUST and Monopoly Subcommittee says it has received
numerous complaints about high prices for electronic hearing aids, and is con-
ducting a preliminary investigation into pricing practices. A questionnaire
was sent to most major U. S. makers of hearing aids. A final decision on whether
to hold a hearing will not be made until analysis of the response is completed.

electronics
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SAVE SPACE WITH THIN,
EXTRA-STRONG
ELECTRICAL TAPES

OF MYLAR®

Here’s a pressure-sensitive tape that
packs great strength into thinner
gauges (20,000 psi for 1 mil). Tape of
Mylar* polyester film saves space be-
cause manufacturers can use thinner
gauges with no loss in performance...
at lower cost per linear foot.

Want more? “Mylar’’ also provides
—flexibility for snug wraps—high di-
electric strength (4,000 v/mft)—di-
mensional stability at high humidities
—moisture and chemical resistance
—resistance to temperatures from
—-60°C to 150°C. And *“Mylar’’ lasts and
lasts because there’s no plasticizer to
dry out with age.

Insulation of “Mylar’’ gives motors
50 to 100% longer service-free life.
Gives capacitors longer-lasting stabil-
ity, greater reliability. In a wide vari-
ety of electrical applications, the ad-
vantages of ““Mylar’’ can improve the
performance, lower costs. Evaluate
“Mylar’ for your product. Write for free
booklet (SC) detailing properties.
Du Pont Co., Film Dept., Wilmington
98, Delaware.

@ M)
POLYESTER FILM

e y s PaT O
BETTER YHINGS FOR BETTER LIVING *Registered Dy Pont trademark.
... THROUGH CHEMISTRY tASTM D-149
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S NEW INSTRUMENTS

and COMPONENTS from PRD!
"% PRD Electronics, Inc. &8

\ A subsidiary of Harris-Intertype Corporation
~ Brooklyn, New York « Los Angeles and Redwood City, Calif. + Haddonfield, N. J.

1. PRD N680 Calorimetric Power Meter 2. PRD 668 Peak Power Meter 3. PRD 809-A Klystron
Power Supply 4. PRD 277-B Standing Wave Amplifier 5. PRD X712 Signal Source 6. PRD 904-A
Noise Generator 7. PRD S712 Signal Source 8. PRD 279 Ratiometer 9. PRD 650-C Microwave
Power Meter 10. PRD 4000 Series Waveguide Switches 11. PRD 6608 Bolometer Mounts 12. PRD
3302 Calibrated Susceptances (For PRD 219) 13. PRD 232 & 233 Slotted Line and Carriage
...and many, many more! Send for data! PRD Electronics, Inc., 202 Tillary St.. Brooklyn 1, N.Y.



MORE POWER
TRANSISTORS

FROM BENDIX
,»\ . e ’??

)

:

This newly expanded line of Bendix" Power
Transistors is especially valuable for use in
DC-DC converter and DC-AC inverter circuits
and for switching up to 400 watts as drivers for
relays, relay replacements, solenoids, magnetic
clutchers and other high current appiications.
Characteristics of typical types are listed in the
table below. Included in the expanded !ine are
power transistors which offer unusually flat beta
| curves for less amplifier distortion, increased
| currentgair (upto 200 at 3 Adc), and increased
power ratings. Each power transistor is ‘Dynam-
ically Tested,’ an exclusive Bendix quality (
control process that tests each unit to assure
uniformity and maximum reliability. For data on
the complete line of Bendix Power Transistors
and Power Rectifiers, write to Holmdel, N. J. \

»,
. MAXIMUM RATINGS CURRENT GAIN
Number Vees 'c Pe hpg @ I
- vde  Adc w Adc
2N297A" 50 5 35 40-100 0.5
2N456A-8A 4080 7 50 3090 5
“ON637-B.AB ____ 40-80 3 90 2060 3
2N1011° 80 5 35 30.75 i
T ON1136AB 40-80 5 . 90 50-100 3
2N1137.A.B 4080 5 90 75150 3
T2N1138.A.B 40-80 5 90 100-200 3
2N1359-2N1365  40-100 3 9 35-150.
T 2N1529-38 A 3090 & 90 2070
2N1539-43.A "30-90 5 90  50-100 ]
INi544.48 A 3090 5 20 75350 3

Ao aveilabls per MIL S 19500/36A & MIL-T-19500/67

Bendix Semiconductor Division e Sendh

CORPORATION

Main Office: South St., Holmdel, N.J.—Ph: SH 7-5400 « New England Office: 114 Waltham, Lexington, Mass.—Ph: VO 2-7650 « Detroit Dffice: 12950 W. 8 Mile Rd., Detroit 37, Mich.—
Ph: JO 6-1420 » Midwest Dffice: 1915 N. Harlem Ave.. Chicago, IIl.—Ph: 637-6929 « West Coast Office: 117 E. Providencia Ave. Burbank, Calif.—Ph: VI 9-3961 « ‘Canadian Affiliate:
:Iompuhng Devices of Canada, Ltd., P.0. Box 508, Ottawa 4,0nt. « Export Office: Bendix International, 205 E. 42nd Street, New York 17, N.Y. Stocking Distributors: Contact nearest sales office
or name of local distributor.
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That’s the Corning cYFM capacitor. It’s topped only by the
Corning cYFr—the first one that completed the Autonetics/
Minuteman hi rel program.

We learned how to make the cYFM while working to
improve reliability. It’s electrically and environmentally in-
terchangeable with the cyFR. The major difierence is price,
and that’s because we use refined processes on the CYFR for
applications requiring guarantecd failure rates and reliability.

All in all, the cYFM is a positively sealed capacitor for
complete environment-proof performance (it goes far be-
yond MIL-C-11272B), and it sells for less.

Developmental testing of the cYFm went 6,000,000 test
hours, and included load life, boiling salt, salt spray, fluxes,
and solvents.

You can get ils reliable capacitive element of foil and
ribbon glass, frozen inside glass with hermetic seals at the

16 CIRCLE 16 ON READER SERVICE CARD

"SECOND BEST?

leads, in four types. The cYFM-10 gives pf values from 0.5
to 300; cYFM-15, 220 to 1200; cyFm-20, 560 to 5100:
cYrM-30, 3600 to 10,000. Your Corning distributor can give
you fast delivery at factory prices.

But, when you must have the ultimate in guaranteed
reliability to your specifications, specify the cyFR. It's
available in the same sizes and capacitance range. The
CYFR is second to nonc.

For complete information, write for data sheets to Corning
Glass Works, 539 High St., Bradford, Pa.

CORNING

Electronic Components
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NEW...Weston Serles 1900 Meters Give You Integrated Design

144
2

144
2
144
2
144
2

144
2

Function D-C
Movement 19 ’ 29

v v

A-C Rect. VU

A-C Thermo

Cormag®

AN

Ext. Magnet V V

Iron Vane

Cormag®

v v v

Ext. Magnet

Iron Vane

Cormag®

Ext. Magnet

Iron Vane

Cormag®

Ext. Magnet

WY R KRR
AN

fron Vane V

Ext. Magnet

v v v
v

Iron Vane V

Weston offers the widest choice of instrument types and styles
available in a single matching line. All instruments listed
above are available with conventional pivot and jewel move-
ments. The new Weston Taut Band Suspension offers highest
accuracy and sensitivity, is available in 3'2” and larger sizes.

Weston’s new concept of design
(illustrated below) makes possi-
ble a fullvy integrated family of
instruments for your every need.
Layout problems are simplified
since all meters of the same size
are directly interchangeable . . .
regardless of the mechanism you
choose. All meters meet ASA elec-

trical requirements in Specifica-
tion Number C-39.1 for indicating
instruments with 2600 V A-C di-
electric test, and are available with
B Bakelite or clear plastic faces
B Color inserts for coding or
styling

B 100° scale arces for both A-C and
D-C instruments.

In addition, only Series 1900 Meters offer . .

THREE TYPES OF MOUNTING

2. FLUSH

Full bezel

permits mounting
flush with panel
through rectangular
cutout.

1. SURFACE

Use same dimensions
whether vou choose a
meter with taut band
or pivot and jewel
movement.

3. RECESS

Only the scale is
visible since meter is
mounted behind the
panel . . . half
bezel fits into
window. Available
with internal
illumination.

New Concept of Design...Series 1900 PANEL METERS

D-C Cormag® A-C Iron Vane D-C Ext. Magnet
S . Z. l )
Three basi¢c mechanisms ese N -
erles (conventional or taut band) ... SN "‘.r '
i \ P ;
- | = |
Rectifier Thermo-couple
~ N\ " v 4
A >
Meters fit « standard mounting plate. .. “

-l@ @@-

21/2” 3]/2” 41/2” 51/2” 71/2n

to produce any size meter!




WESTON TAUT BAND Gives You These Outstanding Benefits!

Because taut band instruments have no Taut band instruments. ..

® Modern in every way

m Series 1900 Panel Meters are

e e

aﬂc) ‘“e‘mo
log-scale ,&'f[‘ﬁel, dﬁc

A

A,
o

o

g,

ot
.
7 .‘-‘!: T
ashil
2 " 8
1 ° 2 .
Aredd,
'\/\“‘v )_‘:;«-"“'" »..l.,,.‘"l..
o N
R
8

:

now available in...

any

size

from 214" to 714"

(Taut Band from 31" to 7%")

any
function
DC, AC, VU, Thermo, Rectifier,
or Log-scale

any
from 2 pa, full scale, to highest
needed

accuracy

1% and 2%, standard . ..
higher accuracy on request

asmi/;yle

traditional Bakelite or modern
static-free plastic

mounting

surface, flush or recess

Jomplete technical information from: WESTON INSTRUMENTS

Division of Daystrom, Incorporated
614 Frelinghuysen Avenue
Newark 14, New Jersey

pivots and jewels . ..
s Dpivot friction is eliminated,

o require less driving energy,
» may beoperated in any position with-

« error due to pivot fall-over is elimi- out degrading performance,

nated.
Because there are no movement
springs. ..

e are 4 times more sensitive than con-
ventional meters.

« spring-setor hysteresis is eliminated.

Here’s what Weston’s exclusive design means to you

Weston Co-planar™ termination is the only
method of construction which assures com-
plete control of taut band ribbon length and
tension. This type of suspension also: as-
sures precise centering of the moving coil
for highest accuracy; guarantees uniform
torque of the flat movement ribbon through-
out the scale; and eliminates soldering with-
inribbon’s active length. Important features
of Weston’s Co-planar™ design are illus-
trated in the drawing:

Small hub has wedge “a” which securely
locks the taut band ribbon in place. The rib-
bon is then soldered at point “b”. No solder-
ing within active length of ribbon to disturb
the ribbon’s stress characteristics. Other end
of ribbon is attached in like manner to the
threaded anchor nut “c”, into which the mov-
ing coil is attached.

Tension spring maintains firm pressure on
band, absorbs shock, increases ruggedness of
instruments.

Nylon bushing prevents excessive axial and
lateral motion—further contributing to
ruggedness.

Special taut band ribbon is produced by
Weston’s own metallurgical facilities. In-
plant quality control assures precise charac-
teristics in finished suspension ribbon.

Weston mechanism requires an active rib-
bon length of only 0.18” on each side of mov-
ing coil. That means Weston Taut Band
Instruments are less bulky, and are com-
pletely interchangeable with pivot and jewel
meters in Series 1900.

FACTS ABOUT WESTON TAUT BAND RIBBON

o Average size is only 0.0003” thick, 0.003” wide, and 0.18” long.

o Thickness is controlled within 1% — or = 0.000003".

+ Ribbon is supporting a weight equivalent to 50-tons per square inch in the instrument.

» No degradation resulting from high shock or vibration.

o Short ribbon length of 0.18” permits higher sensitivity than with longer ribbons.

o A one-pound ingot of Weston Taut Band Alloy provides enough ribbon for 750,000 meters.
o The cross-sectional area of a bundle of 18 ribbons is equal to that of a human hair.



opecial Pliers
for the
Highly Specialized
Electronics Field

When the early transmission lines were strung in this country a
century ago, it was Klein Pliers in the hands of linemen that
helped do the job.

Klein has kept pace with the development of the electrical field,
meeting each new challenge with tools specially designed to do
the wiring job better . . . more economically.

Shown here are a few of the many highly specialized Klein Pliers
carried in stock to meet the needs of electrical and electronics
manufacturers.

You will find your assemblies go together more smoothly and
wiring is done more rapidly when the right Klein Plier is used.

SEE YOUR DISTRIBUTOR

D211-6C—Cutters at tip
sel at 45° angle.

—
- — .
D208-6C—A shear cut-
ting plier designed to cut

dead soft or exiremely
hard wire,

- u

a<.'

D208-6PC—Shear cutting
blade at tip. Holds clip-
ped end.

7 v 3
r—;ﬂ, T

——

D318-5/2—Llong needle
nose for reaching con-
fined space.

/,_,._——'?

—

A

A

A

204-6—Cutters at tip.
Idealfor electronic wiring.

\

—
-

D229-4C — Springs be-
tween jaws hold clipped
end of wire.

4

-

\

v
=
e S

D052-C—Speciolly de
signed for wiring printed
circuits.

74

D207-5C—Reploceabie
blode sheor cutter, Will
cut deod soft wire or ex.
tremely hard wire.

\

‘5? % MathiasKlElN & Sons
5 3 Established 1857

INCORPORATED
7200 McCORMICK ROAD, CHICAGO 45, ILL.

Mathias Klein & Sons, Inc. 7200 McCormick Road, Chicago 45, lll.
Please send me the Klein Plier Catalog and information.

Name

Title

1
! |
I |
! |
! |
! |
I |
I Company . o ,
| Address i |
! |
! [
L ]
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1. Print conductive coating on substrate.

Ideas and uses for Du Pont
Conductive Compositions

® Conductive silver, gold, palladium and platinum compositions
® Resistor compositions ® Gold and silver cement compositions

2. Print on resistor composition and fire.

R o 5 7 i
3. Solder terminations (without electroplating).

Reduce circuit production steps with new Du Pont Resistor Composition

Now you can fire the conductor and the printed
resistor simultaneously, using either Du Pont
solderable silver #6320 or platinum-gold com-
position #7553 B Simply screen or brush either
conductive coating on the ceramic substrate.
When dry, print one of Du Pont’s Resistor

Compositions directly over it and fire. You
eliminate separate firing of the conductor ®
You get better electrical properties and can
solder the terminations without electroplat-
ing ® For further information, check #1 on
the coupon.

22

Electroplated silver produces true
hermetic seal

To hermetically seal resistors or other electronic
components, simply fire on Silver #6216 in the 600-
650°C. range and then electroplate.

This produces a solid film and eliminates air pores.
Any desired thickness can be deposited on the seal.
Ideal for applications where seals do not have to
be resoldered.

Check #2 on coupon to learn more about these
materials.

How to get good metal-to-ceramic
seals without plating

1. Platinum #6855. Provides strong bond for seals
where resoldering is necessary. Requires no
plating, should be fired in the 700-750°C. range.

2. Gold-Antimony Cement #7944. Tacky enough
for temporary bond prior to heating, and re-
quires only a low temperature firing range of
400°C. to produce seals.

For detailed information on these Du Pont compo-
sitions, please check #3 on coupon.
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Silver Cements
replace
soldering of
resistor
termimations

Du Pont thermosetting silver cements are easy
to apply and eliminate need for soldering on
carbon resistors.

They have good adhesion, high abrasion resist-
ance and withstand temperatures up to 200°C.
These cements can also be used for ohmic contacts
to diodes or transistors, for leads to mica capaci-
tors, and in place of solder for laminations.

For details check #4 on coupon.

How to replace solder preforms
(and jigs) in semiconductors

During semiconductor assembly, apply Du Pont
Gold-Antimony Cement #7944 by stylus to tempo-
rarily bond lead attachments to silicon crystals.
Solder preforms and jigs are not needed.

After assembly, low temperature firing converts
the temporary bond to a permanent joint that will
withstand temperatures of 300°C.

Du Pont’s line of gold cements can be applied man-
ually or by automated techniques. Temperatures
as low as 160°C. will cure the cements making a
bond operatable at 200°C.

Check #5 for further information.

March 30, 1962

Silver electrodes for piezoelectric
ceramics

1. Silver #4731. Especially developed for barium
titanate, can be soldered or pressured contacted.
Used with high-frequency application as elec-
tric shavers, recorders.

2. Silver #7095. Newly developed for very high
frequency vibration uses on lead zirconate tita-
nate. Can be soldered or pressured contacted,
offers excellent adhesion. Uses include: ultra-
sonic cleaners, sonar equipment.

