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TYPICAL DIT200 PERFORMANCE
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FREQUENCY
DCma} Pri. Mw
Type No. Pri. Imp. in Pri. Sec. Imp. Res. Level Application
DI-T225 s0cT| 12 32 split]| 10 500 [ Interstage
100CT | 10 40 split u
DI-T230 300CT 7| 600CT 20 | 500 | Output or line to line
DI-T235 400 CT 8 40 sphit| 50 | 500 | Interstage
; 50CT| 6 50 Split =l o R
DI-T240 400 CT 8 400 split | 50 | 500 | Interstage or output
500CT| 6 500 split)] | (Ratio2:1:1)
DI-T245 500CT| 3 50 CT 65 | 500 | Output or matching
| | 6ooeT) 3 | 60 CT
DI-T250 500CT| 55 600 CT 35 | 500 | Qutput or line to line
TS S ey e e ae or mixing
DI-T255 | 1,000 CT 3 50 CT 110 | 500 | Output or matching
1,200CT | 3 __60CT ] (e
| DI-T260 | 1.500 cT 3 600 CT | 90 | 500 | Output to line
DI-T265 | 2.000 CT 3 8,000 split| 180 | 100 | Isol. orinterstage
2.500 CT 3 ﬂ)p‘()jplit (Ratio 1:1:1)
DI-T270 | 10,000 CT 1 500 CT 870 | 100 | Output or driver
12,000CT | 1 600 CT
DI-T273 | 10,000 CT 1 1,200 CT 870 | 100 | Output or driver
12,500 CT 1 1,500 6T |
DI-T276 | 10,000 CT 1 2,000CT | 870 | 100 | Interstage or driver
12,000 CT 1 2,400 CT
DI-T278 | 10,000 CT 1 2,000 split | 620 | 100 | Interstage or driver
12,500 CT 1 2,500 split
DI-T283 | 10,000 CT 1 10,000 CT | 970 | 100 | Isol. or interstage
12,000 CT 1 12,000 CT (Ratio 1:1)
DI-T288 | 20,000 CT 5 800 CT 870 50 | Interstage or driver
30,000CT | .5 | 1200CT
DI-T204 |[Split Inductor & .1 Hy ¢ 4 maDC, .08 Hys @ 10 maDC, DCR 250
| (@ wdgs) £5 .025 Hys @ 8 maDC, .02 Hys @ 20 maDC, DCR 6Q
DI-T208 | Split Inductor § .9 Hys @ 2 maDC, .5 Hys @ 6 maDC, DCR 1056
(2 wdgs) &8 .2 Hys @ 4 maDC, .1 Hys @ 12 maDC, DCR 260
DI-T212 |Split Inductor § 2.5 Hys @ 2 maDC, .9 Hys @ 4 maDC, DCR 6300
(2 wdgs) §§ .6 Hys @ 4 maDC, .2 Hys @ 8 maDC, DCR 15702
DI-T216 | Split Inductor § 4.5 Hys @ 2 maDC, 1.2 Hys @ 4 maDC, DCR 23000
(2 wdgs) ¢ 1) Hys @ 4 maDC, .3 Hys = 8 maDC, DCR 575¢

$DCma shown is for single ended useage (under 5% distortion—100mw--1KC). .. for push pull,
DCma can be any balanced value taken by 5W transistors (under 5 distortion—500mw—1KC)
DI-T200 units have been designed for transistor application only ... not for vacuum tube service.
U.S. Pat. No.2,949.591 other pending.

W.l:ledr_e windings are listed as split, % of the listed impedance is available by paralleling the
winding.

§Series connected; §§Parallel connected.

