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Transistor outpet;

matches any PP tran-
r sistor to 4, 8, 16

speaker. Prlmary 48,
=~ 36, 12 Q C.T; 20 —
| to 20 KC; 40 watts.

HIGH POWERED

! Low distortion 2.5 KW
output transformer, PP
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i

! for printed circuit ap- §

450 TH's 18,500 ohms §

C.T. to 24/6 ohms,
20 KV hipot. 520 Ibs.

HI-FREQUENCY
CARRIER TO
MIL-T-27B

Electrostatlcally
| shielded, humbucking,
+30 dbm level. With-
y in .5 db 250 cycles

change in AC voltages.

| | e

to 110 KC. 600/135: §

600 centertapped to
1% tolerance.

SUBMINIATURE
MOLDED
" TRANSFORMER

14 "
i
H !
Grade 3 with printed
|| circuit leads for tran-
sistor application. 150
i\ € to 150 €2 at 10 dbm
‘ level. Size ¥2 x 1% x
| ¥2"; weight 5 grams,
- —

\' Lo

3

)

i

MINIATURE

MIL TYPE

Metal case hermetical-

| |y sealed to MIL-T-27B.

Gold Dumet leads
spaced on 0.1 radius,

plication.

CATHODE
FOLLOWER
OUTPUT

Provides equal volt-
ages to 5 loads. Pri-
mary inductance main-
tained to 5% with
20% change in DC
unbalance and 30%

HYBRID
TRANSFORMER

T
Two transformers each
600 2 primary. 40K
§? C.T. secondary 250
cycles to 5 KC within
ta db. 40 db isolation
over band.

BOLOMETER
TRANSFORMER

Primary 10 ohms, sec-
ondary 530K ohms,
230:1 ratio, response
from Y4 cycle to 25 cy-
cles. 120 db magnetic
shielding, plus full
electrostatic shielding.

TR

| N\

| Magnetic shielded plus 8%
|| electrostatic shield for §¥
#' voltage isolation of |
r 2x10s. Primary 200K
f8 C.T. to within 0.1%.

f Secondary 50K.

"-,v&-— e

“SPECIAL” CUSTOM BUILT

AUDID TRANSFORMERS

TO YOUR SPECIFICATIONS

—

MICROMODULE ' Exceptional quality and reliability is provided in all
i UTC designs. Over 30 years of engineering knowledge
4 and experience substantiated by extensive field per-
f, formance assure the highest quality and most re-
liable components in the industry. Complete en-
i vironmental testing facilities are incorporated to
W prove out new designs. Full analysis and evaluation
:!1 of materials are conducted in UTC's Material and
Chemical Laboratories. Rigid quality control mea-
sures coordinated with exhaustive statistical find-
Ho &tgogogcw from I ings and latest production procedures results in
= the industry’s highest degree of reliability. Range
ULTRA- B covered in Audio Transformers is from 0.1 cycles
MINIATURE | to 400 MC . . . microwatts to 50 KW.

Life tested per mi- I
cromodule specs.: no §
failures. 10K 2 C.T. to ¥

\ MILITARY AND COMMERCIAL TYPES FOR
EVERY PHASE OF THE ELECTRONICS ART
®
POWER TRANSFORMERS e AUDIO TRANS-
FORMERS o INDUCTORS e PULSE TRANS-
FORMERS e ELECTRIC WAVE FILTERS o
LUMPED CONSTANT DELAY LINES e HIGH
Q COILS e MAGNETIC AMPLIFIERS e SAT-
URABLE REACTORS e REFERENCE UNITS

Electrostatically &
magnetically shielded
output transformer %, #8
. X Ya” H. Pri. 15K
CT, Sec. 8K CT; max. §
level 50 mw; audio
range response, To
MIL-T-278B, grade 4. ;

> S

=

Ty
)
|

.

Write for catalog of over
1,300 UTC TOP QUALITY
STOCK ITEMS
IMMEDIATELY AVAILABLE
from your local distributor.

UNITED TRANSFORMER CORP.

i
1
|
|
: 150 VARICK STREET, NEW YORK 13, N.Y.
|
|
!

PACIFIC MFG. DIVISION: 3630 EASTHAM DRIVE, CULVER CITY, CALIF.
CABLE : “ARLAB"

EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y.
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NUMBER ' IN A SERIES

Transistor Parameter Measurements
with the hp 84054 Vector Voltmeter

Measurement of transistor h, y or z
parameters becomes increasingly dif-
ficult above 100 MHz through an
inability to obtain consistently good
open- and short-circuits. Tedious ad-
justment of tuning stubs is usually
required for each measurement fre-
quency, and unwanted circuit oscilla-
tions often occur.

With the 8405A Vector Voltmeter, how-
ever, it is easy to measure a slightly
different set of parameters—the ‘s”
or scattering parameters. Measurement
is simple over a wide frequency range
and since the parameters are measured
with a Z, load, there is little chance for
oscillation. The measured s parameters
can be plotted directly on a Smith Chart
and easily manipulated to establish op-
timum gain with matching networks.
Or the s parameters can be translated
into h, y, or z parameters if desired.,

Free Application Data

Hewlett-Packard has prepared an ap-
plication note on s parameter meas-
urements. Write today for your copy
of Application Note #77-1, “Transistor
Parameter Measurement”, to 1501
Page Mill Road, Palo Alto, California
94304, Tel. (415) 326-7000; Europe:
54 Route des Acacias, Geneva.

The hp 8405A Vector Voltmeter is
a new, wideband, 2-channel RF milli-
voltmeter-phasemeter. With the 8405A,
measurements that were formerly diffi-
cult or impossible can now be made
quickly, easily and accurately.

Major Specifications, HP 8405A Vector Voltmeter

Frequency Range is 1 to 1000 MHz in 21 over-
lapping octave bands; automatic tuning
within each band.

Voltage Range for Channel A (synchronizing
channel), 300 uv to 1 v rms (5-500 MHz),
500 uv to 1 v rms (500-1000 MHz), 1.5 mv
to 1 v rms (1-5 MHz).

Voltage Range for Channel B (input to Chan-
nel A required), 100 uv to 1 v rms, full scale.
Full-scale meter ranges from 100 ugv to 1 v
in 10 db steps. Both channels can be ex-
tended to 10 v rms with 10214A 10:1 Divider.
Phase Range of 360° indicated on zero-center
meter with end-scale ranges of =180°, *60°,
+18°, *=6°. Phase meter OFFSET of =180°
in 10° steps permits use of *6° range for
0.1° phase resolution at any phase angle.
Price: $2500.

& NPN Transistor in common emitter configuration and its equivalent 2 port scattering diagram.
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Data subject to change without notice. Price f.0.b. factory.
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Bring on
your complex,

small, noisy, difficult signals.

We’ll give you traces that show them for what they really are.

LI 1

to reference signal of 60 Hz to 5 kHz while maxi- DC-100 Hz signais by using calibrated zero sup-

strain gages, other AC-excited transducers.

When you need the greatest possible degree of signal-conditioning
precision and operational control, Sanborn 7700 Series oscillographs
with solid-state “8800" plug-ins will give you chart recordings of
maximum resolution and intelligibility.

Seven highly versatile signal conditioners offer unique performance
capabilities: three DC types with a 1 uV - 250 V dynamic range, floating
differential input and calibrated zero suppression ...an AC-DC Con-
verter with calibrated zero suppression and scale expansion permitting
resolution better than 0.1%, 10 ms response and isolated, 1 meg.
input . . . a phase-sensitive demodulator with calibrated reference
vhase shift, 90° calibrated dial with four quadrant selections, and a
frequency range of 60 Hz to 5 kkHz ... a carrier preamp with 2400 Hz
internal transducer excitation supply, calibrated zero suppression, cal.
factor control and conversion gain of 10,000. .. and a general-purpose
DC preamp particularly useful for 100 mm wide chart recording.

Use any of these ‘8800" plug-ins in the 7700 thermal writing oscillo-
graph matched to your packaging and channel requirements — 4-, 6-
and 8-channel 7704A, 7706A and 7708A console types . . . 2-channel
7702A system in rack-mount or mobile cart versions . . . single-channel
7701A wide chart (100 mm) portable system. Every one of these ther-
mal writers will give you permanent, rectangular-coordi-
nate recordings whose resolution and accuracy make all
your measurements more useful.

For a new brochure describing the advantages and wide
choice of Sanborn thermal writing oscillographs, write
Hewlett-Packard Company, Sanborn Division, 175 Wyman
Street, Waltham, Mass. 02154.
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Technical Articles
l. Design

Holography's practical dimension
Today the hologram’s major use is in
scientific research

Emmett Leith, University of Michigan

A solid state 50-Mhz oscilloscope (cover)
By developing a compact delay line with
strip-line techniques, engineers produce a
high-frequency scope

W. Grein, N. Russell and J. Sverdrup
Hewlett-Packard Co.

Designer's casebook

® Full-wave detector without transformer

® Multivibrator controls single-diode gate

® Differential discriminator rejects
common-mode noise

= Multivibrator provides continuous phase control

® |ntegrated circuits quickly assembled

m Series regulator protects against overload

Il. Applications

Messages sent in symbols will link multilingual
troops

Encoder-decoder turns manpack radio into
telemetry system with a transceiver-display
H.R. Gutsmuth, RCA

Gold-plated nickel wiring debugs parallel-gap
welding of IC’s

New materials and techniques end the
restrictions on a technique that has been
difficult to use in mass production

N.A. Jarosik and H. Shapiro, Sylvania
Electric Products, Inc.

Testing memories automatically

A tester with a unique, fast-recovery circuit
plots performance curves automatically
J.E. Gersbach, IBM
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Readers Comment

Seeing stars

To the Editor

I read with interest “Seeing
stars” [May 16, p. 39] and the de-
scription of how laser-scanning
techniques were used to spot dif-
ferences in star positions in pho-
tographs taken years apart . . .
and that the previous technique
was literally a laborious “point-by-
point” comparison.

There is. however, the possibility
of visually scanning such material,
and I demonstrated this in April
1960.

I visually fused the two pictures
that demonstrated two long-period
cepheids, and noted in the caption
that these were taken at two differ-
ent times. When fused, the varia-
tions in emitted light of the two
cepheids appear as a disturbance
in the visual field. Could this tech-
nique then be used with photo-
graphs of any portion of the uni-
verse to quickly locate cepheids?
Further, I experienced the fceling
of a certain degree of relief be-
tween the various stars. I recog-
nize, of course, that this could be
an illusion, and could even be the
result of the half-tone screening
of the photos.

At this point, I attempted to rea-
son as to the possibility or prob-
ability of producing photographs of
the universe that would achieve
sufficient relative displacement of
the various visible elements as to
produce a stereoptic effect. The
first possibility would be to use as
a base the approximate 186,000.000-
mile displacement of the ecarth
achieved at opposite points any-
where on its eclipse around the
sun. This alone would provide for
a binocular effect to a distance of
approximately 393,760,000 miles—
far short of the distance to the
nearest star in our galaxy.

Present theories hold, however,
that the universe is rapidly expand-
ing outward, and so, over a period
of time between photographs, each
element is changing in its relation-
ship to all other elements. If six
months is not a sufficient period of
time to provide noticeable relative
change, would photographs taken
years apart, of the same area, pro-
vide sufficient change to produce
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All from Sprague!

TWELVE OF OUR MOST POPULAR METALLIZED CAPACITOR TYPES

SPRAGUE TYPE

‘-"f::EL\\\~i 680P

i

!

18P |
143p
144p
S2g | aaep

283P

282P

(energy storage)

pillar terminals

\ Military

1
Case And i : - Temperature | Engineering
Configuration | Dielectric I Range Equivalent Bulletin
! , f
l
hermetically-sealed : TN e no |
metal-clad tubular ’ ENIRES) eggrs { e H#ec specification | 2650
l
film-wrapped metallized Metfilm*'E’ | __ no
axial-lead tubular (polyester film) WS specification 2445
| | |
molded phenolic 3 no
axial-lead tubular | metalized piper ) =RG+8E ‘ specification -5
hermetically-sealed | metallized Metfilm* ‘E'| _ CHO8, CHOY
metal-clad tubular (polyester film) | —935C, +105¢C Characteristic R 250A
‘ |
hermetically-sealed | metallized Metfilm* ‘K’ | no
metal-clad tubular : (polycarbonate film) % G-INpC specification || 2703
| | f
hermetically-sealed . g2 no
metal-clad tubular Wetallized paper 35C HIB¢C specification | 22106
4 { tallized Difilm® |
hermetically-sealed | ™M : [ _ CHO8, CHO9
metal-clad tubular || (p:rl‘)ae;ge;efr:)lm ] 3¢ +125¢ | Characteristic N ‘ 22110
|
{
hermetically-sealed ; & 40EC 0 -
metal-clad metallized paper | —55C, ifioat:
hathtub” case | specification
!
hermetically-sealed metallized Difilm® | I I
" | CH53, CH54, CH55
metal-clad (polyester film | —55C, 4+125¢C ] N 2221A
"“bathtub™ case and paper) | I Characteristic N
|
hermetically-sealed no
metal-clad metallized paper ~—55C, +105C specification 2222
rectangular case 1 ‘ | f
hermetically-sealed metallized Difilm® I CHT2 '
metal-clad (polyester film —55C, +125C % 2223
rectangular case and paper) Characteristic N
drawn metal case, . 'J no
ceramic metallized paper 0C,+40C snecification 21487

l

!

For additional information, write Technical Literature Service, Sprague Electric Company, 35 Marshall St.,
North Adams, Massachusetts 01247, indicating the engineering bulletins in which you are interested.

*Trademark

SPRAGUE COMPONENTS
CAPACITORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS
TRANSISTORS INTERFERENCE FILTERS PACKAGED COMPONENT ASSEMBLIES
RESISTORS PULSE-FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES

INTEGRATED CIRCUITS

THIN-FILM MICROCIRCUITS

45C-3100

SPRAGUE

TOROIDAL INDUCTORS
ELECTRIC WAVE FILTERS

SILICON RECTIFIER GATE CONTROLS
FUNCTIONAL DIGITAL CIRCUITS
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THE MARK OF RELIABILITY |

*Sprague’ and “@° are registered trademarks of the Sorague Electic Co.
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A NEW
100-MHz Pulse Generator... 995

in U.S.A,

2.ns rise and fall times.

Duty ratios up to 96%.

Type 1394-A High-Rate Pulse Generator

1 to 100 MHz generated internally; dc to 100 MHz, externally.

Calibrated output, O to 4 volts into 50 ¢ in 2-volt steps.

Output-pulse duration variable from 4 to 99 ns in 1-ns steps.

Trigger-level and slope controls for use with external triggering.

The development and testing of today’s high-frequency digital circuitry)
call for a pulse generator whose output pulses have:’

1. High repetition rate.

2. Fast rise and fall times.

3. Sufficient voltage to switch circuits.
'GR’s new pulse generator meets these requirements, and it has many
other useful features for testing high-speed computers, radar systems,
digital-communication systems, and other sophisticated equipment. It
has, for instance, calibrated controls for pulse duration, delay, ampli-
tude, and repetition frequency, and pulses of either polarity are avail-
able at the output. The fast-rise-time capability of the 1394-A makes
it also well suited for the study of component characteristics, such as
semiconductor switching speed and pulse-transformer rise time. Add
to these features a price that is substantially less than that of com-
parable instruments and you have a pulse generator that has an
unusually high performance/price index.

An accessory unit, the Type 1394-P1 Pulse-Offset Control, is avail-
able for applications requiring a dc-coupled output. This unit fixes
the base line of the output pulses to any reference voltage from —2
to +2 volts and is continuously adjustable. Price: $255 in USA,

Other
Pulse Instruments

Type 1217-C Unit Pulse Generator

... high performance at minimum cost,
prf up to 1.2 MHz. Price: $275 in USA.

Type 1398-A Pulse Generator

. . .rise and fall times less than 5 ns,
60-V output pulses, prf up to 1.2 MHz.
Price: $595 in USA.

Type 1395-A Modular Pulse Generator

3 . produces practically any pulse
shape or train you may want, five dif-
ferent modules available, main frame
accommodates up to 7 modules. Price:
Main Frame, $575; Modules, $160 to
$400 in USA.

Type 1397-A Pulse Amplifier

. . . linear amplifier with 1.2-ampere
output for use with Types 1217-C and
1398-A or any other pulse generator
with negative output pulses. Price:
$495 in USA.

See This Pulse Generator at WESCON, Booths 348-351

'BOSTON « NEW YORK » CHICAGO o PHILADELPHIA « WASHINGTON, D.C
SYRACUSE « DALLAS « SAN FRANCISCO « LOS ANGELES « ORLANDO
CLEVELAND o TORONTO « MONTREAL

BOURNE END, ENGLAND ZURICH, SWITZERLAND
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a visual displacement when viewed
stereoptically? And, if so, what
would the interpretation be?
Would it indicate relative veloci-
ties?

I have no knowledge of any work
conducted in the area of stereoptic
techniques applied to celestial
viewing. Quite possibly this has
been thoroughly explored and
found to have some value, or to
have becn proved worthless. In
either event, I would be very inter-
ested in any comments your read-
ers wish to make on this subject.

T.C. Pickett
Manager, Marketing Services
Westel Co.
Redwood City, Calif.

Label it fresh air

To the Editor:

I object to your labeling the ar-
ticle “The myth of obsolescent
knowledge” [June 13, p. 42], Opin-
ion. Since contrary subject matter
has never been similarly tagged
and since other articles in this is-
sue are not labeled Fact, it is im-
plicit that you are saying “incor-
rect opinion.”

You are wrong. This breath of
fresh air, is long overdue in the
stagnant and oppressive atmos-
phere generated, nurtured and
dominated by incompetent educa-
tors, managers, mercenary em-
ployers and sheep-like engineers.

Three cheers for Gerd Wallen-
stein; now let’s elect him president
of the IEEE so that he can set
about correcting that situation.

Richard G. Devaney
Registered Professional Engincer
Kingsport,
Tenn.

* Opinion is a new department in

Electronics in which an author
can express his view of a contro-
versial subject of interest, profes-
sionally, to our readers. The depart-
ment heading by no means implies
that the opinion is incorrect.

Patent options

To the Editor:

The comment about patents in
“Washington Newsletter” [May 30,
p. 67] is interesting and accurate.

Your readers may be interested
to know that, in the system which
you expect to be recommended by
the President’s Commission on the
Patent System, the details appear
radical: a selective examination
system is a radical departure from
present practice. But one feature
which is not generally understood
is that the system expected to be
proposed is full of options to the
applicant.

Under one of these options, an
applicant may have his case han-
dled exactly as it is today. In that
case, the system will not be
changed at all. This comes about
because, under selective examina-
tion, a period as long as scven
years is provided during which
full examination can be provided.
This means that an applicant who
wishes fast action can request the
full examination procedure con-
currently with the filing of his pat-
ent application. ’

Obviously, if a large number of
applicants prefer to defer examina-
tion, those who wish early exami-
nation will get prompter action
from the U.S. Patent Office than
is now possible.

T.L. Bowes
General Patent Counsel
Westinghouse Electric Corp.
Pittsburgh, Pa.

[ e e e e e e e e e e — — — —

SUBSCRIPTION SERVICE

Please include an Electronics Magazine address
I label to insure prompl service whenever you
write us about your subscription,

Mail to: Fulfillment Manager
Electronics
P.0. Box 430

I Hightstown, N.J. 08520

RTTACH

LABEL Place magazine address label here, print

CHANGE OF ADDRESS

If you are moving, piease let us know
five weeks before changing your address.

HERE your new address below.
"

To subscribe mail this form with your payment
and check [] new subscription [ renew my
present subscription

Subscription rates: in the U.S.: 1 year, $6; two
years, $9; three years, $12. Subscription rates
for foreign countries available on request
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LAS-101 He-Ne Laser $660

LAS-201 He-Ne Laser $980

With these you get:

1. Quick-interchange mounts;
change mirrors in seconds, full 1.15
and 3.39 u capabilities, easy to align.
2. Double-walled plasma tube;
extremely rugged, reliable, stable,
long lived, single isotope filled.

3. Up to 2 mw multimode, 0.5 mw
single (TEMoon) mode (LAS-201) at
6,328A; one year warranty.

4. Available with integral power
supply, (LAS-201) or use your own
300VDC 60 mA supply.

5. Open construction for
demonstration and access.

6....n We'll give you in data
sheets. Other EQA products: Field
and single-frequency-stable lasers,
coolable PM housings, calibrated
sources, tunable optical filters. Write
or call for complete information.

1 ELECTRO
oPTICS
Emsememn ASSOCIATES

981 Commercial Palo Alto, Calif. (415) 327-6200
Gas Lasers o Calibrated Sources e Filters
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NORTH ATLANTIC A
hdnatrves ing L

how to measure resolver
or synchro position

with 30 second repeatability

In both production test and ground checkout systems, North Atlantic's high per-
formance Angle Position Indicators provide exceptional operator ease and precision
in the measurement of synchro and resolver position. Features include digital
readout in degrees and minutes, 30 second resolution, continuous rotation, plug-in
solid-state amplifier and power supply modules. Due to the design flexibility of
these units, they can be readily provided with a variety of features for specific
requirements. Typical units in this line incorporate combinations of the following
features:

m 2-Speed Synchro tnput
= Multi-frequency Inputs
a DC Input

m 0-999 Counter

m Single Synchro or Resolver Input
® Dual Synchro or Resolver Inputs

= Retransmit Synchro, Resolver,
Potentiometer, or Encoder

e
{ BASIC SPECIFICATIONS
RANER. . .ot dueoies oo g s aaismmamrrnmens - g 0°-360° continuous rotation
TG CLULTACYA ol e 2o ot sttt 6 minutes (standard)
Repeatability ..o e .30 seconds
SIEW SPEE..........ceeiaeentiraeeritiirntiiene e st 25°/second ¢
T T T T — - —tp—— 115 volts, 400 cps 1
Size . ..API- 8025 ..................................... 13%"h x 9%2"w x 9”d !
API-8027.. ....cc.coooeinnns 312"h x 4%""w x 9%"d |

Your local North Atlantic representative has complete data on the API
line. Call him today or write direct for technical literature.

NORTH ATIL.AINTIC industries, inc.
® TERMINAL DRIVE, PLAINVIEW, L. I., NEW YORK e OVerbrook 1-8600
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People

What happens to the Apollo pro-
gram after the United States lands
a man on the moon?

To answer
that question
the National
Aeronautics and
Space Adminis-
tration has set
up an Apollo ap-
plications pro-
gram office at
the Manned
Spacecraft Center. Named tempo-
rary program manager was George
Low, deputy director of the center.
But the man who’s expected to
take over Low’s post soon is Rob-
ert F. Thompson, the assistant
program manager.

Thompson, a 4l-year-old aero-
nautical engineer, was director of
NASA’s landing and recovery divi-
sion beforec being named Low’s
assistant.

The job of the new office will be
to prepare detailed plans of the
Apollo application program. “We
see it as a series of orbital and
lunar missions principally utilizing
the  hardware developed in
Apollo,” says Thompson.

Among the proposals that will
be weighed, he says, will be the
orbiting of space platforms for
oceanographic or weather investi-
gations.

i

The exploitation of the oceans, for
both industrial and military uses,
to a large extent hinges on the de-
velopment of a
new breed of
electronics. The
cquipment must
withstand an
environment as
hostile, and in
some cases as
little under-
stood, as outer
space. One man who appreciates
these difficulties is Chester L. Bu-
chanan of the Naval Research Lab-
oratories.

Buchanan was honored last
month by the Marine Technology
Society for his pioneering efforts in
the field of oceanology. Specifically,
he was saluted by the organization
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If you think making silicon mesas better is tough,
try making people believe you’ve finally succeeded.

Succeed we did. The man above, one of our device engi-
neers, is responsible. Thanks to his efforts, Bendix silicon
mesas are now the lowest priced, best-built power tran-
sistors available.

You’ll find the Bendix Silicon Mesa 2N3055 and its
sister types equally impressive. These diffused junction
power transistors are a natural for your high power switch-
ing and amplifier applications. Beta stability is excellent
over the entire operating temperature range of —65°C to
+200°C. Low saturation voltage and high collector

voltage rating. Dimensions conform to JEDEC TO-3 outline.
Take our new B-170000 through B-170026 series, for
example. You can choose VCEQ’s up to 100 volts, hFX at
IC up to 5 amps and Pc up to 120 watts, Use them ‘nr
amplifier, regulator and switching applications. Use them
with no fear of secondary breakdown, either. All are SOAR
(Safe Operating ARea) specified.
" Availability of Bendix silicon mesas? They don’t come
any faster. For complete information just write or phone
our nearest sales office.

2N3055
VCBO — 100V VCEO — 60V : , SAFE OPERATING AREA 2N 3055
IC=15A Ppeak = 900 W Y R - = AREA C20E
VCE(s) = 04V TypatIC = 44, 1B = 0.4 A £ (ol e [efale ooopmra
tr-5#sTyp,3“C_75A ) P S 8 twrims”
th =1 us Typ : 2 | B § -935ae
e ; = E na:ag;sj;s
2 oW s g T
B-170000 SERIES 8 L ~leow g
VCEO = 40 Vto 100V T0-3 LA .
IC=6Atol5A VCE COLLECTOR-TO-EMITER /MLTAGE IN V
IB=3Ato7A

Ppeak to 1200 W

AMPLIFIER TYPES

fhte = 20 ke Typ at iC = 1 A, VCE = 10 V
VBE = L2V max ot 1C - 500 mA, VCE = 4V ;
REGULATOR TYPES )
VCE(s) = 0.7V TypatIC =54, IB = 05A e
hFE = 12 minatIC = 5A, VCE = 4V e
SWITCHING TYPES '

IC IN A

tr = 6 us Typ START-D
ts = 0.4 us Typ ;atIC = 5A,IB= = 05A
tf = 1 us Typ

0 20 30 40 30 60 70 80 90

0SCILLOSCOPE TRACE

UNCLAMPED INDUCTIVE SWEEP CIRCUIT

NI g
-
« |

e v

<wa 5
] Saw ~cor. F omH

l | 2912
- N

! e
= )
MERCURY RELAY
rd
—
YY) VCER may be measured up to
§  ICER 5 A wmn RBE-104.

|

VCE IN V

usv
o

Bendix Semiconductor Division

em{l/‘/

CORPORATION

HOLMDEL, NEW JERSEY

Baltimore (Towson), Md.—(301) 828-6877; Chicago—(312) 637-6929; Dallas—(214) 357-1972; Detroit—(313) JOrdan 6-1420; Holmdel, N. J.
—(201) 946-9400; Los Angeles—(213) 776-4100; Miami Springs, Fla.—(305) 887-5521; Minneapolis—(612) 926-4633; Redwood City, Calif.—
James S. Heaton Co., (415) 369-4671; Seattle—Ray Johnston Co., Inc., (206) LA 4-5170; Syracuse, N. Y.—(315) 474-7531; Waltham, Mass.
—(617) 899-0770; Export—(212) 973-2121, Cable: “Bendixint,’” 605 Third Avenue, New York; Ottawa, Ont.—Computing Devices of Canada,

P.0O. Box 508—(613) TAlbot 8:2711.
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New from Sprague!

w-30

MICROPOWER PNP
SILICON HIGH-SPEED |
SWITCHING TRANSISTORS

TYPICAL

SWITCHING TIMES

(%]
(o]
Zz
(o)
(5]
w
(2]
[e)
@
S
3 1
AS A FUNCTON OF 2 ! = T
COLLECTOR CURRENT :é_’ 3
v 0d be
AT 25C WITH 2 505 5 ~
2
Vu=3v. 2
9 0.01

=0.00!

~0.01
COLLECTOR CURRENT, I¢, (N MILLIAMPERES

Fastest switching transistor avail-
able in the 1 to 100 .A range.

Ci,=0.7 pF typ., 1.5 pF max.

Cob=1.5 pF typ., 2.5 pF max.

=0 =4 -10

Sprague Electric also makes more than 200 standard SEPT® (Silicon
Epitaxial Planar Transistor) Types, including 2N2218A-2N2222A,
2N2904A-2N2907A, 2N2369A-2N3209.