Check #6 for details.

or pliabl materials...a new
flexible conductive coating

Now there’s a conductive coating that flexes with
paper, plastics and other non-rigid materials.

Du Pont Air-Dry Silver #7941 is used to print
conductive patterns, circuits, or static shields on
flexible surfaces. After air-drying, it has good
electrical and thermal conductivity —in addition
to the unique combination of good adhesion and
flexibility.

Check #7 for details.

P8, u. 5. PAT. O

Better Things for Better Living...through Chemistry

Ceramic Products Division
Electrochemicals Dept.—Room D-2060
E. L. du Pont de Nemours & Co. (Inc.), Wilmington 98, Del.

Please send me further information on the Du Pont
conductive compositions which I have checked below.

#1 Resistor Compositions #5 [J #7944 Gold-Antimony
#2 [] =6216 Silver Gold Cements

#6 [J =4731 Silver
#3 [J #6855 Platinum %7095 Silver
#7944 Gold-Antimony #7 [J #7941 Air-Dry Silver
#4 [J Conductive Cements for
Terminations

Name

C

[P LR A

Address.

City. Zone. State.
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Sun and Exploding Wires Pump Lasers

By WILLIAM E. BUSHOR

Senior Associate Editor

WASHINGTON—Quick acceptance of
lasers as an iniportant scientific
tool was brought into sharp focus
last week at the spring meeting of
the Optical Society of America.
Perhaps the best evidence of this
is that 28 of the 115 papers given
related to laser operation and ap-
plication.

Exploding-wire light sources for
pumping pulsed lasers operating at
room temperature were reported
by experimenters from Westing-
house Electrics’ research labs. Be-
cause it is one of the most brilliant

light sources known and is capable
of producing extremely high-
energy inputs, the exploding wire
gives high-peak power levels and
extremely fast rise times. These
are important factors in designing
high-power pulsed lasers for oper-
ations where short pulses of very
intense pumping light are required.

Efficient coupling of energy is
achieved by focusing the small-
diameter, line source light output
with a polished elliptical stainless
steel mirror onto the ruby rod. A
glass and a plastic sleeve around
the ruby filter out extraneous radi-
ation not useful for pumping, and
prevent shattering of the ruby by

Austrian Firms Seek Import Protection

VIENNA — Austrian entertainment
electronics is slated for some new
goals, say Viennese observers. Pres-
sure for changes is being brought
about by the challenge of automa-
tion and fear that the European
Free Trade Association will mean
more competition in radio and tv
sets.

Radio set output last year aver-
aged 31,609 units a month. In

Delcon Corp., of Palo Alto, Calif.,
is making a battery-powered set
which translates sound from the
ultrasonic (35-45 Kc) to the audible
range. It can be used to find leaks
or flow obstructions in pressure or

vacuum systems, or for engine
analysis and other industrial ap-
plications
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1960, the monthly average was 34,-
839 a month. Most of 1961’s pro-
duction was in transistor units,
with about 250,000 sold. The re-
mainder were table radios.

During the first three quarters
of 1961, 104,733 radios were sold
outside of Austria for about $2,-
419,000. Comparable figures for
1960 were 81,517 units at some
$1,900,000.

Television receiver production
has increased sharply, an average
monthly output of 1,529 units in
1957, to 9,337 in 1960 and 9,459 in
1961. Austrians exported 13,376 tv
sets worth $1,373,000 during the
first three quarters of 1961. The
comparable 1960 figures were 8,913
units and $830,900.

Buyers for Austria’s radio and
tv output are in the Netherlands,
Sweden, Great Britain, Yugoslavia,
Switzerland, Belgium, Finland and
Portugal.

Radio and television manufac-
turers are worried about competi-
tion from West Germany. They ex-
pect that their own domestic
market will be periled in that
West German imports are inundat-
ing Denmark, Switzerland and
Sweden. Plans are now afoot to
seek protective tariffs until mass
production brings Austrian prices
down,

acoustic shock waves or wire frag-
ments. To date, Nichrome, alumi-
num, copper and tungsten wire
have been exploded from capacitor
banks with an output energy ca-
pacity of 33,600 joules.

Coherent light output of the sys-
tem is only 0.4 joule compared with
the several joule outputs obtained
with gas-discharge pumping, but
the researchers feel that greater
refinement of  exploding - wire
sources should give 100 to 200
times the present output.

Sun-powering of a laser operat-
ing at room temperature was de-
scribed by American Optical Co.
An end-pumped system, the laser
is capable of continuous low-power
output operation and has been ex-
perimentally shown to be practical.

Prime application will be in space
communications because the light
beam can be modulated much as a
conventional r-f carrier while giv-
ing bandwidth equivalent to the
wavelength of light. Effective com-
municating range has been esti-
mated at 240,000 miles, or approxi-
mately the distance from the earth
to the moon.

Design for Solar Power

A 44-in. paraboloidal mirror col-
lects one square meter of solar
radiation and focuses it onto glass
and sapphire lenses which further
concentrate the light by a factor
of five. All the light enters and is
trapped in the ruby. Light flux at
the end of the ruby would be almost
three times that at the sun’s sur-
face if the device were operated
in space. On earth, however, only
70 percent of the sun’s energy is
obtainable and performance suf-
fers proportionately.

Joining the ruby to the immer-
sion aplantic lens has been the
major problem. In fact, optical
contact has been completely lost
after only a few flashes of the test
source in some experiments. Pres-
ently, optical solder glass is used
as the cementing agent and, if
satisfactory, will give an added ad-
vantage because it is a non-scat-
tering media.

Pumping both ends of the ruby

electronics



ELLIPTICAL RUBY
MIRROR (AT ONE FOCUS
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Arrangements to pump lasers with exploding wires (A), sunlight (B)
and by modulating the light source (C)

provide high energy absorption per
unit volume. Trivalent niobium or
calcium tungsten may permit las-
ing at light levels 300 times lower
than with ruby crystals. It is possi-
ble that much cheaper electro-
formed mirrors can be used.

A Russian scientist gave a last-
minute paper on a method for in-
creasing power of pulsed ruby
lasers by modulating the resonator
quality factor. The switching
mechanism shown permits pump-
ing between pulses thereby giving
high-energy pulsed output at room
temperature. At least four U. S. lab-
oratories have deviced similar ways
of accomplishing the same result.
In fact, one U.S. approach is the
same except for the introduction
of lenses, but the naturc of the
work has not been revealed for
publication.

Light from the laser is focused
on a rotating disk moving at 50,000
rpm. When the beam is aligned
with the hole, which is } the di-
ameter of the ruby rod, the energy
stored in the laser is permitted to
pass to a lens-mirror output ar-
rangement. Reported output is one
joule per pulse. Major output
spike has been followed by as many
as five much smaller spikes at time
intervals of 10 sec.
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Canada Readies New
Microwave Network

TRANSCANADIAN microwave network
costing $36 million, now through
the planning stage, will go into con-
struction this summer. Completion,
scheduled for late 1963, will see
Vancouver and Montreal linked.

The line will be owned and op-
erated jointly by Canadian Pacific
Telecommunications and Canadian
National Telecommunications. Be-
cause of strategic reasons, facilities
will generally be away from exist-
ing communications lines, but will
be provided with spurs into major
centers across Canada.

The system will be used primarily
for commercial and business pur-
poses and provide telex, data proc-
essing, facsimile transmission and
standard message traffic facilities.

RCA Victor, Ltd., of Canada has
been awarded a $12 million contract
for the electronic equipment. There
will eventually be about 136 relay
towers. Initially, the network will
have two 600-voice channel circuits,
with provision for superimposing
additional channels in the future.
Automatic control and monitoring
equipment will be provided all along
the route.

Electronic Alarm Protects
Parking Meter Nickels

CHIEF RADIO operator of the Spo-
kane, Wash., police department has
developed a device which flashes
an alarm to the police radio room
when someone tampers with a park-
ing meter.

Since they began using secveral
of the devices more than a year
ago, police have caught 14 parking
meter looters and cut losses “sub-
stantially.” American Sign and In-
dicator Corp., Spokane, plans to
produce the device.

Vela Net to Get Three
More Seismic Stations

WASHINGTON—Department of De-
fense has announced plans to build
three more seismological observa-
tories under the Vela-Uniform pro-
gram to develop techniques to de-
tect underground nuclear weapons
tests. They will be similar to the
Wichita Mountains Observatory at
Fort Sill, Okla., completed in 1960.

Texas Instruments has a contract
to construct and operate, by this
summer, an observatory near
Sparta, Ore. Initial cost is $700,000.
It will have an array of 10 seis-
mometers and 11 other seismom-
eters in water-tight vaults, plus
monitoring amplifiers and record-
ers.

Two other observatories will be
located in Tennessee and Utah. The
observatories are under technical
supervision and management of the
Air Force Technical Applications
Center.

Radar Simulator

Curtiss-Wright is supplying FAA
with 32 six-target radar simulators,
for training air traffic controllers
in radar hand-off and other pro-

cedures. Imstructor (left) creates
and controls the blips
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Don’t just drop any ‘‘can’ over an electronic component
and expect complete protection fromstray magneticfields.
Completely protect tubes and transformers with carefully
engineered, high-permeability shielding, fabricated to
the exact requirements of your components. You get this
complete protection with Magnetic Metals shielding.
For highest permeability and full effectiveness, Magnetic

COMPLETE

Metals shielding is made of carefully annealed molyb-
denum permalloy or magnetic equivalent, and fabricated
to provide the level of magnetic or electrostatic shield-
ing you require,

For a discussion of your shielding needs, write or call
today. MaGNETIC METALS COoMPANY, Hayes Avenue at
21st Street, Camden 1, New Jersey.

SHIELDING PROTECTION!

... fully engineered for
full effectiveness

transformer | e motor |
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LARGE SCREEN 0
st WSUR

AKS RESPONSE 10 5 Me

The new ITT Model LS 421 is a sampling oscilloscope
with a low frequency display capability. 1t has the advan-
tages of a large screen with exceptionally high resolu-
tion, plus a small, compact, modular control console. It
has application as a general purpose lab scope for
research and development activities, as a high speed
readout for computers and display systems and
wherever detailed observation of pulses and complex
waveforms with high resolution and linearity is required.

LS 421 FEATURES:

VERSATILITY

X and Y plug-ins are completely symmetrical, thus
allowing interchangeability of plug-ins normally asso-
ciated with X and Y functions.

EASY MAINTENANCE

There is easy accessibility for servicing. Side panels are
removable at the push of a button. There are no screws
to remove. The deflection amplifiers are on swing-out
chassis for easy access.

LARGE SCREEN

A 147 rectangular Cathode Ray Tube provides a full
screen of 9" x 12"

For further information about the LS 421 Large Screen

Oscilloscope, write for Data File No. E-1664-1, or call your
docal representative for a demonstration.

XY PLOTS

A unique random sampling method which allows the unit to be
used as an XY plotter for phenomena varying at a DC rate or
as high as 5 me.

The system takes 50,000 samples per second, independent of the
frequency of the waveform being displayed.

MODULAR CONTROLS
A modular Control Unit eontains sampling circuitry, the control
panel for indicator functions, and spaces for X and Y plug-ins.

CONVENIENCE

The Indicator and Control Unit are separate to allow the
Indicator to be placed in the most convenient viewing position.
The scope is packaged for rack, bench or mobile cart mounting.

Industrial Products Division
INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION
15191 Bledsoe Street « San Fernando, Calif. « EMpire 7-6161

power conversion - instruments « closed circuit TV « avionics = mobile radio/telephone




BROADEST POSSIBLE MATHEMATICAL FLEXIBILITY is now available in the new 2100 series
EASE® Analog Computer. Iterative (IDA™) or non-iterative (ELDA™) operation in same machine.
Up to 36 different asynchronous computing groups. Pinboard control. True rmodular, central-
ized operation. This is just a suggestion of the many innovations which make this the most
flexible and complete simulation tool ever offered. Our brochure A2100 has all the facts.

Beckman® INSTRUMENTS INC.

BERKELEY DIVISION
RICHMOND, CALIFORNIA c-20
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LARGEN

AMONG THE ALMOS

300 TYPE

OF CENTRALA
CERAMIC FEED-THR

CAPACITOR:!

FOR HIGH FREQUENCY, FILTERIN
BYPASS, OR COUPLING

Centralab feed-thru capacitors range from 10
to 25,000 V, high K or temperature compens
ing types. In addition to the standard typ
Centralab has developed many unique desig
for unusual applications.

These feed-thrus do real double duty, beca
they can perform mechanical functions alc
with their electrical functions. A feed-thru ¢
serve as a bracket for separating a termi
board from the chassis—or other circuit com
nents can be mounted directly on the capaci

CERAMIC FEED-THRUS BEAT PAP
AND VACUUM UNITS FOR SPAC
COST, AND RELIABILITY

Centralab ceramic feed-thrus are smaller tf
equivalent paper or vacuum units. They ne
‘‘go soft’’ like vacuum units, which cost tw
as much—and they offer 10 times the reliabill
of paper capacitors.

A new catalog has just been prepared givi
full information about Centralab feed-tl
capacitors. Write for your free copy to .

Centralab.

THE ELECTRONICS DIVISION OF GLOBE-UNION |
900 East Keefe Avenue, Milwaukee 1, Wisco
In Canada, write Centralab Canada Ltd.
P. O. Box 400, Ajax, Ontario
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TANK GUNNERS TAKE

Gun/turret control system
zeroed in by SERVOSCOPE®
servo system analyzer

Armored vehicle gun-elevating and
turret-traversing control systems
developed by Minneapolis-Honey-
well’s Ordnance Division, Minne-
apolis, are used in a number of
different type Army, Marine Corps,
and allied tanks.

Latest Honeywell design, a “dy-
namic gun/turret control system,”
provides for gyroscopic stabilization
and control, effectively isolating the
gun and turret from motion-induced
rotational disturbances which tend
to blur the gunner’s view and affect
orientation of the weapon.

Designed for fast, stable response,
the closed loop control system per-
mits the gunner to aim and fire at
stationary and moving targets, as
the tank rumbles over rough terrain,
with a high probability of scoring
first-round hits.

SERVOSCOPE improves test accuracy,
lowers development costs

Ordnance Division engineers credit
the SERVOSCOPE?® servo system ana-
lyzer with playing an important role
in development of this latest M-H
system.

SERVOSCOPE® was also used in the develop-
ment and testing of armored vehicle turret
components, Engineer, above,is shown ana-
lyzing stabilizer current using SERVOSCOPE.

SHARP AIM

Published by SERVO CORPORATION OF AMERICA

Y
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Minneapolis-Honeywell Ordnance Division engineers using SERVOSCOPE® servo system
analyzer to make dynamic analyses of new gyroscope-stubilized tank gun-elevating and
turret-traversing control system.

The SERVOSCOPE was used to ana-
lyze transfer functions of open and
closed loops and of damping and
filter networks. Transient response
and frequency response of systems
and sub-systems components con-
taining multi- and single-loop cir-
cuits could be observed.

Open loop frequency response
measurements defined the charac-
teristics of phase-correcting net-
works needed to achieve stable,
closed-loop performance. Frequency
response measurements were also
used to verify filter network design.
Closed loop transient and frequency
response measurements tested total
system performance.

The convenience of the SERVO-
SCOPE with its integral signal gen-
erator and phase shifter, note M-H
engineers, simplified setup and oper-
ation. They also credit the servo sys-
tem analyzer with improving test

accuracy and lowering development
costs.

Measures phase, gain,
transient response

Using the SERVOSCOPE, an investiga-
tor can observe servo system phase,
calculate gain, or measure tran-
sient response. Because the analyzer
is a single, integral instrument, it
can be used for final system inspec-
tion as easily as in design laboratory
evaluation.

Fast direct setting and readout,
coupled with high accuracy measure-
ment, provides precise and rapid
results. No calibration is required,
making the analyzer immediately
applicable to different problems.

Send for technical bulletin and free
SERVOSCOPE Worksheets and Servo
Slide Rule.

SERI
%’w’o SERVO CORPORATION OF AMERICA .111 New South Road - Hicksville, L.I, N.Y.
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50,000,000 tube hours...
an unusual electron tube
still keeps undersea
voice signals strong

Deep on ocean floors, from North America to Europe,
between Key West and Havana, Florida and Puerto Rico,
under the Pacific to Hawaii and Alaska—in 20,000 miles of
undersea telephone cable—a special kind of electron tube
is setting a remarkable record for reliability.