’UL»TJRAMINIATURE TRANSISTOR

DI-T200 s~
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TRANSFORMERS PICTURED ACTUAL SIZE

TRANSFORMERS
& INDUCTORS

DUMET LEADS
(gold plated, weldable and solderable)

STRAIGHT PIN TERMINALS
(printed circuit application)

HIGHEST PERFORMANCE

for size in the industry

METAL ENCASED
(Grade 4, Ruggedized)

ALL STOCK UNITS MIL TYPE TF4RX
Class “S" Available on Special Order

High Power Rating...........cooecvveumenrnncrnsncer. . up to 100 times greater,
Excellent Response... ...twice as good at low end.
Low DiStOrtion..........ocoeverevvemecoiiiiiiieci e reduced 80%.
High Efficiency... .up to 30% better . . . compare DCR.
Moisture Proof ... hermetically sealed to MIL-T-278.
Ultraminiature Size ...............ccccooeecnn 5/16 Dia. x %" H, 1/15 Oz

The unique structural design of the DI-T200 series transformers and induc-
tors provides the excellent electrical characteristics, high reliability and wide
application possibilities inherent in the UTC DO-T family of miniaturized
units. The DI-T200 series units employ the same high quality design found
in UTC’s DO-T, DI-T, and PIP lines. This unique transformer constructural
concept affords unprecedented power handiing capabilities coupled with
extremely small size. Further, the high degree of reliability has been
dynamically proven in the field. These characteristics are basic in the struc-
ture, which is ruggedized, hermetically sealed, employing a completely rigid
bobbin, eliminating stress and wire movement. The turns are circular in
shape rather than square, eliminating turn corner stress, and effecting
uniform wire lay. The coil wire and external lead are rigidly anchored
terminal board fashion, employing no tapes and brought out through strain
relief. The curves illustrated “indicate the superior performance of these
units compared to similar size units now on the market.

The leads are uninsulated 17 long, .017 Dumet wire, spaced on a .1”
radius circle to conform to terminal spacing techniques of the “T0-5" case
semiconductors and micrologic elements.

IMMEDIATE DELIVERY
FROM STOCK

UNITED TRANSFORMER CORP.

150 VARICK STREET, NEW YORK 13, N.Y.

PACIFIC MFG. DIVISION: 3630 EASTHAM DRIVE, CULVER CITY, CALIF.
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y. CABLE: “ARLAB”
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New Universal Counters Tailored to Your Measurements:

MEASURE frequency: 0 to 300 ke, dc coupled; 10 cps to 300 ke, ac coupled (5223L)
0 to 2 mc, dc coupled; 10 cps to 2 mc, ac coupled (5233L)

MEASURE time interval, 10 usec to 107 sec
MEASURE period, 0 to 100 k¢

MEASURE period average: to 10¢ periods (5223L)
to 107 periods (5233L)

MEASURE ratio, multiples of ratio

> > >

»

Refined A and B trigger ievel controls for precise positioning of trigger points

Readout: 5 rectangular close-spaced Nixies (5223L)
6 rectangular close-spaced Nixies (5233L)

Input impedance of 1 megohm, sensitivity of 0.1 v rms

Time base stability: =2 parts in 10* per week (5223L)
+2 parts in 10’ per month (5233L)

High sampling rates (0.2 to 5 sec, variable), independent of gate time
Display storage, for continuous display

Automatic measurement unit, decimal display

BCD code output for systems, digital recorders

Self check in all function and multiplier positions

Operate —20° to +65° C

Small, compact, 314" high, 1634,” wide, 1114” deep, only 19 Ibs.
Solid state construction, low power consumption, high reliability
Plug-in module construction for easy maintenance

Low cost: hp 5223L, $1450
hp 5233L, $1850

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

»

[ 2 N N N N N 2

Call your nearby hp field engineer for a demonstration
in your own lab. Or write HEWLETT-PACKARD,
Palo Alto, California 94304,
Telephone (415) 326:7000; HEWLETT _
Europe: 54 Route des Acacias, Geneva; PAC KARD An extra measure of quality
Canada: 8270 Mayrand Street, Montreal.

E]

The new 52231 300 KC Counter and the 5233L 2 MC Counter for your instrumentation needs.

TIME BASE — MATFLIER
"t

5223, ELECTRONIC COUNTER
rmgrr . P
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Readers Comment

Patent lawyers

The complaint of George E. Row
[July 27, p. 6] directed toward
patent attorneys ignores an impor-
tant factor inherent in modern tech-
nology and scientific achievement.