For complete information, write to Technical Literature Service,

Sprague Electric Co.,

SPRAGUE COMPONENTS

35 Marshall St., North Adams, Mass. 01247

-
TRANSISTORS
CAPACITORS
RESISTORS
INTEGRATED CIRCUITS
THIN.FILM MICROCIRCUITS
INTERFERENCE FILTERS

4ss-6137

10

PACKAGED COMPONENT ASSEMBLIES
FUNCTIONAL DIGITAL CIRCUITS
MAGNETIC COMPONENTS

PULSE TRANSFORMERS
CERAMIC-BASE PRINTED NETWORKS
PULSE-FORMING NETWORKS
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SPRAGUE

THE MARK OF RELIABILITY

“Sprague’ and @ are registered tragemarks of the Sprague Electric Go.

People

for his technical contributions in
finding the sunken hull of the nu-
clear submarine Thresher, which
was lost with all hands in 1963, and
in locating the hydrogen bomb
missing ofl the coast of Spain this
year [Electronics, July 11, p. 42].

Buchanan is the crusty director
for the naval lab’s deep sea re-
search branch of the ocean sciences
and engincering division in Wash-
ington. Until this past spring his
group was called the sonar sys-
tems branch, sound division, but
with the accelerated interest in
ocean sciences, the unit was re-
named.

Tools for the ocean. Buchanan
is not interested in collecting
oceanographic data, but in develop-
ing the instruments so that other
oceanographers can. Many of his
instruments are the type that can
be dragged below surface vessels
to study such things as ocean-bot-
tom composition and mountain
ridges.

Buchanan is a bantam-sized ball
of fire. To visitors he is a picture
of perpetual motion, pacing his of-
fice, puffing on a pipe and pulling
out documents from a mass of
bookcases and file cabinets. The
peripatetic Buchanan lectured or
presented papers to more than 50
professional and university groups
in 1965,

The search. It was Buchanan’s
intimate knowledge of deep-sea
search techniques and equipment
that prompted Navy officials last
January to name him leader of a
special task force to aid in the
search for the missing H-bomb.
Under Navy orders, he went to
Philadelphia, where he assembled
the necessary electronic search
gear, including the Naval Research
Laboratories’ surface search and
rescue vessel, the Mizar. For three
months his team joined thousands
of other military personnel in the
search for the sunken H-bomb.

Although the tiny deep-diving
submarine Alvin found the bomb,
the Mizar was credited with a ma-
jor assist, because it was combing
a much larger area and provided
the necessary support and naviga-
tion for the Alvin and its sister sub
in the search, the Aluminaut.
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Now from MACHLETT:

22 high-precision, low torque,
vacuum variable capacitors
for heavy duty

MLvev 1A

Each of these 22 ceramic vacuum

variable capacitors from Machlett offer

the following advantages:

* High rf current capability

* Stable operation at high temperature

* Structural rigidity

* Low capacitance variation with
temperature change

* Wide capacitance range

* High Q factor (1000 or greater)

* Low operating torque

* High resistance to damage from
over-voltage.

Capacitance values from 5-750 pF to
50-2300 pF; voltage rating to 15 kv;
current rating to 76A. Custom design
consultation for special applications is
available from Machlett.

For full details on this new line, write to

The Machlett Laboratories, Inc.,
Springdale (Stamford) Conn. 06879

THE MACHLETT LABORATORIES, INC.
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FAIRCHILD SEMICONDUCTOR /A Division of Fairchild Camera and Instrument Corporation ® 313 Fairchild Drive, Mountain View, Calhfornia (415) 962-5011 W TWX: 510-3759-643°




DYNAMIC
Integrated

Circuit

THESTER

MODEL 851

’

NO\\'

same way

test vour circuits the

you would use
them in your own system!

Nine independent dynamic
and stalic tests programmablo
for all commonly used 1.C.
types.

Less than 15 seconds rcquircd
for complotc functional testing

of DTL. RTL. TTL, LECL,

and linear circuits.

TO cans.

dual-in-line elements accom-

flat pacl(s. and

modated.

Convenient han("ing of Mat
packs provided by vacuum
picl(-up.

Light-weight. portable, suit-
able for any incoming in-
spection, qua]ity control, or
engincering lab requirement.
"l;’
PHONE 215-646-B8100

~ TWX 215-646-8399

M()N ITOR

SYSTEMS INC.

FORT WASHINGTON. PENNSYLVANLIA

A sussioany ofF €psce
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Meetings

Research Conference on
Instrumentation Science, Instrument
Society of America; Hobart and William
Smith Colleges, Geneva, N.Y.,

Aug. 1-5.

U. S. Navy Second Marine Systems and
ASW Conference, American Institute of
Aeronautics and Astronautics;
Lafayette Hotel, Long Beach, Calif.,
Aug. 8-10.

Guidance and Control Conference,
American Institute of Aeronautics and
Astronautics; University of Washington,
Seattle, Aug. 15-17.

NATO Advanced Study Institute, NATO;
University of Keele, Staffordshire,
England, Aug. 15-26.

Joint Automatic Control Conference,
Automatic Control Group; University of
Washington, Seattle, Aug. 17-19.

Symposium on Computer and
Information Science (COINS),
Columbus Laboratories of Battelle
Memorial Institute, Office of Naval
Research, Ohio State University;
Columbus, Ohio, Aug. 22-24.

Technical Symposium, Society of
Photo-Optical Instrumentation
Engineers; St. Louis, Mo., Aug. 22-26.

Television and Radio Show; Earls Court,
London, Aug. 22-26.

International Electronic Circuit
Packaging Symposium, Electrical
Design News; Sports Arena, Los
Angeles, Aug. 23-24.

International Conference on
Luminescence, Research institute for
Technical Physics, Hungary Academy of
Science; Budapest, Hungary,

Aug. 23-26.

Western Electronics Show and
Convention, IEEE and Western
Electronic Manufacturers Association;
the Sports Arena and Hollywood Park,
Los Angeles, Aug. 23-26.

International Congress of Electron
Microscopy, Institute for Chemical
Research; Kyoto, Japan,

Aug 28-Sept. 4.

Electronics Materials Technical
Conference, Metallurgica! Society of the
American Institute of Mining,
Metallurgical and Petroleum Engineers;
Sheraton Boston Hotel, Boston,

Aug. 29-31.

International Conference on
Instrumentation in Aerospace
Simulation Facilit.es, Aerospace and
Electronic Systems Group; Stanford
University, Stanford, Calif., Aug. 29-31.

National Conference of the Association
for Computing Machinery, Association
for Computing Machinery; Washington
Hilton Hotel, Washington, D.C.,

Aug. 29-31.

Ocean Electronics Symposium, IEEE;
llikai Hotel Convention Hall, Honolulu,
Hawaii, Aug. 29-31.

Technical Conference on Preparation
and Properties of Electronic Materials
for the Control of Radiative Processes,
Metailurgical Society and the Boston
Section American Institute of Mining,
Metallurgical and Petroleum Engineers,
Inc.; Sheraton-Boston Hotel, Boston,
Mass., Aug. 29-31.

Swiss Electronics Television, Radio and
Phonograph Exhibition; Exhibition
Grounds of the Zuspa, Zurich,

Aug. 31-Sept. 5.

International Conference on Microwave
and Optical Generation, Institution of
Electrical Engineers and the Institution
of Electronic and Radio Engineers,
Cambridge, England, Sept. 12-16.*

Call for papers

International Electron Devices Meet-
ing, sponsored by IEEE, at Sheraton-
Park Hotel, Washington, Oct. 26-28.
Sept. 15 is deadline for submitting
papers to Joseph F. Hull, technical
program chairman, Litton Industries,
960 Industrial Road, San Carlos, Calif.
94070.

Relay Conference, Oklahoma State
University, sp()ns()red by National As-
sociation of Relay Manufacturers and
Oklahoma State University April 24-
25. Oct. 15 is deadline for submitting
papers to Dwayne R. Wilson, admin-
istrative assistant, School of Electri-
cal Engineering, Oklahoma State Uni-
versity, Stilbwater, Okla. 74074.

* Meeting preview on page 16
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Whenever a U. S. space shot is
made . . . to orbit the earth, photo-
graph the moon, scan Venus, or fly
by Mars...chances are that Astro-
data equipment plays a prominent
role.

Astrodata’s problem-solving
capabilities have been applied to
nearly every major United States
space program. Our demonstrated
versatility ranges from data and
countdown systems for rocket test-
ing and firing, through spacecraft
checkout and command systems,
telemetry systems that acquire data

Electronics | July 25, 1966

sent back from space, to timing
systems in the global tracking
stations that help guide both our
manned and unmanned vehicles to
successful landings. And we build
hybrid computer systems that
simulate future and more complex
missions before they take place.

From liftoff to splashdown,
Astrodata’s technical skills span the
spectrum of data acquisition and

control systems. For earthbound
applications, Astrodata also builds
systems for nuclear reactor moni-
toring, biomedical research, seismic
studies, commercial communica-
tions, and a wide variety of indus-
trial uses.

Take advantage of this in-depth
experience. Call Astrodata and let
us help you get a firmer grasp of
your planet.

A ST RODA'TA
P.O. Box 3003 « 240 East Palais Road

Anaheim, California 92803
Phone (714) 772-1000 TWX 714-776-3760
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1 MHz to 4 GHz frequency range
unhalance error down to 0.633% max.
at 25 to 100 ohm impedances

ENGINEERING CO.

TELONIC'S RHO-TECTOR VSWR DETECTOR,

used with sweep generator and oscilloscope (or X-Y

recorder) gives direct display of VSWR vs. frequency

that offers these advantages over conventional direc-
tional coupler or hybrid-comparator methods:

1. A wide range of VSWR values may be compared.
Using Telonic standard terminations, 21 VSWR val-
ues from 1.0/1 to 6.0/1 are available.

2. There is no residual VSWR in the Rho-Tector to in-
troduce measurement error.

3. Impedances to be compared need not be real, nor
must they be at 50 ohms.

4. Typical minimum unbalance with the Rho-Tector
ranges from 30 db (6.33% max. error) to 50 db
(0.633% max. error). This lifetime accuracy is
maintained through use of special glass bead con-
nectors on all Rho-Tectors.

5. VSWR measurements may be made over very wide
frequency ranges: 1 MHz to 2.5 GHz and 1 GHz to
4 GHz typical.

COMPLETE VSWR MEASUREMENT KITS,

including Rho-Tector and standard match and mismatch
terminations are available. Rho-Tectors are also avail-
able separately, priced from $75 to $225.

GET DETAILED BRUCHURE, describing applica-
tions, error analysis and specifications of the Rho-
Tector. Application Brochure =301 is avaiiable by
checking the reader service number at the bottom of
this ad, or by contacting

TELONIC ENGINEERING CO.
DIVISION OF TELONIC INDUSTRIES, INC.
Box 277, Laguna Beack, California Phone (714) HY 4.7581

See us at WESCON, Booths 451-2,

Circle 16 on reader service card

Meeting preview

Optics and microwaves

Linear-beam systems and solid
state devices will share top billing
at the International Conference on
Microwave and Optical Generation,
Sept. 12 to 16, in Cambridge, Eng-
land.

The British organizers of the
meeting—the Institution of Electri-
cal Engineers and the Institution of
Electronic and Radio Engincers—
expect about 400 engineers to turn
up for the meeting.

A growing, worldwide interest in
Gunn-effect devices will be evident
at Cambridge. A featured speaker
will be J.B. Gunn of the Interna-
tional Business Machines Corp. He
will talk about oscillation mechan-
isms in gallium arsenide (GaAs)
crystals, a phenomenon he discov-
ered. Varian Associates, of Cali-
fornia, will report on high-power
GaAs pulse oscillators. According
to Varian’s report, oscillators can be
designed for frequencies between
500 and 10,000 megahertz. Power
output depends on  frequency—
from 220 watts peak at 1.1 giga-
hertz to 1 watt at 9 Ghz. A British
paper will describe a Gunn dinde
used as a self-tuned parametric am-
plifier. The device has a tuning
range of 1 octave.

Klystrons. Reports on linear-
beam devices, though, will out-
number papers on other topics.
Generally, contributions from the
United States stick to specifies—
like Litton Industries, Inc.’s S-band
klystron with electrostatic focusing
and l-megawatt peak power. The
European papers, by contrast, most
often treat general problems like
noise measurement, signal stability
and the interaction in microwave
tubes.

One component that figures to
arouse interest is an S-band travel-
ing-wave tube developed by Mul-
lard Research Laboratories, Ltd., of
Great Britain. Instead of a thermi-
onic cathode, it uses a photocath-
ode to detect microwave modula-
tion on light beams. The modulated
light hitting the cathode produces
an clectron beam bunched at micro-
wave frequency that is detected by
passing it through a slow-wave
structure. Operating range runs up
to 4 Ghz.
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agelt
We can fun Xlngs around the earth

The Ring Laser Gyro pioneered by Sperry
Electro-Optics has come a long way since

we made the world's first one operate in 1963,
Since then we've made the first ring laser
hardware deliveries to a contract spec—two
units each to the USAF/Research and
Technology Division and NASA Marshall Space
Flight Center. We've tested laser gyros in

high G environments, demonstrated inertial
quality data, and a high resolution-to-

size factor.0Some key features of the Sperry

RLG are its inherent digital output (not a pick-
off); small size; absence of moving parts;
instant turn-on; low threshold number—and
then, of course, low cost (probably 1/10th that
of a conventional platform). Surface-to-
surface tactical missiles, tactical aircraft,
space vehicles all stand to benefit. And bal-
listic missiles, as well as seagoing craft.

are just around the corner. Do you have an
application in mind? Give us a ring. Area Code
516—LR 4-2268, LR 4-2804, LR 4-1404.

ELECTRO OPTICS GROUP, Sperry Gyroscope Company, Great Neck, New York
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DIVISION OF
SPERRY RAND
CORPORATION
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yesterday...



tomorrow!

What's in a name.. . . a name like Servo? Simply this:
Servo is an electronics systems producer that’s on
the grow. Servo products control, activate, safeguard,
communicate and navigate. To put it another way,
we serve safety through science.

For example: our Infrared & Electro-Optics Divi-
sion supplies heat sensing systems for a hundred-
and-one different uses . . . our Communications &
Navigation Division supplies aircraft with VHF-UHF
direction finder systems that virtually see a plane

sery

through a pea-soup fog . . . our Railroad Products
Division has a Hot Box Detective® System that can
spot a troublesome journal before it can become
trouble.

Those are just a few of the things going on at
Servo. Perhaps a Servo system can help you . . . elec-
tronically. To find out, write to us at 111 New South
Road, Hicksville, Long Island, New York 11802. If
it's an emergency, call us at 516-938-9700. we'll still
be glad to hear from you.

servo corporation of america

111 new south road

516-938-9700

Circle 19 on reader service card

hicksville, new york 11802
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crisp, classic
Horizon Line?
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D-C VOLTS

trim, built-in
Horizon Line?

Built-in or front-mounted, General
Electric HORIZON LINE® panel
meters add quiet sophistication that
accents, never dominates your elec-
tronic equipment. Check these dis-
tinctive HORIZON LINE features:
smart, low-profile; clean, soft line;
fine-precision markings. All ratings
are available in 212", 3%", and 4Y2".

distinctive
Big Look?

60

40 80
20 0 et ] -l“,,/, - 100
o /.,,,/,’7

Q '/ 3
\D-C AMPERES 120
cemenaL @ uectanc

Add bold, exciting, truly distinctive
styling to your electronic equipment
with General Electric BIG LOOK®
pane! meters. Panelboards take on
added flair with such BIG LOOK fea-
tures as . . . big, bold numerals,
uncluttered display, tapered pointer,
stylish shape, plus many others. All
ratings are available in 112", 21%",
31", 4%2",
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Besides saving you valuable pane!
space, General Electric slim-line
Type 185 EDGEWISE panel meters
add exceptional styling and read-
ability to your electronic equipment.
These 2%" Type 185 EDGEWISE
panel meters can be mounted in-
dividually or in space-saving clusters
of two, three, or more. All ratings
are available for vertical or horizon-
tal mounting, with or without bezels.

smart, slim
edgewise?

50 15 100
DC vOLTS
i

(7]
WP

0 25 50 15 100
DC VOLTS

You can get it...from General Electric’s full line

And, of course, General Electric’s full line of panel meters is unmatched for accuracy and reli-
ability. They're as near as your dependable G-E electronic distributor or sales office. You get
fast delivery, too. For free descriptive bulletins describing G.E.’s full line of panel meters, write

General Electric Co., Section 592-25A,
Schenectady, New York 12305.
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style-matched
time meters?

-

MINUTES
0000 OoEs;

110

GENERAL () ELECTRIC

NP 227074 j

L

Distinctive BIG LOOK styling is yours
with General Electric BIG LOOK
elapsed time meters. These “look-
alike” time meters combine to give
your equipment uniformity and
beauty. G-E elapsed time meters
measure either hours or minutes
with or without a reset knob. All
ratings are available in 22" and 3%2".

bright, bold

meter relay?

f’

\\\“n\unlnu,,,,,
\lLIAMP ES
Sll(lAl Hgmig

Add years ahead BIG LOOK styling

to your equipment with General
Electric Type 195 contactless meter
relays, featuring a totally new, solid-
state, light-sensitive switch for the
ultimate in control simplicity and
readability. ‘“‘Piggyback’ control
modules make for faster, easier in-
stallation. Companion pyrometers
are also offered. All ratings are avail-
able in three sizes (212", 312", 4%2")
with single or double setpoints.
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IN HIGH POWER
MODULES

‘—___———---~~

kepco
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MAKES THE
DIFFERENCE!

MORE OUTPUT WATTS PER POUND
PER DOLLAR...PER GUBIC INCH!

M Wide coverage of fixed output voltages
from 4.5V dual to 120V single

I Kepco patented Flux-O-Tran® provides
line regulation and current limiting

I —20°C to + 55°C ambient operating
temperature

M Highly reliable MTBF > 140,000 hours
M Convection cooling

B Short circuit proof

B All silicon rectifiers

M Dual output and extra filtered models

M Versatile mounting (cased and uncased)
Rack adapters available to mount 1 to 5 units
Applicable Patent Nos. furnished on request
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TYPICAL LOAD CHARACTERISTICS

e i ST

NEW 52 PAGE CATALOG
CONTAINING COMPLETE
{ SPECIFICATIONS AND
b APPLICATIONS NOTES

t;j .
U IS NOW AVAILABLE

K

wi".&g WRITE FOR YOUR

{
| s FREE COPY!
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SIZE “B” — 120 SERIES
CASED UNIT — $99.00**
31%,” Hx 5" Wx 13'%,” D

D

[ wooe  p2en
PRM6-15 | 63 0-15
PRM12-10 | 12 0-10
PRM18-67 | 18 0-67
PRM 245 24 0-5

' PRM28-43 | 28 0-43

_PRM36-33 | 36 0-33
PRM 48-25 & 48 0-25
PRM60~2 | 60 0-2
PRM 120—-1 | 120 0-1

**Available cased only

SIZE “A"” — 180 SERIES
UNCASED UNIT — $119.00*
6%" Hx 43/‘11 W x 10%" D

PRM6-25 | 63 0-25
PRM 12—15 12 0-15
PRM 18—10 18 ' 0-10

PRM24—8 | 24 0-8
PRM 28—7 28 0-7
PRM 36-5 36 0-5
PRM 484 48 0-4
PRM60-3 | 60 0-3

l' PRM 120-15| 120 0-15

EXTRA FILTERED MODELS

SIZE “C" — 180F SERIES
UNCASED UNIT — $169.00*
63" Hx 4%" Wx14%" D

| PRM 6-25F | 6.3 | 0-25
| PRM 12-15F 12 0-15
PRM 18—10F | 18  0-10
PRM 24—8F | 24 0-8
| PRM28-7F 28  0-7
PRM 36—-5F | 36 0-5
"PRM 48—4F | 48 0-4
| PRM 60—3F = 60 0-3
PRM 120—15F 120 | 0—15
P

DUAL OUTPUT MODELS

SIZE “C” — 300 SERIES

UNCASED UNIT — $179.00*
63" Hx 4%" Wx14%" D

PRM 2X 45-20 42 02
[ PRM 2X 6-20 6'3“‘ I |
PRM 2X 12-12 12 0-12
'PRM 2X 1510 E‘J |
PRM 2X 18-—_4713 h
PRM 2x 246 | 2% | 0§
PRM 2X 285 23 =i
PRM 2X 36-4 38 | 04
PRM 2X 48-3 43 0 3

PRM 2X 60-25 09 | 9-25

*Case optional — add $10.00 to price
KEPCO, INC. » 131-38 SANFORD AVENUE ¢ FLUSHING, N.Y. 11352 « Phone: (212) 461-7000 » TWX #212-539-6623 » Cable: KEPCOPOWER NEWYORK
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Editorial

Trade with the East
Part 2: the technology gap

“Technology grows faster in capitalist countries. This
problem of technical progress is the most important
one we have to solve.” That is how Dr. Bohdan
Glinski, at the Institute for Planning in Warsaw, sums
up the technology lag that faces the Communist coun-
tries of East Europe. In electronics the gap is par-
ticularly accentuated because all of these countries
have slighted light industry and concentrated on heavy
industry like steel making, chemicals and machine tool
building. Electronics engineers estimate the gap
ranges from 3 to 12 years depending on the part of the
technology under scrutiny.

Yet these countries must improve the flow of tech-
nology if they are to maintain high rates of economic
growth. Because they are not closing the gap them-
selves—in fact it seems to be widening—the countries
of East Europe have turned to the West for help.

On paper, the most frequent solution has been to
order the newest equipment operating under the latest
technology or to license technology. But the embargo
enforced by NATO countries has prevented the de-
livery of the newest and the latest in electronics.

In addition, the way many of the East European
countries operate their economies has a tendency to
negate purchases and licenses of new technology.
“Negotiations for electronic equipment can take so
long, the equipment is obsolete by the time an East
European country finally sends you the order,” says
an executive at a French company which has done
some business with Communist countries.

In Crzechoslovakia, a government executive says
licensing has not helped the country. “We’ve ordered
turnkey plants with technology under license, but it
takes six years from the tiine we decided to seek such
a plant until the production starts. By the time we are
in production, we are making the product with an
obsolete process.”

As serious as these problems have been, they are
not the most critical deterrent to catching up in elec-
tronics. The fault lies, in the opinion of many East-
erners, in the heavy emphasis on theoretical work and
the almost complete absence of engineering develop-
ment, new product planning and new process develop-
ment by hardware-oriented engineers.

Theoretical work has always been encouraged in
Communist countries on doctrinaire lines—Marxist
theory believes in a keen interest in science, as well
as a separation of the functions of production and
research—and because it is cheaper than hardware
research and development. Under previous economic

plans, little money was allocated for such research.
In a research institute, or a university, or an Academy
of Science office, an engineer can work with a pencil
and paper inexpensively, producing a paper that can
be published in a technical journal or even a news-
paper. On the surface, at minimum cost, the country’s
progress in technology is assured.

Because the jobs in these ivory towers are so well
paid and so highly respected—they often get the
holders to foreign countries to attend technical meet-
ings, an added attraction—newly graduated engineers
prefer them, not surprisingly. In fact, they prefer them
to the extent that many will work in factories only
under protest.

As a result the engineering staffs at existing elec-
tronics plants are minuscule. Some large plants have
only 20 or 30 engineers to design new products, im-
prove old ones and develop new manufacturing proc-
esses. Some of the product development work has
been pushed off on research institutes where there are
concentrations of engincers. But too many of the
workers at these institutes are out of touch with what
the market really needs and the designs are not
practical.

Even if the Communist countries could buy the
newest electronics equipment and could license the
newest technology, the problem of keeping up would
not be solved until they are willing to face the realities
demanded by modern day production. For example,
all of them have licensed transistor manufacturing
technology from Western companies or the Soviet
Union, but they still produce only those types they
licensed as long as 10 years ago. There is no engineer-
ing force to devise new devices or new processes. To
catch up in semiconductor technology almost all the
Eastern countries are sitting back waiting for a chance
to sign new licensing agreements.

There is a moral in all this for Western companies
too. The temptation is great to concentrate on theory,
on research where there is no possible application in
sight. On page 149 we report on just such a situation
in the world of automatic control: the theoreticians
have far outstripped the hardware oriented-engineers
so that none of the sophisticated theories like adaptive
control or optimal control are being used.

The engineers’s job can’t be ceded to the physicist
or the mathematician. Until the countries of East
Europe understand this, they will find themselves
continually sliding regardless of what they buy or
license.

The secret for keeping pace with technology is a
proper blend of aggressive theoretical work and hard-
ware-oriented research and development.

This is the second of three editorials on East-West
trade, the result of a month-long tour of Eastern
Europe by Electronics Editor-in-Chief Lewis H. Young.
The next will examine the United States position on
trade with East Europe.




these terminals
are englneered

P&B dry reed relays
extra stability

Now you can have the assurance of
P& B quality in a complete new line
of dry reed relays.

JR standard size reed relays are
available in assemblies of 1 to 5
switches. In the JRM miniature
series up to 6 reeds are available in
one assembly. Both sizes come in a
standard range of coil voltages and
various combinations of Form A and
Form C contact arrangements.

BOBBIN FLANGE
SUPPORTS TERMINALS
FOR STRESS PROTECTION

P&Breed relays employ an unusually
sturdy terminal configuration. Ex-
tensions of the molded coil bobbin

24 Circle 24 on reader service card

support the cross-shaped terminal
pins. Stresses that otherwise would
be transmitted to the reed extensions
are confined, instead, to the bobbin
thus protecting the glass-to-metal
seal of the capsule.

METAL HOUSING PROVIDES
MAGNETIC SHIELOING,
INCREASES SENSITIVITY

Metal housings for the various as-
semblies provide magnetic shielding,
eliminate stray magnetic fields and
protect the relays from mechanical
damage. JRM miniature relays are

- }7 i
i [ o\®
™ 2

potted in a high melting point com-
pound to insure mechanical stability.
Speeds of less than 1 millisecond
are attainable.

MAY REPLACE EXPENSIVE
SOLID STATE DEVICES

In many applications JR and JRM
reed relays may be used in place of
more expensive solid state devices
over which they have one basic ad-
vantage . . . they are not subject to
inadvertent switching by ambient or
line transients.

IDEAL FOR LOW POWER

LONG LIFE LOGIC SWITCHING

JR and JRM are especially suited
for applications where fast operating
time, low power and long life are
required. Their high sensitivity and
compact size recommend them for
data processing, computer equip-
ment, logic circuitry, for voltage or
current sensing and various other
types of sophisticated control cir-
cuits.

Send for data sheets giving com-
plete specifications. Contact your
local P&B representative or the fac-
tory direct for complete information.

P&B Dry Reed Relays are now
available from authorized
Electronic Parts Distributors

POTTER: BRUMFIELD

Division of American Machine & Foundry Co., Princeton, ind.
Export: AMF International, 261 Madison Ave., New York, N.Y.
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New firm selling
first commercial
Gunn-effect device

Busy schedules
prod firms to cut
vacation shutdowns

New-generation
nuclear detectors
to be orbited in '67

Swiss IC’s
for watches?
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The first commercially available Gunn-effect device is being offered by
a year-old New England company. The firm, International Semiconduc-
tor, Inc., of Newburyport, Mass., reached the market with its bulk de-
vice before any other electronics company—many of which are invest-
ing heavily in Gunn-effect research. The International Semiconductor
product produces 50 to 70 milliwatts of continuous-wave power at 2
to 3 gigahertz; the sale price is $175.

Others doing extensive research and development work on Gunn-
effect devices are Microwave Associates, Inc., the Radio Corp. of America
and Texas Instruments Incorporated.

Meanwhile, Gunn-effect oscillators are producing higher c-w power
at higher frequencies. Bell Telephone Laboratories says its epitaxial
gallium-arsenide oscillators produce 110 mw at 11 Ghz and 1 mw at
35 Ghz. Pulse Gunn-effect devices are operating as high as 40 Ghz, with
an RCA device recently reported at 40 mw peak power at that frequency.

A sign of the booming economy and the tight labor market: an increas-
ing number of companies around the nation have decided to forgo the
usual two-week summer-vacation closedown. Also, companies are either
paying hourly workers and engineers extra money to put off vacations
until later in the year, when staggered schedules can be worked out, or
are scampering about looking for part-time help to fill vacation gaps.