This four-inch-long electron tube was designed, de-
veloped and fabricated at Bell Telephone Laboratories to
operate with no attention for 20 years or more. |t is part of
the submarine cable repeater manufactured by Western
Electric which faithfully and reliably amplifies voice signals
transmitted along undersea coaxial cables.

All of the 1608 tubes built into the repeaters have oper-
ated to date without failure for a total of over 50,000,000 tube
hours, or an average of three-and-a-half years. The oldest
have been in service since the first deep-sea repeatered tele-
phone cable was laid 12 years ago.

Years before it was put to use, Bell Laboratories scien-
tists and engineers began developing this undersea tube,
another example of forward-looking technology that has
made the Bell Telephone Laboratories the world center of
communications research and development.

BELL TELEPHONE LABORATORIES



Missile Range Instrumentation R&D
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Light-Operated Range Gear

PATRICK AFB, FLA. — Breakthrough
in the technology of light-operated
ranging and communication sys-
tems for missile ranges is at hand.
This view was taken by T. A. Cof-
fee, of the White Sands Missile
Range, at the symposium.

Among possible instrumentation
uses for modulated-light systems
listed by Coffee are air-to-ground
telemetering, reflectance homing,
beam riding, ranging. surveyving
and plotting, command and control,
and beacons.

He reviewed materials. devices
and system approaches that will
make operation possible with infra-
red, visible and ultraviolet light.

These include high-output, or-
ganie, liquid phosphors with 2-nsec
phosphorescence decay time, a soon-
to-be-developed 20-Kw cathode ray
tube with 100-Kv accelerator and
0.2-amp beam current capability,
lasers and new uses of ultraviolet
and piped-light systems.

Bandwidth capability inherent in
modulated-light systems is of the
order of 2 Ge. Secure communica-
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tions are automatically obtained
with narrow beam light systems, an
important military feature.

Receivers will use multiplier pho-
totube where possible to take advan-
tage of their high sensitivity. High-
intensity  background light of
steady characteristic. such as sun-
light, can be discriminated against
by band-pass filters. The effect of
nonsignal light entering the re-
ceiver would be d-c¢ offset only.

Air turbulance produced by heat
causes 5 to 15 cps variations in
signal amplitude. These can be
eliminated at the receiver of a dig-
ital pulse communication system by
using saturation amplifiers.

Modulated-light transceivers with
a bandwidth of 250 K¢ and power

output of 0.3 watts have been built

and tested. They use R1168 glow
tubes for transmission and type
7200 multiplier phototubes for re-
ceiving. Both analog and digital
data were transmitted over two
miles in bright sunlight. Beam
spread of the system was about 7
ft per mile.

PATRICK AFB, FLA.—Trends, prob-
lems and new electronic instru-
mentation needed at the national
missile ranges were described by
government and industry officials at
a symposium sponsored by the Air
Force’s Missile Test Center and
Electronics Systems Division, as-
sisted by AFCEA.

One prime need, according to
Kurt H. Debus, of NASA’s Mar-
shall Space Flight Center, is better
automatic checkout equipment. Im-
portant by-product will be analog-
digital conversion that will do away
with conventional blockhouses. In-
stead. remote checkout installation
will double as a launch control
center connected to the launch pads
only by digital links.

Debus also described another po-
tentially large role for electronics.
To utilize fully large multiengine
boosters, an elaborate, ground-
based, operational flight control
network will be needed. If failures
or deviations can be evaluated on
the ground. new commands can be
sent to the space vehicle for an
alternate mission.

Transmission of onboard data to
command centers, highly-accurate
tracking techniques, computers, and
displays of all interdependent data
will be needed. Propulsion phases
of new space vehicles may extend
half way around the world. For
over-the-horizon communications,
stationary satellites might be used.

One of the more serious problems
at White Sands Missile Range is
measuring missile attitude in flight.
A solution could also lead to meas-
uring the true tangential velocity
of a missile. Lester W. Roane said
the primary effort at White Sands
is developing a single integrated
range system for attitude, trajec-
tory and other measurements in
real time. Double doppler systems
may give excellent roll rate data.
Most of the promising approaches
require special onboard radiating
equipment and antenna arrays.

Roane describes a “dream’” sys-
tem for attitude and tangential
velocity measurements: ground-
based, passive: data display avail-
able within 5 msec; data sampling

electronics



Still Faces Many Unsolved Problems

rates up to 100/sec; resolution one
part in 10°; accuracy not less than
+0.1 deg attitude position, =*=1.0
deg/sec attitude rate and +=0.01 ft/
sec tangential velocity; range of
600 mi without significant inac-
curacy; missile size or trajectory
not critical; standard IRIG timing
signals used; data reduction by
standard machine techniques; line-
of-sight not necessary; substantial
use of existing range facilities.

Systems being studied include in-
ertial techniques, reverse interfer-
ometers, and horizon scanners us-
ing infrared, ultraviolet or visible
light. Nuclear radiation and mag-
netic field measurement techniques
may be applicable.

Uhf telemetry equipment will be
demanded before the end of the
decade and the time to develop it is
now, pointed out W. M. Stout, of
the Martin Co. New requirements
are inevitable since telemetry serv-

ices must vacate the bands from
215 to 225 Mc by 1970.

To alleviate crowding at uhf, two
telemetry bands were authorized in
1959—at 1,435 to 1,585 Mc and
2,200 to 2,300 Mc. These fre-
quencies are proving suitable, Stout
said, but additional activities can
be transferred to uhf only if air-
borne and range facilities get fully-
developed equipment in quantity.

Susceptibility of lower fre-
quencies to signal interference
means uhf telemetry will improve
propagation, lower noise figures
and give greater dependability,
Stout said. He cited masers, solid-
state parametric and beam type
amplifiers, and traveling-wave tubes
as components vital to the future
of uhf telemetry.

Kenneth I. Lichti, of the Pacific
Missile Range, listed a number of
problems at PMR: new telemetry
frequencies, acquisition and track-

ing of short wavelength signals,
calibration of highly precise track-
ing instrumentation and measure-
ment of new environmental param-
eters.

Hardware procurement previ-
ously planned for S band will now
require operation at both S band
and in the 1,500-Mc region, he said.
The long range problem, however,
is probably development of telem-
etry for higher frequencies.

Another problem is obtaining
adequate underwater test and eval-
uation equipment. Navy will spend
more and more on undersea war-
fare in the years ahead, Lichti said.
Needs include a system to track
simultaneously several underwater
targets in three dimensions, surface
tracking system to pin-point 10 or
more ships in a 3,000-sq-mi area,
underwater miss-distance system
contained in the target and a tacti-
cal underwater target simulator.

NEC Finds Illinois R&D Scanty

CHICAGO—National Electronics Con-
ference—which plans to highlight
the R&D capabilities of midwestern
universities at its show in October
—has released a survey of R&D ac-
tivities in the Chicago area.

The year-long study, jointly spon-
sored by the IRE’s Professional
Group on Engineering Manage-
ment, confirms earlier reports that
R&D in the Chicago area electronics
industry needs beefing up.

Among recommendations in the
98-page report were that compa-
nies consider R&D of a more ad-
vanced level, upgrade R&D staffs,
encourage new research-based com-
panies and work for closer indus-
try-university ties.

The study was financed by NEC
and 25 Chicago-area electronic com-
panies. It was conducted by a team
directed by Albert Rubenstein, pro-
fessor of electrical engineering at
Northwestern University. Among
the findings were:

* Although Illinois produces 18.1
percent of U. S. electronic products,

March 30, 1962

only 3.1 percent of U.S. members
of the IRE live in the state. Uni-
versities within 150 miles of Chi-
cago produce about a third of the
nation’s electronic engineers. Yet
of 200 of their Ph.D. graduates en-
tering industry between 1954 and
1960, only three joined Chicago in-
dustries.

e The fastest growing growth
electronic companies outside the
Chicago area are expanding one and
a half times as fast as the fastest
growing Chicago electronic firms.
The Chicago area claims fewer than
15 research-based companies, while
this type of company abounds in
such locations as Boston, Washing-
ton, D. C., San Francisco and New
York.

e Only 2.9 percent of technical
papers in 44 journals and meetings
on electronics and related R&D
were written by employees of Chi-
cago electronic companies.

e Half of 60 Chicago companies
reporting 1960 sales over a million
dollars won’t take on R&D projects

with expected maturities over a
vear, or do so only occasionally.
Sixty percent of 58 companies re-
sponding don’t seek university help
with research problems. In 55 com-
panies, 38 do not permit time off
for advanced degree work and 47
don’t give leaves of absence.

Angus MacDonald, chief engineer
for Motorola’s military electronics
division, reported these bright
spots in the Chicago research out-
look: Armour Research Foundation
is setting up a research park for
industry, including electronics, and
Northwestern University is plan-
ning another; the Chicago Associa-
tion of Commerce and Industry has
set up a council to accelerate Chi-
cago’s R&D growth and reputation.

Although Hallicrafters has sug-
gested a plan for increasing defense
department participation in Chi-
cago-based research, Rubenstein
urged caution in considering mili-
tary proposals ‘“which might
achieve more total R&D, but at the
cost of lowered scientific levels.”
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Computer family tree as econceived by Army Ordnance
Ballistic Research
(left limb) represent business computers.
puters (right limb) are scientific systems. Military com-
puters are in the center.

Labs. Serial computers like Edvac

Parallel com-

Time is shown radially from

the 1945 Eniac, which BRL considers the grandfather of

them all

Army Unveils Another Big Computer

Magnetic core storages hold 4,096
26-bit words
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COMPUTER that “will rank in size
and capability with any computer
in the nation today” has been an-
nounced by the Ballistic Research
Laboratories. U. S. Army Ordnance,
Aberdeen Proving Ground, Md.
The new system, named Brlesc
(pronounced “Burlesque”) for Bal-
listic Research Laboratories Elec-
tronic Scientific Computer. was de-
signed by BRL in cooperation with
National Bureau of Standards. It
was assembled by BRL technicians.
BRL is responsible for Eniac
(Electronic Numerical Integrator
and Computer) and Edvac (Elec-
tronic Discrete Variable Automatic
Computer). Eniac was designed
and built by the University of
Pennsylvania in 1945 and Edvac in
1949 under Ordnance contracts.
Brlese, Army says, will take its
place in a mushrooming market
which consists of approximately
260 computing systems, about 159
of which are still in use. The active
systems, produced by 65 manufac-

turers, are responsible for more
than 9,000 operating electronic com-
puters.

Brlesc’s high-speed magnetic core
storage unit has a capacity of 4,096
words, of up to 72 bits each—

equivalent to approximately 19
decimal digits—the word length
necessary for scientific research.

Developed by Ampex, the storage
unit was also supplied to a number
of computer manufacturers for in-
tegration into other defense sys-
tems.

The complete read-write cycle
time of the Brlesc memory is 1.5
usec, the fastest large-scale memory
in operation today, Army says.

There are larger computers than
Brlese and two that are faster.
Brlesc is roughly one-half the speed
of Univac’s Larc and one-third the
speed of IBM’s Stretch. However,
Brlesc is twice as fast as the IBM
7090, according to the Army. The
faster machines use overlapping
memory cycles from separate banks

electronics



of memories to achieve high effec-
tive memory speed.

Supplementing the high-speed
storage element, magnetic drum
storage units will be installed as
back-up memory. It is expected that
the capacity of the drums will be
about 8.500 words.

Brlesc has facilities for reading
and punching cards. reading and
recording on magnetic tape. A
maximum of 16 magnetic tape han-
dlers are directly accessible to the
programmer. Any two magnetic
tape handlers, one drum, the card-
reader and the cardpunch may be
operated concurrently under sepa-
rate automatic controls.

Brlesc¢ has the ability to change
addresses in instructions by fixed
amounts, automatically. Called in-
dexing, this feature permits the
programmer to use the same set of
instructions to process as many sets
of data as he desires, simply by
changing the index value, instead
of modifying the basic over-all in-
structions.

High-Resolution Antenna
To Use Array of Plates

BOSTON—Antenna designed at Air
Force Cambridge Research Labora-
tories gives promise of high re-
solution at a fraction of the cost of
conventional dish-type reflectors of
comparable resolution.

Conceived by Allan Schell, of
AFCRL, the antenna will have an
effective aperture diameter of 2,400
ft. vielding a beamwidth of one
minute of arc. It will consist of
7.000 flat reflecting plates. each 20
ft square, arrayed as a giant clover-
leaf pattern with an 800-ft tower in
center for the feed. Each plate is
positioned to redirect radiation to
the feed mechanism on tower.

The antenna could be scanned
over a 90-deg cone, with a central
computing unit to determine ad-
justments of plates for a specific
direction and wavelength. Adjust-
ability of plates would permit op-
eration over range from 200 to
2.000 Mc and rapid beam steering.

A model is now under construec-
tion at AFCRL field site in Concord.
Mass., for noise temperature meas-
urements and to evaluate optimum
spacing of plates. The model will
have 220 reflecting plates, each five
ft square, and a tower 100 ft high.
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ML-8087

Precision

Scan
Conversion
Tube

Fast
Erase

High
Resolution

High resolution: a minimum of
180 range rings/diameter at 50%
amplitude modulation; equivalent
to 900 TV lines.

Fast erase: less than 2 seconds
erase cycle to reduce stored
information to noise level.

Wide storage range: to meet FAA
1213b specification and beyond.

High signal/noise ratio, typically
80:1 (peak signal to rms noise).

Rapid set-up time: only a few
minutes installation time is re-
quired to adjust tube for optimum
operation. No need for critical
dynamic focussing of electron
beams.

No variation of output signal with
size of written area.

Only simple video circuits are
needed for readout.

Send For Data

The Machliett L.aboratories, Inc.

A division of Raytheon Company
Springdale, Connecticut
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TWO OUTSTANDING
HIGH-TEMPERATURE

FOR CONTINUOUS OPERATION AT
HOTTEST SPOT TEMPERATURES

FOR CONTINUOUS OPERATION AT
HOTTEST SPOT TEMPERATURES

For continuous operation at hot- l
test spot temperatures up to
200°C (392°F) and up to
250°C (482°F) for short periods

of time—depend upon TETROC [
—an all Teflon-insulated wire |
available in both single and
heavy coatings.

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

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

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

SPRAGUE

THE MARK OF RELIABILITY
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[Ion Engines Outgrow Theory

SAN FRANCIsCo—Electric propul-
sion engines have moved into the
nuts and bolts stage.

During the American Rocket So-
ciety’s recent Electric Propulsion
Conference in Berkeley, Ernst
Stuhlinger, of Marshall Space
Flight Center, told ELECTRONICS
that both ion and arc-jet engines
are at the point where flight test-
ing is warranted and necessary for
further development. He said
NASA plans to flight test models
of an ion engine and an arc-jet en-
gine in 8 to 10 months. The primary
problem of space charge neutraliza-
tion in ion engines is now pretty
well in hand, he said.

Stuhlinger said the power source
is now the big problem, but that
the probable first electric propul-
sion mission—a slow spiral through
the Van Allen belts—could be done
with a 30-Kw Snap 8 rather than
the projected 60-Kw unit. He said
a mission of this kind may be possi-
ble around 1966-67.

With engineers confident about
theoretical principles, papers de-
livered at the conference dealt
largely with the mechanies of en-
gine development: problems of
efficiency, reliability, long life, cor-
rosion and propellant feed. State of
the art appears far enough along
for discussions of manned and un-
manned missions beyond the moon.

Myron Levoy, of Thiokol, re-
ported that a 1,500-ton spacecraft
propelled by a nuclear reactor in
combination with six plasma en-
gines would be 37 percent lighter
than a ship with an all-nuclear en-
gine. Such a craft could carry seven
men to Mars and back.

Design of a power source for the
1-Kw arc engine to be used with
the Scout electric rocket test pro-
gram ( ELECTRONICS, p 87, Nov. 17,
1961) was described in a paper by
R. J. Boehme and E. H. Cagle of
Marshall Space Flight Center. They
reported demonstrating feasibility
of a d-c to d-c static converter
power supply that would use a con-
stant current type saturable reactor
for regulation. They said the re-
actor promises an attractive degree
of arc stabilization and control. A

zinc-silver oxide battery system was
chosen.

In discussing NASA’s electric
propulsion program, William Wood-
ward estimated $17.6 million is
presently being applied to electric
engines, with a total for both en-
gine and power generation pro-
grams of more than $50 million
expected in fiscal 1963. System per-
formance objectives are 10 pounds
or less per kilowatt, sizes in the
megawatt power range and an un-
attended operating life of years.