It seems evident that any in-
tellectual endeavor toward solving
a recurrent problem is eventually
pursued by those who enjoy the
challenge and work, resulting in the
training and creation of experts
who are then better equipped to
solve future problems in the field
of endeavor. Thus. in retrospect, it
appears that the government previ-
ously chose to train technically
cducated examiners and developed
rules of procedure to uniformly ad-
minister the patent laws. And quite
logically, the inventing public
responded by using patent attor-
neys to file applications handled in
a quasi-adversary proceeding to
have an equal footing with the ex-
aminer.

Mr. Row’s implication seems to
be that patent attorneys conspired
to create a problem and then
solved it themselves, whereas the
profession was established in re-
sponse to a need for solving spe-
cialized problems, and simply in-
dicates that onc can no longer be
a jack-of-all-trades and master also.

As a private practitioner repre-
senting many individuals, I feel
that Mr. Row has overlooked the
fact that the cost of obtaining all
the legal coverage to which an in-
vention is entitled may mean the
difference between success and
failure in obtaining the full eco-
nomic advantages which the inven-
tion should justify.

Donald Gunn
Hayden & Pravel
Houston

Negative resistance

My note in your Comment column
[Apr. 26, 1963, p. 4] on Negative
Resistance elicited  written  re-
sponses that continued for nearly
six months. From them, it is evi-
dent that a basic, fundamental
concept like “resistance” does not
have a single, exact, universally ac-
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New Universal Counters Tailored to Your Measurements:

A MEASURE frequency: 0 to 300 kg, dc coupled; 10 cps to 300 ke, ac coupled (5223L)
0 to 2 mc, dc coupled; 10 cps to 2 mc, ac coupted (5233L)

MEASURE time interval, 10 usec to 107 sec
MEASURE period, 0 to 100 kc

A MEASURE period average: to 10¢ periods (5223L)
to 107 periods (5233L)

A MEASURE ratio, multiples of ratio

> >

A Refined A and B trigger level controls for precise positioning of trigger points

A Readout: 5 rectangular close-spaced Nixies (5223L)
6 rectangular close-spaced Nixies (5233L)

Input impedance of 1 megohm, sensitivity of 0.1 v rms

Time base stability: =2 parts in 10* per week (5223L)
2 parts in 10" per month (5233L)

High sampling rates (0.2 to 5 sec, variable), independent of gate time
Display storage, for continuous display

Automatic measurement unit, decimal display

BCD code output for systems, digital recorders

Self check in all function and multiplier positions

Operate —20° to +65° C

Small, compact, 314" high, 1634"” wide, 1114"” deep, only 19 Ibs.
Solid state construction, low power consumption, high reliability

> >

Plug-in module construction for easy maintenance

Low cost: hp 5223L, $1450
hp 5233L, $1850

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

i 2 SN N 2R N 2N 2 N 4

Call your nearby hp field engineer for a demonstration
in your own lab. Or write HEWLETT-PACKARD,
Palo Alto, California 94304,

Telephone (415) 326.7000. HEWLETT _
Europe: 54 Route des Acacias, Geneva; PACK An extra measure of quality
Canada: 8270 Mayrand Street, Montreal. ARD

The new 52231 300 KC Counter and the 5233L 2 MC Counter for your instrumentation needs.
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FM-AM SIGNAL
GENERATOR

RADIO FREQUENCY
CHARACTERISTICS
RF RANGE: 54-216 MC
RF ACCURACY: *0.5%
RF OUTPUT RANGE:
0.1 uv to 0.2 volts*
*Across external 50 ohm load at panel jack
ACCURACY:
#*+10%, 0.1 uv to 50 K uv
+20%, 50 K uv to 0.2 volts
AUTO LEVEL SET:
Holds RF monitor meter to ‘red
line' over band
IMPEDANCE: 50 ohms
VSWR: 1.2