The Connector division of Amphenol-Borg Electronics Corp., for
example, decided this year to cancel its usual two-week shutdown and
to stagger vacations. The division is hiring vacationing college students.
The Radio division of the Bendix Corp. cut its closedown from two weeks
to one. And the Stromberg-Carlson Corp., is urging some of its staff to
accept extra pay instead of taking vacations now.

The first launching of a pair of improved Vela nuclear-detection satel-
lites will be attempted early next year—possibly around Easter. If suc-
cessful, the new satellites will become part of the Advanced Research
Projects Agency’s operational system to detect artificial nuclear radia-
tion as far away as Mars. Two pairs of the redesigned satellite are being
built by TRW, Inc.’s Systems division at Redondo Beach, Calif., and
the company is hopeful that launches will continue at a one-a-year rate
to replenish and update the satellite net. Next year’s launch will be the
first to use the Air Force’s Titan-3C booster. The original research-and-
development program (formerly called Vela Hotel) needed only one
launch to meet all objectives of the five-shot schedule. As a result, three
sets of the R&D satellites ended up as an operational system and the
program became a cause celebre in the Pentagon’s cost-reduction pro-
gram [For details, see p. 153]. By eliminating the last two pairs of satel-
lites and their boosters, the Defense Department was able to save more
than $30 million on the R&D program.

The new satellites reportedly will have station-keeping capabilities
so that the two satellites will remain 180 degrees apart in their circular
orbit 50,000 to 60,000 miles above the earth.

The dominant company in the Swiss watchmaking industry, Ebauches

S.A., and four other Swiss firms have joined forces with N.V. Philips
Gloeilampenfabrieken of the Netherlands to establish a semiconductor
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manufacturing company at Neuchéitel. The company, Fabrication des
Semiconductors S.A., will produce transistors and diodes at the outset.
Eventually, though, it will make integrated circuits for an electronic
watch now under development at the watchmaking industry’s electronics
center [Electronics, Jan. 25, 1965, p. 155].

The companies plan a $2.3-million initial investment in the plant;
later they foresee upping the ante to $9.2 million. Along with Ebauches,
other Swiss companies in the venture are Fédération Horlogére Elec-
tronic Holding S.A., Brown-Boveri & Cie. AG, Autophon AG and Landis
& Gyr AG.

As the Manned Orbiting Laboratory (MOL) program picks up speed,
the Air Force’s Western Test Range is beefing up its down-range track-
ing network. A California tracking station will be built about 150 miles
south of Vandenberg Air Force Base. The facility—to be similar to the
Eastern Test Range’s Grand Bahama Island station—will fill the track-
ing gap caused by booster engine flame, which attenuates signals.

Whether new hardware will be purchased for the new station depends
on whether the National Range Division can use equipment now in its
inventory. Work is also proceeding on the first MOL shot—an unmanned
test later this vear. The first manned launch is slated for 1969.

Defense Secretarv Robert S. McNamara sces the F-111 (née TFX) as
all things to all the military services: fighter, bomber, interceptor, recon-
naissance craft. But in some Navy quarters the plane is considered over-
weight and overrated. Hoping to take advantage of the.Navy’s displeas-
ure with the F-111 the McDonnell Aircraft Co., in an unsolicited pro-
posal, suggested that the best feature of the F-111—its variable-sweep
swing wing—be adopted for the company’s old reliable Phantom F-4.

The Phantom’s avionics subcontractors—including the General Elec-
tric Co., the Westinghouse Electric Corp., Litton Industries, Inc., and
Lear Siegler Inc., are watching McDonmnell's maneuver very closely,
hoping it will mean a major extension of their production contracts for
F-1 electronic items. But the chances of this occurring are slim. It’s
more likely that, if the swing-wing F-4 is approved, the Navy will seek
a new, improved avionics system that borrows techniques and technology
from the Mark 2, the integrated avionics for the Air Force’s version of
the F-111 [Electronics, July 11, p. 139]. The company with the inside
track on this system is North American Aviation, Inc., which has the Mark
2 order.

As expected, Europe’s last chance for a single color-tv standard died
Jast week as the plenary session of the Intermational Radio Consultative
Committee (CCIR) at Oslo ended hopelessly deadlocked. France and
the Soviet block will adopt the French Secam system; other European
countries will use the West German PAL system.

The Navy began ncgotiations last week with three bidders on its fast-
deployment cargo ship (FDL) program and is expected to name the
companies that will design the new class of vessels sometime this week.
Two shipyards have withdrawn their bids, and the list of contenders
now includes only the Lockheed Aircraft Corp., Litton Industries, Inc.,
and the General Dynamics Corp. Plans had been to have a competitive
contract-definition phase so the betting is that two, or most likely all
three companies, will be funded for the work.

Electronics | July 25, 1966



A TECHNICAL DIGEST FOR INNOVATORS OF ELECTRONIC EQUIPMENT
(- ey

COMPONENT
CAPSULES

N >

1 ___  They're here already —the next generation after the — 100" — 1
MHD IS here DHD's. Just as rugged and just as reliable, tiny G-E Milli { A i 4 l
the newest, small diode Heatsink Diodes are perfect for high-density circuit e ]-bl I !
card and memory applications, and for “cordwood” con- —_— _:'—
struction. The new diodes are available in JEDEC types I =il —
1N4531-34 and 1N4536. Each features high conductance, , 060" DIA, — i
low capacitance and nanosecond recovery time. Circle u:gtf's!i!n“'?"gigg'eas"e;:v':ag_g'ih';‘i’l'ﬁ
inquiry card Number 90 for more facts. el S Heatsink Diodes offer the same
li\herent reliability.
— = — G ————

Every G-E voltage stabilizer supplies constant output
voltage to within +1%—even with fluctuations up to 15%.
For special economy, core-and-coil units provide the low-
est cost voltage regulation obtainable. They help meet
tight space requirements, make wiring connections easier,
and provide all the mounting flexibility you can ask for.
At General Electric, voltage stabilizers are available in
ratings from 15 to 15000 volt-amperes in both standard
and custom designed models. Ask your G-E engineer/sales-
man for publication GEA-7376 or circle magazine inquiry
card Number 91 for all details.

Here’s your key
to low-cost
voltage stabilization

~— Typical General Electric a-c voltage stabilizer

Sma”er size— 2.0 KW at 1090 MC or 2300 MC. Or a full 1.0 KW at 4300 MC. That's the
. . capability of General Electric’s new Y1549 ceramic triode for grid-pulse
yet h|gher power Capab|||ty applications. Each new triode is rated at 2000 volts, 2.5 amps peak, 0.001
8 . duty, and 0.5 microsecond pulse width. Significant performance improve-
with this new ments are a certainty with its new, specially tailored cathodes and high-
G d P | T . d performance grid construction. What'’s more, the Y1549 is extremely toler-
ri uise 1riode ant of adverse environments (as are all G-E planar ceramic triodes). |
Typical applications include airborne navigational and communication
equipment, and L-, S-, and C-band radar beacons. Circle Number 92. Actual size

Rated up to 5000 volts or 50 volt-amps, these G-E
reed relays are ideal for applications requiring high
reliability and long life. Dimensions, excluding leads:
only 0.70 inch tall, 1.09 inches wide, and 2.80 inches
long. G-E Type 3SAS reed relays operate in 3 milli-

Try G-E high-voltage
reed relays.
They're small . . . fast . . . ‘

1
|
For military and special application.‘j

: seconds maximum; release time: 100 micro-seconds
and re“able maximum. Ask your G-E engineer/salesman about these
high-voitage reed relays, or circle magazine inquiry card
Number 93.
They're 50% smaller than comparably-rated foil Wy
For those re_a“y_tOUgh electrode units. Stable, too. A G-E metallized poly- S
app||cat|0ns_ carbonate capacitor's maximum change (in per- L
0 . cent of 25C capacitance) will not exceed —2.5% =4
SpeC|fy G-E Metallized +20% over its temperature range from —55C to RN

. 125C. Ratings: 200, 300 and 400 VDC at 125C; 0.1 to
POcharbonate CapaCItOFS 10.0 microfarads. And they're self-healing. Each
features low dissipation factor, high insuiation
resistance and superior high-frequency character-
istics. Ideal for many a-c applications. Circle

Number 94, MORE

Designed for your most demanding circuits



COMPONENT
CAPSULES

1 N Test them yourself. They’re new. They're able to generate up to
NeW_COOImg fan 500 CMF air flow in either suction or blower applications.
assemblies for your They're designed for all-angle mounting. Quiet, reliable G-E fan
. . units come in either 115- or 230-volt ratings for 60-cycle opera-
equipment cabinets tion. Each is equipped with a 10-inch diameter venturi for easy
mounting. Its 5-blade fan is well-protected by a wire mesh front
screen and heavy duty back grill. And the proven, unit-bearing
For computers and elec- motor insures many years of reliable opeyation. Optional designs
tronic equipment are also available. Circle magazine inquiry card Number 95.

8 compactrons rep|aced Depend on General Elec-

tric compactrons for cir-

15 tUbeS in thls cuit savings . . . for out-

. . standing performance...
color TV circuit for futl-scate production 88U11 1729
availability. Nearly 60 dif- m m
ferent available compac- 16GYS 12BE3 3AW2 w2

trons are particularly
suited to color TV re-
ceivers. Ask your G-E en-
gineer/ salesman about
color-TV compactrons or
circle Number 96 on the
magazine inquiry card.

8AG1IO

15-inch transformerless compactron color TV

Some applications are just too demanding for normal silicon rectifier diodes. Take ad-
Many advantages vantage of reduced recovery transients, increased circuit efficiency, and low RFI. Try
offered by G-E G-E fast-recovery rectifiers. General Electric offers a complete line of these devices in
o 6-, 12-, 20- and 30-amp ratings, and with maximum recovery time of either 100 or 200 nano-
fast—recovery rectifiers seconds. Applications where they're sure to be particularly useful include free-wheeling
rectifiers, sonar and ultrasonic equipment, DC-to-AC inverters, and other systems requir-

ing high-frequency switching. You'll like their prices, too. Circle Number 97.

NeW magnetic materia| Given the right size, shape and directionalization, this
new G-E magnetic material can produce a nominal co-

breakthrough— ercive force of 1850 oersteds. This means that, in some

: . applications, you can reduce the size of your mech-
|mpr0ved Alnico 8 anism as much as 40% . . . save dollars as well as
space. Higher useful recoil energy is also a fact with

improved Alnico 8. Ideally suited for motors, latching

applications and torque drive devices. Ask one of our

experts to help you design it into your newest applica-

INDUCTION  KILOGAUSSES

¥ [+ ]
WAGNET ZING FORCE  OERSTEDS.

tion. Circle Number 98. Demagnetization vs. energy output
23
NO Separate driver B3 S ax: @4 Combine the high gain of the 2N3415 econ-
. | o oo U e omy transistor with the low-current require-
needed for this R bt [eat ments of the G-E #344 lamp in this circuit,
3 . 5 and you've eliminated the need for sepa-
incandescent bulb circuit 153 15 q rate driver stages to drive the incandescent
7 o4 bulbs. This circuit will continue to operate
95 o . PN BT 1k geser  with either or both of its bulbs burned out.
P = L= It can also drive other circuits just like it

TOGRLE to form a binary counter chain. Circle in-
quiry card Number 99 to learn more about it.
Binary counter with incandescent readout

WE MAY NOT OFFER EVERYTHING YOU WANT FROM ONE COMPONENTS
SUPPLIER. BUT WE DO COME A LITTLE CLOSER THAN ANYONE ELSE.

GENERAL @D ELECTRIC



Introducing:

The Fabri-Tek £4.57 Line concept

—a unique solution to
COMPUTER MEMORY
requirements in the
sub-microsecond
speed range!

The Fabri-Tek FAST Line concept represents a
significant departure from the discrete memory
speeds of equipment currently available. FAST
Line provides a free selection of any memory
speed between 1 usec and 150 nsec without spe-
cific incremental restrictions.

Now, you can select an optimized memory stack
or system from the FAST Line spectrum which
matches exactly the logical organization and inter-
nal circuit speeds of your computer design.

Here's what the Fabri-Tek FAST Line concept

means to you:

1. Exact match of speed and capacity to your next
computer design.

2. Value-engineered memories. You pay for only
the speed required.

3. Speed-cost evaluation resulting in lowest ulti-
mate cost to you.

4. Standardized designs and organizational tech-
niques for reduced manufacturing costs and
improved reliability.

5. All organizational modes available to match your
needs (3D, 2%:D and linear select).

6....and a serious commitment in depth of our
entire company to helping you fill your computer
memory requirements.
The FAST Line memory includes core memories
from 1 usec to the 375 nsec range and film memo-
ries from 500 to 150 nsec. If your present or future
computer design calls for memory stack or system
speeds in this spectrum, the FAST Line concept is
worth your time to check out. Call: 612-935-8811,
TWX: 910-576-2913 or Write: Fabri-Tek [ncor-
porated, 5901 South County Road 18, Minneapo-
lis, Minnesota 55436.

The Leader in Memory Technology .

Circle 29 on reader service card
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The 6200 is this
year's curve tracer.

It shows you sights
you can’'t see on
last year's model.

It shows you what
really goes on
inside a FET,

a unijunction,

an SCR.

Get proof.
Get our data sheet.

e e 5 T
IFF\IRCHII_D
e T R S

INSTRUMENTATION

S Elis Street, Mountain View, California, (415) 962-2011 » TWX: 910-379-6944
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Treat yourself

to a little extra
design freedom
from MICRO SWITCH

It's easy to satisfy your hunger for the right flavor in
switches when you reach into the MICRO SWITCH line.
For three reasons:
1. The world's largest selection, and local availability—
meaning we can provide the practical answer to your design
requirements right off-the-shelf.
2. The world's largest research and development facilities
devoted exclusively to switch design—meaning the answer
you need may be on file waiting for a problem like yours
to come along.
3. The world’s largest group of trained field engineers
specializing in precision switching—meaning we can add a
switch specialist to your design team for the asking.

These benefits can be helpful to you in finding the right
combination of switch design, quality and cost.

Call a Branch Office or Authorized Distributor (see Yellow
Pages, ""Switches. Electric”'). Or, write for the most
complete switch selection guide ever published, Catalog 50.

MICRO SWITCH

FREEPORT, ILLINOIS 61032
A DIVISION OF HONEYWELL

HONEYWELL INTERNATIONAL ¢ Sales and service offices in all principat cities of the wortd.
Manufacturing in United States, United Kingdom, Canada, Netherlands. Germany, France, Japan.

Circle 33 on reader service card 33



Nowadays,
Anyone Can
Make An
Integrated
Circuit. ..



. Woull you tust just anyone?

e have a general manager, who in addition

to being very creative in his own right, likes
to keep up on latest research developments in the
semiconductor field. As a result, our technical staff
has grown quite accustomed to receiving a directive
stating that he wishes to have devices made and
evaluated by a newly announced process which
somebody claims is the next best thing to a good
five-cent cigar.

You would be amazed at how quickly our engi-
neers can produce wafers and devices by the new
technique. Sometimes it’s only a matter of a few
days — which shows that there is much to be said
for the capability of our engineers and the positive-
ness of our general manager’s directives.

Unfortunately the ability to produce some wafers
or some devices is usually the easy part.

What is difficult (and time consuming) is to:

® Improve the process until you can have a repro-
ducible device with a maximized yield.

® Life test the devices, determine failure modes, if
any, and modify production processes to elimi-
nate them.

® Study process steps to reduce cost of production
by mechanization without affecting device
performance or reliability.

® Train operators to produce the same devices.

The time required to get from the initial, hand-
made devices to a production device is long, some-
times discouragingly so. But our dramatic growth
record proved over and over again that by following
all of these steps you achieve leadership. These are
the reasons why we have been successful in every
semiconductor area we have entered:

. . . with epitaxial devices which we were the first
to put into production.

. .. with silicon transistors which we revolution-
ized by developing the annular structure.

...with MECL* integrated circuits which
showed computer engineers that higher-speed com-
puters were practical.

. . . with our new process for manufacturing low-
cost plastic transistors in high volume anywhere,
independent of low-cost labor.

And many other processes and devices.

The result has been that among both large and
small semiconductor users, among design engineers,

standards engineers and purchasing agents, among
military and industrial and commercial companies,
Motorola has achieved the reputation for knowing
how to develop reliable transistors and putting them
into production.

...and now Integrated Circuits

The progress we have made in the integrated
circuits area in the past year is enormous. We can
only indicate this progress by such figures as:

We now produce in quantity with mature designs
and processes every common logic circuit family.

We recently introduced the first low-cost inte-
grated circuits in plastic packages.

We have some 250,000,000 device hours of life
testing to back up our designs, processes, and pro-
duction.

With our new Integrated Circuit Center facility
in Mesa, Arizona, we will have four times more
production space devoted exclusively to research,
development and production of integrated circuits
than in 1965.

What has been the result of this rapid progress
in integrated circuits?

In one case, we competed with another company
which had been making one of the popular families
of logic circuits for several years. The customer
tested the devices by trying them in his own sys-
tem. With the competitive devices, only 209% of
the devices met his rather tough application needs.

With our devices, 809 of them passed.

Our MECL circuits, which have become an
industry standard, are now being manufactured by
a number of other manufacturers. But we haven’t
stopped developing this line. We are now working
on our third series which offers speeds that were
considered impossible two years ago.

We are now being called upon to back up special
lines made by other suppliers. The reason given in
one case is that the customer feels more confident .
in having a dependable supply of integrated circuits
if we are making them also.

These are just a few of the reasons why Motorola
is rapidly becoming the leader in integrated circuits.

If you plan to go into production of integrated
circuit equipment, wouldn’t you like to have the con-
fidence that Motorola is assuring delivery on your
integrated circuits?

*Trademark of Motorola Inc.

MOTOROLA Semiconductor Products Inc.

~whene the priceloss ingnedient & cane!

Circle 35 on reader service card 35



WHETHER A MANUFACTURERS'’ REP, A TEST
EQUIPMENT MANUFACTURER, OR ELEC-
TRONIC USER ... YOU'LL SAVE TIME, MONEY,
AND MANY HEADACHES.

Consider Honeywell’s Repair and Calibration Department
an extension of your own operations as many of our
customers do. Our trained staff of experts is available on
call, exactly when you need them, and has the technical
skill that means all jobs will be done efficiently and well.

Manufacturers’ reps save money and reduce overhead by
using our labs on a project basis. They also give us the
responsibility of in-warranty repair. We pick up or service
the equipment on the spot . . . help assure good customer
relations.

Electronic users find us helpful for general service and
also for determining whether repair or replacement of mal-
functioning equipment is the better choice. All advice is
professional; all estimates accurate.

OUR ENGINEERS ARE SPECIALISTS IN:

digital voltmeters e wide-range DC amplifiers ¢ frequency
counters and timers ¢ oscilloscopes e needle-moving
instruments ¢ data loggers consisting of x-bar type scan-
ning instruments, x-y type recording devices and print-out
equipment ¢ medical electronic equipment e electronic
process controls

COUNT ON OUR SERVICE CENTERS FOR:

Repair & Calibration, modification, assembly, and inspec-
tion of precision instruments used for measurement

Systems installation services and check-out

Clean, Touch-Up, Lubricate to like-new condition
Certification traceable to National Bureau of Standards
Pickup & Delivery by protected instrument carrier
Scheduled Preventative Maintenance programs
Warranty on all work and parts

Complete Repair Reports submitted on each job

THERE’'S A HONEYWELL SERVICE CENTER NEAR YOU:

Fairborn, Ohio, 600 E. Dayton Dr., Tel. 513-878-2551 / Newport
News, Va., 5010 Jefferson Ave., Tel. 703-244.6586 / Silver Spring,
Md., 2425 Linden Lane, Tel. 301-587-1154 / Glendale, Cal., 635 W.
Colorado St., Tel. 213-245-8551 / Cleveland, Ohio, 20950 Center
Ridge Rd., Tel. 216-331-7651 / Montvale, N.J., 305 W. Grand Ave.,
Tel. 201-391-2306 / Waltham, Mass., 69 Hickory Dr., Tel. 617-
894-7229 / Santa Clara, Cal., 3235 Kifer Road, Tel. 408-739-6917 /
Orlando, Fla.,, Orlando Central Park, 7100 Lake Elernor Dr., Tel.
305-855.2721

Write us or your nearest Service Center for a free copy of our
repair and calibration brochure!

HONEYWELL, Test Instrument Division,
Annapolis Operation

Box 391, Annapolis, Maryland 21404
OR Telephone: 301-263-2661

Please send me a free copy of your repair and calibration
brochure.

Name. Title

Firm

Street

City.

forget
about

George

Let Honeywell’s experts do your repair and
calibration chores

DATA HANDLING SYSTEMS

Honeywell
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HONEYWELL 1S WORLDWIDE « Salgs and service offices in all principal cities of the world. Manufacturing in Brazil, Canada, France, Germany, Japan, Mexico, Netherlands, United Kingdom, United States.




The Switch to IC’S:

of a series
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DISCRETE COMPONENTS ARE OUT. If you are a design
engineer working on electrical or electro-mechanical
circuitry, particularly in industrial controls, you have a
unigue opportunity to gain a strong competitive advan-
tage for your company by switching to integrated circuits.
It doesn’t matter whether your present equipment is solid-
state, or whether you are still working with vacuum tubes
and/or relays. The time to switch is now.

We predict that within a very short time every manufac-
turer of control instrumentation will have gone to IC's.
The first one to do so will be able to offer a smaller, more
reliable, better performing unit than his competition — and
at a lower cost. The rest of the industry will have to follow
suit. There are several good reasons why this change has
not taken place yet. There are equally good reasons why
the right time is right now.

COST: When integrated circuits first came out, their
prices were very high. In those days yields were low, the
demand was limited, and manufacturers had R & D costs
to write off. As a resuit you could pick up all the compo-
nents and assemble the circuit for less than the cost of
the integrated equivalent. The situation is reversed now.
Development costs have been amortized, the demand is
rising, and the yields are high. As a result IC pricing has
taken a considerable drop. You can now pick up an indus-
trial integrated circuit at roughly the cost of the discrete
components (of equal quality) that are required to make
up an equivalent circuit. And that's the cost of the com-
ponents alone — without any of the labor that goes into
assembly. On the reverse side we show a typical control
application: an X-Y control table. We used 18 printed
circuit boards to build the unit. To build the same logic
out of discrete components would require 120 boards.
Even if you assume the same rate of productivity for dis-
crete boards as for IC boards, you have a reduction in
labor cost of 85%. To say nothing of the cost of the
boards. Furthermore, design time is reduced greatly when
you use integrated circuits, because most of the circuitry
has been pre-designed in convenient, functional modules.

RELIABILITY: Three years ago no one could tell you
anything provable about the reliability of integrated cir-
cuits. They were too new, and except for applications
where size was the controlling criterion, no one was will-

ing to take a chance. Now you can get reliable reliability
data and solid documentation. Furthermore, these cir-
cuits have proven themselves in field use over thousands
of hours and under severe conditions. They are more refia-
ble than discrete components. That should come as no
surprise. The more components you have, the greater
your chance of error, and of malfunction. With IC’s you
reduce the number of interconnections to a minimum —
traditionally the chief cause of circuit malfunctions.
Finally, in an integrated circuit all your components are
matched, suited to the circuit requirements, and of con-
sistent quality. There is no chance of a cheap compon-
ent creeping in to become the weak link in your chain.

SIZE: Size is of less importance in an industrial piece
of equipment than it is in something like a missile guid-
ance system. But, let’s face it, space costs money too.
The integrated unit on the reverse side takes up a third
of a drawer in a standard rack. The discrete equivalent
takes two full drawers. In a space restricted workshop
this becomes yet another competitive advantage, which
you can use to close your sale.

AVAILABILITY: Early in the game, integrated circuits
were hard to come by. The majority went to those applica-
tions which could afford to pay premium prices. This is
still true to some extent where the newest, most sophisti-
cated circuits are concerned. But it is not true in the case
of industrial integrated circuits. These circuits have been
around for more than two years, they are mass produced,
the manufacturing bugs have been eliminated, their yields
are high. Right now is the ideal time to buy them. There
is one catch, however:once the rush to integrated circuits
is on, there is a good chance that the demand will exceed
the supply. And then it's first come — first served.

INFORMATION: One barrier to the use of integrated cir-
cuits in the industrial field has been lack of solid appli-
cations information. Now even this is no longer a valid
reason : on the reverse side you'll find the first of a series
of application stories which will suggest where and how
you can use integrated circuits, Furthermore, if you don’t
want to wait till we get around to the one you're interested
in, return the attached card and ask for info on a specific
application. We'll pull information out of our file, or sit
down with you and work out the problem face to face.
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ACKNOWLEDGED as the MOST TEMPERATURE STABLE
MINIATURE CAPACITORS in the ELECTRONICS INDUSTRY « o «
SUPERIOR to GLASS and MICA CAPACITORS

If your circuits require capacitance stability, high Q, and close tolerance,
there's only one fine of miniature capacitors to consider...ERIE NPO
High Stability Ceramic Capacitors. These ultra-stable ceramic dielectrics
are considerably superior to glass and mica... for ERIE produces the most
nearly perfect ceramic in the industry.

NPO (temperature coefficient) miniature capacitors are available in a

capacitance tolerance (as close as = 1% or = .1 pf.)} to suit your circuit
requirements. Units are conservatively rated ... flash test 3 times WVDC,
life test 2 times WVDC.

In addition to these NPO High Stability Ceramic Capacitors, Erie offers
a full line of Temperature Compensating types (P100 through N5600) and
General Purpose type capacitors...all produced from the most nearly
perfect ceramic in the industry.

Write for information TODAY about Erie NPO High Stability Ceramic

Capacitors. A helpful Erie Field Sales Engineer will be happy to discuss
your specific requirements...no obligation of course.

CAPACITANCE CHANGE VS. TEMPERATURE
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Another Series of Components in Erie’s Project “ACTIVE”. ..
Advanced Components Through Increased Volumetric Efficlency

variety of physical types as illustrated at right. Capacitance range and-

NPO HIGH STABILITY
CERAMIC CAPACITORS
T0 SUIT YOUR
NEEOS

TRUE
RERMETICALLY
SEALED TYPES

PRECISION
\ MOLDED TYPES
| \

\

\
=)
|

b
N ‘
i
L] PN
TUBULAR, BISC AND
RECTANGULAR TYPES

TECHNOLOGICAL

PRODUCTS, INC

re— e ——
;r

Erie, Pennsylvania

Electronics | July 25, 1966

Circle 39 on reader service card

39



PPM

Potentiometric Measuring System

METER RANGE

-t —

N
E~- ®

The PAR Model PPMS-1 is a self-contained system
consisting of the basic components required for mak-
ing one part per million measurements of external
resistance ratios or external DC voltages extending to
1000 volts. The system, with accuracy traceable to
N.B.S., consists basically of a 10 volt DC source
whose saturated standard cell reference is housed in
a proportional temperature controlled oven (main-
tained within 0.001°C), a self-calibrating 7 decade
Kelvin-Varley divider and a null indicator having a
basic full scale sensitivity of =1 microvolt.

An output signal fuily isolated from, but proportional

Write for bulletin No. 121 or ask for information about
PAR’s complete line of precision reference sources.

40 Circle 40 on reader service card

METER FUNCTION

to the deflection of the null meter is provided to drive
strip-chart recorders and thereby function as a self-
contained monitor of the stability of other voltage
supplies. In addition, this unit can serve as the con-
trolling element in ultra-stable variable voltage or cur-
rent supplies with the addition of power amplifiers
which are available as accessory items.

A unique method of self-calibrating the four most
significant decades of the Kelvin-Varley divider with-
out additional equipment as well as means of veri-
fying oven temperature and standard cell voltage are
provided. Price $4950.

PRINCETON
APPLIED RESEARCH CORP.

DEPT. D
Box 565, Princeton, N, J., Tel. (609) 924-6835

Electronics | July 25, 1966



July 25, 1966

Electronics Review

Volume 39
Number 15

Displays

Flat-screen tv?

A New York company that spe-
cializes in polarizing materials has
developed a glass panel that can
be made clear or opaque—with the
flip of a switch. Developed orig-
inally for glass-panel buildings, the
product is now being explored as
a flat display panel for moving or
still pictures and possibly for flat-
screen television.