Procurement Policies
Avre Reported to EIA

WASHINGTON—Criteria that will de-
termine what electronics are pur-
chased by the new Defense
Electronics Supply Center (ELEC-
TRONICS. p 28, Jan. 19) were out-
lined at the Electronic Industries
Association’s spring conference by
Brig. Gen. W. V. Veal, DESC com-
mander.

The agency will not buy items
of specialized design and limited
use if complexity requires repair by
a major maintenance facility, if
cost is high enough to warrant
specialized management, or if the
items are made by military service
facilities for immediate use.

DESC will buy all common-use
parts, including a long list of com-
ponents. Veal said volume purchas-
ing should result in price breaks,
standardization and opportunities
for greater automation.

Army Is Installing
Last of the Birdies

LAST OF 18 operational Birdie Sys-
tems (Battery Integration and
Radar Display Equipment) will be
installed at defense centers by
April 1. The semiautomatic facility
links each Army Nike missile unit
to NORAD'’s entire air defense sys-
tem. The transistorized Birdie costs
about $! million each, was built by
the Martin Co. for the Army. Ten
defense areas use the earlier Missile
Master costing $9 million each.

electronics



Injection-molded coil form of TEFLON FEP
helps subminiature relay meet tough specs

In this versatile subminiature relay, the coil form is molded
of Du Pont TerLoN FEP-fluorocarbon resin. Because FEP
resin is melt-processible, the coil form is rapidly and econ-
omically produced by injection molding. These coil forms
require insulation resistance of 10,000 megohms minimum
at temperatures from 65°C to 150°C. Babcock Relays Divi-
sion of the Babcock Electronics Corp. found that Du Pont
TEFLON FEP resin was the only practical material offering
the necessary insulating characteristics over this range of
temperatures. The new relay meets the rigid MIL specifi-
cations for virtually all aircraft and missile applications.
The molding of the coil form of a TEFLoN FEP resin also
made possible miniaturization of the relay--only 1.3 high
and slightly over one ounce in weight. And the stability

Re6.u.s. pat OfF

TEFLON

FLUOROCARBON RESINS

of TEFLON at high temperatures eliminates the major prob-
lem of contact contamination by outgassing. The superior
electrical properties of TEFLON are also utilized in tape and
in lead wire in this relay.

This is another example of improved electrical design
made possible by the new melt-processible FEP resins,
which make TeFLON available in the form of easily molded
components and in long, continuous lengths of extruded
wire insulation. For more information, write: E. I. du Pont
de Nemours & Co. (Inc.), Dept. E-330, Room 2526T
Nemours Building, Wilmington 98, Delaware.

In Canada: Du Pont of Canada Limited, P. O. Box 660,
Montreal, Quebec.

TEFLON is Du Pont's registered trademark for its
Samily of fluorocarbon resins, fibers and film,
including TFE (tetrafluoroethylene) resins and FEP
(fluorinated ethylene propylence) resins.

BETTER THINGS FOR BETTER LIVING ... THROUGH CHEMISTRY

March 30, 1962
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MEETINGS AHEAD

NEW DIMENSIONS IN RELIABILITY

MICROWAVE MEASUREMENTS LECTURES,
IRE-PGMT & T; Babson Institute, Wel-
lesley, Mass., April 4, 11, 18, 25,

CHEMICAL & PETROLEUM INSTRUMENTA-
TION SYMPOSIUM, Instrument Soc. of
America DuPont Country Club, Wil-
mington, Delaware, April 9-10.

PLASMA SHEATH SYMPOSIUM, AT Cam-
bridge Research Labs; New England
Mutual Hall, Boston, April 10-12.

AEROSPACE SYSTEMS RELIABILITY SYDM-
POSIUM, Instit. of Aerospace Scicnces;
Salt Lake City, Utah, April 16-18.

HIGH SPEED COMPUTING & MATHEMATI-
CAL RESEARCH SYMPOSIUM, Assoc. for
Computing Machinery and Amer.
Math. Society; Chalfonte-Haddon Hall
Hotel, Atlantic City, N. J., April 16-18.

FREQUENCY CONTROL SYMPOSIUM, U. S.
Army Signal Research and Develop-
ment Laboratory; Shelburne Hotel,
Atlantic City, N. J., April 25-27.

WESTERN SPACE AGE INDUSTRIES & EN-
GINEERING EXPOSITION /CONFERENCE,
sponsored by various business and
governmental organizations; Cow Pal-
ace, San Francisco, April 25-29,

MANNED SPACE FLIGHT SYMPOSIUM,
1As; Chase Hotel, St. Louis, Mo,
April 30-May 2.

INSTRUMENTAL METHODS OF ANALYSIS
SYMPOSIUM, Instrument Soc. of Amer-
ica; Daniel Boone Hotel, Charleston,
W. Va,, April 30-May 2.

NOW R
make solderless connections...anywhere
... Without plugging into a power source

All the power you need is stored in the
handle! Here’s important news for people
who make electrical connections. It’s the
new Gardner-Denver battery-powered
“Wire-Wrap’'® tool that brings new time-
saving convenience to the production line.
And it’s a must for the serviceman’s kit.

HUMAN FACTORS IN ELECTRONICS, IRE-
PGHFE, Lafayctte Hotel, Long Beach,
Calif., May 3-4.

ELECTRONIC COMPONENTS CONFERENCE,
IRE-PGCP, AIEE, EIA; Marriott Twin
Bridges Hotel, Washington, May 8-10.

NATIONAL AEROSPACE ELECTRONICS CON-
FERENCE, IRE-PGANE; Biltmore Hotel,
Dayton, Ohio, May 22-24.

POWER INSTRUMENTATION SYMPOSIUM,
Instrument Soc. of America; Hotel
| Texas, Fort Worth, Tex., May 6-9.

NEW

No more dangling extension cords or trailing COMPUTER CONFERENCE, Michigan State

air hose that can damage delicate assemblies. Gardner -Denver r ; E“i"?"Sit-‘l’\j[. i;]t. the BIiInivgrgity, East
No dependence on elusive power outlets. battery-powered ' ansing, Michigan, May 7-8.
“” . 2”
This handy new tool weighs only 16 oz., yet Wire-Wrap | m‘;g:gé" E\I\"E;:C\'{.EOX\IIIES'SHI_?:V AXD C?N =
makes thousands of perfect electrical con- tool. | Calif Aug, 2194, - &aisy
nections without recharging. And recharging ’
is eagy . . . s1mp}y plug the battery into a ADVANCE REPORT
wall OUtlet Overnlght. SI'ACE ELECTRONICS® & TELEMETRY SYM-
¢ . . . POSIUM, IRE-PGSE&T; Fontainchlcan Ho-
he new battery-powered model 14R2 “Wire-Wrap’’ tool is another new tel, Miami Beach, Fla., Oct. 2-j. One-
] yp p ili f elect ical l thousand word sumwmaries of papers in
dlmeznsmn that Gardner-DenYer has added to the rel}abl ity of e e(i rica C;)g‘ | the following ficlds showld be scut to Dr.
nections. Get the whole story in a hurry —phone or wire for new Bulletin 14-3. T e, ] AR

Corporation, Missilcs & Space Division,
Bldg, 204, Plant 2, 0. Box 505, Sunny-

EQUIPMENT TODAY FOR THE CHALLENGE OF TOMORROW vale, Calif., not later than April 20 (1)

Telemetry (eivilian & military projects,

missiles «& space vehicles. spuce cruafts &

GARDN R — DE NVER satellites, system-performance analysis ¢
reliability) ¢ (2) Space Elcctronics (com-

Denver Company, Gardner Expressway, Quincy, llinois maunication systems, bracking, subhsys-

In Conodo: Gardner-Denver Company (Canada), ltd., 14 Cuiity Ave., Toronto 16, Ontario tems. componentsy.

Gard
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SURVIVABILITY*

o+

Success of a military mission is measured in terms of accomplishment. For manned and
unmanned aircraft, a major parameter of accomplishment is survivability (*ability to fly
to, and return from, the target).

Survivability is currently being studied at very low altitudes. Texas Instruments Incorporated,
working with the U.S. Army Signal Corps, the Air Force, and prime aerospace contractors,
conceived and developed a completely automatic low-altitude navigation system. This system
is light, simple, and relatively inexpensive. It flies the aircraft accurately over an extremely
low-altitude terrain profile . . . automatically!

Thousands of miles of completely automatic
terrain following flight are being logged each month.

For complete technical information, write
Apparatus Division, Texas Instruments
Incorporated, P. 0. Box 6015, Dallas 22,
Texas. Qualified “NEED TO KNOW’' respon-
dents only, please.

~ TEXAS INSTRUMENTS
/]

INCORPORATED
AND HOUSTON. TEXAS 6 0 00 LEMMON A VENUTE
P.O. BOX 6015 « DALLAS 22, TEXAS

PLANTS IN DALLAS



" FINE
VOLTAGE

ADJUST

o

DETAIL FROM A WORK OF ART

A power supply control knob is
a detail. We love details and give them the
importance we feel is their due. For an electronic
instrument, as well as a work of art, is the sum
of all details. Technical details, electronic details,
human factor details.

The fine voltage adjust control of our model
5015A is a case in point. We human-engineered
this anodized aluminum knob for durability, ap-
pearance, torque/diameter ratio, panel protection
against fingernail scratches, and just downright
“feel.” Nor did we stop here. We inspect every
instrument we ship to make certain this “feel” is
just right.

Turn this knob and you will find another detail:

smooth mechanical control translated into smooth
electrical control. There is no need to twiddle to
find the right voltage. You won’t find parallax on
the main voltage control. It has been eliminated by
a unique mechanical linkage between the variable
autotransformer and its tracking potentiometer.

You will also discover that the performance
characteristics of this instrument far exceed our
published ratings. That’s because our specifica-
tions are based on performance at the end of five
years of operation rather than at the time of
shipment,

We think the model 5015A is a work of art. Won’t
you give our sales representative an opportunity
to exhibit his artistic pride in a demonstration.

See us at Booth 1516 IRE Show

POWER DESIGNS INC.

1700 Shames Drive, Westbury, L.1., N.Y.
EDgewood 3-6200, Area Code 516

MODEL 5015A
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apsulating problems require different solutions. That's why
General Electric offers a family of eight RTV and LTV silicones. LTV-602, for instance,
is transparent, resilient and very easy to repair, curing in two hours. RTV liquid
silicone rubber compounds offer good physical strength, resiliency and a selection
of viscosities for impregnation, potting, conformal coatings or sealing.

8 fast cures for potting and encapsulating problems

“ Y

\ ! |

Why are G-E silicones used? To protect against
temperature extremnes from —65°F to 600°F
.+ « to provide a resilient. shock-absorbing

cushion for delicate parts .
electrical properties . . . for their very low
(0.29%) shrinkage . . . for their resistance to
moisture, ozonc and thermal shock,

.. for outstanding

4

How are G-E silicones uvsed? By dipping. pour-
ing. spraying or buttering, Cure times can he
varied from minutes to hours. depending on
catalyst uzed and the heat applied (from room
temperature to 125°C). They hond easily to
properly primed surfaces, are easily removed
from unprimed surfaces,

\
1}
’
VISCOSITY
COLOR POISES CONSISTENCY
LTV-602 | Clear 15 Easily
RTV-11 White 120 Pourable
RTV-20 Pink 300
RTV-40 White 450 Pourable
RTV-60 Red 550
RTV-77 White 8,000 Spreadable
Thixotropic
RTV-88 Red 10,000 Paste
RTV-90 Red 12,000 Stiff Paste

Which is best for you? G-E encapsulants vary in
viscosity from a readily pourable liquid to a
thick paste to fit special requirements. Appli-
cations range {rom deep impregnation of trans.
former coils to caulking of large equipment
« .. from printed circuit encapsulation to mak-
ing flexible molds.

GENERAL & ELECTRIC



Rack-mounted signal sources
for 900-11,000 mc.

Now you can mount FXR’s series
772 test oscillators in standard 19-inch
racks—for use in laboratories and
other permanent test applications.
Like the FXR portable models, these
new rack-mounted signal sources pro-
vide ample RF power in the 900 to
11,000 mc. range.

In all signal sources, power supply
and klystron are combined in a single
unit. This makes operations safer—ex-
posed klystron wires are eliminated.
Klystron replacement is faster and
less expensive—as little as ¥4 the cost
of klystron replacement in separate
power supply and klystron set-ups.
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MODEL FREQUENCY PRICE

RANGES

Portable Rack
L772A 0.95 to 2.0 KMC  $1235. $1250.
S772A 1.9 t0 4.0 KMC  $1035.  $1050.
C772A 3.95 to 8.2 KMC  $1340. $1355.
X772A 7.0 to 11.0 KMC  $1340. $1355.
Power 10 MW to 100 MW max CW output.
Output Power variable through use of an
- internal level-set attenuator.

Modulated Internal: CW, pulse or square
Outputs wave

External: Pulse, square wave or

M
External Pulse: Positive pulse of 30 v. am-
Modulation  plitude across 100 K ohms. Pulse

Requirements width from 0.5 microsecond to
square wave.
Reflector: sine wave or sawtooth
EM/, sensitivity from 100 to 200
c/v.

“Connectors  RF du(puTType N jack.-
External pulse: Type BNC jack.
Bef'iector modulation: Type BNC
jack.

115/230 v. AC, 50 or 60 cycles,

Power

Reguirements 150 w.
Dimensions  Portable: 11” high X 16" wide X
& Weight 15" deep; 45 Ibs.

Rack: 11 high X 19" wide X 15"
deep; 45 lbs.

Single-control tuning lets you set
frequencies faster and more accu-
rately (*x1%). Frequency remains
constant, no matter how you vary
the power output, because the klys-
tron reflector voltage automatically

Rack-mounted signal sources for 900-11,000 mc.
High-power coaxial cable that's really flexible
New crimp-type subminiature connectors

changes with the positioning of a
broad-band, non-contacting tuning
plunger inside the oscillator cavity.

RF power output ranges from 10 to
100 MW. It’s controlled from the front
panel, through a level-set attenuator.

The portable models are available
from stock; the rack-mounted mod-
els are shipped within a month, For
more information, circle Reader Card
Number 253. B

High-power coaxial cable
that’s really flexible

This is a new FXR product—Am-
phenol type RG-281/U coaxial cable.
It was developed for an Air Force
electronic counter mcasures system,
where small space required a cable
that bends and flexes easily without
changing electrical properties. Now,
it is available commercially.

Perforated Teflon tape dielectric
gives this cable extra flexibility. The
tape continuously supports the center
conductor...keeps center and outer
conductors concentric even when the
cable is bent over small radii.

electronics



Teflon tape also cuts down moisture
condensation at dielectric interfaces
because it eliminates voids between
cable and connector dielectrics.

Type RG-281/U power cable gives
you a VSWR of less than 1.2...a di-
electric constant of 1.55...serves as
general purpose RF transmission line,
easy to install and operates at high
temperatures. For more information,
circle Reader Card Number 254. B

New crimp-type
subminiature connectors

FXR’s new Subminax® Series 5116
quick-crimp micro-miniatures make
faster, more reliable, less costly cable
assemblies. And you don't have to re-
design your product to use them, be-
cause Series 5116 micro-miniatures
are interchangeable with competitive
counterparts. In fact, the addition of
this new Series to the Subminax line
means that you can now specify a
Subminax connector that mates with
or is interchangeable with any known
sub-miniature or micro-miniature co-
axial connector on the market today.

The new Subminax Series 5116 has
at least three major advantages over
other micro-miniatures:

[J Faster Assembly—Quick-crimping
feature, plus standard crimping tool,
makes child’s play of cable assembly.
For example, Series 5116 plugs and
jacks have only three parts, including
body assembly. Easier, less critical
cable stripping. No braid soldering.
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O Dependable Delivery—new FXR
micro-miniatures are immediately

available from factory stocks or your
Amphenol distributor.

0 Lower Price—Series 5116 coaxial
connectors are priced substantially
below current prices for competitive
“equivalents.”

[J Technical Facts: 500 VRMS; im-
pedance: 50, 75 or 95 ohms; gold-
plated captivated contacts (solder
type); Teflon* insulation; silver-
plated body; screw-on or push-on
coupling; color coding boots—op-
tional. For use with coaxial cables in
the .075 to .115 OD range. For more
information,circle Reader Card Num-
beT 255. & *Registered trademark of DuPont

It takes a jeweler

to make waveguides at new
FXR facility

FXR recently expanded its micro-
wave facilities at Woodside, New
York, to meet the growing demand
for millimeter waveguides. But ex-
pansion is only part of the story. Pre-
cision is the other.