AMPLITUDE MODULATION
CHARACTERISTICS
AM RANGE:
Internal: 0-50%
External: 0-100%
AM ACCURACY:
+ 10% at 30% and 50% AM
AM DISTORTION:
<5% at 30% <20% at 100%
<8% at 50%
AM FIDELITY:
+1 db, 30 cps to 200 KC

FREQUENCY MODULATION
CHARACTERISTICS
FM RANGE:
Internal: 0-250 KC in 4 ranges
External: 0-250 KC in 4 ranges
FM ACCURACY: *5% of full-scale®
*For sine-wave
FM DISTORTION:
<0.5% at 75 KC (100 MC and
400 cps modulation only)
<1% at 75 KC (54-216 MC)
<10% at 240 KC (54-216 MC)
FM FIDELITY:
*+1 db, 5 cps to 200 KC
SIGNAL-TO-NOISE RATIO:
>60 db below 10 KC

PULSE MODULATION
CHARACTERISTICS
PM SOURCE: External
PM RISE TIME: <0.25 usec
PM DECAY TIME: <0.8 usec

MODULATING OSCILLATOR
CHARACTERISTICS
0SC FREQUENCY:
50 cps 7.5 KC 1000 cps 15 KC
400 cps 10 KC 3000cps 25 KC
0OSC ACCURACY: *5%
OSC DISTORTION: <0.5%

PHYSICAL CHARACTERISTICS
MOUNTING: Cabinet for bench use;
readily adaptable for 19’ rack
FINISH: Gray engraved panel; green
cabinet (other finishes available on
special order)

DIMENSIONS:
Height: Width: Depth:
103" 16%" 18%"

POWER REQUIREMENTS
202-H: 105-125/210-250 volts,
50-60 cps, 100 watts
PRICE — 202-H: $1365.00
F.0.B. Rockaway, N, J,

Circle 2 on reader service card

TYPE 202-H

The Type 202-H FM-AM Signal Generator covers the frequency range
from 54 to 216 MC and is designed for the testing and calibration of
FM receiving systems in the areas of broadeast FM, VHF~-TV, mobile,
and general communications. The generator consists of a three-stage
RF unit, together with a modulating oscillator and power supply, all
housed in a single cabinet which may be adapted for rack mounting.

The RF unit consists of a variable oscillator, a reactance tube modu-
lator, a doubler, and an output stage. The modulator is specially de-
signed for minimum distortion and operated in conjunction with the
electronic vernier to provide incremental changes in RF output fre-
quency as small as 1 KC. The RF output is fed through a precision,
waveguide-below-cutoff variable attenuator; automatic RF level set is
incorporated which maintains “red line” on the RF monitor meter over
the entire band. The entire RF unit is shock-mounted for minimum
microphonism.

An internal audio oscillator provides a choice of eight frequencies which
may be used for either FM or AM modulation. A modulation meter
indicates either FM deviation or % AM and is calibrated for sine-wave
modulation.

A completely solid-state power supply furnishes all necessary operating
voltages and may be switched for inputs of either 105-125 or 210-250
volts, 50-60 cps.

Model 202-J is also available for the 215-260 MC telemetering band.

BOONTON RADIO
COMPANY , ‘i

A Division of Hewleti-Packard Company @ weiglh;how

GREEN POND ROAD, ROCKAWAY, NEW JERSEY
Tel, 627-6400 (Area Code 201) TwX; 201-627-3912 Cable Address: Boonraco
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Color display 28 Laser lighthouses
Looking with lasers 30 Poodie power

Fast circuit costs less 30 Closed circuit Ph.D.s
40 circuits at a time 30 Bomb-proof

Hollow antennas antennas

En-route control 32 Steel checkup

Lasers and you 32 Toward all-Europe tv

Probing the news

Nerve center for space probes
Scr’s for 19-inch tv
Weapons for limited warfare

Technical articles

. Design

Putting ceramic tubes to work [cover]

The ceramic tube is not new but a lot of its
applications are—in circuits from uhf to audio
James W. Rush Jr., General Electric Co.