At the moment only the full
panel can be made to change from
clear to opaque. “But,” says Mor-
ton Marks, executive vice president
of the company. Marks Polarized
Corp., “we found that we can ex-
cite very small spots on the panel,
so that discrete areas as tiny as
0.02 inch can be made to switch.”
To demonstrate this, Marks ex-
plained, a needle probe was placed
against the panel and at that point
the glass was turned “on” or “off”
simply by introducing a small volt-
age.

Light pass. The material that
makes the glass change opacity is
a liquid suspension of submicro-
scopic dipoles. When a voltage is
applied to the material, the elec-
trical field aligns the dipoles, per-
mitting light to pass. When no
voltage is present, the dipoles re-
turn to a random arrangement,
blocking the light. By varying the
amount of voltage, the panel can
be made partially opaque.

To apply the technique for use
as a window or a wall panel, the
liquid conductor is sandwiched be-
tween two glass panels. But for a
display or tv screen a different ar-
rangement must be worked out.

One possibility, Marks says, is to
print the glass with a grid of fine
conductive lines. Then, by flooding
the back of the panel with light
and by controlling the voltage at
the crossover points of the lines,
a picture can be produced; the
light passes only at the points

where the voltage is sufficient to
align the dipoles. Marks estimates
that it would take about 500 volts
to switch a foot-square panel.
Switching speed is not a problem,
explains Marks. The material can
be made to switch in microseconds
—fast enough for use as an all-in-
one flat television tube and screen.
In fact, Marks adds. several tele-
vision companies are currently ex-
amining its potential. However. the
executive declined to identify them.
For the conductive material. the
company is using an organic cry-
stal called herapthite, a compound
that’s similar to a polarizer. “But,”
says Marks. “we’re also working on
other materials, especially metals,
that would perform in the same
way.” One approach would be to
use dipoles made of dendritic sin-
gle crystals—Ilike the whiskers that
sometimes grow in waveguides.
The developer of the product,
Alvin M. Marks, Morton’s brother
and president of the company, says
that the glass could be used as a
building’s exterior wall. On a
sunny day, the panel could be
turned partly opaque, reflecting
away the hot sun. And on a cloudy
day the panel could be kept clear,
allowing daylight to enter the
building freely.
The company estimates that such
panels would cost between $5 and
$10 a square foot in production.

Advanced technology

Memorable material

Potassium nitrate (KNOj), the
inexpensive ferroelectric material
that’s used extensively in micro-
phones, filters and frequency-mod-
ulator discriminators, may some-
day have a new job—in computer
memories.

Scientists James P. Nolta and
Norman W. Schubring at the Gen-
eral Motors Corp.’s research lab-

oratories in Warren, Mich., predict
that KNO3; memories potentially
can store a higher density of data
than either ferrite-core or thin-film
ferromagnetic memories.

The key to the ferroelectric mmem-
ory was first turned in 1962, when
the GM team discovered that bulk
KNO; exhibits a threshold in its
hysteresis loop at room tempera-
ture. Such a hysteresis threshold is
a basic requirement for any mate-
rial to be used as a compnter mem-
ory. The ferroclectric material re-
sponds to an applied electric field
in much the same way that a ferro-
magnetic material, from which con-
ventional ferrite-core memories are
made, responds to an applied mag-
netic field. Ferroelectric crystals,
however, are electrically asymmet-
rical and therefore behave like a
dipole.

“When subjected to an electric
field of sufficient strength,” Nolta
says, “these microscopic dipoles
turn to line up with the field. When
the field is removed, internal fric-
tion prevents the dipoles from re-
turning to their original position.”
Hence, hysteresis.

On the threshold. But to prepare
the material for this application, it
had to be heated and then quickly
cooled. Earlier, it was thought that
KNO; could achieve threshold only
at temperatures of about 250°F.

Now, the GM team has devel-
oped a way to make the material
achieve hysteresis threshold with-
out elaborate quick-cooling. When
the KNO; was prepared as a thin
film rather than in bulk form, the
team found cooling was simpler—
and the KNO; still had a threshold
at room temperature.

For use as a computer memory,
researchers Nolta and Schubring
prepared an experimental model:
thin films were sandwiched be-
tween two layers of vacuum-de-
posited electrode strips at right
angles to each other. Then, they
discovered, if the layers were
stacked, one atop the other, a mem-
ory array could be built up, and
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tens of thousands of bits stored in
one cubic inch of material.

But problewms still exist, they con-
cede. For one, the KNO3 memory
is slow compared with ferromag-
netic memories. The ferroelectric
memory switches in about 10 mi-
croseconds while the ferromagnetic
memories switch in fractions of a
microsecond. However, the re-
searchers are optimistic that speeds
can be boosted by changing film
thickness and altering other param-
eters.

How they stack up. When com-
pared for power consumption. both
materials are about even.

The single factor that gives ferro-
electric memories the potential for
holding more data per cubic inch
is its geometry. Magnetic thin films,
for example, are essentially two-
dimensional. But a ferroelectric
memory can be stacked, layer upon
layer.

It would be difficult, if not im-
possible, to build a multilayer
ferromagnetic memory because the
magnetic field that causes switch-
ing goes around the conductors,
disturbing the nearby magnetic
material. In the ferroelectric mem-
ory, however, the only field of
consequence would be behween
the two conductors, and there-
fore ncarby ferroelectric materials
wouldn’t be disturbed.

Computers

Stock answers

Too often a stock broker’s recom-
mendation to buy or sell a stock
is based not on the latest market
situation or a thorough analysis of
the company but on self-interest:
the more transactions he can gen-
erate, the larger his commission.
But if an investor had his own com-
puter to assess complex wmarket
trends and the general health of a
security he could bypass the broker
and make split-second decisions on
what shares to buy and sell. At
least that’s what a small investment
counseling company in Princeton,
N.J., thinks.

42

The firm, ISEC Corp., in coop-
eration with Data Instruments, Inc.,
has developed a desk-top analog
computer that can assess the risk
of investing in about 1,000 different
stocks. And the assessment is de-
livered instantly.

ISEC is offering the service as a
package deal. For $485 the investor
buys the computer plus a vear’s
subscription to a fortnightly invest-
ment bulletin that contains coded
evaluations of all the stocks. The
investor can’t use one without the
other. For $150 he can renew his
subscription to the bulletin for an-
other year.

Profit motive. The machine is
programed to base its decision on
maximum stock appreciation—not
dividend vyield or some other in-
vestment objectives.

Two of the computer’s data in-
puts can be gained from the daily
newspaper or through a call to a
broker: the stock’s current price
and the latest Dow-Jones figures.
These inputs, plus three others
which are in code (the company
won’t describe them or tell how
they are derived), are entered into
the computer by adjusting dials.
Immediately, the computer has its
answer: a dial swings to the left
for high-risk stock or to the right
for low-risk investments.

Like all other analog computers,
the new machine contains an array
of operational amplifiers, integra-
tors, adders and multipliers that
process the information. In conven-
tional genecral-purpose analog ma-
chines these components are con-

nected through externally wired
patchboards; the connections are
defined by the problem to be
solved.
In the
however, the connections are all in-

investment computer,
ternal, following a mathematical
formula worked out by ISEC. Any-
one who finds out what the formula
is could patch up a general-purpose
computer to produce the same re-
sults; but he would have to obtain
the three factors that make up the
fortnightly reports.

The computer can also be used
to establish “stop levels”—that is,
the price at which an investor
should buy or sell a stock.

ISEC is considering the develop-
ment of similar machines, wired
differently, that would analyze re-
tail markets and other complex fi-
nancial situations.

Contracts

Appealing invitation

A San Francisco Federal district
court judge ruled that the General
Accounting Office can probe the
cost structure of items purchased
by the Federal Government under
negotiated contract. But in an
aside from the bench he warned of
the potential abuse of such audits,
and urged the company to seek
reversal of the ruling by “wiser,
better paid” jurists.

Ruling last month on the Hew-
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lett-Packard Co.’s refusal to open
its books to Federal auditors,
Judge Lloyd H. Burke agreed that
a 1951 law gives the GAO the
right to demand underlying cost
data even for off-the-shelf prod-
ucts.

Fight expected. Appeal by Hew-
lett-Packard, which has fought the
Federal watchdog agency on this
point for more than three years
[Electronics, Jan. 25, 1965, p. 34],
is rated a virtual certainty. Judge
Burke’s order to the company to
produce its records on production
costs will be stayed in the event
of an appeal.

Until there is a final ruling, pos-
sibly by the U.S. Supreme Court,
the accounting agency has no plans
to act against several other elec-
tronics concerns, including the
Collins Radio Co., which have also
refused to supply cost data on cat-
alog items. As a result of pressure
from Congress, the GAO lately has
moved gingerly in ficld audits that
irritate sensitive business nerves.

The legal controversy swings on
the question of what Congress
meant when it gave the GAO au-
thority to demand any business
records directly pertinent to per-
formance of a Government contract.

Both sides agree that the $2 mil-
lion in electronic gear supplied be-
tween 1959 and 1961 under four
Air Force contracts were standard
commercial items regularly bought
by private customers. They also
agree that there was no mention
of production costs when the con-
tracts were negotiated. Even if an
audit determined that Hewlett-
Packard’s profits on the transac-
tions were too high there would be
no way to reclaim the excess.

The accounting office insists that
it needs backup data to study the
relationship between equipment
and spare parts prices and that it
could ask Hewlett-Packard for such
information because costs are in-
volved in any negotiated contract.

The company contends that
costs arc irrelevant when the con-
tracts involve catalog items where
reasonable prices have been estab-
lished through fair competition.

It claims GAO’s position amounts
to “a sweeping price-control func-
tion over all American industry.”
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A pulse train (top, unmodulated and bottom, modulated) achieves ampilification
in Mallory’s linear amplifiers. Only envelope of pulse train is shown.

Solid state

Circuit revival

A veteran component manufac-
turer will enter the integrated-cir-
cuit market—possibly by updating
a veteran circuit technique. P.R.
Mallory & Co. is exploiting pulse-
width modulation, a technique
largely unused in its 35-year life
despite its advantage in cfficiency:
theoretically 100% when used for
audio amplification. In comparison,
the widely used class A method
has a theoretical top efficiency of
only 50% and for class B, the limit
is 78%.

Using the pulse-width technique,
also called two-state or class D am-
plification, Mallory has built a
prototype circuit of individual chip
transistors, resistors and capacitors
that provides a watt at 90% cffi-
ciency. The amplifier’s response is
from d-c to 15 kilohertz, +3 deci-
bels, and its distortion is less than
1%. Mallory thinks the circuit,
when built in monolithic form, will
be the only amplifier of comparable
performance that needs no out-
board components.

Pulse-width modulation has sev-
eral advantages over class A or B
operation which should make it
particularly attractive for IC audio
and servo amplifiers.

» Efficiency is higher, which
means that for a given output,
power dissipation is reduced and
therefore the circuits can be made
smaller.

» Critical stages are either fully
“on” or fully “off,” eliminating the
need for bias current and reducing
the need for tight component toler-
ances.

= Transistor gain variations do
not affect the gain and linearity of
the amplifier.

= There is no lower cutoff fre-
quency, since all stages are d-¢
coupled.

» Supply voltage is not critical.

® Load impedance can be varied
without affecting cfficiency.

Pulse chopping. The pulse-width
modulation technique avoids lincar
reproduction of the signal; instcad
it produces a high-frequency pulse
train that is modulated by chop-
ping it into chunks of varying
widths.

The technique was not used with
discrete - component circuits be-

v+

A practical output stage for pulse-
width modulated amplifier uses
complementary transistors in a
bridge configuration. It reduces
transistor current for given output
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cause it required many transistors
(or tubes), which sent costs soar-
ing. Mallory thought the method
worthy of revaluation since IC
transistors are cheap. The first Mal-
lory circuits had 33 transistors,
compared with about 17 for an in-
tegrated class B version. Circuit
improvements have enabled Mal-
lory engineers to build the same
device with only a dozen transis-
tors. One key to the improved cir-
cuits was the development of inte-
grated high - current, low - power
output transistors.

The next step, say its developers
at Mallory’s laboratory for physical
services, Burlington, Mass., is to
build the amplifier in monolithic
form. This circuit and similar ones
may enable Mallory to crack the
market for IC’s in high-volume con-
sumer applications, such as radio
and television.

The present devices, built as a
feasibility test, may be too low
powered for wide use. If so, Mal-
lory will build units with more than
a watt output. They will incorpo-
rate npn and pnp transistors in the
same block.

No isolation. The process for
building npn and pnp devices to-
gether, says Mallory, will not re-
quire isolation techniques, and the
end product will be inexpensive,
high-power, high-efficiency IC am-
plifiers.

Space electronics

Pride and regret

With a mixture of pride and regret,
scientists and technicians at the
Jet Propulsion Laboratory stood
vigil last week as the lunar night
again closed in on Surveyor 1. The
plucky, spider-shaped moon pho-
tographer had performed like a
champion and even as its end ap-
proached, after six weeks on the
moon, it snapped a final flurry of
741 pictures.

In all, the spacecraft took 11,500
photos and flawlessly transmitted
them to carth. But the craft did
more than provide a profusion of
lunarscapes; it saved face for the
lab, which designed the craft and
managed the program for the Na-
tional Acronautics and Space Ad-
ministration.

Hot and cold. Surveyor 1 proved
that the design was all but perfect
—so perfect, in fact, that hardly a
change in plans is being contem-
plated for the next generation of
Surveyors. Its ability to withstand
the heat of the lunar day, which is
14 carth days long, and the cold of
the lunar night amazed the lab’s
workers; but even more amazing
was the craft’s ability to make spec-
tacular comebacks from the edge
of disaster.

Surveyor photographs its ills: crack was caused by cold.

After having performed far be-
yond expectations during its first
lunar day, Surveyor 1 dramatically
sprang back to life part way
through the second lunar day. But
clearly, all was not well.

Soon after its solar cells began to
recharge the Dbattery, the first
emergency appearcd: the craft
telemetered earth that its battery’s
internal temperature had jumped
to 140°F. Everything indicated a
short had developed in the battery
and the prognosis was sure death.
But then, for no apparent reason,
the temperature dropped. Engi-
neers speculate that the short
might have “healed” itself by burn-
ing away from the shorting con-
tact.

Panic button. Another panic oc-
curred when gas pressure in the
sealed battery case sank to zero.
But again, in some unexplained
way, the problem was corrected
without a signal from earth. After
that, though, the battery had clearly
outlived its design intention and
began to die, cell by cell.

Communications

Standing firm

The pressure from the White House
is intense and building stecadily,
but so far the Federal Communi-
cations Commission refuses to
budge. Its argument: as an inde-
pendent agency it has every right
to rule that the Defense Depart-
ment cannot sign a contract with
the Communications Satellite Corp.
for transpacific links—a ruling the
Pentagon has ignored.

The FCC is preparing to issue
formal orders later this month spell-
ing out who qualifies as an “au-
thorized user” of Comsat services
and the “unique and exceptional
circumstances” for approving other
users.

So far, only the National Aero-
nautics and Space Administration
has received FCC blessing as an
authorized direct user, and then
only for communications during
the Apollo’s assault on the moon
at the end of this decade.

Hell . . . In the law that estab-
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Less than .01% T.C. from O°C to + 125°C

TRW—acknowledged leader in film capacitors—contin-
ues its leadership with advanced polycarbonate types
providing mica-like stability through 125°C.

This is a complete new line of low-TC devices designed
for no-drift performance at elevated temperatures.

TRW polycarbonates are offered in a variety of styles to
meet all design needs for operation from —55°C to 125°C.

® WIDE-RANGE TEMPERATURE STABILITY—< 1% capacitance
change from 0°C to 125°C (positive or negative TC available).

®m LONG STABLE LIFE—less than .19 drift after 10,000 hours.

® CLOSE TOLERANCE—available in capacity tolerances to +.5%.
® SMALL SIZE—up to 90% less volume than paper dielectrics.
® QUICK DELIVERY—widely used styles available from stock.

® MIL-C-19978 and MIL-C-27287 performance and ruggedness.

For full information phone, wire or write: 112 West First Street,
Ogallala, Nebraska. Phone: 308-284-3611. TWX:910-620-0321.

TR w CAPACITORS
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lished Comsat as a quasi-public
corporation, service to the Federal
Government is mentioned as one of
its functions. Quips an official
of the Defense Communications
Agency (DCA), which initiated the
controversy last May by inviting
Comsat and four common com-
munications carriers to bid for 30
channels serving the military in
Southeast Asia: “Hell, we’re the
Government—we’re an authorized
user.”

DCA refuses to accept an excep-
tion on narrow legal grounds, but
instead wants a basic clarification
of its rights. For example, it could,
but won’t, plead that fighting a war
in South Vietnam constitutes a
“unique and exceptional circum-
stance”; this potentially face-saving
provision was promulgated by the
FCC just before the Pentagon an-
nounced that it would accept Com-
sat’s proposal over all the others.

Although Comsat’s price was
lower than the offers of the com-
mon carriers, the DCA maintains
that it wasn’t the price that swung
it to Comsat—it was the urgent
need for 30 reliable Pacific satellite
channels early in 1967. And appar-
ently, the DCA decided, Comsat
has the inside track on such service
by 1967. Under the disputed agree-
ment, the DCA will use ground
stations that Comsat will build in
Japan, the Philippines and Thai-
land.

In a frontal assault, Gen. James
D. O’Connell, director of the Presi-
dent’s Office of Telecommunica-
tions Management, has called on
the FCC to reconsider its stand
and “avoid the necessity of a
lengthy review of this matter in
the courts and in the Congress.”

The stakes. The battle does not
turn on a moot legal point. At stake
is whether Comsat will emerge as
an independent company with its
own financial route to the billions
of dollars spent yearly by Govern-
ment agencies on communications
or whether it will be a “carriers’
carrier,” whose income derives in-
directly from Government contracts
negotiated through the carriers;
obviously, the independent status
is far more lucrative.

On another Comsat battlefront,
the common carriers—in their bat-
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tle for ownership of ground stations
—have lost another supporter.
Western Union International has
joined the American Telephone
and Telegraph Co., the Hawaiian
Telephone Co. and the United
States Independent Telephone As-
sociation in saying it is willing to
share ownership of ground stations
to be used in international com-
munications.

The other two major carriers,
RCA Communications, Inc., and
ITT World Communications, Inc.,
largely favor individual or joint
carrier ownership only. Comsat,
naturally, wants sole ownership of
the stations. The FCC has given
Comsat sole ownership of three of
them, at Andover, Maine, Brewster
Flat, Wash., and Hawaii, on an in-
terim basis. And now, it has re-
quested permission to build stations
in West Virginia and the Caribbean
with a request for a station in the
southwestern U.S. expected soon.

Ownership of the stations to be
used in international communica-
tions may or may not set the prece-
dent for the far more lucrative net-
work of domestic ground stations
that eventually will be built.

An FCC decision on this issue
likely won’t come for some months.
And sources close to the dispute
give Comsat the edge to win sole
ownership of the international sta-
tions with a shared-ownership ar-
rangement to come on domestic
stations.

Instrumentation

Bombing circuits

Lining up a collection of electronic
components near an atom bomb
and then setting off a blast would
be one way of testing their resist-
ance to nuclear radiation. A more
practical alternative would be to
subject the components to bursts
of neutrons from a generator, but
up till now neutron generators
haven’t been able to deliver neu-
tron bursts powerful enough to
make such testing useful.

Kaman Nuclear, a division of
Kaman Aircraft Corp., however,

has developed a technique for
producing a neutron-flux density
1,000 times greater than previously
possible.

In fact, the Defense Department
already is bombarding components
with the new generator to deter-
mine their resistance to radiation.
Pentagon engineers are subjecting
active solid state components to
14 million electron volt (mev) neu-
tron fluxes to measure their tran-
sient response.

The instrument’s application is
not limited to testing circuits, the
producer says. It could, for ex-
ample, be used to calibrate neu-
tron detectors.

A fusion reaction. The technique
for creating such a powerful, dense
burst of neutrons is based on a
phenomenon that has been the sub-
ject of much research but has never
before been put to use—a fusion
reaction in a gas of deuterium and
tritium. The phenomenon was un-
covered by Joseph Mather, a sci-
entist for the Atomic Energy Com-
mission, during work on Proiect
Sherwood, the program aimed at
obtaining a controlled nuclear fu-
sion.

In traditional neutron generators,
tritium is bombarded with acceler-
ated nuclei of deuterium. In Ka-
man’s gencrator, however, the
fusion rcaction occurs in a gas that
is at a high temperature and pres-
sure; with this environment. the
collisions between the two elements
occur 1,000 times more frequently
than in the conventional generator.
At the sample rosition of the gen-
erator, for example, densities are
produced that are greater than 1016
neutrons per square centimeter-
second.

Current pincher. The high tem-
perature and pressure nceded are
created by the pinch effect. A high
current (about 100,000 amperes
generated by a bank of capacitors)
is discharged between the walls of
a gas-filled cylinder. The magnetic
field created by the high current
squeezes the current path into an
exceedingly thin beam. The high
current density causes the heam
to reach temperatures of about 40.-
000,000 C at a pressure of scveral
thousand atmospheres, setting off
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Hire Helipot's 38" cermet trimmer
for the jobs too tough for wirewounds

Got a big job for a small, square trim-
mer? Sign up the new Helitrim® Model 63P
trimming potentiometer. Smallest of its
class in size and price, the tough little 63P
offers essentially infinite resolution, with
ruggedness and reliability twice as high as
you’d expect.

No wonder. Beneath its sealed %" x
%" x %" molded plastic housing, the 63P
has a heart of cermet. No other resistance
element can match its combination of high
power rating, essentially infinite resolution,
freedom from sudden failure, resistance
stability, and wide 10 ohm to 2 megohm
resistance range. Wirewounds or carbon
won’t even come close.

References? This new trimmer just grad-
uated from Helipot. It’s been thoroughly
checked out and tested again and again.

It meets or exceeds requirements of MIL-
R-22097B. We'll vouch for it...and so
will you, once you’ve tried it. Send now
for full details, or ask a Helipot sales rep
to introduce you,

RESUME
GENERAL
Ambient temp. ........... —65 to 4+-150°C

Power rating, watts....0.5 at 85°C, derating
to0at 150°C

Adjustment turns, nominal............... 20
ELECTRICAL

Standard res. range, ohms. ..... 10 to 2 meg.
Resistance tolerance ................ +20%
Resolution +...00ovuv.... essentially infinite
MECHANICAL

Stop. .. .vviiiiiiinnn clutch action, both ends
Starting torque, maX.. ............ 5.0 oz -in.
Weight, approx. ......cc.vvvvvveene.. 1 gm.

(ST=Y1 {aF-1aM 'NSTRUMENTS, INC.

HELIPOT DIVISION

FULLERTON, CALIFORNIA « 92634
INTERNATIONAL SUBSIDIARIES: GENEVA; MUNICH; GLENROTHES, SCOTLAND; TOKYD; PARIS; CAPETOWN; LONDON; MEXICO CITY
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the fusion reaction.

The neutron pulse width is ap-
proximately 0.10 microsecond at
half the maximum density.

So far the instrument isn’t for
sale to industry. Kaman plans to
rent it for $800 per day, plus $50
per shot.

Oceanology

Ocean view

Next month Navy researchers will
anchor a 40-foot diameter elec-
tronics-crammed buoy in 18,000
feet of water off the coast of Ber-
muda. If the test is a success, it
may prompt the Navy to seck the
go-ahead for a $150 million-plus
project that calls for dotting the
seven seas with unattended buoys
to keep a computer-controlled
watch on weather and oceans.

The prototype buoy, developed
and built by the Convair division of
the General Dynamics Corp., will
contain both environmental sen-
sors and telemetry gear. The test
is being conducted by the Office
of Naval Research.

There is, however, still a ques-
tion in the minds of some scien-
tists on what is the best size for
such unattended information-gath-
ering stations—General Dynamics’
“monster buoy” or smaller models
also under development and test.
Funds and the necessary interna-
tional arrangements for the world-
wide system are still a way off.

Year-long test. However, if Gen-
eral Dynamics’ buoy is successful,
Navy scientists are expected to
push for funds from Congress in
fiscal 1967 to start on an opera-
tional system. Their hand will be
considerably strengthened if the
buoy’s electronics, scaled in modu-
lar packages, operates a full year
without any maintenance.

While the prototype test off Ber-
muda will include only line-of-
sight radio propagation for telem-
etering data 22 miles to shore-
based data collectors, the final sys-
tem—if it becomes operational—
would be designed for 2,500-mile
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transmissions. The designers of the
buoy’s electronics subsystems de-
cided that the transmitter in the
follow-on system should operate
upon command, on three or four
frequencies, between 3 and 30
megahertz.

The data system will handle 100
scientific channels. Measurements
will be stored in memory banks for
hourly integration. The data will
be telemetered in binary bits as a
pulse-code modulated signal on a
frequency-shift keyed subcarrier.
Single-sideband radio equipment
will be used with an average out-
put of 100 watts.

Water check. The buoy will
gather data on current direction
and velocity, water temperature,
salinity, dissolved oxygen and car-
bon dioxide, sound velocity, ir-
radiance and surface-wave profiles
for the oceanographers. The weath-
erman will get data on wind direc-
tion and velocity, air temperature,
relative humidity, incident and re-
flected solar radiation, surface baro-
metric pressure and precipitation.

General Dynamics has computed
that an operational system in the
Northern Hemisphere should con-
sist of 333 individual stations
spaced 300 miles apart. The initial
cost for a system of this size is
estimated by the company to be
$147 million. Another $4 million
would be required annnally for sys-
tem maintenance and operation,
the company believes.

Electronics notes

« Atom power. The 15-year-old,
still fruitless effort to control nu-
clear fusion for peaceful purposes
is due for another shot in the arm.
Atomic Energy Commission offi-
cials are concerned that Soviet sci-
entists may be making more prog-
ress in the field than U.S. scien-
tists. The experimental effort to
squeeze plasma in magnetic “bot-
tles” until the stripped nuclei get
hot enough to fuse is currently cost-
ing about $20 million a ycar. A spe-
cial study panel recently recom-
mended doubling the effort and the

AEC now is pressing that work be
stepped up. With the pressure of
Vietnam and social welfare pro-
grams on the Federal budget, how-
ever, the AEC’s drive for more fu-
sion research faces an uphill battle.
The release of the AEC study co-
incides with the start of serious
budget planning within the Gov-
ernment for the budget President
Johnson will present to Congress in
Jannary, for fiscal 1968, which
starts next July 1. The significance
of the report is that the AEC has
decided that among its rescarch
goals, fusion deserves more funds.
If the Administration agrees, it will
mean more money also for the
range of clectronic control equip-’
ment that would be required also.

» Learning at work. LTV Elec-
trosystems, Inc.. engineers will be
attending graduate courses in elec-
tronics this fall—and they won’t
have to leave the plant. Through
closed-circuit television, LTV will
link its plant in Greenville. Texas,
with classrooms at the Southern
Methodist University in Dallas. The
company. a subsidiary of Ling-
Temco-Vought, Inc.. will pay for
the 60-mile microwave relay link.
Engineers will be able to join in
class discussions throngh an extra
voice link. The company may
broaden the program to include
LTV plants in the Dallas area.

= Vidio recorder. The General
Electric Co. will introduce a line
of black-and-white video tape re-
corders this fall and a line of color
recorders early next year. The tape
decks are being produced for GE
by the Sony Corp. The helical-scan
units represent GE’s entry into the
video tape recorder business.
Prices of the black-and-white re-
corder will start at under $830,
while prices of color units will be
more than $2,000. GE will produce
the auxiliary equipment for the re-
corders: cameras and receivers.

s Mars flyby. Six experiment
packages for the next flight of Ma-
riner have been tentatively selected
by the National Acronautics and
Space Administration. The Mars
flyby will occur between February
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and April 1969. The equipment as-
signed to the craft includes two
television cameras, an infrared
spectrometer, an infrared radiom-
eter, an ultraviolet spectrometer, a
celestial mechanics package and a
S-band occultation package.

= Out of space. The Philco
Corp.’s Western Development Lab-
oratory is weighing the possibility
of inarketing to industry a modified
version of the visual control panel it
supplied to the National Aeronau-
tics and Space Administration’s
Manned Spacecraft Center in
Houston. The console would allow
a person sitting at a special desk
to call up data from a computer.
The system would work with exist-
ing computers and would display
symbols and graphs in both black-
and-white and color. It eliminates
the conventional television camera
by directly converting digital infor-
mation for viewing on the screen.
Each element of the displayed
image is modified in an adjacent
raster storage memory. Because the
raster storage is held within each
individual video channel, computer
instructions, such as updating and
erasures, can be translated auto-
matically into raster elements with-
out additional programing,.