The waveguides made here are
used in space communications equip-
ment. They have to be extremely

small and extremely accurate. The
combination calls for some of the
most delicate machining operations
you'll see outside a jeweler’s shop.
Tolerances—as small as 0.0001 inch—
are so critical that FXR technicians
at Woodside put parts through a final
diamond-lapping operation to achieve
the necessary accuracy in dimension
and surface.

FXR uses Starrett Depth Gauge to check
accuracy of slotted waveguide parts within
%£0.0001 inch.

A large engineering staff supports
these precision manufacturing facil-
ities. It works with customers in de-
veloping special products for micro-
wave applications. B

The RF Products and Microwave
Division Amphenol-Borg Electronics
Corporation; 33 East Franklin Street,
Danbury, Connecticut.

Visit us at IRE: Booths 1802, 1901,

1903, 1905.
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A compact direct-coupled utility amplifier, with identical input and output impedances, can be duplicated and cascaded in an
iterative chain for extremely high gain. And the “links” (amplifiers) in this chain are adaptable to many applications. The
amplifier's 3 direct-coupled Philco 2N858 Silicon Precision Alloy Transistors deliver high gain, over a wide temperature range.

The 2N858 transistor, as a result of Philco’s fully-automatic SPAT* process, features low cost and process-controlled
uniformity, in addition to the device's superior temperature stability. ~ Send for Application Lab Report 746, and data on
Philco SPAT type 2N858. Write Dept. E33062.
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DIRECT-COUPLED UTILITY AMPLIFIER DC OUTPUT VOLTAGE AND VOLTAGE GAIN VS. AMBIENT TEMPERATURE
Philco SPAT

Types 2N858—2N865
are immediately available p H I
from your Philco Industrial L A
Semiconductor Distributor. o
A SUBSIDIARY OF UMOMW

*Trademark Phifco Corp. LANSDALE DIVISION, LANSDALE, PA,
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HIGH-DENSITY STORAGE OF

Wideband Analog Data

System overcomes need for 52 separate record-playback heads by
time-division multiplexing of input signals. Two-track video

recorder accommodates the resulting high density information

By M. H. DAMON and F. J. MESSINA, I'CT Pederal Laboratories, Nutley, N. T,

STORING multichannel wideband
' I , phase-coherent analog information
on magnetic tape with reasonable

tape playving times is a formidable
'Y ,c !

problem. However, a system for
recording fifty-two individual 15-Ke
bandwidth channels in real time has
been developed. The system re-
quires a recording bandwidth of
better than 750 Ke. plus strict chan-
nel-to-channel phase and amplitude
integrity.

Superficial consideration suggests
several methods by whieh multi-
channel analog information may be
multiplexed for recording on mag-
netic tape. The important methods
are multiple-track recording, fre-
quency-division multiplex, and the
time-division multiplex techrtiques
of pcm, pdm and pam. However
with the exception of the latter
technique, each method has various
disadvantages for this application.

Direct recording of 52 tracks
needed for this application is be-
vond the present practical state-of-
the-art. The maintenance of chan-
nel-to-channel phase relationships
becomes a diflicult problem due to
head alignment, gap scatter and
dvnamic skew. While the electronic

’
3
|

E.cecutive engineer M. H. Damon
checks circuit module used in analogy
storage apparatus



correction of these paramters is
technically feasible, it becomes com-
plex when machine-to-machine tim-
ing tolerances and interchangeabil-
ity of tapes is considered.

Frequency-division multiplex on
parallel tracks also has some in-
trinsic difficulties. There is the
problem of maintaining accurate
phase relationships between the
various channels, which are being
recorded in widely different fre-
quency bands. Great care must be
used in avoiding distortion within
the spectrum of the full bandwidth
tracks to be used, since harmonics
of the lower frequency channels
fall into the higher frequency chan-
nels. This distortion can be avoided
by using only the upper half of the
frequency range so that second har-
monics will fall outside the pass-
band; however, this process re-
duces the utilization factor of the
available bandwidth by two-to-one
on each of the magnetic tape tracks.
In addition to the problem of main-
taining integral phase relation-
ships, it is difficult to maintain am-
plitude consistency, particularly for
those channels whose frequencies
lie near the upper end of the pass-
band.

Since most of the difficulties in
multiple-track recording are a func-
tion of the tape transport and re-
cording medium itself, all informa-
tion channels must be treated iden-
tically by the transmission medium.
Single track wideband recording
using time-division multiplex is the
only system having this character-
istic, and even then the wideband
track must be used judiciously to
avoid nullifying its advantages.

There are several methods of
time-division multiplex. Pulse dura-

be ONE FRAME 33.33x SEC

FIRST FIELD 16.67u SEC ——

FIRST DISTRIBUTING D. LINE
0.3 SEC

~

1= 2 SEC S 57 svne PULSE

SELECTOR PULSE

-~ |..|p SEC

—

L SECOND FIELD 16.67u SEC
.ir SECOND DISTRIBUTING D, LINE

2ND SYNC PULSE

MEAN LEVEL

MODULATED CHANNEL

tion modulation (pdm) is a system
of pulse modulation wherein the
width of a pulse in a particular time
slot (corresponding to a channel)
is varied in proportion to the am-
plitude of the wave being sampled.
Pulse duration modulation is hardly
ever used in transmission systems
owing to its poor bandwidth efli-
ciency. Pulse position modulation
(ppm) is a more practical multi-
plexing svstem, and demonstrates
improved bandwidth utilization;
however it is still not suitable for
this 52-channel recording applica-
tion.

Pulse code modulation (pcm) is
more precise than any of the pulse
modulation methods in the sense
that the transmitted, or in this case
recorded signal, can be reproduced

TABLE I—CITARACTERISTICS OF RECORDER

Two Wideband Channels
Frequency Response
Rise Time
Signal-to-Noise

Timing Accuracy

Two Auxiliary Data Channels
Frequency Response
Signal-to-Noise
Flutter

10 eps to § Me = 3 db

0.18 microsecond, 10 pereent to 90 percent signal level
30 db peak signal to rms noise

=3 microseconds over any 1-millisecond period

300 ¢ps to 15 Ke = 3 db
3 db rins signal to rms noise
0.25 pereent ris maximum at 25 ips, 30 to 300 cps in

auxiliary channels

Taps Speed

12.5 ips for 1 wideband channel and 1 hour record time

23 ips for 2 simultancous wideband channels
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FIG. 1—The data recording system
uses tiwo recording tracks, each ac-
commodating 26 channels. Pulse
pattern shows disposition of indi-
vidual channels on one track

Tupical civeuit module is easily in-
terchanged

FIG. 2—Two cascaded delay lines nare
needed for timing since a single delay
line with adequate tolerance is unavail-
able. Same basie timing cirenit is used
for both recording and playback.

as accurately as is desired, provided
there is sufficient bandwidth. The
audio wave to be recorded is first
amplitude sampled. and then the
amplitude sample is quantized into
a binary level corresponding to its
amplitude. Accuracy is determined
by the number of quantum steps
selected, each quantum step being
represented by a binary pulse. The
utilization factor of this system
(number of channels for a given
bandwidth) is poor, since a rela-
tively large number of pulses must
be used for any one channel to en-
sure a respectable degree of accu-
racy and sufficient dynamic range.

In a pulse amplitude modulation
(pam) system, the signal informa-
tion is contained in the amplitude
of a train of pulses. Sampling the-
ory dictates that if a magnitude-
time function is sampled instan-
taneously at regular intervals and
at a slightly higher rate than twice
the highest significant signal fre-
quency. then the samples contain
all the information of the original
signal. The repetition rate can be
considered as a frame rate, and the
discrete time slots that can be al-
lotted in the time period determines
the number of channels that can be
multiplexed.

A pam system cannot be consid-
ered where the transmission me-
dium has an unpredictable ampli-
tude characteristic. The magnetic
tape medium has a predictable am-

electronics
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plitude stability, making a pam
time-division multiplex system the
best for this particular application.

In all time-division systems. time
synchronization is essential be-
tween transmitter and receiver.
Synchronization is usually achieved
by setting aside time slots or in-
tervals exclusively for monitor or
synchronization pulses.

The practicality of using a con-
ventional linear tape machine for
recording wideband single track in-
formation is influenced by two im-
portant restrictions in tape-record-
ing techniques.

(1) The reproduce-head design
for linear tape machines determines
a reasonably fixed bandwidth. A 6
db-per-octave drop in output can be
expected, normally starting at the
highest frequency to be reproduced.
The lower frequency limit is fixed
by a specific signal-to-noise ratio
and will rise octave by octave, as
the upper frequency is increased.
For a minimum signal-to-noise
ratio of 30 db, the maximum band-
width that can be effectively repro-
duced is a spectrum of approxi-
mately ten octaves.

(2) When gap length of the re-
produce head has been reduced to
realistic manufacturing tolerances,
the extension of frequency response
can be accomplished by an increase
in tape-to-head velocity. In a linear
machine an increase in this velocity
quickly reduces playing time.
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Both of these problems arve re-
duced in a transverse recording sys-
tem. The first problem is solved by
using a frequency modulation proc-
ess to shift the recorded signal into
a more suitable part of the spec-
trum. The head-to-tape speed nec-
essary to perform this processing
at the required frequencies is at-
tained by sweeping a magnetic head
transversely across the tape at a
high speed while the tape moves
longitudinally at a lower speed.

To meet the requirements of this
high density recording system, the
Ampex FR-700 wideband recorder/
reproducer was selected. This tape
transport mechanism has charac-
teristics given in Table I. Addi-
tional reference and synchronizing
information is recorded on the aux-
iliary tracks.

Using time-division-multiplexing
of pam signals, twenty-six channels
are recorded on each of the two
wideband tracks as a pulse train.
The amplitude of each individual
pulse in this train carries the sam-
pled amplitude of the channel it
represents. Sampling rate is 30 Kec.
Monopolar type of pulse amplitude
modulation is used in this system—
a pulse having a nominal ampli-
tude is varied from its mean value
by channel amplitude information,
having only a single polarity as it
goes through its maximum excur-
sion. This is in opposition to the
more commonly used bipolar form

modulation
where both pulse amplitude and po-
larity are dictated by the input in-

of pulse amplitude

formation. Monopolar modulation
was selected not only for economical
reasons (component saving ap-
proaching 2 to 1) but for the im-
provement of signal-to-noise and
reduction of interchannel crosstalk.
Signal-to-noise improvement can
only be obtained if the multiplexed
monopolar pam signal is stored on
magnetic tape by f-m recording.
The FR-700 recorder/reproducer
uses this type of wideband re-
cording.

In all time-division systems a
distributor is necessary to estab-
lish the time base for the sampling
system. Each output from this dis-
tributor is connected to a channel
modulator. The distributor controls
the time and duration that a chan-
nel’s information is sampled. If the
modulation outputs are all com-
bined after sampling, a train of
multiplexed channels results.

A delay-line distributor, because
of its simplicity, was selected for
this timing control. A multitap de-
lay line is driven from a clock-
standard and forms the time base
for the sampling system. Sequen-
tial outputs then appear at discrete
intervals. In the playback mode, the
same delay line generates decommu-
tation gates, but of longer pulse-
width.

To use delay lines that are within
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TABLE II—DELAY LINE

FEATURES
Total Delay 16.7 microseconds
Rise Time 0.16 microsecond
(last tap)
Characteristic 400 ohms
Impedance
Tap Tolerance  =0.1 microsecond
Attenuation 20 percent maximum
Temperature 0.00007 usec/ deg C
Coeflicient

the present state-of-the-art, two de-
lay lines were necessary for record-
ing each track, rather than one long
line for which the requirements for
rigid tap tolerances and the long
time delays could not be met. The
frame interval is described as the
time elapsed for all the channels to
be sampled once, and is divided into
two fields. Each field corresponds
to a time interval determined by
the total delay in a distributing
delay line. Figure 1 illustrates the
systems’ time philosophy. In Fig. 1,
one frame is 33.38 microseconds in
duration and represents the pam
sampling rate of 30 Kc. The initiat-
ing pulse in each field is termed a
sync pulse and represents the time
at which the distributing delay
lines are driven. The first sync
pulse drives the first distributing
delay which in turn generates chan-
nel sampling pulses that are ap-
proximately 0.3 microsecond in
duration and are spaced 1.0 micro-
second apart. The second sync pulse

provides the drive for the second
distributing delay line.

Figure 1 also illustrates the con-
dition where all the channels are
unmodulated except one. This chan-
nel is shown in the expanded view
as a monopolar pulse in its fully
modulated state.

The composite signal shown in
Fig. 1 is stored on one of the two
wideband magnetic tracks of the
tape-transport mechanism. Included
in this composite signal are the 26
multiplexed channels, the first and
second sync pulses and a selector
pulse. The selector pulse is 2 micro-
seconds wide and precedes the first
sync pulse. This pulse is necessary
in the playback mode to allow the
decommutation process to detect
the first sync pulse from the com-
posite playback signal. The detected
first sync pulse will then be used to
initiate the decommutator gates
which will occur in synchronization
‘with the playback channel pulses.

A simplified system block dia-
gram is shown in Fig. 2. When
recording, a 60-Kc crystal oscillator
provides clock signals. The clock
rate is twice the 80-Kc sampling
rate to facilitate the driving and
synchronizing two distributors dur-
ing one frame. The record clock out-
put pulses are directed to three
places; a sync generator, an inhibi-
tor gate preceding the first delay-
line driver, and an AND date preced-
ing the second delay-line driver. At
the occurrence of the first record
clock pulse the inhibitor gate is
closed, since it has only one input,

T,
T1301-0.2

OUTPUT
Riz
Q2 Qs 68K
2N1301 2NI130I
C3 -
0.22

071 SEC
] DELAY
= LINE

+22v Vv '
Rig
220
c —
20 Ca
0.22 Ry c!'s -
K= X 1,000 = 10K = 10K 0.22

FIG. 3—Delay-line pulses are generated by blocking oscillator, with pulse
width switched 0.3 usec for recording and 0.8 usec for playback
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and the clock pulse is allowed to
trigger the first delay-line driver.
This in turn drives the first delay-
line distributor with a 0.3-micro-
second pulse. At the same time the
AND gate preceding the second de-
lay-line driver is open since it also
has only one input; this prohibits
the first clock pulse from passing
through. As the driver pulse travels
down delay line 1, a series of chan-
nel sampling gates are generated.
These are later shaped by regenera-
tors. Approximately 16.6 microsec-
onds later a pulse is applied to the
inhibitor gate and the AND gate
from the final delay line tap. This
pulse will coincide with the second
clock pulse and will open the inhibi-
tor gate and close the AND gate. This
action will trigger the second delay-
line driver and inhibit the first
delay-line driver. A similar genera-
tion of channel sampling gates for
the second field occurs. Since the
first delay-line distributor was not
driven by the second clock pulse,
neither the inhibitor gate nor the
AND gate are pulsed when the third
clock pulse arrives; the third clock
pulse causes the (drive) to the first
distributing delay line to be re-
peated. The fourth clock pulse will
of course drive the second dis-
tributing delay line. The distrib-
uting delay lines are then alterna-
tely driven by the clock pulses to
generate channel sampling gates at
30 Ke.

All of the wideband channel in-
puts are amplified through separate
audio amplifiers. The audio ampli-
fier outputs are applied to pam
Modulators. The block diagram
shows only one audio amplifier and
one pam modulator in each 26-input
field. There are actually 14 such
amplifier-modulator pairs in the
first field and 12 in the second. Each
of the pam modulators samples the
output from its audio amplifier at
a time governed by its regenerated
channel sampling gate. Since the
pam modulator outputs occur
sequentially they can be combined
through a 14-channel orR gate for
the first field and a 12-channel ORrR
gate for the second. These two
fields are now combined in the two-
field orR gate, and its output is ap-
plied to an adder. This adder com-
bines the first and second sync
pulses, produced by a sync genera-
tor, with selector pulse from the
selector generator and the two

electronics
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follower Qs delivers output on receiving delay-line-controlled gating pulses

fields of multiplexed channels.
The adder output is applied to the
record video amplifier and from
there to the record electronics of
the FR-700 for storing on magnetic
tape.