Monostable circuits that need power only when
they work

Easy new approach to designing circuits that use
minimum power

Leonard L. Kleinberg, National Aeronautics and
Space Administration

Designers casebook

Amplifier adjusts to cancel unbalanced noise;
circuit protects amplifier against short circuit;
tunnel diode generates two microwave frequencies;
high-efficiency voltage regulator

Il. Application

Circuits that act like reflexes

An engineer applies Pavlovian conditioning to
electronic circuits

Karl C. Wehr, Westinghouse Electric Corp.

A survey of digital logic trainers

Machines can help train engineers to design logic
and computing circuits

Stephen B. Gray, computer editor

Tripling recording density

For project Gemini, engineers have miniaturized a
recorder, and increased packing density with
diphase recording

A.S. Katz, Radio Corporation of America
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Readers Comment

Patent lawyers

The complaint of George E. Row
[July 27, p. 6] directed toward
patent attorneys ignores an impor-
tant factor inherent in modern tech-
nology and scientific achievement.

It secems evident that any in-
tellectual endeavor toward solving
a recurrent problem is eventually
pursued by those who enjoy the
challenge and work, resulting in the
training and creation of experts
who are then better equipped to
solve future problems in the field
of endeavor. Thus, in retrospect, it
appears that the government previ-
ously chose to train technically
cducated examiners and developed
rules of procedure to uniformly ad-
minister the patent laws. And quite
logically, the inventing public
responded by using patent attor-
neys to file applications handled in
a quasi-adversary proceeding to
have an cqual footing with the ex-
aminer.

Mr. Row’s implication scems to
be that patent attorneys conspired
to create a problem and then
solved it themselves, whereas the
profession was established in re-
sponse to a need for solving spe-
cialized problems, and simply in-
dicates that one can no longer be
a jack-of-all-trades and master also.

As a private practitioner repre-
senting many individuals, 1 feel
that Mr. Row has overlooked the
fact that the cost of obtaining all
the legal coverage to which an in-
vention is entitled may mean the
difference Dbetween success and
failure in obtaining the full eco-
nomic advantages which the inven-
tion should justify.

Donald Gunn
Hayden & Pravel
Houston

Negative resistance

My note in your Comment column
[Apr. 26, 1963, p. 4] on Negative

_Resistance  elicited  written  re-

sponses that continued for nearly
six months. From them, it is evi-
dent that a basic, fundamental
concept like “resistance” does not
have a single, exact, universally ac-
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New from Sprague!

E-X-T-E-N-D-E-D T-E-M-P-E-R-A-T-U-R-E R-A-N-G-E

A

= _SPRAGUE__, 5 ———
weEXTRALYTIC .2vmx CAPACITORS

VOLTAGE RATINGS TO 150 VDC, unlike other so-called “wide temper-

ature range” aluminum electrolytics with compromise voltage ratings
only to 60 volts.

CAPACITANCE STABILITY over entire temperature range. Even at —55C,
capacitance drop is very small.

OPERATING AND SHELF LIFE comparable to or better than that of foil
tantalum capacitors.

LESS EXPENSIVE than foil tantalum capacitors, yet meet electrical require-
ments of proposed military specification MIL-C-39018.

SMALLER AND LIGHTER than tantalum capacitors in equivalent capaci-
tance values and voltage ratings.

For complete technical data, write for Engineering Bulletin 3455 to

Technical Literature Service, Sprague Electric Company, 35 Marshall Street,
North Adams, Massachusetts,

*TRADEMARK

SPRAGUE COMPONENTS

®
CAPACITORS PULSE TRANSFORMERS CERAMIC-BASE PRINTEO NETWORKS s p n n G u E
TRANSISTORS INTERFERENCE FILTERS PACKAGED COMPONENT ASSEMBLIES

RESISTORS PULSE-FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES
INTEGRATEO CIRCUITS TOROIDAL INDUCTORS SILICON RECTIFIER GATE CONTROLS THE MARK OF RELIABILITY
THIN-FILM MICROCIRCUITS ELECTRIC WAVE FILTERS FUNCTIONAL OIGITAL CIRCUITS

“Sprague’ and ")’ are registered trademarks of the Sprague Electnic Co.
45C-1%5.53 R2
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abdb dL

FOR MAXIMUM GAIN

G fl' f“fe -"
VPP $$ $

AT MINIMUM COST...