» Circuit wrapper. Taking a tip
from the supermarket meat coun-
ter, Lockheed Electronics is now
wrapping circuit boards in heat-
sealed polypropylene plastic for
storage and shipment. But Lock-
heed has gone a step further: after
the wrap is scaled by a manually
operated machine, manufactured
by the Weldotron Corp. of New-
ark, N.J,, a conveyor moves the
boards to a heating chamber where
rapidly circulating hot air shrinks
the film to a skintight fit. The pack-
age, Lockheed says, is about a third
cheaper than the polyvethylene bags
used before. In addition, the tight
plastic film, either a half or three-
quarters of a mil thick, is so clear
that final inspection can be made
after packaging. The Maywood,
Calif,, plant of Lockheed’s avionics
uses the process. Lockheed Elec-
tronics is a subsidiary of the Lock-
heed Aircraft Corp.
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basic measuring tools from

HEWLETT
PACKARD

hp 3314, 3324

Solid-State Distortion Analyzers

Harmonic distortion measurements, 5 Hz (cps) to 600 kHz (kc)
0.19% full-scale distortion sensitivity

Input sensitivity 0.3 V rms for 1009, set level reference
Low-distortion output for scope or true rms VM monitoring

300 uv full-scale voltmeter sensitivity (residual noise <25 uv)

Floating input, output

Use it to:

Measure total broadband distortion

Measure voltage, 5 Hz to 3 MHz (mc)

Measure noise and hum level as small as 50 uv
Measure envelope distortion of AM rf carriers
Amplify signals (high gain, wideband)

Both analyzers consist of a broadband
amplifier, a tunable frequency-selective
rejection circuit and a high-impedance
voltmeter. The rejection circuit provides
fundamental rejection >80 db. The volt-
meter measures 300 uv to 300 v rms full
scale, using the same terminals, attenu-
ated in 10 db steps. The two instruments
are identical except that the 332A adds
an amplitude modulation detector, 500
kHz to greater than 65 MHz. The ana-

HEWLETT

1048

lyzers are value -priced, too: 331A, $590;
332A, $620

Call your Hewlett-Packard field engi-
neer for a demonstration of the distortion
analyzer most useful for your application.
Or write for full specifications to Hewlett-
Packard, Palo Alto, California 94304,
Tel. (415) 326- 7000 Europe: 54 Route
des Acacias, Geneva.

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

PACKARD

An cxtra measure of quality

332A
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The AE Type 45 Rotary Stepping Switch
can solve almost any circuit-transfer problem

There's an economical, rugged and reliable way to sim-
plify many of today’s complex switching circuits. Just
replace entire groups of relays or transistors with an AE
Type 45 "stepper.” One of these large-size, general-duty
rotary stepping switches can provide up to twelve 25-point
bank levels, or up to eight 50-point bank levels.

Choose between the Type 45 (with normally open levels)
or the Type 45NC (with normally closed levels). The latter
is designed so that, when the rotor is stepped, pairs of
bank contacts are opened successively. For true versatility,
NO and NC levels can be combined on the same switch!

When you specify AE rotary stepping switches you get
the benefit of continuous research—in design, in metals

Counting =\ ‘
Controlling & s}—
Monitoring | =

LN

Selecting B
Indicating +=
Timing
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and insulating materials. Plus positive positioning, a
unique AE design feature that locks the rotor, makes
overthrow impossible.

For helpful application information, we offer the 160-
page book, “How to Use Rotary Stepping Switches.” To
get your copy, just ask your AE representative. Or write
the Director, Relay Control Equipment Sales, Automatic
Electric, Northlake, lllinois 60164.

AUTOMATIC FLECTRIC

SUBSIDIARY OF

GENERALTELEPHONE & ELECTRONICS GrElE
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When you look at electronic components
are you missing the woods for the trees?

Most engineers and buyers look first at price, performance and
delivery — and then start looking for more. An increasing
number of them find it at Mullard, makers of Britain’s biggest
range of electronic components.

That’s why, for instance, there are Mullard travelling wave tubes
in North American microwave links, and a 1700 lb. proton
resonance magnet in Harvard’s Lyman Laboratory. Apart from
Mullard’s R & D capability, Mullard plants are among the most
efficient anywhere, with the reputation for quantity production

DIODES - TRANSISTORS - PHOTO-DEVICES AND RADIATION DETECTORS -
RECTIFIER DIODES AND STACKS - THYRISTORS AND STACKS - INTEGRATED
CIRCUITS - CATHODE RAY TUBES - RECEIVING TUBES - ELECTRON OPTICAL
DEVICES - PHOTOSENSITIVE DEVICES - COLD CATHODE DEVICES - POWER
DEVICES - TRANSMITTING TUBES - MICROWAVE DEVICES - CAPACITORS -
FERRITE MATERIALS AND ASSEMBLIES - COMPUTER COMPONENTS AND
ASSEMBLIES - MAGNETIC MATERIALS - SPECIAL PURPOSE MAGNETS - VACUUM
DEVICES * WOUND COMPONENTS.

of tight-tolerance devices to proved standards of reliability.
And Mullard’s experience in circuitry stems from the fact
that they have the best equipped applications laboratories
in Britain.

Mullard embody all their know-how in the kind of comprehen-
sive performance specs, survey documents and applications
reports that are just that much more useful to the designer. So
to make sure yowr don’t miss the woods for the trees, why not ask
Mullard to help you with some of your component problems ?

Mullard

where the product is only part of the deal
MULLARD LIMITED - TORRINGTON PLACE - LONDON WCI - ENGLAND
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CERAMAG" FERRITE PARTS ARE CONSISTENT

Stackpole offers over 30 grades of Ceramag® material. More
are being developed continually. Such up-to-the-minute
technology permits you to specify Ceramag® on every new
application. Discover the unique advantages of the versatile
Ceramag® ferrites: complete moldability to virtually any
shape, and the important savings over steel alloys for low
frequency applications. When high permeability is an im-
portant factor, Ceramag® is the answer.

Hundreds of Ceramag® parts are already tooled as toroids,
cup cores, insert cores, transformer cores, deflection yokes
and rectangular solids. Special tooling is also available.

Stackpole is a name long associated with quality components
in the electronic field. Only the closest attention to every
production detail can result in the kind of product uniformity
available with Ceramag® ferrites. As one of our customers
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put it, “Your ferrite cores are more consistent from order to
order than any of your competitors.”

If you are about to select a ferromagnetic material for a new
application, or if you are dissatisfied with the performance
and service of your present ferrite supplier, why not investi-
gate Stackpole’'s Ceramag®? To discover how you can save
and still insure superior performance, write for our Bulletin
1-A, Stackpole Carbon Company, Electronic Components Divi-
sion, St. Marys, Pennsylvania 15857. Phone: 814-781-8521
— TWX: 510-693-4511.

- STACKPOLE

ELECTRONIC COMPONENTS DIVISION
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Versatile,
Value-priced
X-y recorder

...just $895!

THE MOSELEY 70354

This is a high-performance, low-cost solid-
state recorder for everyday applications
not requiring high dynamic performance.
Five fixed calibrated ranges 1 mv/inch to
10 v/inch. High input impedance, floating
guarded input, 0.2% accuracy at full scale.
Adjustable zero set.

Each axis of the 7035A has an indepen-
dent servo system with no interaction
between channels. Maintenance-free
AUTOGRIP* electric paper holddown and
electric pen lift are standard. Options avail-
able include locks for zero and variable
range controls, rear input, and retransmit-
ting potentiometer for X axis.

Electronics | July 25, 1966

For general-purpose applications, you
can't beat the Moseley Division 7035A. Ask
your Hewlett-Packard field engineer for a
demonstration. Or write for complete speci-
fications to Hewlett-Packard, Palo Alto,
California 94304, Tel. (415) 326-7000;
Europe: 54 Route des Acacias, Geneva.

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

HEWLETT =
PACKARD hp voSELEY

0 DIVISION

An extra measure of quality

*Trade Mark Pat. pend.
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3M Brand Inert Fluorochemical
Liquids cut component failure
rates drastically by removing
heat faster.

I Component failure rate

54
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PRACTICALLY EVERYTHING we can say
about 3M Fluorochemical Inert Liquids
adds up to one thing for the designer and
engineer: INCREASED RELIABILITY.
Why? Because component failure

rates increase sharply as component
temperatures increase. Efficient heat
removal lowers the temperature

and increases reliability.

3M Inert Liquids are far more efficient
at removing heat than air or other
conventional dielectric coolants.

Resulis: LOWER COMPONENT
TEMPERATURES, LOWER FAILURE
RATES, HIGHER RELIABILITY.

FOR THE FULL STORY: chemical inertness,
non-flammability, high temperature
stability, compatibility, high electric
strength, low dissipation factors, write:
3M Company, Dept. KAX-76,

St. Paul, Minn. 55119.

Chemical Division 3!,19“,
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One of the loglc modules tba't pggrms arithmetic logic, 4
interrogation, and command fugictions, consists of four e
units, .incorporating Allen-Bradley hermetically sealed *
hot -molded resistors mounted on a common sintercon-
‘Recting base.

TYPE TS 1/10 WaATT MIL TvrE RC 08

— S ——

TYrE CS 1/4 WaTT MIL TyrE RC 12

TYPE ES 1/2 WaATT MIL TyPeE RC 22

HERMETICALLY SEALED HOT MOLDED RESISTORS available in
all standard EIA and MIL-R-11 resistance values and +2% or +5%

tolerances. Other than standard values can be furnished. Shown
actual size.

B From the instant of “blast-off” this guidance com-
puter set the course of the space vehicle. The ultimate in
precision was essential, for even the slightcst misdirection
could mean total failure. Reliability had to be maintained
under hardly believable conditions of shock and vibra-
tion. Given such conditions, it is small wonder that the
A-B hermetically sealed hot molded resistors were se-
lected for this assignment.

All Allen-Bradley resistors are made by an exclusive
process—pioneered and perfected by A-B—in which
the resistance element and the insulating jacket are hot
molded into a solid integral element. For the ultimate
in environmental protection, this unit is then hermeti-
cally sealed in a ceramic tube. The hot molding process
results in such exact uniformity from one resistor to the
next—and from one year to thc next—that long term
resistor performance can be accurately predicted. Fur-
thermore, unlike film resistors, no A-B hot molded
resistor has ever been known to fail catastrophically.

$9.04-6€

- - .

‘Allen-Bradley hermetically sealed hot-'mblde&..’-réSistGrsh
help guidance computer '
.. in Saturn I space vehicle - -
“'put payload into orbit

< e

+

-3y -

” *

Saturn I guidance computer continuously determined the vehicle's
course to achieve orbit. In six test flights, these computers in the
NASA Saturn I vehicle controlled the direction and thrust of six
second-stage engines. The computer on four of the flights controlled
four of the first-stage engines as well, and also timed engine cut-off.

For more complete specifications on the Allen-Bradley
hot molded resistors, please write for Performance Speci-
fications 5003: Allen-Bradley Co., 222 W. Greenfield
Ave., Milwaukee, Wis. 53204. In Canada: Allen-Bradley
Canada Limited. Export Office: 630 Third Ave., New
York, N.Y., U.S.A. 10017.

——— P,
MIL TyPE RC O5

TYPE BB 1/8 WATT

= ot o

TYPECB 1/4 WATT
——— p———. 1
The

TYPE EB 1/2 WaTT

MIL TyrE RC O7

MIL TYPE RC 20

=
— =

TYPE GB 1 WATT M!IL TYyrPE RC 32
—) )
TYyPE HB 2 WATTS

MIL TYPE RC 42

These are the same hot molded resistors as used in the hermetically
sealed construction described above. Shown actual size.

QUALITY ELECTRONIC COMPONENTS
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TyPe BB 1/8 WATT MIL TyPe RC OS5
- a1ttt g
TYPE CB 1/4 WATT MIL TYyPE RC O7
{1

TyrPe EB 1/2 WATT MIL TyPe RC 20

TyPE GB 1 WATT '
I 'n . MIL TyPrE RC 42

TYPE HB 2 WATTS

MIL TYPe RC 32

HOT MOLDED FIXED RESISTORS are available
in all standard EIA and MIL-R-11 resistance
values and tolerances, plus values above and
below standard limits. Shown actual size.

57-12-5E

Watch those "HIDDEN’’ COSTS
in an economy line
of resistors

@ The “saving” is not pure “money in the bank” when you buy low
cost, inferior grade resistors. Actually, the few pennies that you believe
yourself to be “‘ahead™ through purchasing resistors of uncertain per-
formmance can cost dollars in test line rejections, or worse, in customer
disappointments with the product—a situation that is beyond repair.

How can you protect yourself against such accidents? Easy—stan-
dardize on Allen-Bradley resistors!

Allen-Bradley makes only one quality of resistors—a premium quality.
The many manufacturers who have standardized on Allen-Bradley resis-
tors find these resistors function also as an endorsement of the quality of
the instrument in which they are used. Being produced by a unique hot
molding process on highly specialized automatic equipment—designed
and used only by Allen-Bradley—the resultant uniformity of character-
istics from resistor to resistor—from one billion to the next—is not even
approached by other resistor manufacturers. In fact, long term resistor
performance is accurately predictable. And no user of Allen-Bradley
resistors has ever encountered a catastrophic failure in service.

You'll be more fair with your customers when you permit your resistor
dollar to buy for you the ultimate in dependability, performance, and
uniformity of Allen-Bradley hot molded resistors. Allen-Bradley Co.,
222 W. Greenfield Ave., Milwaukee, Wisconsin 53204. Export Office:
630 Third Ave., New York, N.Y., U.S.A. 10017.

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS



Admiral’s new 9" tube-chassis portable TV
is small, but very reliable.

Capacitors of MYLAR help make it that way.

“And they meet all standard voltage ratings up to 600 volts,”
says David Oliva, Admiral’s Chief Components Engineer.

The new Admiral ‘“‘Playmate’ is
America’s first 9’ portable TV with
a tube chassis. It weighs only 12
pounds because components were
selected not only for reliability, but
also for savings in size and weight.
That’s why Admiral Corporation
chose capacitors of MYLAR*poly-
ester film.

Mr. Oliva puts it this way: “Ca-
pacitors of MYLAR are really rug-
ged. They meet all standard volt-

*DU PONT’S REGISTERED TRADEMARK FOR ITS POLYESTER FILM.

~—Circle 56 on reader service card

age ratings up to 600 volts. In our
tests, they withstood rough han-
dling, excessive humidity and high-
altitude conditions far beyond any-
thing you’d expect to find in nor-
mal TV usage. Because MYLAR
has high dielectric strength in thin
gauges, it makes a smaller, lighter
capacitor. Compared with paper,
capacitors of MYLAR give us far
more reliability at the same or less
cost per microfarad.”

Chances are you can take advan-
tage of the greater reliability and
design potential offered by capac-
itors of MYLAR. For complete in-
formation write to: DuPont Co.,
Room 3367A, Wilmington, Dela-
ware 19898. (In Canada: Du Pont
of Canada Ltd.,, P.O. Box 660,
Montreal, Quebec.)

v T
Better Thix:gll for Better Living
o . through Chemistry

; only DU PONT makes |
MYLAR’
POLYESTER FILM
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Fragile materials

.

Tough durability specs

Identification including

s Sonnaad ae RN iva -
2aTneart 4 _ sequential numbering

i
¢ g |
-
J32-TFPB872 o
) High-speed :
ERSes0) color. Frequent
2 3 & 5 & banding = pilot runs

1
’ e ' message space

Print 3 surfaces Ny

in one pass : Top and
side printing
in one pass

What marking job can we help you do better?

These are only a few of hundreds of marking jobs you can do more
efficiently and more economically with Markem machines. So why waste
time improvising and experimenting?

Call in a Markem man and get acquainted with today’s broadest line of
marking equipment. New high-speed color banding machines — seme
capable of putting three tiny bands on a miniature diode. Machines that
combine sequential numbering with identification. Type so small you can
print 14 characters plus trademark in an 0.125” diameter area. Quick-
change type for short or pilot runs. New techniques combining special
ink with flash-curing to help you meet severe durability specs. A produc-
tion-speed imprinter so gentle you can safely mark flat pack ceramic com-
ponents. And many other machines, specialty inks and printing elements.

Right now our research engineers and chemists are working on even
better ways to mark components. We’d like to be working with you.
Markem Machine Company, 305 Congress St., Keene, N.H.

MARKEM

HELPING YOUR PRODUCT SPEAK FOR ITSELF
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“Off the Shelf” DISTRIBUTOR PRICES

A subsidiary of Corning Glass Works

- 811 East Arques Avenue, Sunnyvale, California
SIGN[IIES INI[GHAI[" EIHE“IIS Tel.: (408) 739-7700 TWX: (910) 339-9220

1000-2499 100-999 100-999 25-99 1-24
Type Mixed One Type Mixed Mixed
SP616A Dual 4-Input NAND/NOR 2.35 2.45 2.60 2.95 3.70
SP620A J-K Binary Element 2.65 2.80 2.95 3.35 4.20
SP629A RS/T Binary Element 2.65 2.80 295 3.35 4.20
SP631A Quad-2 Gate Expander 2.35 2.45 2.60 295 3.70
SP659A Dual 4-Input Driver 2.65 2.80 295 3.35 4.20
SP670A Triple 3-Input NAND/NOR  2.35 2.45 2.60 2.95 3.70
SP680A Quad 2-Input NAND/NOR 2.35 2.45 2.60 2.95 3.70

‘“See us at Wescon—Booths 1526-1528 Sports Arena”

Electronics | July 25, 1966
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New Tektronix Type 556

DC-to-30 MHz, dual-heam,
sweep-delay oscilloscope

The Type 556 and rack-mount Type R556 use any
combination of Tektronix letter or 1-series plug-ins

Simultaneous Single-Shot Displays.
Current versus voltage display of a .75
ampere, fast-blow fuse during destructive

The UPPER BEAM can display a signal
from either /eft or right plug-in; with either
Time Base A, Time Base B, or external
signals; triggered from a composite verti-
cal signal, plug-in single channel signal
(with 1At or 1 A2), external, or line.

The LOWER BEAM can display a signal
from the right plug-in; with either Time
Base B or external signals; triggered from
acomposite vertical signal, plug-in single
chelinnel signal (with 1 A1 ort A2), external,
or line.

Independent Vertical Systems use Type
tA1 or 1A2 Plug-In Units for 50 MHz
operation; also accept any other 1-series
or letter-series plug-ins.

Independent Sweep Systems provide 24
calibrated steps from 0.1 us/cmto 5 s/cm;
the X10 Magnifier extends the fastest
sweep rates to 10 ns/cm.

Calibrated Sweep Delay extends continu-
ouslyfrom 0.1 microsecond to 50 seconds.

Single-Sweep Operation enables one-shot
displays of normal or delayed sweeps.

Independent Triggering Systems provide
stable displays to beyond 50 MHz. Either
input signal can be used to trigger either
or both time-bases.

New Dual-Beam CRT (with illuminated
internal graticule) provides ‘‘zero-paral-
lax" viewing of small spot size and uni-
form focus overthe 8 cm by 10 cm display
area. Each beam has 6 cm vertical scan,
with overlap scan of 4 cm by 10 cm.

EMI (RFI) Suppression — meets interfer-
ence specifications of MIL-1-6181D over
these frequency ranges: 150 kHz to 1 GHz
— Radiated (with CRT mesh filter in-
stalled), and 150 kHz to 25 MHz — Con-
ducted (power line).

Size is 15" x 17" x 24",

Weightis & 80 pounds, without plug-ins,

Power Requirement is 100-130 V or 200 -
260 V, 50-60 Hz ~ 850 watts.

TYPE W PLUG-IN UNIT- COMPARISON ¥ vOLTAGHIW !

Ve MANGE

| TYPE 588 DUAL-BEAM OSCILLOSCOPE |

e satecion
o

el

§ OL:J

3

)
CHANNEL 2 ‘
|

Tektronix, Inc.
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overload. Both beams are driven by B
Time-Base at 50 us/cm which is delayed
by pre-triggered A Time-Base to provide
base reference lines before and after the
event. The upper beam shows the current
waveform at 30 A/cm while the lower
beam shows the corresponding voltage
across the fuse at 100 V/em.

ERRTRE R

l._:_**t.____’L fie_

Single-InputDual-Beam Displays.

Upper beam shows bursts of 2.5 MHz
pulses on Time Base A with time varia-
tion between bursts. This shows up as
increasing time-jitter between the firstand
successive bursts. The lower beam shows
B Sweep (0.1 us/cm) delayed by A Sweep
and triggered on the second pulse of the
last burst to provide a jitter-free expanded
display of the A Sweep intensified zone.
The use of only one probe and one plug-in
input simplifies signal connection and
provides minimum loading on the source.

Plug-ins illustrated

Type 1A1 Dual-Trace Unit . . $600
(Dual-Trace—50 mV/cm at DC-to-50
MHz, 5 mV/cm at DC-to-28 MHz. Sin-
gle-Trace—500 uVicm at 2 Hz-to-15
MHz. 5 Display Modes—Channel 1,
Channel 2, Alternate, Chopped,
Added Algebraically. Front-panel
signal output.)
Type W Difterential

Comparator Unit. . . . . . $575
(Conventional Preamplifier — 50
mV/cm at DC-to-23 MHz to 1 mV/cm
at DC-to-8 MHz. Decade Input At-
tenuator to X1000. Differential Input
Preamplifier— CMRR of 20,000 to 1,
DC-to-20 kHz. Max. Peak Input of
+15 V, X| Attenuation. Calibrated
Differential Comparator—Vc¢ Supply
of 0 to £11 V. Accuracy of £0.15%
of output £0.05% FS.)

Type 556 Dual-Beam Oscilloscope . . . $3150
Rack Mount Type R556 Oscilloscope $3250

U.S. Sales Prices, f.0.b. Beaverton, Oregon

For complete information, contact your
nearby Tektronix field engineer or write:
Tektronix, Inc., P.O. Box 500, Beaverton, Oregon 97005

Electronics | July 25, 1966



INNGVATION IS THE PULSE OF PROGRESS

In 1669 a German alchemist, Hennig Brand,
made what was at that time a remarkable dis-
covery. Following the age-old ambition of al-
chemists, Brand attempted to make gold from
cheaper materials. In a unique experiment, he
combined urine and sand and heated them
together in a furnace. Although he did not syn-
thesize gold, he isolated a soft, waxy material
which fluoresced in the dark and ignited sponta-
neously. Brand named his new material “‘phos-
phorus™ meaning, ‘I bear light!’ Thus was the
element phosphorus discovered.

In 1957 Raychem pioneered a series of innova-
tions in the field of radiation chemistry. One of
these, introduced in 1962, is a heat-shrinkable
sleeve with an inner wall which melts. In one
operation the outer wall shrinks to form a tough,
form-fitting casing while the inner meltable
material completely ‘pots’* and seals the con-
nection or termination.

Write for information on Thermofit SCL.

RAYCLAD TUBES INCORPORATED
A SUBSIDIARY OF

OAKSIDE AT NORTHSIDE ¢ REDWOOD CITY, CALIFORNIA 94063 ¢ (415) 369-7171 ¢« TWX 910-378-5426
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what’s so great

about Hoffman’s

controlled avalanche rectifier?
it’'s what we’ve

got up our sleeve.

wafer creating a lifetime barrier

PASSIVATED WAFER — Our
passivating technique forms

ELECTRICAL EXCELLENCE — PRV’s for
our series HAR-10, 15, and 20 are 100, 150,
and 200 respectively. Minimum avalanche
voltage @ 504A is 125 for HAR-10, 175 for
HAR-15, and 250 for HAR-20. Maximum
avalanche voltage @ 5004A is 250, 350,
and 500. And the maximum reverse current
for all three rectifiers is 0.1.A @ 25°C,
and 1.5;A @ 100°C.

BUTTED SLUGS — Construction is
as simple as it could possibly be.

In a body only 0.160” long, the slugs
butt right up against the wafer.
Reliability couldn’t be higher.

COMPRESSION GLASS SEAL—
No fusion of the metal-glass
interface takes place. All
contaminants are sealed out. No
trapped impurities are sealed in.
And the sleeve doesn’t touch

an impenetrable shield
the wafer anywhere,

wrapped around the silicon

against electrical enemies.

MATCHED COEFFICIENTS OF
EXPANSION — The contraction and
expansion properties of the glass,
the slugs, and the wafer are
matched to less than 5%.

BRAZED LEADS — Each
terminating wire can take a pull of
12 Ibs. This is more than 10 times

the strength of a soidered or welded lead.

Ask us for complete specs on these
devices; also on our 1 amp HFR series
fast recovery rectifiers, and on our 1 amp
HGR series general purpose rectifiers.

Hoffman |Semiconductor

Hoffman Electronic Park, El Monte, California 91734 - 686-0123

62

Circle 62 on reader service card Electronics | July 25, 1966



new 50mc
flip-flop with OR
input gating

® Transitron’s TFF3512 and TFF3514
raceless, dual-rank, high-speed D"
type flip-flops represent a new addi-
tion to what is already the broadest
hne of fhp-flops in a single logic
family

8 The new high-speed unit comple-
ments, typically, on a 50-megacycle
input signal The unusually high oper-
ating speeds, which are particularly
insensitive to heavy loading, have
been achieved by dual steering of the
second rank flip-flop.

TYPICAL FLIP-FLOP LOGIC DIAGRAM

i

o4

® A maximum of input gating is pro-
vided to simplify external gating re-
quirements. The configuration chosen
eliminates redundant inputs and the
necessity of supplying the data com-
plement to form the''set” function,
thereby reducing interconnections.
Connections for holding a logic 1"
have also been incorporated into the
flip-flop. A built-in clock buffer re-
duces the clock line driving require-
ments. Noise immunity in excess of
1.0 volt, and fanouts in excess of 15
are typical, with other characteristics
and logic levels representative of
HLTTL circuitry.

8 The high speed and extended gat-
ing capability of these units make
them extremely desirable for arith-
metic and general register applica-
tions.

new
non-inverting
gates

® A new generation of non-inverting
“AND” and ““OR” gates has been
added to Transitron’s broad HLTTL
family Developed for use in systems
where simplification and higher
speeds are important factors, the new
gates exhibit the high capacitive drive
capability, high noise margin, and
high speed characteristic of the HLTTL
design

TYPICAL VOLTAGE TRAMSFER CHARACTIRISTICS

Tt oo o
[T [T
uh_-*

£ |
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8 Functions in the series include:

TNG6222 and 6224 — Dual 4 input “‘AND"’ gate
with transient control
TNG6252 and 6254 — Expandable dual 4 input
“*AND’' gate
TNG6262 and 6264 — Expandable dual 3 input
“‘AND'* gate with transient control
TNG6522 and 6524 — Expandable single 4 in-
put driver gate with transient control
TNG7252 and 7254 — Expandable dual 2 4 2
input “‘OR'’ gates
TNG7712 — 8 + 3 input expander gate
TNG7812 — 4 + 4 4 3 input expander gate
TNG7912 — Dual 2 4+ 3 input expander gates

® Extremely sharp voltage transfer
characteristics are provided by the
series, resulting in noise margins typ-
ically in excess of 1.3 volts. Fast
charge removal from the output tran-
sistor provides the ultimate in reduc-
tion of supply current during switch-
ing. Double inversion is utilized to
provide the non-inverted feature with
no sacrifice in propagation delay.
Typrcal propagation delay times are
12 nanoseconds with 15 pf load and
fanout of 1 Some of the circuits offer
the possibility of controlling output
transients through the use of an ex-
ternal capacitor This 1s particularly
useful in applications where length of
interconnections would result in ex-
cessive noise coupling.

NEW functions extend state-of-the-art
capabilities of versatile HLTTL

series

new
16-bit
memory cell

8 A new 16-bit, bit-onented, non-
destructive readout, integrated cir-
cuit memory cell utilizing HLTTL tech-
nology is now available from Transi-
tron for “scratch pad” memory ap-
plications.