During playback it is necessary
to decommutate each channel from
the composite playback signal so
they may be processed separately
and applied to their output lines.
Consequently decommutating gates
must be generated at the proper
time and duration to straddle the
playback channel pulses. The first
and second sync pulses in the com-
posite playback signal ecarry the
information to generate these de-
commutating pulses since there is
a direct time relationship between
the syne pulses and the channels in
the respective fields. The first and
second playback sync detector
selects the sync pulses from the
output signal of the playback video
amplifier. In this mode of operation,
the detector operates as a playback
clock and alternately drives the
first and second distributing delay
lines. Pulses that function as de-
commutating gates, occur at the
delay line taps. These gates are ap-
plied to individual decommutators
after they are regenerated. The
width of these gates is a function
of the delay-line drivers.

In the playback mode the delay-
line drive circuits supply both lines
with a 0.8-microsecond pulse rather
than 0.3-microsecond pulses. These
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0.8-us pulses straddle the playvback
channel pulses. Each of the decom-
mutators are fed with the com-
posite playback signal after it has
been amplified by the playback
video amplifier. A decommutator
output occurs only when there is
coincidence between a decom-
mutator gate and a channel of the
composite signal. The output from
the decommutator is then applied
to a pam demodulator where the
original channel information is re-
covered.

In the delay line, a pulse from the
clock circuit appears sequentially at
each tap and generates the basic
timing format for the sampling sys-
tem. In the record mode the regen-
erated pulses from each tap are
approximately 0.3-microsecond du-
ration and are used as sampling
pulses in a pam modulator. During
the regenerated pulse from each tap
is 0.8 microsecond wide, and decom-
mutates the composite playback sig-
nal into individual channels for de-
modulation.

Some of the more important de-
lay line distributor specifications
are given in the Table II.

The delay-line driver (Fig. 3)
provides drive pulses for the delay-
line distributor in a time sequence
established by the record or play-
back clock circuits. The delay-line
driver provides a pulse length to
the delay-line distributor that is
either 0.3 miecrosccond or 0.8 mi-
crosecond, depending on the posi-

tion of S,. The delay-line driver is
a variable width delay-line-control
led blocking oscillator.

The pam modulator decommuta-
tor Fig. 4 consists of the Schmitt
trigger, which regenerates the deg-
radated pulses from the distrib-
uting delay line, the modulator,
which samples an audio signal for
one particular channel during the
record mode, and the decommuta-
tor, which separates individual
channels from the composite signal
during playback.

When no sampling pulses are
present, diodes D, and D, are for-
ward biased and the junction of R..
and R,, is at —12 volts. A sampling
pulse from the Schmitt turns off
both diodes. The voltage at the
junction is determined by their
voltage-division ratio, the voltage
at the emitter of Q. and the —85-
volt supply. When no audio signal
is present the level-adjust potenti-
ometer is adjusted to give —23
volts at junction of R, and R,. A
fully modulated audio signal causes
this voltage to swing from —13
volts to —383.5 volts. Thus a 30-Kc
train of negative pulses, whose en-
velope can vary up to 20 volts peak-
to-peak, is coupled into an emitter
follower whose output drives a
channel combiner.

This device was developed as part
of a training equipment for the
U. S. Naval Training Device
Center, Port Washington, Long Is-
land.
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The diode matrix is mounted between two circuit plates to form a connected matriz. The completed matriz is then
placed on o header and encapsulated into a finished package. It can then be treated as a single component

Diode Matrix Shrinks
Decimal Counter

By ROGER W. WOLFE The diode matrix is made by dif- age. It may now be treated as a

Engineering Manager.
Burroughs Corporation,
Plainfield. New Jersey

DEVELOPMENT of efficient methods
of packaging components has pro-
vided many areas of circuit develop-
ment. One such case may be found
in the circuit concept for a decimal
counter, made possible by a com-
pact package containing many
diodes connected in a matrix. Such
a package, commercially known as
a Bipco diode matrix, enables the
circuit designer to use large quan-
tities of diodes—in this case 90—
without regard to the problems of
connecting so many diodes while at
the same time obtaining the diodes
at an economical price. While the
counter could easily be made using
conventional components, it would
not be attractive because of the
relatively large volume occupied by
the components and the attendant
costs both of these components and
of suitable assembly.
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fusing a junction over the entire
area of a slice of silicon typically 1
in. in diameter and 0.010-0.015 in.
thick. After the silicon slice has
been diffused, individual diodes are
machined from it in a geometrical
pattern that represents the pattern
desired in the finished matrix.
While each finished diode is still
held in position, the diodes are
mounted between two circuit plates
to form a connected diode matrix,
as shown in the photograph. As can
be seen from this photograph,
diodes can be located at any inter-
sections where required. It is rela-
tively unimportant whether only a
few diodes or a large number of
diodes are in the matrix although
this method of fabrication is most
useful when large numbers of
diodes are required.

The completed matrix is placed
on a header so that it can be more
conveniently handled, and then is
encapsulated into a finished pack-

single component to which only a
few connections are required,

While the uses of diode matrices
in encoders, decoders and other
logical devices are many and varied,
one unique application is their use
in a decimal counter. Such coun-
ters are used in a variety of digital
applications, such as frequency
meters, events-per-unit-time indica-
tors, digital voltmeters and preset
counters.

Figure 1A is the schematic of a
diode matrix required to make a
counter, while Fig. 1B shows the
schematic of the diode matrix re-
quired to make a 10-state register.
This 10-state register is essentially
the same as the counter, but has no
means to advance from position to
position. The register may be con-
veniently used as a 10-state memory
wherever it is desired to store a
decimal number.

Figure 2 is a partial schematic
of the register. The transistor amp-

electronics



Miniature 90-diode matrix
eliminates feedback and
reduces number of
transistors required to
make a decimal counter.
Completely packaged
counter is 1.15 by

1.35 by 1.25 inches
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FIG. 1—Diode matrix register (A) with diode matrixz counter (B)
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REGISTER
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FIG. 2—Partial schematic of complete register. All am-
plifiers are similar to that shown in inset

lifiers are shown as blocks, and only
parts essential to the operation of
one stage of the register are shown.
All the amplifiers are similar to
A, which is shown separately in de-
tail.

In Fig. 2 the base of the transis-
tor is fed from one row of the mat-
rix, while the collector feeds back
into one column of the diode matrix.
The matrix connections are such
that the feedback column does not
contain a diode to connect the col-
lector of the transistor with its own
base. With the potentials applied
to the circuit as indicated, the base
of the transistor will be positive
with respect to its emitter, and the
transistor will be turned oN. This
action will lower the collector to
near ground potential and, through
the diode matrix, also will lower
the potential of the other nine rows
to near ground potential. Since
these other nine rows are norm-
ally connected to the bases of their
transistor amplifiers, these ampli-
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fiers will be turned off and their
collectors will be at virtually the
collector supply voltage. No feed-
back will occur in the other nine
columns of the matrix, since in
each of these columns, the diodes
connecting the rows and columns
together have been reverse biased
by the on transistor. Thus, only
one of the transistors will be on
at any one time, and the other nine
transistors will be off.

Since any one of the ten transis-
tors may be turned on by applying
a momentary positive potential to
its base, and will remain on while
the other nine transistors will be
turned off, the circuit shown is
capable of remaining in any one
of ten stable states for an indefinite
period of time. This action provides
a register capable of storing a deci-
mal digit.

To convert the register into a
complete decimal counter, it is
necessary to provide means for
turning on each of the transistors

COUNTER

DIODE
MATRIX

FIG. 3—Simplified schematic of counter. Negative voltage
to transistor base is not required for silicon transistors

in turn, while at the same time
turning off the one that previously
was on. This may be accomplished
by the circuit shown in Fig. 3. The
basic change made is the use of the
diode matrix of Fig. 1A with two
more columns controlled by an ex-
ternal flip-flop added to the matrix.
One other change is the removal of
a second diode in each row and the
replacement of it with one con-
trolled by the flip-flop.

With reference to Fig. 3, assume
that transistor A, is conducting,
and that column FF. is held at
ground potential by the flip-flop.
In that event, the other nine tran-
sistors are held off through the
matrix. Transistors A, through A4,
are held off by the lowered collec-
tor voltage of transistor 4,. Tran-
sistor . is held off by the low volt-
age on column FF, To advance the
count, it is necessary to put a pulse
into the flip-flop, causing it to
change state. This will lower the
voltage on column FF,; and raise
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the voltage on column FF.. As this
happens, the diode between column
FF., and the base of transistor A.
can no longer keep the base of A.
at ground potential. Therefore, the
potential on the base of transistor
A, rises, and the transistor turns
on. The other transistors are held
off, either by the low voltage on the
collector of transistor A. or by the
low voltage on column F'F,.

Each time a pulse is coupled into
the flip-flop the counter will ad-
vance one position by a similar
action. Since there are ten posi-
tions in the counter, the result is a
decimal counter.

In the actual counter show in
Fig. 4, resistor R, limits base cur-
rent, and resistor R. connects the
base to a source of negative voltage,
to insure that the transistor is cut
off when the row feeding its base
is at a low potential. This negative
supply voltage is not required if
silicon transistors are used.

In most counters, it is desired
that a method of zero-setting be
provided. This is also shown in Fig.
4. A positive pulse may be coupled
to the base of the zero transistor
through the external reset circuit.
This positive pulse will turn the
zero transistor ON and the other
transistors OFF. It is necessary also
to insure that the flip-flop is set
to the state corresponding to the
zero state of the counter. This is
done by feeding the collector volt-
age from the zero transistor into

the base of the associated flip-flop
transistor through D, and C..

A means of readout is also de-
sirable in most decimal counters.
In Fig. 4, a glow discharge indicator
tube has been connected to the col-
lectors of each of the transistor
amplifiers. The glow tube operates
when a suitable negative potential
is applied to one of its ten cathodes,
thus ionizing the neon gas in the
tube and causing a neon discharge
glow to form around the cathode
that has been lowered in potential.
This provides a simple method of
indicating the state of the counter.

The counter offers may advan-
tages over presently available de-
vices. It is a true 10-state device
and provides 10 usable, fairly-high
current outputs. These outputs may
be used to operate indicator tubes
or printers. If a preset counter is
desired, adequate current is avail-
able to operate the AND gate usu-
ally associated with such a counter.

Previous techniques of providing
this versatility have usually con-
sisted of using 18 transistors, with
8 used to form four flip-flops and
10 additional transistors to convert
the binary output of these flip-flops
into a decimal output, either
through a diode matrix or a resis-
tive matrix.

In addition, the circuit is readily
adaptable to either high- or low-
voltage outputs. Thus, it may be
used to operate high-voltage devices
such as indicator tubes or low-

voltage devices such as incandescent
lamps.

The fact that no feedback is re-
quired, such as is found in the
binary counter chain that has been
modified for a 10 count, means that
high speeds are easily obtained and
the output waveforms are uniform.
As an example, speeds of well over
100 Kc are obtainable with the cir-
cuit and with faster transistors
operating at lower voltages, speeds
of over 1 Mc may be obtained.

A complete counter called the
BIP-8000 has been built. The
finished unit is 1.150 x 1.350 and
is 1.250 in. high. It was made on
three stacked printed circuit
boards, with the top board holding
the diode matrix, the middle board
containing the 10 transistor ampli-
fiers, and the lower board holding
the flip-flop driver.

The counter operates from 170 v
to run a glow discharge tube, and a
series dropping resistor is used
to supply the collector voltages for
the transistors. It operates on a
current of 26 ma, and may be oper-
ated over a voltage range from
160-190 v. At voltages much be-
low 170 v the glow discharge tube
has insufficient voltage to ionize,
and therefore no visual indication
is obtained.

The author is indebted to Robert
E. Benn and others at Burroughs
Research Center, Paoli, Penn., for
many original concepts that led to
this counter design.
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FIG. fj—In actual counter, a positive pulse is applied to the zero transistor for zero setting. A glow counter tube
can be connected to the collectors of euch tramsistor amplifier to provide visual indication of the state of the counter
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Noise-Free Keying Circuit

Photocell biasing permits
transient-free switching

of audio signals with

a rise and decay time of
approximately 100 ms for a

60-db change

of output signal level

By A. MARTENS

Electronics Department,
Bausch and Lomb Inc.,
Rochester, New York

MANY audio applications call for
smooth signal interruption and
restoration without interferring
noise and transients. The com-
monly used balanced modulator
works well, but is relatively expen-
sive and complex. The -circuit
shown will satisfy all usual require-
ments and permit a good degree of
variation in decay and rise times.

The purpose of the circuit is to
cutoff amplifier tube V, by gradual

| Re
QPRE2 Ry <

| 100K 3

I

| A l
| SR A

Light-sensitive components should
be in a light-tight box
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increase of negative grid bias and

simultaneous decrease in input-
signal amplitude. This arrange-
ment prevents signal clipping,

which would occur if the ampli-
tude remained unchanged during
keying. Use of photoresistors
makes it possible to isolate the con-
trol function from the signal path
and thus avoid switching tran-
sients.

Assume that the system is in-
itially conducting. Photocells R.
and R., which are in a light-tight
enclosure with lamp I,, are not il-
luminated; since their dark re-
sistance is well above 50 megohms,
they do not interfere with sig-
nal conduction. Capacitor C, is dis-
charged through resistor R.. Clos-
ing switch S, lights the lamp. The
time for reaching the maximum
brightness is controlled by resistor
R.. If R, were not used, the photo-
cell resistance would drop sharply,
causing a transient in a signal as
the light is turned on. Capacitor
C, charges to a value determined
by bias-supply voltage and the
values of associated voltage divid-
ing components.

The grid of V, is gradually biased

Example of
switched signa

off through R, whose resistance de-
creases at the same rate as R.. This
causes the amplitude of the signal
applied to the grid of V, to de-
crease as the negative bias in-
creases through the action of the
voltage divider R, R, and C..

By making R. variable, both
rise and delay times may be varied
infinitely, in which case S, is not re-
quired. If the characteristics of
keying are to be maintained for
each cycle, the fixed values of R,
C,, R., R, and bias voltage control
the decay time and C,R, together
with turn-off properties of R, and
R, control the rise time. For the
values used, both rise and decay
were about 100 msec. for better
than 60 db change of output level.

Switch S, may be replaced with
an automatic pulsing circuit, and
the waveform of modulation varied
by varying the value of components
in the keying circuit. The circuit is
equally well applicable to transistor
equipment. The combination of bias
cutoff and input signal variation
allows a far greater range of con-
trol and smoother operation com-
pared to circuits using either bias
or variable input impedance alone.
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FIG. 1—Value of Ve in (A) is found by using Eq. 1, 2 and 3. Diagram (B) shows how pulse-time multiplier works

Technique for performing accurate analog multiplication uses a magnetic
pulse-time modulator and transistors with a special feedback circuit

Accurate Analog Computation

By W. R. SEEGMILLER,

Light Military Electronics Dept.
General Electric Co..
Schenectady, N. Y.

MULTIPLICATION and division of
variables in analog computers are
usually mechanized by using servo-
driven potentiometers. These po-
tentiometers, being electromechan-
ical, have limited the reliability of
airborne equipment operating under
severe military conditions.

The increasing need for higher
reliability on future airborne sys-
tems and space vehicles has led to
interest in methods of performing
computation and control functions
with static devices. A number of
papers” ** have been published on
analog computation using pulse-
time principles.

A method for performing analog
multiplication is the pulse-time rec-
tangle multiplier. One variable es-
tablishes the time duration, and a
second variable establishes the mag-
nitude of an output pulse. The
product of the two variables is pro-
portional to the area of the pulse.
Figure 1A illustrates the funda-
mental process.

With transistors providing nearly
ideal switches, the most critical
problem is the accuracy of conver-
sion from input voltage to the
pulse-time ratio.
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A technique for performing ac-
curate analog multiplication is
shown in Fig. 1B. Feedback makes
it possible to convert an input volt-
age to a pulse-time ratio with an
accuracy of 0.1 percent of full-scale.

In Fig. 1B, the magnetic pulse-
time modulator consists of a self-
saturating magnetic amplifier and
transistor switch driver. The pulse-
time modulator drives switches S,
and S., controlling the relative on-
time and off-time of the two
switches. The modulator is biased
to turn the switches off with zero
signal input.

Input voltage V, causes a current
I, to flow into signal winding N,
with the proper polarity to increase
the on-time of the modulator. Ref-
erence voltage V, applied to S, pro-
duces feedback voltage V,, which
has the wave-shape shown in Fig.
1A.

Feedback voltage V, is applied in
series with R, through feedback
winding N, on the pulse-time modu-
lator. The polarity is such that the
feedback ampere-turns, I,N, op-
pose signal ampere-turns, I,N,.
With a high internal loop gain, the
average value of I,N, will be di-
rectly proportional to I,N,; and the
average value of V, will be propor-
tional to V.,

Assuming a perfect switch, and

a fixed reference voltage V. the
average value of V, will be propor-
tional to t,,/(t,. + t...). Therefore,
the time ratio of the pulse-time
modulator is forced by feedback to
be directly proportional to the input
voltage, V,.