You Can’t Beat

Communications
Transistors

Max. A-G| 55 db
2N1726
USEFUL |40 db
PG 25-31) db
2N1865 !
NF 2 {db typ.
PG 21-28]db
2N1745
NF 3 }db typ.
PG 10 {db min.
2N502A
NF 8 [db max.
N PG 14-19} db
2N2360 NF 5.5 | db max.
PG 16-22] db
282398
NF 4.5} db max.

MADT

10 KC 100 KC 1 MC 10 MC

MADT Communications Transis-
tors are now available in pro-
duction quantities from Sprague
Electric. For complete informa-
tion on these and other MADT
High-Performance Amplifier
Transistors, write to Technical
Literature Service, Sprague
Electric Co., 35 Marshall St.,
North Adams, Massachusetts.

*Trademark of Philco Corp.

ast.alil

100 MC 1 KMC

"SPRAGUE

THE MARK OF RELIABILITY

*Sprague’ and ‘(2 are registered trademarks of the Sprague Electric Co.

GET THE FULL STORY AT WESCON BOOTHS
141 THRU 146
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cepted meaning among the scien-
tific and technical people typified
by your many readers. This sur-
prised me. It seems to me that
“resistance” should mecan the same
thing to all these folks.

In an effort to move toward this
goal, I ofter the following as a
start. Let the letter symbol, I, repre-
sent the current, in amperes, flow-
ing at any instant, t,, through an
object (wire, meter, vacuum tube,
spark! gap, etc.). Let V represent
the difference between the poten-
tial V| at the point where the cur-
rent enters the object, and the po-
tential| V. at the point where the
current leaves the object, in volts,
V being positive when V| is greater
than V.. Both I and V may Dbe
variablé, as in the case of alternat-
ing cutrent or an oscillatory dis-
charge across a spark gap. Then I
propose that the resistance of the
object |under consideration, in
ohms, be defined as V/L

There| is nothing “static” about
this. Inlthe casc of a spark gap,
current [ may be 10 ampere and
V may he 30,000 volts at t, (R =
3 % 107 ohms;) a few microsec-
onds latar, current I may be 1,000
amperes jand V may be 500 volts
(R = ¥ ohm); such a quantity is
certainly dynamic, isn’t it? It is also
“variational.”

Then what shall we say about
dV/dI, which some electronics ex-
perts persist in calling the “resist-
ance” of, lét us say, a vacuum tube,
between cathode and plate (“plate
resistance”)? Any competent math-
ematician will tell you that V/I
and dV/dI are not the same thing;
in fact, V/1 could be + 250 at the
same instant that dV/dI is —10
for the saine object (perhaps a
transistor or triode). Therefore we
must not call them both the same
thing. If V/I is resistance, then
dV/dI is something clse. Ot course
dV is in volts and dI is in amperes,
so dVv/dI Asmy be expressed in
ohins, but it is not resistance.

As another example, impedance
is usually e\plessed in ohms, but
no competent engincer would claim
that impedance and resistance are
synonymous when alternating cur-
rent flows in(la circuit having in-
ductance or dapacitance.

So, even thbugh dV/dI may be
measured in ohms, it is not re-
sistance. Some call it “dynamic
resistance,” on ‘“variational resist-

ance,” but I believe it would be
preferable to give it another name,
such as “obstructance.” Then one
could talk about negative obstruc-
tance, or metastable resistance. But
not negative resistance.

Wayne T. Sproull
Western Precipitation division
Joy Manufacturing Co.
Los Angeles

Disaster-proof alarm

I am surprised that no disaster-
proof alarm in the spirit of Conel-
rad and NEAR [May 18, p. 44],
using telephone lincs, is being con-
sidered. Telephone lines reach
everywhere and have only a capac-
ity load to ground. Telephone lines
make excellent tone distributors
with ground return. Opening the
ground connection of the ex-
change’s central battery supplies,
and inserting a suitable tone gen-
erator, would accomplish this
transmission.