® The new memory cells, designated
TMC3162 and TMC3164, consist of 16
two-transistor flip-flops arranged in a
4 X 4 matrix which provides the infor-
mation storage Two wrnite amplifiers
and two sense amplifiers are also
built into the element. Extremely high
speed operation is achieved through
a unique circuit design. The unit ex-
hibits delay times of less than 20
nanoseconds between addressing and
writing or sensing. Both data and data
complement are available at the sens-
ing terminals, which can be paralleled
with those of similar units to form
larger arrays.

® The memory cell operates from a
nominal supply voltage of 5 volts
with addressing, wnting and sensing
voltage levels compatible with HLTTL
logic circuitry Typical high noise
margins are in excess of 1.0 volt.

PACKAGING — All of the new
HLTTL units shown here are
available 1n a 14-lead flat pack-
age (designated by the suffix “F”’
added to the type number), or a
14-lead dual in-line package (suf-
fix “P”" added to type number).

NEW LITERATURE v
— Write today for com-
plete specifications and
details on these new ad-
ditions to Transitron’s

broad HLTTL line. . :
Trangitron
C

electronic “corporation
Wakefield. Massachusetts

Electronics | July 25, 1966
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If you could take 8% turns off your 10 turn
precision pot and still get higher resolution,
better terminal linearity, five times faster
setting, smaller size, lower price, and
meet MIL spec requirements...

If you could, you would, wouldn’t you?

Precision potentiometer technology hasn’t
changed much in the past few years...that
is except for our new Model 24A Vernier
Precision Potentiometer.

This unique device offers better resolution
than any pot of comparable size and price.
Terminal linearity is excellent with no off-
set at either zero or 100 per cent. Noise is
less than 100 ohms ENR. End resistance is
less than 1 ohm. Over a wide frequency range,
there is zero phase shift (analog computer
designers, please note).

‘We’ve built this pot to take the gaff too. The
case is quality glass filled diallyl-phthylate,

64 Circle 64 on reader service card

Anti-rotation plates are supplied for optional
use. Terminations are welded. The bushing
is an integral part of the front plate, which
eliminates installation damage. Shafts are
fully supported on both ends. The vernier
pickoff uses bifurcated contacts. Molded ter-
minals will not loosen or turn.

Cost is low, $8.50 for single units (quantity
discounts apply).

Write for complete information. Please ad-
dress Frank Partin,

P.O. Box 7428, Seat- —
tle, Wash. Telephone FLU KE

(206) PR 6-1171.
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Frequency-From 19 Poinig of View

The benefits of swept frequency measurement in terms of quicker
testing and more precise answers easily justifies the employment
of a Sweep Generator in both lab and production applications.
Now, Telonic’s SM-2000
Sweep Generator (left)
offers these benefits in a
configuration that gives
the instrument maxi-
mum versatility at a low
equipment investment.

The SM-2000 accepts
the 19 different oscillators, shown above, ranging from the

INDUSTRIES,

".""_.- 60 North First Avenue, Beech Grove, lndlana 46107

INC.

T Tel.: (317) 787-3231 TWX: 810-341-3202
SALES REPRESENTATIVES THROUGHOUT THE WORLD FACTORY OFFICES IN FRANKFURT, GERMANY AND MAIDENHEAD, ENGLAND,

LA-IM that covers 20 Hz to 20 KHz to the E-3 that goes to
3120 MHz. The entire spectrum from DC to 3 Gc can be viewed
with as much detail as needed. In some cases a whole octave
may be displayed on the scope at
one time,

The SM-2000 Sweep Generator
provides the method, the ma-
chinery, and the flexibility for a
myriad of frequency measurement
applications. Your local Telonic
representative would be glad to
show you how.

Does your work involve application or manufacture
of Power Supplies, Dscillators, RF Circuits, Audio
Amplifiers, UHF Tuners, Communication Networks,
Crystal Devices, R.F. Filters or the like? Then find
out how you can apply swept frequency methods to
make your work easier, and more reliable. Telonic
Application Techniques cover all these and more.
Yours on request.

’See us at WESCON, booths 448-450.""

Electronics | July 25, 1966
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Here's a new family of miniaturized lightweight trav-

eling wave tubes and power packages from Eimac.
They're designed to answer your needs for radar
augmenters. These next-generation packages pro-
vide power from 2 to 20 watts, and instantaneously
amplify any frequency from S through X bands. All
incorporate PPM-focused high performance TWT's
providing high gain consistent with minimum size and
weight. Tubes are available with depressed collectors
for increased efficiency, and meet environmental
specs for missile applications. No temperature com-
pensation is required for operation at —54° to +74°
C. Write for complete technical and applications in-

formation.

announces
next-generation
TWT/power packages
for radar augmentation

CHARACTERISTICS (MINIMUM)

Package type EM-1184 EM-1186 EM-1193
Frequency (Gc) 5-11 8-12 2-4
Power output (watts) 2 20 5
Small signal gain (db) 60 60 50
Tube type X-1044 X-1056 X-1061
Dimensions (in)

(Tube/Package) 6x3x10 6x3x12 6x3x10
Weight (Ibs) 7 8 7

EIMAC e

San Carlos, California 94070 ;
A Division of Varian Associates Lhi lesealt

L;‘~ .
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Hung up by overdue relay shipments?
Next time call Leach!

There won’t be any hold up on Leach shipments. We’ve
built up our materials inventory at the plant and finished
units at our distributors in order to give you one week

delivery on most items. Even our newest — the seriEs j!
This subminiature 10 amp, 2ppT unit to Mil-r-6106E
provides the high shock and vibration resistance
required for aerospace applications. Special design fea-
tures guard against rupture and overloads, while the
all-welded construction contributes to superior operat-

ing characteristics like 100g shock, 30g, 70 to 3000 cps
vibration, 10 milliseconds operate and release time. All in a
compact, 1.4 ounce package, measuring only 1.000” x .515”
x 1.015”. Need one? A dozen, a hundred? Even a thousand?
Then call us today. You'll have them right on time.

Leach Corporation, Relay Division, 5915 Avalon Boule-

vard, Los Angeles, California gooo3
Phone (Area code 213) 232-8221 LEAGH
Export: LEACH INTERNATIONAL S.A.




Four low-cost compacts for 6 circuit functions

These little rotary stepping switches from Automatic Elec-
tric are as versatile as they are economical. Capabilities for
counting, controlling, monitoring, selecting, indicating or
timing are built into each switch.

They're remarkably reliable, too. When the armature
steps the wiper assembly to the next position, it also /ocks
the rotor. Overthrow is impossible, thanks to this positive
positioning —a unique AE design feature. There are no
armature pawl stops to wear out, or get out of adjustment.
Also...improved shock-resistant spring assemblies; excel-
lent low-maintenance record.

You can get these AE compact stepping switches in
numerous variations—many available directly from stock.
If you need a “custom’ variant, we can tailor it to your
specifications, quickly and economically.

For helpful application information, get the 160-page
book, “How to Use Rotary Stepping Switches.” Just ask
your AE representative, or write Director, Relay Control

Equipment Sales, Automatic Electric, Northlake, I!l. 60164.

(A) TYPE 40 No bigger than a pack of king-size cigarettes.
A decimal switch with up to five bank levels—but only 10
points per level. Eliminates extra steps when counting
decimally.

(B) TYPE 80 A decimal switch with a larger capacity than
the Type 40. From six to twelve 10-point levels.

(C) TYPE 44 Available with up to eight 10-point levels—or
11 points on all levels where specified.

(D) TYPE 88 A larger-capacity version of the Type 44, with
up to twelve 11-point levels where specified.

AUTOMATIC ELECTRIC

SUBSIDIARY DF

GENERAL TELEPHONE & ELECTRONICS G'EIE
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Sectrol pots inat meet MIL-R-12934D...

SOUND OFF!

Sir, Sir, Sir, Sir, Sir, Sir, Sir, Sir,
Single-turn ~ Single-turn ~ Ten-Turn Ten-turn  Single-turn  Single-turn ~ Single-turn ~ Ten-turn
Model121 Model 301 Model 501 Model 801 Model191 Model 701 Model 401 Model 871
(RR1100)  (RR2000) (RR1000)  (RR2100) (RR1500)  (RRO900) (RR3000) (RR1600)
~ Meets Meets Meets Meets Meets Meets Meets Meets
MIL-R-  MIL-R-  MIL-R- MIL-R-  MIL-R-  MIL-R-  MIL-R-  MIL-R-
12934D!  12934D! 12934D!  12934D! 12934D! 12934D! 12934D! 12934D!




The Army tested and bought. In
fact, two image orthicon cameras
are now in operation for nighttime
surveillance in Vietnam.

The night operation test didn't
bother us since we're the largest
manufacturer of low-light level TV
cameras. And we know our image
orthicon cameras produce high
resolution pictures in near total
darkness (at 1 x 10-5 foot can-
dles). But we weren't too sure
about the vibratory factor. Lab
tests simply aren't like the real
thing. There was no need for con-
cern. The MTI image orth came
through with flying colors—and we
mean flying. (Now we know why
they call helicopters egg-beaters.)

70 Circle 70 on reader service card

gave
it
a
steady
picture—
even

MTI manufactures over 65 differ-
ent products and a complete line
of television cameras. And inci-
dentally, our vidicon cameras will
take the same kind of rough treat-
ment. We're so particular we even
make our own monitors. It's the
only way we know to guarantee the
best products on the market.

If you want to know anything about
the closed circuit television equip-
ment-try the specialists first.

-
m s
MARYLAND TELECOMMUNICATIONS, INC.
York & Video Roads, Cockeysville, Md.
301-666-2727
World's largest manufacturer of
low light level television cameras.
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Infinite
resolution
Metal Glaze®
€lement

Optimum

Silver
28to 1
adjustment e
ratiq

TYPE 255

IRC’'s new

1" trimmers offer

termination

Precision .

wirewound zr:::alfus

element wiper
TYPE 205

MIL performance at industrial prices

Value engineered for precision and economy, these new CIRCUITRIM
trimmers offer upgraded circuit performance for industrial applica-
tions and considerable cost savings for military equipment.

METAL GLAZE TYPE 255 is built
to specifications of MIL-R-22097,
RJ22 style. It offers essentially
infinite resolution, higher resis-
tance values and excellent high
frequency characteristics.

WIREWOUND TYPE 205 is built
to specifications of MIL-R-27208,
RT22 style. Designed to *‘set and
forget,' it offers wirewound sta-
bility and indestructible silver
brazed terminations.

Increased reliability results from simplified design and IRC's years
of experience in building high-quality trimmers. High-temperature
thermosetting plastic housings are moisture sealed, and resist effects
Jof automatic soldering and cleaning. Choice of terminations. Write for
tdata and prices. IRC, Inc., 401 N. Broad St., Philadelphia, Pa. 19108_

Electronics | July 25, 1966

ONLY IRC OFFERS ALL 4 POPULAR STYLES
Wirewound or infinite resolution elements.

CAPSULE SPECIFICATIONS

TYPE 255 TYPE 205
POWER: % watt @ 70°C 1 watt @ 70°C
TEMPERATURE:  —55°C to 150°C -55°C to 150°C
RESISTANCE: 100 ohms to I meg. 10 ohms to 50 K
TOLERANCE: +10% std., 5% +5%

and +20% available

Circle 71 on reader service card 71



CONSIDER
THE SOURCE!

Avoid systems problems
by careful evaluation of
klystrons vs. solid-state
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A premature stampede to solid-state for microwave
power sources can cause serious problems for system
designers. This is the major finding of recent Sperry
studies which objectively compared solid-state sources
with klystron oscillators.

While substantial solid-state progress cannot and
should not be denigrated, compara-

advantages when operated well within the design

envelope. However, when solid-state devices are

applied too near their state-of-the-art, some perform-

ance degradation and loss of reliability must be ac-

cepted. Power handling considerations are particularly

critical, because of the extreme temperature sensitivity
of solid-state devices.

tive data prove that the era of the
klystron is far from over. For sys-
tem designers, the net result is this:
microwave source selection now de-
mands more careful attention than
ever.

The drawing above approximates
today’s state-of-the-art. Solid-state
sources show clear superiority only
at low levels. The dominance of

When system designers need
a basis for comparison of
complex alternatives, where
can they turn?
Storehouse of Knowledge. Ob-
jective, in-depth technical in-
formation is a major advan-
tage of keeping in touch with
the world’s first builder of
klystron tubes.

Klystrons, on the other hand, still
enjoy numerous inherent advan-
tages. At frequencies of X band or
higher they are usually the more
attractive choice, even for low- and
medium-power applications.

In general, klystrons satisfy band-
width requirements better than
solid-state sources. They also offer
superior AM and FM noise char-

To Sperry's

the klystron is unchallenged for
high-level applications, and source
sclection in the large mid-range
area demands extremely careful
consideration.

In general, power-frequency re-
quirements will be the most influen-
tial factors in making the choice.
Solid-state devices offer many

SPf

DIVISION OF
SPERRY RAND
CORPORATION

acteristics, much better temperature
stability and longer, more predict-
able life.

Details of Sperry’s comparative
studies are available on request. For
your free copy of this unusually use-
ful technical paper, contact your
Cain & Co. representative or write to-
day to Sperry, Gainesville, Florida.

SPERRY ELECTRONIC TUBE DIVISION, Gainesville, Fla.

National Representatives:

Dayton, 228-2433; East Chester, 337-3445; Philadelphia, 828-3861;
296-8265; South Amboy, 727-1900; Huntsville, 534-7955; Montreal, 844-0089,

Cain & Co., Los Angeles, 783.4700; Boston, 665.-8893; Arlington Heights, 253-3578; Dallas, 357-8645;

San Francisco, 948-6533; Syracuse, 463-0462; Washington,
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Red missile woes
pose questions ...

. .. do our missiles
hit the target?

McNamara to cut
production rates
for weapons in 1967

Washington Newsletter

July 25, 1966

Electronic countermeasures and evasive tactics used by American air-
craft over North Vietnam increasingly expose the shortcomings of the
Soviet-built SA-2 surface-to-air missile. But the U.S. success also raises
some important questions:

Do comparable U.S. antiaircraft missiles have the same inherent
weaknesses? Will the Soviet’s acute embarrassment over the SA-2 per-
formance induce them to put the later-generation, improved SA-3 to
test in North Vietnam?

There is some speculation—but so far no evidence—that the Soviet
may supply SA-3 to the North Vietnamese. This is a missile with an
on-board guidance system; it doesn’t have to be guided to the target
by ground-based radar. It’s effective at low altitudes.

As American air attacks have moved to fuel depots in the heart of
Hanoi and Haiphong, the firing of the radar-guided SA-2 has increased
substantially. But jamming techniques and quick dives away from the
missiles at high altitudes—where their lessened thrust slows reaction
capability—have held American losses to only about 15 planes in some
300 missile encounters.

The US. employs a number of aircraft, principally the EC-121
Warning Star, as well as ground stations to gather real-time electronic
intelligence on North Vietnam’s radar warning net and its missile radars.
So-called Pathfinder planes accompanying attack aircraft then use this
information to jam and confuse the radar.

Their success has been so striking that the Army in recent weeks has
tested the Douglas Aircraft Co.’s Nike Hercules, a comparable radar-
guided, high-altitude antiaircraft missile, to see how well it would stand
up against planes using the same countermeasures. Officials report
that in most cases the American missile succeeded in getting through
to its target. Exactly how is a secret.

The Army, meanwhile, is moving ahead with development of a re-
placement for both the Hawk and Nike Hercules. It expects early next
month to select two and maybe three contractors from a field of four
competitors for contract-definition work on the SAM-E air-defense mis-
sile to be operational in the 1970, Competitors whose precontract-
definition proposals are now under study are the General Dynamics
Corp.; the Radio Corp. of America and the Beech Aircraft Corp. as a
team; the Hughes Aircraft Co. and Douglas Aircraft as a team; and the
Raytheon Co. and the Martin Co. as a team.

Manufacturers of the Bullpup air-to-ground missile and the Shrike anti-
radar missile, as well as fuse makers, will be affected by Defense
Secretary Robert S. McNamara’s decision to scale down production
ratios of air munitions in 1967.

No contracts will be canceled, nor will the accelerated production
of weapons required for the Vietnam war be slowed for the remainder
of this year. But starting in early 1967, McNamara will level off pro-
duction rather than let it climb to the high level he once thought the
war would require.

Two factors are behind his decision: consumption of air munitions
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Pentagon seeks
to replace
Shrike missile

Do patents
foster monopolies?

Inflation may give
bloated reading
to R&D spending

74

Washington Newsletter

in Vietnam is running below projections and production is moving faster
than originally expected.

McNamara's action means that once-planned additions to existing
contracts won’t materialize, extra work shifts won’t be needed and fur-
ther expansion of production lines won't take place.

McNamara is considering a similar scaling down of long-range pro-
duction rates for aircraft, helicopters and ground munitions.

A cutback in the production rate for the Shrike could be academic
because the missile may soon be eliminated from the Defense Depart-
ment’s weapons arsenal [see next story].

The Defense Department is looking for an interim antiradar missile
to replace the Navy-developed Shrike which performed disappointingly
in Vietnam. The interim missile will be used until a more advanced
weapon, the ARM-1, is ready. The ARM-1 is now moving from the
research stage.

A choice will be madc between converting the Hughes Aircraft Co.’s
air-to-air Falcon and the General Dynamics Corp.’s surface-to-air Stand-
ard to the antiradar role. The Pentagon’s research and engineering office
and Navy and Air Force officials will make an evalution that may include
a competitive shoot-off.

The Shrike's main drawback is it strays off course if the enemy
target’s radar emissions are suddenly switched off. It also lacks the
required range, speed, destructive force and reaction capability.

The Justice Department has begun a broad investigation to see if patents
are being used to violate the antitrust laws. Assistant Attorney General
Donald F. Turner plans to focus the probe on two or three industries,
but hasn’t selected them vet.

Turmer takes a dim view of the patent system, and in a Supreme
Court case last vear expressed doubt that the system provided an
incentive to invention. Later, in a discussion at George Washington
University, Turner remarked that a law requiring a company to license
its patents might not be a bad idea.

Federal planners suspect that, contrary to earlicr beliefs, actual research-
and-development spending by the Federal Government may have been
shrinking in recent years. By taking into consideration the rising cost of
living, the planners calculate that $3 billion worth of inflation may be
built into the reported $7-billion growth in Federal R&D spending since
1961, and may actually represent a cutback of as much as $500 million
a vear.

The figures, all tentative, emerge from an experimental index being
developed by the Burcau of Labor Statistics for the National Science
Foundation. The bureau applied cost-of-living indexing practices to some
Army in-house and contracted expenditures to see if indexing can be
applied to research-and-development outlays. They found, initially, an
almost 5%-a-year cost increase in Army operations and a 2.5% increase in
contractor costs.

The National Science Foundation's figures on Federal R&D outlays are
used by most Government planners in computing research levels. A new
way of determining these figures could have a significant effect on future
rescarch budgets. For example, they may provide the argument for boost-
ing R&D spending.
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What cleans 7 times
as many components
per man-hour?

Maxson says:
[FRIEON solvents and
Blackstone Ultrasonics

Maxson Electronics Corp., Great River, L. 1., N.Y.,
manufactures printed circuit boards for air-to-
ground missile guidance systems. To insure reliable
performance, these boards must be microscopically
clean during critical stages of production.

Maxson uses a two solvent system to clean its
printed circuit boards. Boards are first immersed in
an ultrasonic bath of FREON T-WD 602, an emulsion
of FREON TF and water-detergent, followed by a
vapor spray of FREON TF. A final immersion in an
ultrasonic bath of FREON TF completes the clean-
ing process. This system effectively removes both
organic and inorganic soils.

Before switching to FREON solvents in a Blackstone
ultrasonic vapor degreaser, it used to take three men
a full working day to clean 350 boards. Now, with
FREON on the job and some slight method changes,
one man cleans 800 boards in less than a day. That’s
Seven times as many components per man-hour. In
addition, FREON has dramatically cut production
rejects from 109, down to only 19!

FREON fluorocarbon solvents offer you low surface
tension to penetrate component parts completely
... high density to carry away all particulate matter
. . . excellent purity and stability to permit reuse.
And because FREON solvents are nonflammable
and relatively nontoxic . . . special exhaust systems
are rarely needed.

Chances are there’s a FREON solvent precisely
tailored to give you better cleaning at lower cost.
For more information, write Du Pont Co., Room
3863B, Wilmington, Delaware 19898. (In

Europe: Du Pont de Nemours International ——
S.A., “Freon” Products Div., 81, Route e
de ’Aire, CH 1211 Geneva 24, Switzerland.) il

i Better Things for Better Living
) ««. through Chemistry
-
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When

synchronous
motors cant

do the job-

r
Printed
Motors!

PRINTED MOTORS, INC.

GLEN COVE, NEW YORK 11342

76 Circle 76 on reader service card

In many speed control applications,
Printed Motors are used when synchro-
nous motors can’t meet system require-
ments. The smooth torque output of the
Printed Motor, and its wide speed range
capabilities combined with a very high
torque to inertia ratio, result in a device
ideally suited to the requirements of fixed
and variable speed synchronous opera-
tions. When used with appropriate servo
controls, the result is a versatile servo sys-
tem with extremely high performance and
fast response.

One such system would be the equival-
ent of a 2000 pole synchronous motor oper-
ated with a speed control frequency vari-
able from 3KC to 100KC. In this system
instantaneous position jitter isless than 10

millionths of a revolution per ounce inch
of load torque disturbance. Separate mo-
tors, with no mechanical interconnections,
can be operated in exact synchronism or at
constant ratios maintaining this perform-
ance. Starting torque is high and the hunt-
ing and other disturbances associated with
synchronous motors are completely absent.

For additional information on the use of
Printed Motors when synchronousmotors,
stepper motors, torque motors, conven-
tional servos, brakes and clutches, or hy-
draulics can’t do the job, write or call:
Printed Motors, .Inc., Glen Cove, New
York. 516-676-8000.

e PROLOCIFCUILS
and Sales by: CORPORATION
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Strain instruments from BLH .

PRECISE - PORTABLE - PRICED RIGHT

DIGITAL STRAIN INDICATOR -mopEL 120¢

Easier to read, simpler to operate. Digital readout
eliminates interpolations from dials and meters.
Squarewave strain gage excitation to minimize cable
capacitance problems. Wide angle null balance meter.
Phase demodulator output jack for external dynamic
indicator or recording. Wide gage factor control of
1.50-4.50. Accepts gage resistance of 60-2,000 ohms.
Battery or AC operation. Durable Formica case.
Weighs only 18 1b.

PRECISION CALIBRATOR-moDEL 825

Provides a multiplicity of highly accurate and stable
MV/V or millivolt settings. Used to calibrate strain
gages, strain gage transducers, or millivolt instruments.
ccision CALIBRATOT - 3 Highly stable circuitry and resistance components
- ik il provide 55 precision MV/V output signals in five
ranges of 11 points each. Available in three different
models to supply resistance of 60, 120, 240, and
350 ohms. Durable Formica case. Weighs only 334 1b.
for ease of portability.

10-CHANNEL
SWITCHING UNIT _yopeL 220

. , For use where a series of strain gages must be switched
G ‘ [ into a single strain indicator and measurements taken
m... o

SWITCHENG
-

from individual gages during a limited period of time.
Up to 10 active and compensating gage pairs may be
used, or one dummy gage can serve as compensation
for the entire group. Particularly suitable where initial
balancing is not required. Also suited for switching
low-level signals from devices such as thermocouples.
Durable Formica case. Weighs only 6 b,

I s 8 e
® 6 ¢ ¢ ¢ SWITCHING AND

dy

o 0 0 0 0
" @ N

» e Z e W N o vouh

BALANCING UNIT-mopeL 225

Designed for switching gages or gage configurations
into the BLH Strain Indicator or other strain-
measuring instruments requiring full or half-bridge
inputs. Provides for initially balancing each bridge to
zero and quickly switching active and compensating
gages into the instrument. Durable Formica case.
Weighs only 12 1b.

For complete information write BLH ELECTRONICS or contact your nearest
BLH Sales Engineering Representative. BLH ELECTRONICS, a division of Baldwin-
Lima-Hamilton, Waltham, Mass. Plants in Waltham, Mass., Pasadena, Calif.,

and Darmstadt, West Germany.
BALDWIN-LIMA-HAMILTON

A subsidiary of Armour and Company
Strain GageseTemperature SensorssLoad Cellss Pressure CellseTorque PickupseRecorderse Instrumentationsintegrated Systems ELEcTnnNIcs
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Now you can throw out
less versatile storage
techniques. A Ferroxcube

core memory costs as
little as $1,190.

We haven’t been a
leading core
memory manu-
J facturer all
‘ these years for
nothing. We learned how
to mass produce core memories
and thereby sell them to you at
prices competitive with less re-
liable, less versatile storage tech-
niques.
Aside from price (we'll get back to
that in a moment), consider the
advantages of core memory sys-
tems. Speed. Random access.

Non-dissipative. And they're non-
volatile. We could go on and on. We
won't because you've probably al-
ways wanted to design your system
around core storage anyway. Only
the cost stopped you.

Now you can buy a Ferroxcube 128
X 8 core memory system complete
with stack electronics, data regis-
ter and timing for a paltry $1,190.
That's our FX-12. Its capacity

ranges up to 512 x 8. The FX-14
picks up there and goes on to
4,096 x 32. Prices are comparably
low. Moreover, the FX-14 is avail-
able with almost any choice of in-
terfacing elements. Buy only what
you need to interface with what you
already have.

In brief, Ferroxcube core memories
make both functional and eco-
nomic sense. Write or call for Bul-
letin M661.

Ferroxcube 2@

FERROXCUBE
CORPORATION
OF AMERICA
Saugerties, New York Boston Chicago Dallas Los Angeles Minneapolls  New York Area Phoenix Phlladelphia  Washington, D.C.
914-246-2611 817-899-3110  312-261-7680 214-255-044) 213-837-1484 812-866-4681 201-267-5868 602-265-1792 215-887-4685 703-893-4900
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ELECTRON BEAM/VAGUUM DEPOSITION
AT EVERY PRODUCTION LEVEL

[ ¥

Y Y YY)
-

The increasing use of thin-film
products requires a new look

at their production techniques.
In many instances, requirements
have increased to the point
where bell jar, low volume per
unit systems are no longer
adequate. Automated, contin-
uously operating equipment, that
yields consistent quality at low
unit cost, is needed to satisfy

the new demands economically.

2850 SEVENTH STREET, BERKELEY, CALIFORNIA 94710 *+ PHONE: (415) 841-5720 -

¢ Model 1865, 18” bell Jar
y vacuum evaporator

power supply.

To service this expanding
market, Temescal has delivered
over 5,000 kilowatts of electron
beam and sputtering power
supplies for thin-film appli-
cations. We have delivered many
completely intregrated vacuum
deposition systems. ..

systems that operate in a
continuous, semi-continuous

or batch type basis with
guaranteed capacity.

Model 36-B10 vacuum
evaporator with three
continuously fed electron
beam sources.

CV-10-330 10KW constant
voitage electron beam

If you would like more information
on our capabilities, please
contact us or one of our regional
offices; we'll be pleased to
discuss your application.

Temescal is the world's largest
producer of electron beam
equipment and systems.

TEMESCAL

metallurgical corp

FAX: FGC

Regional Offices [J 10515 South Western Ave., Chicago, lilinois 60643 - Phone (312) 233-0232 [J Merwin Bidg., Wilton, Connecticut 06897 - Phone: (203) 762-8361
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That's 14 years at 25C . . . with capaci-
tance change less than 5%. The bou-
quet’s still there! And long shelf life is
only one reason for using G-E tantalum
foil capacitors. Here are 3 others:
PROVED OPERATING LIFE: Our 85C tan-
talum foil has been on continuous test
for over 50,000 hours, our 125C for more
than 40,000 hours . . . with no capaci-
tance change significant enough to af-
fect performance. And with General
Electric's Minuteman-proved true her-
metic seal (now offered on most foil
units for a small additional charge), life
can be extended indefinitely.

REVERSE VOLTAGE STRENGTH: G-E
tantalum foil capacitors are designed

ELECTRONIC

INNOVATIONS ‘ )

to withstand unsuspected reversals.
SELF HEALING: Forget about low im-
pedance circuit problems and cata-
strophic failures. G-E tantalum foil ca-
pacitors are self-healing.

G-E tantalum foil capacitors are avail-
able in ratings up to 450VDC, 0.15 to
3500uf, —55 to 85 or 125C.