Switch 8., the multiplving switeh,
is driven in parallel with S,. The
second input voltage variable V, is
applied to S. Then the average
value of output voltage V., is

dost

Vo avg) = V'_‘ 1
any) (10.. +/..rr> (0

and since, by the use of feedback
l)ll

=K 2

o + lotis L 2)
where K is a scale factor

Vot = KV, Vs (3)

Thus, the multiplier output is di-
rectly proportional to the product
of V, and V..

The new technique is used in
the two-quadrant multiplier circuit
shown in Fig. 2. Further refine-
ments are discussed later. The
pulse-time modulator consists of
full-wave magnetic amplifier Zener
diode D, and driver transistor Q..
Zener diode D, allows the presatu-
ration magnetizing current of the
magnetic amplifier to flow in re-
sistor R, without affecting Q,. When
the magnetic amplifier does satu-
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Breadboard setup of multiplier shows magnetic amplifier at the left and the feedback amplifier and switch at the right

With Pulse-Time Modulation

rate, the voltage across R, rises
rapidly to the point at which D,
breaks down. Current then flows in
R., switching on Q.. When Q. is
switched on, Q. is switched off.

The reference voltage is obtained
from zener diode, ND.. Turning Q, on
and Q. off, provides a pulse of ref-
erence voltage, V., (fixed by D.)
across feedback resistor R. and
feedback winding Fi-F..

Transistors Q. and Q, are the bi-
polarity switch S.. The output volt-
age is developed across R,. With a
bipolarity switch both plus and
minus values of voltage V. can be
switched, so the circuit can be used
as a two-quadrant multiplier.

Several switches similar to S.
could be driven from one driver
transistor (Q,) so that one vari-
able V., could be multiplied by sev-
eral other variables using only one
pulse-time modulator. This is sim-
ilar to the use of ganged potentiom-
eters in electromechanical com-
puting.

The pulse-time modulator is a
full-wave, single-ended, self-satu-
rating magnetic amplifier. It is op-
erated from a square-wave supply
and drives switching transistor Q..
The magnetic amplifier reactor
(Table) is as small as possible, con-
sistent with the requirement of a
large space required for a large
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number of signal and feedback
turns. A special requirement of the
design is that the ratio of signal
winding resistance to total signal
circuit resistance should be the
same as the ratio of the feedback
winding resistance to the total feed-
back circuit resistance. This com-
pensates for changes in the copper
winding resistance with self-heat-
ing and ambient temperature
changes. Depending on the design,
the signal winding resistance and
feedback winding resistance may
be 5 to 10 percent of the total cir-
cuit resistance, so it is important
that the ratios be nearly the same.

The magnetic amplifier is de-
signed for approximately two-
thirds of normal excitation voltage.
That is, with a given supply voltage
and frequency, the number of load
winding turns is calculated so that
the magnetic amplifier operates

REACTOR DESIGN DETAILS

Core: LY MU 80 No. 51002-2D

Winding Turns Wire Size
(Awg. No.)

A-As 2,000 42

B\-B, 2,000 42

F\~-F, 3,000 42

Fi-F4 1,500 39 (Not Used)
Fs-Fg 1,500 39

Fi-Fy 100 39

over only two-thirds of the total
B-H loop. This improves the line-
arity of the magnetic amplifier
characteristic. Figure 3A shows the
significant difference in linearity of
the magnetic pulse-time modulator
(without feedback) operated at
normal excitation, and at two-thirds
of normal excitation. By operating
at reduced excitation, the nonline-
arity at the lower end of the char-
acteristic is reduced. With the neg-
ative feedback circuit closed, the
curve is nearly a straight line, but
the nonlinearity is decreased with
the lower excitation voltage. Since
the amount of negative feedback
that can be effectively used is lim-
ited by other circuit considerations,
this improvement in the magnetic
pulse-time modulator characteristic,
with reduced excitation, is sig-
nificant.

Data was taken on the pulse-time
modulator with feedback (as shown
in Fig. 2) using a digital voltmeter
to measure both the input voltage
V, and the voltage V, across Q.. To
obtain a reading which represents
the actual switching time-ratio, the
voltage developed across Q. with the
switech turned on must be sub-
tracted from the total reading. This
amounts to a linear correction fac-
tor directly proportional to the
time the transistor is turned on
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and to the on-voltage-drop of Q..

Figure 3B is a plot of the error
in corrected output voltage from an
ideal straight-line relationship. The
maximum error for this 100 to 1
range in input variable is 0.17 per-
cent of full-scale output. Neglect-
ing the first point, the maximum
error is 0.12 percent of full-scale
for a 50 to 1 range in input vari-
able. A 0.5 switching time-ratio is
used as full-scale output.

A revised circuit for a two-quad-
rant multiplier is shown in Fig. 4.
The main difference in this circuit
and the earlier circuit is in the out-
put multiplying switeh S..

Output transistor Q. is now a
single transistor operated as a
series switch, with a drive obtained
from Q.. To provide for positive
turn-off of @, the emitter-to-base
junction of @, is back biased at 5
volts. This is accomplished by Zener
diode D, which places the emitter
of Q. above the B supply ground.

When @, is turned on by base-to-
emitter current, a collector-to-
emitter voltage of the order of 30
millivolts is generated. This volt-
age is compensated for by the cir-
cuit consisting of the R,, R, and
potentiometer R,,.

Data was taken for both positive
and negative values of voltage V,
with the input voltage V, set at 2.5
volts, and at 10 volts. Plots of the
data show maximum errors of 4
millivolts, 0.17 percent of full scale.
However, the shape of the error
curve indicates that a better adjust-
ment R, would bring this error
below 0.1 percent of full-scale.

The linearity with respect to
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FIG. 4—Revised multiplicr uses single transistor as series switch S,

variation in input voltage V, was
also checked using a constant ref-
erence voltage for V. The error
is less than 4 millivolts with a range
of 50 to 1 in input voltage V..

A pair of two-quadrant multi-
pliers, with signal windings con-
nected in series or parallel, can be
used for four-quadrant multiplica-
tion. The polarity of the signal
windings is arranged so that only
one of the pulse-time modulators is
turned-on in the positive direction
at one time.

There is an additional problem in
four-quadrant operation. With a
large negative ampere-turn signal
applied to the pulse-time modulator
which is turned-off, this pulse-time
modulator begins to turn-on again.
With the two-quadrant multiplier
shown in Fig. 4, this point is
reached when a negative voltage of
approximately 2.5 volts is applied
to V.. This is only one-fourth of
the voltage input magnitude re-
quired for full-scale linear output.
Thus when negative signals are ap-
plied, which are greater than one-
fourth of full-scale input, the two-
quadrant multiplier will produce an
erroneous output. This effect can
be eliminated by using diode limit
circuits on the signal circuit, or a
polarity detector to gate the output
circuit.

Another method to overcome this
difficulty on a four-quadrant multi-
plier is to use an additional feed-
back winding on each pulse-time
modulator connected to the output
of the other pulse-time modulator.
The polarity of these feedback
windings is arranged so that a sig-
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nal that turns on one pulse-time
modulator produces enough positive
ampere-turns on the other modu-
lator to keep it from giving an er-
roneous output.

A four-quadrant multiplier has
been evaluated in the laboratory.
Errors were of the same order of
magnitude as those tabulated on
the two-quadrant multiplier circuit.

A useful application of multi-
pliers is in function generation
from power series expansions. For
instance, the expansion for the sine
function

. .T.'i 1.5
sin o= = o5 + S T )
can be approximated as
R s -
SN r=r — )

6.77

This approximation is accurate to
1 percent for values of x* from 0 to
1.57 radians (90 degrees).

To generate the sine function,
two multipliers are cascaded. Out-
put of the first multiplier gives a
term proportional to the square of
2. This output is fed into a second
multiplier, where it is multiplied
by the original input, to give an
output proportional to the cube of x.
The cubic term is then subtracted
from the linear term by mixing the
two currents, with the scale factors,
in a meter to give the approximate
expression for the sine of x. The
experimental readings for sine of
2 shows a maximum error of 1.4
percent from the true value for the
sine function over the complete
range from 0 to 90 degrees. This
result is reasonable when compared

to the theoretical error of 1 per-
cent for the approximate expres-
sion.

In function generation and other
applications of cascaded multipliers,
there is a significant advantage
gained from the isolated signal
windings of the magnetic pulse-
time modulator. The output of one
multiplier can be fed directly into
a second multiplier without inter-
mediate buffer amplifiers. Interac-
tion between the second stage and
the first stage multiplier output
switch, mayv cause additional non-
linearity errors of the order of 1
percent in cascaded multipliers.
These nonlinearities are repeatable
and can usually be compensated for
in the final result. Further analyt-
ical and experimental work on ap-
plications of cascaded multipliers is
now in progress.

The effect of voltage and fre-
quency variations of the square-
wave supply for the pulse-time
modulator has only a second-order
effect on multiplier accuracy. The
voltage and frequency of the supply
do cause a bias shift in the single-
ended characteristic of the mag-
netic amplifier used in the pulse-
time modulator, but the large
amount of negative feedback re-
duces the percentage effect of this
variation.
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Van de Graaff

Accelerator injects protons into Cosmotron orbit at 5-

minute intervals. During proton injection the Van de

Graaff terminal capacitance discharges reducing ter-

minal voltage, hence reducing initial proton energy.

An auxiliary boost circuit counteracts voltage loss and

matches proton energy to Cosmotron magnetic field

By E. J. ROGERS

Brookhaven National Laboratory,
Upton, New York

BROOKHAVEN NATIONAL LABORATORY
uses a 70-foot diameter proton syn-
chrotron, called the Cosmotron, to
produce high-energy protons for
a variety of nuclear experiments.
The initial source of these protons
is a Van de Graaff accelerator,
which is at the periphery of the
Cosmotron doughnut. The protons
are injected into the Cosmotron or-
bit with an initial energy of 3.6
Mev'. After several million circuits
of the Cosmotron the r-f accelerat-
ing field increases proton energy to
3 Bev.

The beam of protons injected
into the Cosmotron from the Van
de Graaff accelerator causes a cur-
rent drain of 25.5 ma from the
high-voltage terminal during the
injection pulse. Since the Van de
Graaff belt can supply only a few
microamperes, current must be
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supplied by the capacitance of the
high voltage terminals. However,
discharge of the terminal capaci-
tance produces a linear decay in
terminal voltage, hence also in the
initial energy of the protons.

The terminal capacitance is
150 pf. The potential of the high-
voltage terminal, and consequently
the energy of the injected protons,
decays at a rate given by dv/dt =
i/c = 25.5 x 10%/150 x 107", or
170 volts per microsecond. This
energy decay is undesirable be-
cause the beam is injected into a
rising magnetic field. By modulat-
ing the Van de Graaff energy up-
wards during the injection pulse,
rather than allowing this decrease
to take place, the useful injection
time is increased from 50 to 210
microseconds.

The modulation voltage is ap-
plied to the high voltage terminal
(which is 3.6 Mv above ground)
by capacitive coupling from a
pulsed liner placed inside the Van

FIG., 1—The three adjustable
spark gaps lie horizontally above
their adjusting motor; lower
down is the 3-henry choke with
one air gap visible at its corner,
Just below the choke a section
of the 100-Kv pulse transformer
is visible

High voltage terminal and supporting
column (right) are withdrawn from
their pressure tank; rings around the
support column equalize potential
gradient. Shield of high-voltage ter-
minal is partially removed (far
right), while inside the pressure tank
the liner that receives the high voltage
pulses is just visible

Proton Source

de Graaff tank (see illustrations).
Calculation shows that the Van de
Graaff voltage should rise 360 v
per microsecond during the 210
microsecond injection pulse. With-
out the pulsed liner it falls 170 v
per psec, so the induced voltage
should rise at 530 v per pusec for
the duration of the injection pulse.
For a 210 upsec injection pulse a
total induced voltage of 110,000
volts is required. The capacitance
ratio between terminal-to-liner,
and terminal-to-tank, is 3 to 1,
yielding a capacitive coupling co-
efficient of 3/4 between the liner
and the high voltage terminal.

A total voltage swing of 4/3 X
111 Kv or 148 Kv is therefore re-
quired on the liner. A system ca-
pable of delivering up to 220 Kv
was designed and constructed, Fig.
1, allowing for possible future in-
creases in beam intensity.

The liner pulsing circuit is shown
in Fig. 2. Between proton injections
at 5-second intervals the 1,500 pf
liner-to-tank capacitance is charged
to —120 Kv by the high-voltage
power supply, Fig. 3. This voltage
is divided between two equal sec-
tions of the spark gap, each of
whose breakdown voltage is some-
what higher than 60 Kv. At the
beginning of the injection pulse the
trigger pulse generator, Fig. 2, de-
livers a sharp 1,500 v pulse to the
pulse transformer. The 100 Kv sec-
ondary pulse fires the gap, connect-
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ing the liner to ground through the
3-henry inductor and the 5,000-0hm
damping resistor, R,. The circuit
begins to oscillate, starting at the
negative peak amplitude of —120
Kv. At the end of the first half-
period of oscillation the voltage on
the liner will be at a positive peak
of 4100 Kv.

The 3-henry inductor resonates
with the liner capacitance at 2.38
Ke to give a half-period of 210 usec.

The circuit continues to oscillate
for a few cycles until the energy is
dissipated in R,. The spark then
goes out and the liner begins charg-
ing toward the supply voltage
through R.. At the next injection
pulse, the liner voltage is equal to
supply voltage, and the circuit is
ready to be fired again.

All the high-voltage liner puls-
ing components are within the Van
de Graaff tank. The high-voltage
power supply, spark gap and in-
ductor are mounted on a shelf on
the inside of the faceplate.

C. M. Turner supervised con-
struction and installation of the
liner and the electrical components
of the pulsing system. The work
was performed under the auspices
of the U.S. Atomic Energy Com-
mission.
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FIG. 2—Trigger pulse is amplified by two thyratrons before passing on
to the modulator unit, where it is stepped up to about 100 Kv by the
pulse transformer
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FIG. 3—Secondary output of pulse transformer breaks down modulator
awrgap and initiates the 110 Kv boost pulse that the Van de Graaff liner
couples to the proton source

FROM THYRATRON
TRIGGER GENERATOR

59



PROTECTION
CIRLUIT

+ l

A

»
o
o

INm
p L
o
S

LOAD CURRENT I

o
(=3

(8)°°

WORKING
\ RANGE 5

10 20 30 40

NORMAL

SHORT
CIRCUIT
CURRENT
530mA

N h N W Q

o
>
=
—
@
=
w
-
=
=
a
-
>
)

o -

0 200 400 800
LOAD CURRENT IN
mA

50 70_80 90 100 110 120 130
LOAD RESISTANCI: Ry IN OHMS

During overload Q; turns on and draws current through Qs load resistor R., thereby reducing the drive potential to
Qs base (A); characteristic curves (B) show that output current is limited to 580 ma during short circuit while volt-
age remaing constant at 10 volts in normal operation

OVERLOAD PROTECTION CIRCUIT

USES LOW-POWER TRANSISTOR

Protection circuit detects excessive current then reduces output voltage

proportionately—inoperative until preadjusted current level is attained

By C. YARKER

English Electric Aviation Limited,
Stevenage, Herts, England

THE STABILIZER shown in Fig. A
enables low output impedance to be
obtained with good stabilization
ratio. The collector of the protec-
tion transistor Q, is connected to
the collector of Q. so that, with in-
creasing load current in the output
circuit, @, conducts at a value de-
pending upon r and the potential
across R. increases, eventually caus-
ing Q. to bottom. As Q. bottoms,
the output V falls.

By making the resistor » variable
the maximum current requirement
may be adjusted to suit the load

60

circuit. Although load current flows
through » the resistance is low
(about 1 ohm) and no appreciable
power is dissipated. The current
needed to drop the full voltage F
across R. is a few milliamps, so
transistor @, need be only a low-
power type.

The main disadvantage of the
circuit without using diode D is its
temperature dependence. As the
temperature rises the V., drop of
transistor falls, and so the current
required to trip the circuit falls too
—in many cases this might be con-
sidered an advantage.

The introduction of diode D in
the protection circuit causes no ap-
preciable change in the triggering
level at higher temperature. Re-

sistor R maintains the diode in a
state of conduction and although
the V., drop of the transistor and
the diode drop decrease, a steady
triggering level is maintained
across 7.