The practical difficulties are
small. If the system were to be
used only for emergency signaling,
any unbalanced tone across the
phone lines that might be heard
during a conversation, would
hardly be important. Selective
high-impedance receivers are avail-
able that are not sensitive to power-
line frequencies. The actual alarm
(shricking device) could be pow-
ered from the phone line.

P. Hirschmann
Haifa, Israel

» Even if rcader Hirschmann’s sys-
tem were feasible, it would require
installation of an alarm receiver on
every telephone line. If the govern-
ment were to pay for this (and who
else?) it might be cheaper to give
each household a cheap receiver
fixed-tuned to the strongest 24-hour
broadcast station in the area and
furnish free batteries to those who
have no plug-in power.

Varactors

In the July 13 article, “Charge stor-
age varactors boost harmonic pow-
er,” capacitors 1 and 2 are inter-
changed in the 50 to 150 Mec tripler
test-circuit schematic on page 46.
Gerald Schaftner
Motorola, Inc.
Semiconductor Products division
Phoenix, Ariz.
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Remember the fragile whisker so easily burned out?
The cavity where, in time, contaminants were sure to
degrade reverse characteristics eventually ? The delicate
construction that was likely to fail under thermal and
mechanical stress? The limited service life even

under the best of conditions?

Never again.

Unitrodes have changed all that with an entirely new
approach to diode design. The silicon wafer is high-
temperature bonded directly between the terminal pins.
and a hard glass sleeve is fused to all exposed silicon.
Result: a void-free junction that can't be contaminated.
Broad current-carrying surfaces that can withstand 10 watt
power overtoads — continuously — with no after-effect.

A one-piece unit indifferent to shock, vibratior,

before
Unitrodes

REMEMBER?

]

acceleration . . . unperturbed by thermal shock
or cycling from —195°C to +300°C.

And this small: =g

Naturally you'd expect performance like this to cost a bit
more, and it does. Mainly because of rigid manufacturing
standards and because every Unitrode® diode is 100% final
tested. But if you're working in high reliability, you owe it to
yourself to watch your Unitrode representative's 15-minute
demonstration. We'd be happy to send him around with our
entire line of diffused 3 ampere silicon diodes, fast switching
rectifiers, 3 watt zeners, high voltage stacks and bridge
assemblies. We never cease to be amazed ourselves. Write
or call ... UNITRODE CORPORATION, 580 Pieasant Street,
Watertown, Massachusetts 02172. Tel: (617) 926-0404,

TWX: (617) 924-5857.

s UNITRODE

Electronics | August 24, 1964
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People

I
I E I RUDES If the armed forces accclerate their
. switch to transistorized equipment

in the next few years, that multi-
billion - dollar
decision will
be made by
Thomas P,
Cheatham Jr.,
whose new job
at the De-
fense Depart-
ment bears the

title of Deputy
Director of Defense Research and
Engineering for Tactical Warfare
Programs.
r ‘ The advisability of converting
T from vacuum-tube to transistorized
r m ' equipment is not a simple problem,

Cheatham says. Sometimes tran-
sistorized equipment doesn’t hold

. up under all operating conditions.
There’s also the problem of re-
pair and maintenance. The man

who can change a tube is not

. 1, always able to repair sophisticated
a n ex a n I n ' I n e transistorized equipment.

Cheatham must also make sure

f that equipment being developed

now will meet future needs up to

Of five years from now. This requires
a continual reassessment.

Cheatham, 41 years old, comes

to the government from a vice
presidency at Litton Industries,

Power Level Type of Inc. He has also been director of

Tube Type RF Amplifier or Oscillator ~ Cooling research and general manager of
. the applied science division for

ML-8170/4CX5000A 15 kw Forced-Air Melpall)', Inc., consultant to the Nor-
wegian Government, and served

ML-8281/4CX15000A 35 kw Forced-Air several rescarch and teaching
stints—at Boston University, Har-

ML-8545 300 kw Vapor vard University and at the Massa-
chusetts Institute of Technology,

ML-8546 300 kw Water where he received his master’s and

| doctorate degrees in electrical en-
- gineering. He succceds John L.
See them at WESCON McLucas, who held the post from

May, 1962, until this summer when

Bﬂllﬂl 335"336 ‘ he became Assistant Sccretary

General for Scientific Affairs, North
For details, write: The Machlett Laboratories, Inc., | Atlantic Treaty Organization.