We've been proving—and improving—
them for 17 years. They're virtually risk-
proof. And may cost a bit more. But
don’t the best grapes make the best
vintage?

For all the facts on G-E tantalum foil
reliability, write for Reliability Report,
Section 430-27, General Electric Co.,
Schenectady, N. Y. 12305

4 years proved shelf life is

just one more reason for
G-E tantalum foil

ELECTRONIC COMPONENTS DIVISION

GENERAL @B ELECTRIC

Circle 80 on reader service card
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Evaluate ITT

SEMICONDUCTORS

7T SEMICONDUCTORS IS A DIVISION OF THE INTERNATIONAL TELEPHONE AND TELEGAAPH CORPORATION
FACTORIES IN WEST PALM BEACH FLORIDA PALO ALTO CALIFORNIA LAWRENCE MASSACHUSETTS. HARLOW AND FOOTSCAAY. ENGLAND, FAEIBURG AND NURENBERG, GEAMANY
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WANT TO SAVE MONEY BY
USING GUDEBROD
LACING TAPE? . . .

You Do IT HERE! (_/,

Harness tying may be a relatively minor opera-
tion. But it also can be a major cost drain. Lacing
tape is one of the smallest costs in the harnessing
operation but with Gudebrod Tape you can save
dollars in making harnesses. Knots tie easier,
workers say they almost tie themselves, knots
stay tied, the harness workers can go right on
with the harnessing without having to go back
for re-tightening. Workers like to use Gudebrod GUDEB

Tape. You cut harnessing time—you have CABL E/T- ACER
fewer rejects. All of this works for you in saving
money on cable harnesses—that’s why it pays \
to specify Gudebrod Lacing Tape, the original
flat braided tape. Prove these statements in your
own harnessing department—give Gudebrod
Tape a comparative test.

—ANOTHER MONEY SAVER

The first hand tool specifically engineered for continu-
ous wire harnessing. Handle holds bobbin, feeds tape
as needed, grips tape for knotting. Speeds, eases
harnessing. Has paid for itself in a day in many plants.

CABLE LACING INFORMATION:

When you need help on knots, on spacing, on the tapes, tapes that do not outgas in vacuum,
type of tape to use—Gudebrod is your one best color coded tapes, cut lengths, tapes of nylon,
source for information. We have over 200 dif- Dacron*, Teflon*, spun glass, silica fiber. Ask
ferent lacing tapes in stock, for temperatures for a copy of our Product Data Book.

up to 1500° F. or down to -100° F., burn proof *Du Pont Registered Trade Mark

Area Code 215, WA 2-1122

UDEBROD BROS. SILK CO,, INC.

FOUNDED IN 1870

ff’z&z.\)ﬂ.

12 SOUTH 12th STREET, PHILADELPHIA, PENNSYLVANIA 19107
See us at Wescon Show, Booth 707, Hollywood Pork
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After 130,000,000 diodes

I-amp glass rectifiers come easy

The basic technology required for making
silicon glass rectifiers has long since been
proved out in ITT's diode operation. More
than 130,000,000 diodes last year paved the
way for 1966 1-amp glass rectifier capability
that's already operating at better than a 1.2
million annual rate.

If you're using old-fashioned top-hats
because delivery is slow on DO-29 glass
rectifiers, make the switch now.

ITT offers immediate shipment of 200 to
1000 V, 1-amp glass rectifiers from factory
stock or from ITT distributors’ shelves. See
how fast silicon glass rectifier delivery can
be — call your ITT factory representative
or any of ITT’s semiconductor distributors
throughout the United States today. ITT
Semiconductors, a division of International
Telephone and Telegraph Corporation, 3301
Electronics Way, West Palm Beach, Florida.

SEMICONDUCTORS

FACTORIES IN PALO ALTO. CALIFORNIA. LAWRENCE, MASSACHUSETTS, WEST PALM BEACH, FLORIDA, HARLOW ‘AND FOOTSCRAY_ ENGLAND. FREIBURG AND NURENBERG, GERMANY,
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Guarantee:

BETTER ENGINEERING OATA AT LESS COST ...OR OUT IT GOES!

Product design is only as good as the
components and materials used.

The best materials and components are
found when all alternatives are con-
sidered, compared and evaluated. Impos-
sible? Yes.

Until VSMF, that is. Visuval Search Micro-
film File, containing complete data on
over one million products. The largest
source of product data in the world. In-
dexed, easy-to-use, regularly updated.

Design engineers say VSMF is the great-
est component and materials comparison
tool ever devised...virtually assuring the
best design alternatives. Like a product
supermarket.

That's why design engineers say VSMF
improves product design.

And we are not going to get into an argu-
ment with design engineers. We'll take
their word for it.

Guarantee? It's simple. Accept the pro-
posal. Either VSMF saves more than its
annual fee, or VSMF goes, and the fee is
returned.

VSMF has all the risk. But the producers
of VSMF aren‘t worried.

VSMF works. Better. More economically

than anything. vsm F

Want to bet?
You can't lose.

INFORMATION HANDLING SERVICES, INC. ¢ DEPT. D e DENVER TECHNOLOGICAL CENTER, ENGLEWOOD, COLORADO 80110
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cps?

If you frequently measure frequency, this
coupon will get you information about
Du Pont’'s C.P.S. (Complete Photorecord-
ing Selectivity).

Du Pont dry-writing and chemically pro-
cessed papers (with companion chemi-
cals) measure megacycies, kilocycles and
ordinary cycles. You command a wide
range of recording speeds.

Send the coupon today.

Why wait for a cyclone?

‘--------------------------.

Du Pont Company

Photo Products Department Photo
Room 4320 Products
Department

Wilmington, Delaware 19898

Please send me more information about Du Pont's
Complete Photorecording Selectivity.

Name

Position -

Company

Address

City State Zip Code

s

E-590-7

‘-----------.‘

Better Things for Better Living

‘---------------------------,' ... through Chemistry
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These three
will fill 807

- your

3

requirements

l‘l...l- l l

STANDARD RECTANGULAR

The most popular readout ever made—
Type 8422. Combines readability (maxi-
mum viewing distance of 30 feet), com-
pact size (0.6” character in a 1.0” x 0.8”
end-reading rectangular envelope) and
high reliability (MTBF of 1 million hours
at 90% confidence level). Also available
in a decimal-point version. Type B-59956.
For high-density packaging (0.7 cu. in.)
and minimal instrument height, it’s the
choice of virtually every important manu-
facturer of digital instrumentation.

@

» ‘l

o
'

MINIATURE RECTANGULAR

Small wonder this readout (Type B-4998)
is chosen when a combination of compact
size (0.3” character in a 0.47” x 0.63”
rectangular envelope), long life (200,000
hours dynamic life) and readability (max-
imum viewing distance of 14 feet) are
needed. For the smallest electronic read-
out with BCD decoding and memory. use
the B-4998 with the Burroughs BIP-9401A
module. Small wonder. indecd!

(and we’ve got the

NIXIE tubes for that
other 20%, too!)

o9 Burroughs Corporation / c.cerr
/

Only Burroughs manufactures NIXIE Tubes

/

LOW-COST SIDE -VIEWING

Our new side-viewing NIXIE tube, Type
B-5440. Combines long-life (average life
of 600,000 hours) with low cost ($4.95
in 1000 quantity). Tube has low profile
and narrow width for minimum panel-
area opening (you can line them up on
less than 0.80” centers). and its new
socket is especially designed for pc-board
mounting. Independently-operable deci-
mal points are optional at slight extra
cost (Type B-5441).

Call or write for full information.

ONIC COMPONENTS DIVISION
PLAINFIELD, NEW JERSEY 07061
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Technical Articles

Holography's practical
dimension:
page 88

A solid state 50-Mhz
oscilloscope:
page 95

Messages sent in symbols
will link troops:
page 108

Gold-plated nickel wiring
debugs parallel-gap

Although the potential for three-dimensional entertainment
exists, the real value of holography now is as a research tool
to study vibration patterns, the effects of stress and to
examine microscopic depths. One of the nation’s best-known
holography experts describes the theoretical background of
the hologram and how it can be applied in a variety of studies.

Electronics Developing a new high-frequency instru-
= ment, engineers devised a way to make a
small and fast delay line with stripline
techniques. And they also developed a com-
pact cathode-ray tube. Both developments
may be useful in other instruments. For the
cover, photographer Norton Pearl shot the
scope with its new delay line spiraled
around the compact cathode tube to show
off its stripline construction.

A new encoder-decoder for military communications is small
enough to be carried even into jungles by infantrymen. It
allows troops of different nationalities to talk to one another
with symbols, overcoming language barriers. Working with
the Army’s manpack radios, the coder makes each unit a
telemetry system with a transceiver display.

In principle, parallel-gap welding has always been a superior
way to bond integrated circuits to printed circuit boards

welding of IC's: but, in practice, many flaws developed because of minor
page 115  inadequacies of materials and methods. A basic change of
material has now removed the shortcomings.
Coming * Theboom in the West
August8 * Avalanche transit diodes

~— Circle 86 on reader service card

» IC’s go commercial in f-m receivers
* A new approach to making multilayer boards
= Opinion: A journey to Eastern Europe
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Fringe patterns on the holographically produced image of a membrane give insight into stresses caused by vibration.

Advanced technology

Holography’s practical dimension

Glamorous potential for three-dimensional entertainment exists,
but the immediate application for wavefront reconstruction

lies in its capabilities for scientific investigation

By Emmett Leith

The University of Michigan, Ann Arbor

Holography — three-dimcnsional imaging without
lenses—may not soon produce dancing figures in
3-D television, but as a research tool, its value is
here and now.

Wavefront reconstruction, which is what hol-
ography essentially is, climinates spherical distor-
tion, creating solid images in space.

It promises to improve motion and vibration
studies, because in wavefront reconstruction the
entire vibrational pattern of even complicated, dif-
fusely reflecting objects can be seen at a glance.

In microscope techniques, particularly in X-ray,
holography offers an opportunity for three-dimen-
sional, depth study.

The effects of stress or other disturbances on
translucent material can be uncovered by hologra-
phy. And contour mapping of solid objects will
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permit precise measurement of holographic images.

Holography has a vast potential for storage, in-
cluding recording images in full color.

The excitement about holography began in 1948
when Dennis Gabor demonstrated that the sharply
focused image of an object could be formed from a
photographic record of its interference pattern. He
called the photographic record a hologram, from
the Greek holos, or whole, indicating that the entire
wave pattern, including phase and amplitude, is
recorded.

With lasers, holograms have been made from
solid objects. Reconstructed from the holograms
are three-dimensional images, with all the visual
properties of the original object, including parallax
between its parts as the viewer shifts position.

Recording techniques based on holography have
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The series of light and dark lirtes on the reconstructed image indicate contours of constant vibrational amplitude.

shown great promise. Recent developments have
made it possible to:

= Store multiple holographic images on thick
photographic media.

s Record Lippman-type holograms which pro-
duce three-dimensional images in full color when
illuminated with white light.

» Produce holograms with monochromatic, spa-
tially incoherent light.

The fundamentals

In one basic method for hologram construction,
a beam of coherent light illuminates the object to
be recorded. The scattered light strikes a photo-
graphic plate. A second beam of light (which can
be obtained by placing a mirror nearby) also strikes
the plate. The plate records the interference pattern
generated by the light reflected from the object and
the second beam of light, the reference beam. The
light from the object impinging on the photographic
plate can be described in the following general
form:

u=a(xy cosot+ ¢ (x,y)

where a and ¢ are the amplitude and phase of the
light wave and o is its radian frequency. In addi-
tion, the amplitude and phase are functions of x
and y, the distance coordinates in the plane of the
photographic plate. All the information about the
object is contained in the wave in the form of these
modulations.

In holography, information is transferred from
the temporal carrier, the light wave, to a spatial
carrier. The transfer is accomplished by the refer-
ence beam which can be expressed as

U, = A, €08 (wt — ax)
where a, designates a uniform amplitude and ox
designates a linear phase shift across the surface
of the recording plate, indicating that the reference
beam strikes the plate at an oblique angle. The
obliquity of the reference beam is essential to the
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process, as will be shown.

The photographic plate records the time-aver-
aged intensity of the incident light, thus acting as a
square-law device. What is recorded is the func-
tion

< (W +u)* > = §a2+ }a’+ a,acos (ax+¢)

where < > indicates a time average. The refer-
ence beam functions as a local oscillator, and the
photographic plate, in addition to its role as a stor-
age device, functions as a mixer, producing the
difference frequency term a,acos(ex + ). The sig-
nal carried by the light beam is modulated onto
a spatial carrier wave cos ax and is stored on the
photographic plate without degradation.

Reconstruction is essentially the inverse of the
recording process. When the hologram is placed
in a beam of coherent light, the interaction of the
beam with the photographic record transfers the
modulation on the recorded spatial carrier to the
light beam. The new wave is a replica of the original
wave reflected from the object. To an observer it
seems as if it were emanating from the object. The
observer seems to see the original object though it
long since has been removed.

In readout, a duplicate of the reference beam
impinges on the hologram, and the emergent light
is

8o (3 a,2+3% a?) cos (wt —ax)+3 a2 a cos (wt+¢)
+ 3 a,2a cos (0t — 2ax — ¢)
Only the last two terms are of interest. Except for
a constant coeflicient, the middle term is an exact
duplicate of the original wave field recorded by
the plate. This term gives rise to an image located,
relative to the hologram, in the same position as
the original object when the exposure was made.
The observer looks through the plate as if through
a window and sees a replica of the original object.

The last term of the equation differs in two re-
spects from the middle term. The factor 2 ax in
the argument of the cosine term signifies only that
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the wave leaves the plate at an oblique angle, and,
therefore, travels in a direction different from that
of the previous term. Second, the phase term ¢ is
preceded by a minus sign. The result is an image
which forms in front of the photographic plate,
figure at right, rather than behind it—a real image
as opposed to the virtual image produced by the
previous term. The real image is of little interest,
except in special cases.

Needed, a good light

Most holography requires light of coherence
that is both temporal and spatial. A high degree
of temporal coherence implies that the light source
is highly monochromatic. Representing the light
wave as cosot implies a single frequency. If the
light is not monochromatic, there will be a band
of frequency components, each acting independ-
ently, producing its own set of fringes; fringe pat-
terns tend to cancel each other and no hologram is
produced.

Spatial coherence is obtained when the light is
derived from a point source and can be imaged
to a small spot or point. If a radiating source is
too broad to be considered a point source, then
each point in the source will generate a set of
fringes at the hologram plane—independent of the
other elements of the source. The fringe patterns
differ, and when superposed, tend to sum to a
uniform distribution. Again, the fringe pattern is
absent. Ordinary light lacks temporal and spatial
coherence, but a laser can supply both to a high
degree.

Recording in 3-D media

The theory of holography always assumed that
the thickness of the recording medium could be
neglected.! A paper in 1963 by the Russian Y.N.
Denisyuk.? and another by P.J. van Hecerden® of
the Polaroid Corp. first described holography ex-
periments with thick recording media. In general,
they noted, a hologram stored in a three-dimen-
sional medium can produce an image only when the
incident light has the same wavelength as that used
for making the hologram, and only when the light
hits the hologram at the same angle of incidence as
did the reference beam when the hologram was
made. Thus, many images can be stored on the
same plate by changing the wavelength of each
exposure or by varying slightly the reference
beam’s angle of incidence. Rotating the plate after
each exposure changes the angle.

In recent vears holograms have been made on
various thick media such as photochromic glasses.
But most are produced on the Eastman Kodak
Co.’s spectroscopic plate. With an emulsion thick-
ness of about 15 microns, it can be regarded as
either a two- or three-dimensional material, de-
pending on how the hologramn is made.

Gabor has described* a diagram for discussing
recording on three-dimensional media, shown at
right. The interference fringes produced by two
point sources are represented by the lines shown
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Behavior of holograms recorded on thick emulsions depends
on where the hologram is placed between two point sources.
H,, H. and H, represent three possible positions of
holograms in the fringe pattern representing contours

of constant phase difference between the two sources.
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in the figure. One source is regarded as providing
the reference beam, and the other as constituting a
point of the object. By placing a photographic plate
at some position to intcrcept and record a segment
of the fringe pattern, a hologram is produced.

Depending upon the spacing and orientation of
the fringe patterns. there are three categories of
holograms, each with its own special properties.

In one, the hologram is made in a position ap-
proximating that of H, in the figure. The fringes
are widely spaced, a spacing much greater than the
emulsion thickness of typical photographic mate-
rials. Consequently, the thickness of the emulsion
can be disregarded; the hologram properties asso-
ciated with three-dimensional recording are absent.
Most holograms have been made in this region.

In the second instance, the hologram is recorded
in the vicinity of H., where the fringes are much
closer together—a spacing comparable to the emul-
sion thickness.

A hologram made in the position H, exhibits
great orientation sensitivity. This means that in the
reconstruction process the orientation of the holo-
gram in the illuminating beam is critical. If the
plate is rotated slightly from the optimum recon-
struction position—approximately 5° for Kodak’s
plate—the image disappears. This can be explained
if the recorded interference fringes are thought of
as mirror surfaces that reflect light from the zero
order into the first diffracted order. The diffracted
light must, at the same time, obey the usual diffrac-
tion-grating formula. If the surfaces are not oriented
properly, the reflection condition and the grating
formula are not simultancously satisfied, and no
diffraction occurs.

Using this rotation technique, an experiment de-
scribed originally by Van Heerden® was performed
at the University of Michigan, Five holographic
images were stored in successive exposures, with
the plate rotated slightly between exposures. When
the plate was rotated in the readout beam, the
images were produced in succession, and the result
was a short hologram “movie.” This experiment
reproduced only five to seven pictures, but thicker
emulsions could conceivably reproduce several
hundred.

In the third case, the hologram is made in the
vicinity of H,, between the two coherent sources.
The reference beam and the object beam are intro-
duced from opposite sides of the plate. The re-
corded fringe patterns, in addition to being closely
packed, lie roughly parallel to the emulsion surface.

This hologram has the greatest wavelength sclec-
tivity and yields white-light holographic reconstruc-
tions, a phenomenon that has drawn wide interest.

Introduction of the reference beam from the
back surface was first described by Denisyuk who
related it to Lippman’s method of color photog-
raphy.®

In Lippman photography color images are pro-
duced on black and white film by recording stand-
ing-wave patterns within the emulsion. It was de-
veloped about 1881, but has never been applied
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commercially. An image is formed on an emulsion
of high resolving power. It enters the plate from
the nonemulsion side. The emulsion is backed by a
mercury bath, which acts as a mirror, reflecting
the light back through the emulsion. The two oppo-
sitely traveling light waves set up an interfer-
ence pattern. A series of surfaces are recorded
within the emulsion, separated by half the wave-
length of the light that produced the fringes.

When the photographic plate is illuminated with
a beam of white light, cach surface reflects a small
fraction of the incident light. Light from the sur-
faces combine, and reinforcement occurs for the
wavelength which produced the fringes, but not for
other wavelengths. The plate is a resonant struc-
ture, similar to a conventional optical interference
filter. Each part of the recorded image reflects the
colors of the original image, and the observer sees,
in the light reflected from the plate, the image in
its natural color.

Denisyuk noted the similarity of the Lippman
process to holography. In his system, a beam of
coherent light passes through the plate, is reflected
by an object lying on the other side of the plate,
and the interference between the direct and re-
flected beams produces a recording within the
plate. A color image, Densiyuk noted, is produced
when this hologram is illuminated with white light.
He reported on successful experiments where holo-
grams were made with relatively simple images.

More recently. various groups have reported pro-
ducing a color hologram with laser light, using
relatively complex subjects. At a meeting of the
Optical Society of America, and elsewhere, this
type of hologram was described.®- 7. 8

Holograms in full color may be produced by
using light beams of three primary colors in record-
ing, as was demonstrated at Bell Telephone Lab-
oratories.?

Making a contour map

Ordinary holography presents a three-dimen-
sional image of an object in a dramatic way. How-
ever, the measurement of an object’s depth is no
surer than the measurement by a viewer of any
object seen at a distance. An observer cannot tell
precisely from the holographic image how far away
each point in the image is, just as, in general he
cannot judge distances with an accuracy of better
than 5% to 10%. Contour holography brings pre-
cision to the technique.

To produce an image with contours, more than
the usual amount of information must be put on the
hologram. At the Optical Society mecting,® two
methods of adding inforinaton were described: the
object may be illuminated with coherent light
sources located at two different positions or with
coherent light at two different frequencies. The
two-frequency technique can best be described
by considering a point object illuminated by a
source containing two frequencies: for example, a
laser operating in a multimode manner. The holo-
gram records not only the intensity of the reflected
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holography are severe and have prevented its prac-
tical realization—although. a laboratory demonstra-
tion of X-ray holograms was reported as far back
as 1956.

Among the major difficulties is obtaining a source
with sufficient intensity together with sufficient
coherence.

Future outlook

Holographic motion pictures and television are
feasible; however, a few decades will undoubtedly
pass before the technology is developed to the
point where three-dimensional entertainment is an
everyday occurrence,

A holographic tv system that could produce a
real-time, 3-D image could be designed right now.
But the specifications for components exceed by
several orders of magnitude that of equipment
currently available.

For example, a hologram 10 inches square and
having 1,000 lines per millimeter has 6 x 10 pic-
ture elements, compared with 2.5 x 10° for a con-
ventional television picture. If the scan rates of
present tv systems were maintained, a 10° increase
in bandwidth would be necessary, a jump from 6
to 600,000 megahertz. The entire radio-frequency
spectrum, including the microwave region, would
be inadequate to handle this.

Reasonable design compromises could reduce
the problem by a factor of perhaps 100. For ex-
ample, the field in the vertical dimension could
be reduced without undue annoyance to the viewer;
other trade-offs are also possible. In addition, cod-
ing techniques exist which take advantage of the
redundancy in a television signal to reduce the
transmission bandwidth. These techniques are too
cumbersome to warrant use in conventional tv
where it is preferable to transmit an uncoded, full
bandwidth signal. However, they could play a
worthwhile role in holographic tv.

The enormous bandwidths are needed because a
holographic image is a kind of summation of many
images. Each observer would receive a different
picture from the hologram—with a different paral-
lax. Although the bandwidth must be sufficient
to accommodate all the pictures, each picture
would be only moderately different from the neigh-
boring ones, and the redundancy in a hologram
image would be enormous, even compared with
a conventional image. However, redundancy could
be reduced by coding techniques. Another band-
width reduction by a factor of 60 would result
in a 100-Mhz bandwidth, which is within the capa-
bility of currently available microwave equipment.

The laser, which is responsible for holography
to begin with, offers a long-range answer to the
transmission difficulty. Theoretically, a single laser
beam could handle the world’s entire television
and radio transmission. It could, therefore, provide
the large bandwidth needed for holographic tv.

There still remain the formidable problems of
the camera and receiver systems. The camera must
have enormously high resolution, with perhaps
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100 to 20,000 times more resolution elements than
a conventional image orthicon. Although cathode-
ray tubes with a 1-mil spot exist, building such a
camera would be a fantastic undertaking,

In the receiver, the display would require co-
herent light, which rules out the conventional pic-
ture tube. Instead, a recording surface that can
rapidly record the arriving signal, display it as
a hologram, and then rapidly erase the data in
time to receive the next scan, is envisioned. Candi-
dates for this application include thermoplastics,
photochromic materials, and similar high-resolution
materials on which holograms can be produced in
real time, without the delays, for example, of chem-
ical development.
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in the figure. One source is regarded as providing
the reference beam, and the other as constituting a
point of the object. By placing a photographic plate
at some position to intercept and record a segment
of the fringe pattern, a hologram is produced.

Depending upon the spacing and orientation of
the fringe patterns, there are three categories of
holograms, each with its own special properties.

In one, the hologram is made in a position ap-
proximating that of H; in the figure. The fringes
are widely spaced, a spacing much greater than the
emulsion thickness of typical photographic mate-
rials. Consequently, the thickness of the emulsion
can be disregarded; the hologram properties asso-
ciated with three-dimensional recording are absent.
Most holograms have been made in this region.

In the second instance, the hologram is recorded
in the vicinity of H., where the fringes are much
closer together—a spacing comparable to the emul-
sion thickness.

A hologram made in the position H. exhibits
great orientation sensitivity. This means that in the
reconstruction process the orientation of the holo-
gram in the illuminating beam is critical. If the
plate is rotated slightly from the optimum recon-
struction position—approximately 5° for Kodak’s
plate—the image disappears. This can be explained
if the recorded interference fringes are thought of
as mirror surfaces that reflect light from the zero
order into the first diffracted order. The diffracted
light must, at the same time, obey the usual diffrac-
tion-grating formula. If the surfaces are not oriented
properly, the reflection condition and the grating
formula are not simultaneously satisfied, and no
diffraction occurs.

Using this rotation technique, an experiment de-
scribed originally by Van Heerden?® was performed
at the University of Michigan. Five holographic
images were stored in successive exposures, with
the plate rotated slightly between exposures. When
the plate was rotated in the readout beam, the
images were produced in succession, and the result
was a short hologram “movie.” This experiment
reproduced only five to seven pictures, but thicker
emulsions could conceivably reproduce several
hundred.

In the third case, the hologram is made in the
vicinity of H,, between the two coherent sources.
The reference beam and the object beam are intro-
duced from opposite sides of the plate. The re-
corded fringe patterns, in addition to being closely
packed, lie roughly parallel to the emulsion surface.

This hologram has the greatest wavelength selec-
tivity and yields white-light holographic reconstruc-
tions, a phenomenon that has drawn wide interest.

Introduction of the reference beam from the
back surface was first described by Denisyuk who
related it to Lippman’s method of color photog-
raphy.®

In Lippman photography color images are pro-
duced on black and white film by recording stand-
ing-wave patterns within the emulsion. It was de-
veloped about 1881, but has never been applied
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commercially. An image is formed on an emulsion
of high resolving power. It enters the plate from
the nonemulsion side. The emulsion is backed by a
mercury bath, which acts as a mirror, reflecting
the light back through the emulsion. The two oppo-
sitely traveling light waves set up an interfer-
ence pattern. A series of surfaces are recorded
within the emulsion, separated by half the wave-
length of the light that produced the fringes.

When the photographic plate is illuminated with
a beam of white light, each surface reflects a small
fraction of the incident light. Light from the sur-
faces combine, and reinforcement occurs for the
wavelength which produced the fringes, but not for
other wavelengths. The plate is a resonant struc-
ture, similar to a conventional optical interference
filter. Each part of the recorded image reflects the
colors of the original image, and the observer sees,
in the light reflected from the plate, the image in
its natural color.

Denisyuk noted the similarity of the Lippman
process to holography. In his system, a beam of
coherent light passes through the plate, is reflected
by an object lying on the other side of the plate,
and the interference between the direct and re-
flected beams produces a recording within the
plate. A color image, Densiyuk noted, is produced
when this hologram is illuminated with white light.
He reported on successful experiments where holo-
grams were made with relatively simple images.

More recently, various groups have reported pro-
ducing a color hologram with laser light, using
relatively complex subjects. At a meeting of the
Optical Society of America, and elsewhere, this
type of hologram was described.® 7 8

Holograms in full color may be produced by
using light beams of three primary colors in record-
ing, as was demonstrated at Bell Telephone Lab-
oratories.®

Making a contour map

Ordinary holography presents a three-dimen-
sional image of an object in a dramatic way. How-
ever, the measurement of an object’s depth is no
surer than the measurement by a viewer of any
object seen at a distance. An observer cannot tell
precisely from the holographic image how far away
each point in the image is, just as, in general he
cannot judge distances with an accuracy of better
than 5% to 10%. Contour holography brings pre-
cision to the technique.

To produce an image with contours, more than
the usual amount of information must be put on the
hologram. At the Optical Society meeting,!® two
methods of adding informaton were described: the
object may be illuminated with cohcrent light
sources located at two different positions or with
coherent light at two different frequencies. The
two-frequency technique can best be described
by considering a point object illuminated by a
source containing two frequencies: for example, a
laser operating in a multimode manner. The holo-
gram records not only the intensity of the reflected
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Movie made by recording five frames holographically on a thick emulsion. The photographic
plate was rotated slightly between exposures to store the successive pictures. The movie
was read out by repeating the rotation while the plate was illuminated with the light beam.

light but its phase as well. The phase depends
upon the object’s distance, measured in wave-
lengths, from the recording plate. The phase is dif-
ferent for different wavelengths and cach wave-
length component independently produces its own
reconstructed image. The images superimpose, and
produce either constructive or destructive interfer-
ence, depending on the phase relations.