A more complicated stabilizer
variety was checked at 25 C and
55 C without the diode compensat-
ing circuit. The trip current at 25
C was set by 7 to 0.4 amps and this
fell to 0.36 amps at 55 C.

With the diode in circuit no ap-
preciable change was observed in
the triggering current.

The stabilizer used had a slower
response time than the trip cir-
cuit owing to the presence of a
capacitor to prevent circuit osecil-
lation.

electronics



High selectivity,
unique convenience,

extreme accuracy

& 302A Wave
Analyzer

No calibration or stabilization is required with the d& 302A
Wave Analyzer, a completely transistorized instrument
which represents significant improvement in design. Oper-
ating as a highly selective tuned voltmeter, the instrument
provides a front panel control which selects the frequency
to be measured. Voltage then is read directly on the front
panel meter. Basically, Model 302A separates an input sig-
nal into individual components so that each—the funda-
mental, harmonics and any intermodulation products—may
be evaluated separately.

With the @& 297A Sweep Drive, the @ 302A is converted to a
sweep oscillator-tuned voltmeter for automatic frequency
response measurements, even in noisy systems. The 297A
motor accessory permits sweeping the entire frequency
range of the 302A, 20 cps to 50 KC; provides fast sweep for
covering the spectrum rapidly, slow sweep for high resolu-
tion plot. The Sweep Drive with an X-Y recorder permits
automatic plots of harmonics or intermodulation products.
Model 297A attaches to the 302A panel, or may be bench
mounted on an adjustable stand.

HEWLETT-PACKARD COMPANY

Palo Alto, California, U.S.A.
DAvenport 6-7000

1501 Page Milt Road
® Cable “HEWPACK"

AR Saa

easily convertible to a sweep

oscillator-tuned voltmeter with this
& 297A Sweep Drive!

SPECIFICATIONS

f 302A Wave Analyzer
Frequency Range: 20 cps to 50 KC

Frequency Calibration: Linear graduation 1 division/10 cps.
Accuracy + (1% + 5 cps)

30 uv to 300 v, full scale, 15 ranges
None
=+ 5% of full scate

Voltage Range:
Warm-up Time:
Voltage Accuracy:

Residual Modulation
Products & Hum

Voltage: Greater than 75 db down

IF Rejection: intermediate frequency in input signal
rejected by at least 75 db down

Selectivity: +- 314 cycle b.w. — at feast 3 db down

+ 25 cycle b.w. — at least 50 db down

+ 70 cycle b.w. — at least 80 db down
Beyond + 70 cycle b.w. — at least 80 db
down

Determined by setting of input attenuator:
100,000 ohms on 4 most sensitive ranges,
1 megohm on other ranges.

Input Impedance:

Dimensions: 20%” x 121»" x 1414” (cabinet),

19” x 10¥2” x 13%2” (rack mount)
Weight: 43 Ibs. (cabinet), 35 Ibs. (rack mwount)
Price: d 302A (cabinet), $1,800.00

& 302AR (rack mount), $1,785.00

tp 297A Sweep Drive

Sweep Range: 50 revolutions

Sweep Limits: Any interval from 50 revolutions to
5 degrees
Sweep Speed with
dp 302A: 170 cps/sec and 17 cps/sec
Mount: Front panel of & 302A or bench stand,
i adjustable, 4” to 12~
Price: $275.00

HEWLETT-PACKARD S.A.
Rue du Vieux Biltard No. 1
Cable “HEWPACKSA"

Geneva,.Switzerland
Tel. No. (022) 26. 43. 36 |

Sales representatives in all principal areas
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PSI TRIPLE DIFFUSE

FOR YOUR HIGH-SPEED COMPUTER APPLICATIONS

. : Combined in the low-level ultra-fast PSI 2N919-
series, the “no compromise” character-

® Switching Speeds to 10 NG9 e o aract
isties of triple diffused silicon planar manufac-

an istics of triple diffused sili 1 fe
turing techniques give you extremely low
1 nt saturation voltages without sacrificing voltage

® High Minimum Voltage pon

Breakdowns to 50 Volts Offering a gain-bandwidth product of 300

me, a typical 1 nanosecond storage time, and

minimum breakdown voltage as high as 50

® Low Leakage and Ve (SAT) volts, the 2N919-2N822 series is ideal for your
ultra-high speed triggering circuits, clock gen-

erators, and other high-speed

computer applications.

HIGH SPEED SWITCHING TRANSISTORS Tﬁe tracfgccompanying the 50

Total : == -
TP éozvgﬁrc vero | Ve | varo b & " o mcfgacycle Schmitt tuggc?l demon-
Case | Min | Min | Min Typ Max strates the unequalled high-speed
L performance of these PSI triple
a e SRR A el LmE L diffused silicon planar units in a
2N920 1.2 25 20 5 40-120 400 0.20 TO-18 typlcal application. Apply these
e L i I B ) ) o e outstanding switching character-

2N922 1.2 50 30 5 40-120 400 0.30 TO-18 iStiCS to your designs today

50mc SCHMITT TRIGGER --==h.---.
... HR SRR
500 T
1700¢ OUT 7

EEUA
R l

L 1
., NENEvEvEvE
Lo R

=t Vie=20V
Ds, Dz, D3 — PS9080 Vert; 1V /Div

Hariz ; 10 Nsec / Div; f=50mc

l ? - l
, !
TO-5 TO-18 TO-46 MICRO PICO

(ACTUAL SIZE)

PSI 2N919
-duf PSI 2N919

220
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PLANAR TRANSISTORS

FOR YOUR LOW LEVEL VHF APPLICATIONS

For your low to medium level VHF applica- -
tions, PSI 2N1506 and PT720 triple diffused Exce"ent Po,wer Ga'n
planar transistors provide excellent high fre- Characterlstlcs
quency performance even under extreme
environmental conditions. The 2N1506 dem- Improved Lmeanty

onstrates a typical power gain of 12 db at 70
megacycles, 500-milliwatts output at 200 meg- ) Extremely Low NOISE Flgures
acycles, and extremely low noise figures—out-
standing characteristics for
your most stringent VHF
design requirements.

PSI offers a complete line

VERY HIGH FREQUENCY TRANSISTORS

f t ipl diff d ili Powul P Gail Py Gail P Gai
> ower Gain owe

0 riple 1 ! use S1 lC.On Ype °2;°rc Vc‘nno VC]E,: VE:: @ f= 30me @f tw‘ “c @ “”’"1 ain

p]anal’ transistors SpeClﬁ- W::tes Typical Typical Typical

cally designed to meet your
communications needs. In-
vestigate these units today
for application in your RF
and IF amplifiers, oscilla-
tors, mixers and PCM tele-
metry designs.

PT720 1.2 | 25 15 - - 15db P. = 0.2W | TO-18

2N707 1.0 56 28 - - 6db P. = 0.2W | TO-18

2N1338 28 | 80 50 18db P. = 0.35W |10.5db P. = 0.35W | 7db Po= 0.35W | TO.5

2N1342| 2.8 }150 125 - | 13db Po=0.4w |10db P.=0.3W| TO.5

2N1505| 3.0 50 40 10db P, = 1.8W 8db P. 1.2w 6db P. = 1W TO-5

dlwla|lw| sl o

12db P. = 1.8W | 10db P. = 1.2W 8.5db P, = 1W | TO-5

| 2N1506( 3.0 60 40

j—{»ls.sv 240mc 200mW TELEMETRY TRANSMITTER

L6

L7 Cz21

L -4 -
5%&% 76:23

DC power input = 1 Watt; output — 200mWwW
Q;, Q2 & Q3 = PT720

Q4 = 2N1506

*Varicap is the registered tade- mark of silicon voltage variable C19 = PS| High-Q Varicap* type PC141

capocitors manytactored by Pacfic Semiconduttars, Ine

\ TRW Electronics
‘ Q'.‘;! ® ® ®
s Pacific Semiconductors, Inc.

12955 CHADRON AVENUE, HAWTHORNE, CALIFORNIA
TWX: HAWCAL 4270 « CABLE: PSISOCAL
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RESEARCH AND DEVELOPMENT

Recording Physiological Data in Digital Form

HUMAN REACTIONS to psychological
stimuli can be recorded directly in
a form that enables the data to be
studied by digital computer. All
repetitive manual computation can
be eliminated, and the steps needed
for statistical analysis can be mini-
mized. One reel of magnetic tape
records a day’s measurements. An
operator is required only for initial
equipment checkout, selecting film-
strip stimuli and attaching trans-
ducers to subjects.

The technique was developed by
the National Bureau of Standards.
The equipment accepts simultane-
ously rapidly occurring psycho-
physiological measurements in
analog form, converts them to digi-
tal form and records them on mag-
netic tape. Circuits to drive and
interconnect a standard analog-to-
digital converter and recorder were
designed for the Air Force Office
of Scientific Research.

Although the equipment was in-
tended to record the responses of
subjects in a continuing psycho-
logical investigation, it can be used
in many biological studies that

.yield rapidly changing analog data.

Examples include studies of psy-
chological conditioning, reactions
to drugs and autonomic responses
to emotions and situations.

In studying autonomic re-
sponses, the subject may be unable
to describe or time stimuli or to
appraise his responses objectively,
some of which he may not even
perceive, Transducers are avail-
able to measure autonomic condi-
tions of the human body. How-
ever, recording several simultane-
ously occurring and sometimes
rapidly changing reactions has
been a technical problem.

Polygraph Limitations

The polygraph has filled the re-
cording need in some cases. It inks
measurements of body responses to
a series of questions put to the
subject directly on a moving roll
of graph paper. Although it is
ideal for easy inspection of the re-
sponses of individual subjects, the

~

.and time identification data.

raw data supplied by the trans-
ducers would have to be in digital
form for computer use.

The converter-recorder method
was developed to record the reac-
tions of subjects to visual stimuli
given at 30-second intervals. The
psychological data acquired on a
production-line  basis is later
treated statistically. The equip-
ment scans the transducers at a
0.1-second repetition rate. Since
successive converted readings’ of
any analog channel change little,
they are effectively continuous.
The record for each stimulus con-
sists of measurements during a 10-
second prestimulus period, which
provides a baseline. Measurements
of the same conditions during a 20-
second post-stimulus period are re-
corded and can be compared with
the prestimulus data.

Converter-Recorder Capacity

The converter-recorder can han-
dle eight analog channels and two
channels of pulse-coded session
The
physiological conditions measured
are skin resistance, chest and dia-
phragm respiratory movements, in-
tegrated muscle action potential,
time interval between electro-
cardigram R-spikes, pulse ampli-
tude, skin temperature and inte-
grated shifts of body weight.

The analog from each channel is
amplified by a preamplifier de-
signed for signals having the char-
acteristics of the particular meas-
urement. Six analog signals are
also presented continuously on a

strip chart recorder for on-the-spot
observation and initial equipment
adjustments.

Both analog data and the digital
session and time data are scanned
by the converter at a rate of 10
msec per channel, converting each
analog to an 11-bit binary signal.
The 11-bits of digital information
for each analog channel could, for
example, accommodate integral
numbers from —1024 to +1024 for
a zero-centered range. The digital
signals are buffered and again con-
verted but to a maximum of five
words of 36 binary digits each, and
this information is supplied to a
diode selector matrix.

Matrix Operation

The matrix connects successive
groups of six digital lines to six
parallel heads that record the digi-
tal signals on magnetic tape. The
matrix has a format of five six-
character words of six bits each.
It is scanned at a character rate
of 300 cps.

The six information channels
plus one channel for parity check
are recorded at 1.5 ips on half-inch
tape. The tape transport accom-

"modates 10-inch reels for record-

ing 12 half-hour sessions.

The system can be used for a
variety of projects for recording
several simultaneous channels of
continuous analog data or of mixed
continuous and discretely quan-
tized information (analog and
digital) if the reading rate is com-
patible with the greatest rate of
variable change,

Ball Control Aids Radar Tracking

FINGERTIP MOVEMENT of a smooth
nylon ball enables faster and more
precise tracking of airborne radar
targets. The electromechanical ball
tracking control permits smooth,
continuous movement in two direc-
tions including all angles between
the normal vertical and horizontal
directions.

The ball tracker, developed by
Hughes Aircraft Company, is used
to control the movement of the
radar antenna. To track an air-
borne target by radar, the operator
is usually required to place a track-
ing pip on the radar screen over
the target pip. A variety of man-
ual controls have been provided to

electronics
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TUNG-SOL

PRECISION
SUBMINIATURE

LAMPS

Actual size

BLIGHTBLIFE
HSHOCK

The Tung-Sol line of subminia-
ture lamps is engineered and
manufactured to meet the design
requirements —Light, Life and
Shock—of the most advanced
electrical/electronic equipment.
The four base types are supplied
in varying voltages ranging from
1.38v. to 28v. Tung-Sol submin-
iature lamps are designed for
indicator and readout applica-
tions, with life ratings from 350
hoursto indefinite. Designers can
be completely confident of both
uniformity and reliability—even
under environmental extremes.
Write for bulletin A14 contain-
ing complete specifications.
Special design requirements in-
vited. Tung-Sol Electric Inc.,
Newark 4, N.J. TWX:NK193
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What do you need to know about

PURE FERRIC OXIDES
MAGNETIC IRON OXIDES

Since the final quality of your production
of ferrites and magnetic recording media
depends on the proper use of specialized
iron oxides—you'll find it mighty helpful to
have the latest, authoritative technical
data describing the physical and chemical
characteristics of these materials. This
information is available to you just for the
asking. Meanwhile, here are the highlights.

PURE FERRIC OXIDES—For the production
of ferrites, both hard and soft, we manu-
facture a complete range of iron oxides
having the required chemical and physical
properties. They are produced in both the
spheroidal and acicular shapes with aver-
age particle diameters from 0.2 to 0.8
microns. Impurities such as soluble salts,
silica, alumina and calcium are at a mini-
mum while Fe;0; assay is 99.5+49%. A
Tech Report tabulating complete chemical
analysis, particle shape, particle size dis-
tribution, surface area, etc., of several
types of ferric oxides, hydrated ferric
oxide, and ferroso-ferric oxide is available.

MAGNETIC IRON OXIDES—For magnetic
recording—audio, video, computer, and
instrumentation tapes, memory drums;
cinema film striping; magnetic inks; car-
bon transfers; etc.—we produce special
magnetic iron oxides with a range of con-
trolled magnetic properties. Both the black
ferroso-ferric and brown gamma ferric
oxides are described in a Data Sheet listing
magnetic properties of six grades.

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

‘[' T%W
{ coLoRrs a I;MELIJTS asll ég
best

E.ST. LOUIS,ILL. - EASTON,PENNA. - EMERYVILLE. CALIF.
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Movement of ball is transmitted to potentiometers that govern position of

tracking pip on radar screen

enable an operator to position the
antenna about two axes through
servo svstems, with antenna posi-
tion indicated by the tracking pip.
Handwheels. cranks, joysticks
and similar devices usually rotate
gimbals through separate gear
trains and mechanical linkages for
two directions of movement. Back-
lash in such mechanisms make
smooth movement difticult, particu-
larly between the two directions.
An accepted test of such con-
trols, tracing a figure 8 on the ra-
dar display, is said to be readily
performed with the ball tracker.
The control is basically a single in-
put device with divided output,
which permits movements in an in-
finite number of directions be-

tween vertical and horizontal.

No gears are used in the ball
tracking control shown internally
in the photograph. The ball is
mounted in a bed of -inch ball
hearings. Mechanisms are provided
that transmit movement of the ball
from two rubber-tire wheels to
disks. The disks are each attached
by a hub and a clamp to a poten-
tiometer shaft. The potentiometers
convert motion of the ball into
electrical signals that govern the
position of the tracking pip.

The rotary solenoid in the cen-
ter foreground activates two bev-
eled forks that lift the potentiome-
ter shafts, allowing two heart-
shaped cams to engage the potenti-
ometers for rapid centering.

Lighter Riometer Consumes Less Power

LOW-WEIGHT transistor riometer in-
dicates perturbations in the iono-
sphere caused by either natural or
man-made phenomena. The Mark II
riometer (relative ionospheric opac-
ity meter) measures changes in
ionospheric absorption by determin-
ing and recording the level of ex-
terrestrial cosmic radio noise in the
h-f region.

The instrument, developed by Air
Force Cambridge Research Labora-
tories, achieves long-term stability
by continuous comparison with a
standard noise diode source. The
Mark II riometer is currently being
manufactured