If the object point lies at a distance such that the
relative phase difference between the two waves
is a multiple of 2=, or an integral number of wave-
lengths, the two recorded lolographic images are
in phase and the result is a bright line. If the object
point is slightly farther away, the relative phase
delay between the two waves changes, the recorded
images are out of phase, and the line is less
bright. Thus, an extended object will produce a
holographic image having a sequence of light and
dark bands that represent contours of constant dis-
tance from the hologram recording plate. Theory
shows that successive contours are separated by a
distance A2/2Ax, where A is the mean wavelength,
and AA is the difference between the two wave-
lengths. The contour interval, therefore, can be
chosen by selecting the appropriate frequency
separation.

Though a gross oversimplification, this explana-
tion does provide insight into how the contour-
map process works.

Holograms with incoherent light

Coherent light generally is needed to construct
a hologram. However, methods using monochro-
matic, spatially incoherent light have been de-
scribed.’- 1213 Recent incoherent light schemes
hinge on the idea of forming two images, and pro-
ducing interference between them. In one such
system® the light from the object passes through
a beam splitter and is divided into two portions,
each passing through a lens to a mirror and back
again through the lens. Each forms an image, but
in a different place. Although within cach image
all the image points are incoherent with each other,
each point of one image is coherent with the corre-
sponding point of the other image. At a specific
plane each such coherent pair of points produces
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an interference pattern, and the summation of all
patterns constitutes a hologram, from which an
image can be regenerated.

The scheme works well for a simple object, of
only a few points, but breaks down as the object
becomes more complex. This is because the light
intensity from each coherent point pair is of the
form

ao+ a; co8 d’ (X, Y)
where ¢ is a function determined by the path differ-
ence between the interfering points. The second
term represents the fringe pattern and carries all
the information. The hologram of a complex object
is formed from a summation of many such expres-
sions, one for each point pair. The a, terms add
directly, but the a, terms add randomly since ¢ is
diffcrent for each pair. As the number of image
points increases, the constant a, or bias term grows
more rapidly, and the fringe contrast decreases.
Eventually, the fringes are lost in the system noise.

A method has been described for removing the
a, terms before making the hologram.!® Vibrating
one of the two interferometer mirrors so that it
undergoes a periodic displacement d = d, cos pt
produces a similar time modulation of the fringe
component but not of the bias. An array of photo-
detectors, one for each resolution element, is sub-
stituted for the hologram. Connected to each
detector is a bandpass filter that passes the time-
varying component but rejects the bias component.
The signal is converted back to light, on a point by
point basis, and recorded as a hologram. With the
bias term eliminated, the obstacle to incoherent-
light holography has been overcome.

This system may seem enormously complex, but
in practice the many required photodetectors and
filters can be replaced, for example, by an image
orthicon and associated electronics.

Recording vibrations

An immediately promising area in wavefront re-
construction is holographic interferometry, When a
vibrating object is photographed holographically,
a series of fringes—contours of constant ampli-
tude, page 88—are superimposed on the holo-
graphic image.® As a result, the entire vibrational
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pattern of even very complicated, diffusely reflect-
ing objects can be seen at a glance.

An interpretation of this phenomenon is that,
due to the vibration, a number of successive holo-
grams are produced, each recording objects in a
slightly different position, In the reconstruction, an
image is produced for each object position, and
the images add coherently to produce the interfer-
ence effects.

The vibrating object can be regarded as the lim-
iting case of N successive holographic exposures,
where N becomes very large. A potentially impor-
tant case is where N = 2: a double exposure. If,
between the first and second exposure, the ob-
ject is minutely disturbed, the disturbance will
show up in the interference fringes that result from
the coherent superposition of the two images.

Experimenters at TRW Systems Group devised
a spectacular vibration experiment in which a bul-
let was fired through a volume of atmosphere.'?
Two holographic images were made of the volume
in rapid succession by means of a pulsed laser.
The interference between the two images revealed
the pattern of the bullet’s shock wave.

Projecting a holographic image onto an original
object produces interference fringes. Small distor-
tions, brought about by stress, have bcen meas-
ured in this way.’® Other holographic interfero-
metric work has been done at Bell Telephone
Laboratories!® and by J.M. Burch?® in England.

imagery through a diffusing media

With holography, images can be passed through
a translucent medium which ordinarily diffuses
light, destroying its image-forming ability.?!: 2> A
diffuser, such as ground glass, is placed between
the object and the recording plate. When read out
the hologram produces an image of the diffuser,
or at least of its surface.

However, if during reconstruction of the image
the diffuser is placed in the path of the light from
the hologram so that the diffuser coincides with its
own real image, a sharp, clear picture of the origi-
nal object is produced, as if the diffuser were of
clear glass.

This imaging occurs because of peculiar proper-
ties of the hologram: the real image produced by
the hologram is phase-inverted with respect to the
original object. If the diffusing material is consid-
ered purely in terms of its phase characteristics,
having the form e*=Y) where ¢(x,y) is a pseudo-
random noise-like function, then the real image of
the diffuser has the form e—#**¥, When the dif-
fuser and the real image from the hologram are
superposed, the phase effects cancel and the dif-
fuser effectively becomes a clear plate of glass. The
original object—previously obscured—now emerges.

The cancellation will be incomplete, however,
unless the diffuser and its holographic image are
brought into exact coincidence. And this can be
exceedingly laborious, since a misalignment of
even 2 or 3 microns can lose the image.

The same diffuser must be used in both steps.
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The original image can be recovered only with the
piece of material used in producing the hologram,
A section of ground glass 1-centimeter square could
contain 10° distinct resolution elements, each of
which retards in some random manner the trans-
mitted light. It’s not probable that two samples
could be sufficiently similar to allow an image to
form,

This diffuser system has great potential for
measuring stresses or the effects of other disturb-
ances in translucent media, as in holographic in-
terferometry. If the diffusing medium is disturbed
between the time the hologram is made and the
time of reconstruction, the reconstruction will be
imperfect or will fail to materialize. The disturb-
ance could be caused by stresses in the diffuser,
thermal expansion, or a change of the refractive
index through a chemical process.

Failure of the diffusing material and its image to
coincide produces a noise-like pattern instead of
an image of the original object. The signal-to-noise
ratio of the reconstruction, therefore, can be a
measure of the alteration of the diffusing material.

Microscopy

Holography had its origins in an attempt to im-
prove electron microscopy 10 years ago. Unfortu-
nately, many of the problems in its application to
microscopy still exist.

At visible wavelengths arbitrary magnification
without use of lenses is easily achieved by diverg-
ing the light beams while making the hologram or
while reading out the image.

Lens elimination would appear to offer signifi-
cant advantages, but, in fact, the hologram itself
behaves like a lens: giving rise to spherical aber-
ration, astigmatism, coma, distortion and curvature
of field. These aberrations occur whenever mag-
nification is attempted. But against this disadvan-
tage, and the relatively cumbersome techniques of
holography, must be weighed the advantage of
sharply focusing an image at any plane in the depth
dimension. Some believe this capability offers a
niche for visible-light holography.

For holography at nonvisible wavelengths, the
situation is vastly different: the technical difficul-
ties are great, but the rewards could be consid-
erable. X-ray holography, in particular, could be an
invaluable technique. Enormous magnification is
possible, produced in part by diverging beams and
in part by the wavelength ratio between the X-rays
used in producing the hologram and the visible
light used for readout.

In principle, there exists the possibility of ex-
cellent resolution—of a magnitude unavailable with
present techniques. Lenses are not used for X-rays;
X-ray images are shadowgraph projections and the
ultimate resolution—down to the diffraction limit
of a wavelength or so—is never attained. With
X-ray holography, the reconstruction step could
be carried out with visible light, producing a
sharply focused image.

Unfortunately, the technical problems of X-ray
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holography are severe and have preventcd its prac-
tical realization—although. a laboratory demonstra-
tion of X-ray holograms was reported as far back
as 1936.

Among the major difficulties is obtaining a source
with sufficient intensity together with sufficient
coherence.

Future outlook

Holographic motion pictures and television are
feasible; however, a few decades will undoubtedly
pass before the technology is developed to the
point where three-dimensional entertainment is an
everyday occurrence.

A holographic tv system that could produce a
real-time, 3-D image could be designed right now.
But the specifications for components exceed by
several orders of magnitude that of equipment
currently available.

For example, a hologram 10 inches square and
having 1,000 lines per millimeter has 6 x 10'® pic-
ture elements, compared with 2.5 x 10° for a con-
ventional television picture. If the scan rates of
present tv systems were maintained, a 10° increase
in bandwidth would be necessary, a jump from 6
to 600,000 megahertz. The entire radio-frequency
spectrum, including the microwave region, would
be inadequate to handle this.

Reasonable design compromises could reduce
the problem by a factor of perhaps 100. For ex-
ample, the field in the vertical dimension could
be reduced without undue annoyance to the viewer;
other trade-offs are also possible. In addition, cod-
ing techniques exist which take advantage of the
redundancy in a television signal to reduce the
transmission bandwidth. These techniques are too
cumbersome to warrant use in conventional tv
where it is preferable to transmit an uncoded, full
bandwidth signal. However, they could play a
worthwhile role in holographic tv.

The enormous bandwidths are needed because a
holographic image is a kind of summation of many
images. Each observer would receive a different
picture from the hologram—with a different paral-
lax. Although the bandwidth must be sufficient
to accommodate all the pictures, each picture
would be only moderately different from the neigh-
boring ones, and the redundancy in a hologram
image would be enormous, even compared with
a conventional image. However, redundancy could
be reduced by coding techniques. Another band-
width reduction by a factor of 60 would result
in a 100-Mhz bandwidth, which is within the capa-
bilitv of currently available microwave equipment.

The laser, which is responsible for holography
to begin with, offers a long-range answer to the
transmission difficulty. Theoretically, a single laser
beam could handle the world’s entire television
and radio transmission. It could, therefore, provide
the large bandwidth nceded for holographic tv.

There still remain the formidable problems of
the camera and receiver systems. The camera must
have enormously high resolution, with perhaps
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100 to 20,000 times more resolution clements than
a conventional image orthicon. Although cathode-
ray tubes with a 1-mil spot exist, building such a
camera would be a fantastic undertaking.

In the receiver, the display would require co-
herent light, which rules out the conventional pic-
ture tube. Instead, a recording surface that can
rapidly record the arriving signal, display it as
a hologram, and then rapidly erasc the data in
time to receive the next scan, is envisioned. Candi-
dates for this application include thermoplastics,
photochromic materials, and similar high-resolution
materials on which holograms can be produced in
real time, without the delays, for example, of chem-
ical development.
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Instrumentation

The gamble that paid off:
a solid state 50-Mhz oscilloscope

Engineers had to develop a compact cathode-ray tube and a small,
fast delay line before creating a high-performance oscilloscope;

the results were even better than expected

By William Grein, Miiton Russell and Johan Sverdrup

Hewlett-Packard Co., Colorado Springs, Colo.

The target was an ambitious one: a solid state 50-
megahertz general-purpose oscilloscope accurate
enough for laboratory work; fast and long-lived for
production line duty; and portable, rugged and
versatile enough for field service. But the project
was begun by the Hewlett-Packard Co. in 1964
despite the fact that certain crucial components
were unavailable or too costly. The result is the
high-performance oscilloscope on page 98 that
incorporates many components not in existence
when the development began. These include:

» A compact cathode-ray tube, shorter than pre-
vious ones but with 30% greater screen area.

® A delay line with fast rise time that fits into a
small scope plug-in.

Components worthy of serious notice that had
not yet reached required levels of performance or
cost when work on the scope began, are:

= Field effect transistors to replace tubes in the
input circuits—to reduce warm-up time and turn-on
drift, and to avoid jitter.

= Complementary pnp/npn transistors that are
fast and have high breakdown voltage for use in
the horizontal deflection amplifier.

Boost for the beam

In building an oscilloscope to operate above 5
Mhz, it becomes necessary to use a crt having some
form of post-deflection beam acceleration because
of the high writing speeds needed to display a high-
frequency signal; brightness drops significantly if
the beam is not given an “assist” to speed it to-
ward the screen. The beam must impinge upon the
phosphor with greater velocity since it acts upon
a given spot for a shorter time.
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Post-accelerator tubes vary in principal and con-
struction [see “The long and short of crt’s” p. 97].
In one, the accelerating field bends the beam to-
ward the tube axis. The result is a smaller display
and the tube must be lengthencd to compensate.
In another, a mesh is inserted inside the crt to alter
the field and to straighten the beam. In this version,
called a radial-field crt, the display does not shrink.
In both tubes, a resistive helix along the inner wall
of the envelope is used to increase the beam’s
velocity.

A spherical, fine-gauge mesh or a fine array of
parallel wires in the radial-field tube modifies the
field between the deflection plates and the screen
of the crt. The mesh is biased at about —50 volts
with respect to the horizontal deflection plates.
This prevents sccondary electrons, produced when
the beam strikes the plates, from reaching the
phosphor screen.

‘Long’ crt in short envelope

The tube developed for the 50-Mhz scope is a
logical extension of the radial-field mesh tube. De-
signers asked: if the mesh technique can reexpand
the display in a post-accelerator crt, cannot a
modified mesh overexpand or magnify the display?
It could.

This was accomplished by a specially shaped
mesh that’s immersed directly into the high poten-
tial region. The new crt has no helix, but its interior
conductive coating (at high potential) covers the
sides of the envelope past the point where the mesh
is located. Since the mesh is near ground potential,
a high field strength is developed. The mesh has a
greater curvature than the mesh in the radial-field
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tube, causing the equipotential lines to assume a
sharp contour. This high-mesh contour means the
center of curvature is farther from the horizontal
plates. As a result, the deflected beam intercepts
the field lines (normal to the mesh and equipoten-
tials) at a relatively high angle, causing it to be
acted upon by a force outward from the axis of
the crt, and thus magnifying the display.

The mesh is not spherical, but is contoured to
provide high linearity of the display. Thus, the
screen of the scope can be closer to the horizontal
deflection plates and the tube still provides a large
scan arca, a good deflection factor and low de-
flection defocusing. See comparison table, page 98.

Bonus: sharper spot

Since the tube is shorter over-all, it becomes
possible to “steal” a little of the length that is
saved and add it to the distance. P, between the
cathode crossover and the focus lens [see “The long

and short of crt’s”’] while the distance, Q. between
the focus lens and the faceplate of an equivalent
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New crt provides 309% greater viewing area yet is 4.25
inches shorter than previous model. Both have 3v/cm ver-
tical deflection factor and 12-kv accelerating potential.

(=]
Q
A\

/2
o -
/_- / b

Lo ool

B
}_ﬂ—lﬂl o |
Lo et

Differential delay line for vertical amplifier is etched

on a double-sided copper-plated Teflon-giass substrate.
Exploded view shows how lateral portions of top metallic
conductor, co'or, and bottom metallic conductor, black,
are coincident. Arrows indicate direction of current

flow. Cross section through delay line shows how electric
fields cancel, magnetic fields add.
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monoaccelerator crt remains constant. Increasing P
decreases the beam magnification, Q /P, and sharp-
ens the magnitude of the spot on the screen. In
the 50-Mhz tube, the spot size equals or is a little
less than the spot size of the longer radial-field
mesh tube of comparable screen arca. And the new
tube is 4 inches shorter and has 2 centimeters more
vertical scan than a radial-feld crt of an equivalent
deflection factor. The new scope’s spot is specified
as 0.014 inch at 200 foot-lamberts. For high bright-
ness, the acceleration potential is 12 kilovolts.

The ncw scope also has an auxiliary cathode,
called a flood-gun cathode, behind the mesh and
ahead of the accelerator to increase the brightness
of the graticule. A positive potential applied to the
mesh causes electrons to be drawn from the
auxiliary cathode at a relatively low speed. The
electrons pass through the mesh and scatter against
the phosphor screen, illuminating it sufficiently for
observing and photographing the graticule when
ambicnt illumination is low. The temperature of
the flood-gun cathode and illumination intensity
are controlled by adjusting the filament voltage.

Strip-line delay line

In high-frequency scopes (above 10 Mhz) the
signal must be delayed by about 150 to 200 nano-
seconds before it is applied to the vertical deflec-
tion plates. This is to allow time for the undelayed
signal to trigger the sweep. The vertical amplifier
is faster than the horizontal sweep amplifier; in-
adequate vertical delay would make it impossible
to view the leading edge of a fast rise time pulse.

The specifications for the delay line required for
the oscilloscope were: 160-nsec delay, 140-Mhz
bandpass, and 2.5-nsec rise time. Since it was to
be a laboratory precision scope, a balanced delay
line to accompany the vertical differential amplifier
was needed because the two signals (identical and
180° out of phase) must be delayed.

The solution to the problem was a differential
strip line on a copper-clad Teflon-glass substrate.
The strip line, at the left, is 2 inches wide by
36.850 inches long before being rolled up to fit a
space 6.850 X 2.405 X 1.325 inches. Total length
of the conductors is a little over 50 feet.

For a single-ended, metallic-strip delay line, the
delay Ty, is S\/e: per foot, where ¢ is the relative
dielectric constant of the material insulating the
line from ground and S is the distance a wave trav-
els in 1 nsec (about one foot). For a differential de-
lay line., the expression for Ty, is multiplied by k, a
constant which is a function of the coupling be-
tween the conductors. Then e is the relative dielec-
tric constant of the material separating the two
conductors.

Obviously, then, the differential delay line can
be shorter than the single-ended line if k is greater
than unity. For the delay line in question, k is 1.95.

How it works

The superiority of the new strip delay line is
attributed largely to the way in which the fields
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The long and short of crt’s

The single-accelerator (monoaccelerator) cathode-
ray tube, top figure, has done yeoman service in
oscilloscopes for viewing relatively low frequency
signals (below 1-5 megahertz). In it, the beam is
given all its acceleration before it passes through
the deflection plates and arrives at the screen with
sufficient velocity to present a bright display for
relatively low writing speeds.

At higher writing speeds, the beam must be
accelerated after deflection to produce a bright
display. The post-accelerator crt, second from top,
uses a resistive spiral helix inside the tube envelope
upon which is impressed an accelerating voltage
of the order of 10 kilovolts. But the accelerating field
tends to bend the beam toward the axis, thus
demagnifying the waveform displayed, or, in effect,
decreasing deflection sensitivity. To achieve a dis-
play of equivalent size to that of the monoacceler-
ator tube, the spiral-helix post-accelerator tube
must be made longer.

If a spherical mesh is inserted into the spiral-
helix tube, the accelerating field is straightened out
as in the third crt from the top and the compression
of the display in the conventional post-accelerator
crt is avoided. This is called a radial-field mesh
crt, and its sensitivity and display size equals that
of a monoaccelerator tube the same ]en%th. In prac-
tice, however, the tube is usually made longer to
achieve the higher sensitivity needed for high fre-
quency.

Carried one step further, the spiral helix can be
eliminated and the mesh shaped into a configura-
tion that will expand or magnify the display. The
result is a short tube, as in the bottom figure, that
behaves like a long one. This crt, called a high-
expansion (or high-magnification) mesh tube, is
the tube deve]ope(f' for use in the new 50-Mhz scope.

A diagram of how the beam is focused is given

Fad

beneath the monoaccelerator crt. P represents the
distance from the cathode crossover to focus lens
and Q is the distance from the focus lens to the
screen. The diagram beneath the high-expansion
mesh crt shows that the mesh acts as a concave lens
to expand the display. Q of this tube is equivalent
to that of the monoaccelerator tube.

interact. Note that the currents in the long, coinci-
dent portions of the upper and lower conductors
flow in the same direction, as shown in portion b of
the figure on the opposite page, depicting a section
along the center of the delay line.

Because each conductor doubles back on itself,
electric fields cancel while magnetic fields add.
When the conductors are very close, the inductance
of the line approaches four times that of a single-
ended line.

Since the characteristic impedance of the delay
line Z, is equal to \/L/C, and T, = \/LC, then Z,
may be calculated by substituting the expression
for C. Thus:

kt10

bo= om AN —

where A = area of a 1-inch length of the metallic
conductor on one side of the strip line
thickness of the separating material.
relative dielectric constant of the sepa-
rating material

t

€r

n

The characteristic impedance for the delay line
is 90 ohms. The substrate is 0.015-inch thick and
the copper on either side is 0.002-inch thick. Con-
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ductors are 0.625-inch wide and are separated by
0.0545-inch. After the delay line is rolled into a
package, page 98—much as a metallized capacitor
is made—time-domain reflectometry? is used to
detect faults.

Field effect inputs

Field effect transistors have several advantages
over vacuum tubes in the vertical, horizontal and
trigger input circuits of the oscilloscope. FET’s
reduce amplifier drift considerably. Also, differen-
tial pairs can be mounted on common heat sinks to
encourage good thermal tracking. As a result,
turn-on drift can be substantially eliminated. Accu-
rate measurements can be made as soon as the crt
warms up (in about 15 seconds) and the trace re-
appears at the same position after successive
turn-on and turn-off operations. Thirty seconds after
turn on, typically, the display has settled to within
0.2 cm of its final vertical position.

The FET’s used are junction type devices with
high Ipss (zero-gate-voltage drain current) and
high transconductance over a wide current range.
They are biased to operate at about 0.1 Ipgs to pro-
vide good Vg5 (gate-to-source voltage) stability with
temperature. In the vertical system the amplifier
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inputs are balanced. The circuit for one-half the
vertical input amplifier is shown on page 99.

Complementary-transistor load

The output section of the horizontal deflection
amplifier differs from the conventional design. Its
load is not a resistor, but is a complementary pnp
transistor biased to a low d-c current which is
needed for feedback bias and low-frequency opera-
tion. However, the pnp transistors (type 2N3635)
that complement the npn devices (type 2N3119)
were not commercially available when the work
began.

Essentially what has been accomplished is to
provide a low-impedance driving source for the de-

The challenge met: speedy and solid state, too
- —

Surpassing previous state-of-the-art oscilloscopes,
the solid state Hewlett-Packard 180A features 5
mv/cm vertical deflection sensitivity at 50 Mhz.
Except for the cathode-ray tube, the scope contains
no vacuum tubes. Its display is presented on an
8 x 10 centimeter screen one-third again as large
as that of previous comparable crt's. Kev design
features include the compact crt, a new fast rise-
time strip-line delay line, field effect amplifier
transistors for low drift and fast warmup and a
unique horizontal amplifier circuit. The unit weighs
30 pounds and consumes 95 watts,

flection plates to insure good bandwidth since the
crt plates present a capacitive load to the amplifier.

The diagram on page 99 shows how the comple-
mentary transistor circuit works: at low frequencies
(slow sweeps) the operational amplifiers function
normally to drive the crt deflection plates; at faster
sweeps (as input dv/dt increases) C, and C. couple
more signal to the complementary load transistors.
At these faster sweeps, Q. is turned on harder to
offer a low impedance to discharge the deflection
plate capacity, while Q, is turned on harder to pro-
vide a low-impedance current source to supply the
necessary current to the plates. The process is re-
versed during sweep flyback; Qs and Q, are turned on
harder, while current through Q. and Qy decreases.

Delay tine is assembled by sandwiching it between

the Teflon dielectrics and brass strip (ground

plane). It is then rotled onto a spool. The delay

line and its case weighs one pound; measures 6.850 X
2.405 x 1.325 inches. it provides a delay of 160
nanoseconds and has a bandwidth of 140 megahertz.

Cathode-ray tube performance characteristics

Photog-
Accelera- Spot size (mils) raphy
ting Display Deflection factor center edge writing
voltage size vertical horizontal Length 25 foot- 200 foot- 200 foot- rate**
Type (kv) (v/em) (v/cm) (v/cm) (inches) lamberts lamberts lamberts (cm/usec)
Mono-
accelerator
(5AQP31) 3.0 10x10* 16 21 17% 18 N/A N/A N/A
Post-
accelerator
(5BHP31) 10.0 4% 10 7 30 18% 7 14 34 530
Radial-
mesh
HP-175A 12.0 6% 10 3 12 21% 12 15 16 450
High-
expansion
mesh
HP-180A 12.0 8x10 3 9 17 12 14 14 700

* 12 cm* of corner is unused because of round faceplate.

*+ Using P31 phosphor, F/1-9 lens, A-6A 3000 film, single exposure of 50 Mhz damped sine wave.
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Fast linear sweep

While the horizontal sweep is being expanded
10 times, the duty cycle is very low, so average
power from the supply is low. Further, with a
power supply of only 100 volts, the circuit will de-
liver a very linear swing from about 6 to 94 volts
from either side. (The horizontal amplifier is dif-
ferential to drive the crt). With a crt horizontal
sensitivity of 9.5 volts per centimeter, the circuit
delivers a linear sweep speed of 5 nsec/cm in the
times-10 mode. This is twice the sweep speed pre-
viously obtained, and boosts the resolution with
which nanosecond rise-time pulses may be pre-
sented.

INPUT ——9—AAAN—4

-12.6

The vertical amplifier input circuit uses high transconduc-
tance (12,000 umhos) junction FET's. R,, C;, D, and D,
constitute an overload protection network. R. sets the

real part of input impedance. R, and R; set the d-c bias,
and C. is a decoupling capacitor. Half the vertical input

is shown; other side is similar but input is grounded.
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Horizontal amplifier circuit has npn transistors for

its operational amplifiers, Q. and Q, and complementary
pnp transistors, Q, and Q,, in place of load resistors.

At high frequencies, capacitors C. and C. pass more

of the signal to the complementary load transistors.
When these are turned on they provide a low-impedance
path to discharge the plate capacity.
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As a result of using the new horizontal sweep
circuit and of using FET’s in the amplifier inputs,
the power requirement for the oscilloscope is cut
from 155 to 95 watts and no fan is needed.

Annoying shifts in carefully positioned wave-
forms are not uncommon when the sensitivity of the
vertical amplifier (deflection factor) is switched.
This is because gain is often varied through inter-
stage attenuation. In the H-P Model 180A, the ver-
tical amplifiers function at a single, stabilized gain.
The deflection factor is selected by an attenuator
at the input of each amplifier. The vertical input
signal is attenuated to 5 wmillivolts/cm sensitivity
before it is applied to the amplifier.
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Circuit design

Designer’s casebook

Full-wave detector
without transformer

By Colin Yarker

Marconi Instruments Ltd., St. Albans, England

Full-wave detection of a signal with both input and
outpnt referenced to ground is provided without a
transformer. Operation of the detector is from d-c to
more than 10 kilohertz.

A half-wave rectifier with a diode or a transistor
is normally used to detect an a-c signal for auto-
matic gain control or a similar application. The
a-c to d-c conversion efficiency of a half-wave de-
tector is low, 0.318 volt peak reference to 1 volt
peak, compared with the conversion efficiency of
0.636 volt peak for a full-wave detector. Further-
more, the circuit time constant of a half-wave cir-
cuit is much longer than that of the full-wave cir-
cuit for a given ripple content.

The main disadvantage of a full-wave detection
circuit is that a transformer is necessary to refer-
ence the input and output to ground, which affects
the circuit’s low-frequency response and compli-
cates the circuit.

With the positive half-cycle of a sine wave ap-
plied to the input, diode D, is backbiased and
diode Ds is clamped to ground when the emitter of
Q. goces positive. With the negative half-cycle ap-
plied to the input, diode Ds is backbiased while
diode D, is clamped to ground when the base of
Q. goes negative. Each half-cycle, positive or nega-
tive, causes a positive half-wave voltage to develop
across resistor R. in the collector circuit of Q..
Transistor Q. acts as a restorer to reference the
output back to ground. Potentiometers R; and Rg
arce adjusted to obtain equal amplitude of the two
output half-wave voltages. These appear across R,
in the collector circuit of Q.. Potentiometer R;
biases Q. to a minimum level of continuous con-
duction to form a sharp cusp-shaped wave form
across R,. This adjustment of R: causes a slight
d-c offset across R,, which is made negligible
in proportion to the output-signal amplitude.

The curve shows the relationship between the
peak input and output voltages.

Designer’s casebook is a regular

feature in Electronics. Readers are invited
to submit novel circuit ideas, packaging
schemes, or other unusual solutions to
design problems. Descriptions should be
short. We'll pay $50 for each item published
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