Springdale, Connecticut. An affiliate of Raytheon Company, An outdoor sportsman, Cheat-
ham expects to have little time for
recreation. “I've just put my golf

bag away for two years,” he says.
' What is his first impression of
' his new job? “I find it exhilara-

SLECTHAY) THBE SPEQISEN | ting,” he says. “It’s interesting to
be on the other side of the fence.”
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swing the tail assembly aside, and put in that
out-size or super-heavy shipment that every-
one else turned down. It's simple for a Flying
Tigers’ Swingtail-44, but impossible for a jet
freighter.

If you've ever tried to ship a piece of freight
longer than 10 feet, you know what we're talk-
ing about. The jet freighters, with their pre-
palletized loading and rigid size limitations, just
aren't made to handle outsize freight.

- Open along dotted line...

The Swingtail-44, with its straight-in load-
ing capabilities, is still the most modern prop-jet
airplane in commercial operation built specifi-
cally for hauling freight. it takes on cargo from
breadbox-size up to 84 feet long. That's about
what you can get into two railroad boxcars.

Next time your shipment is turned down,
call the airfreight specialist —Flying Tigers.
We're listed in the Yellow Pages under
“Airfreight Service.” And we do mean service.

=\
e simmont specinie FELY TN GG TIGIER LINIE \@)
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Obviously Lfrom Sprague!

METAL-FILM
RESISTORS
that fully meet
MIL
SPECIFICATIONS!

(MIL-R-10509D)

Sprague Filmistor” Resistors equal
or surpass precision wirewounds in
accuracy...stubility.. . reliability...
yet they're smaller in size!

Other key features include:

o Low, controlled temperature coefficients.
|

o Low inherent noise level.

o Negligible vdltage coefficient of resistance.

o Tough molded shell for positive protection
against mechanical damage and humidity.

o Available in 5 wattage ratings—1/y9,
%, %, 2, and 1 watt.

For complete ‘fechnical data, write for
Engineering Bulletin 7025B to Technical
Literature Service, Sprague Electric
Co., 35 Marshall St., North Adams, Mass.

SPRAGUE

THE MARK OF RELIABILITY

!
*Sprague® and '@’ are reg of the § Electric Co.

10 Circle [10 on reader service card

Meetings

AlAA/ION Astrodynamics, Guidance and
Control Conference, American Institute
of Aeronautics and Astronautics,
Institute of Navigation;

University of California,

Los Angeles, Aug. 24-26.

Association for Computing
Machinery Annual Conference,
ACM; Sheraton Hotel,
Philadelphia, Aug. 25-27.

WESCON 1964, 6th Region IEEE,
Western Electronic Manufacturers
Assoc.; Los Angeles Sports Arena and
Hollywood Park, Los Angeles,

Aug. 25-28.

International Conference on the
Physics of Type 11 Superconductivity,
Western Reserve University,
Cleveland, Ohio, Aug. 28-29.

International Conference on
Microwaves, Circuit Theory and
Information Theory, Inst. Electrical
Comm. Engrs. of Japan: Akasaka
Prince Hotel, Tokyo, Sept. 7-11.

International Exhibitition of Industrial
Electronics, Swiss Industries Fair;
Basel, Switzerland, Sept. 7-11.

International Convention on Military
Electronics (MIL-E-CON-8), IEEE;
Shoreham Hotel, Washington,

Sept. 14-16.

Operations Research Society Annual
International Meeting, Western Section
of ORSA, ORSJ, University of Hawaii;
Sheraton Meeting House and

Princess Kaiulani Hotel,

Waikiki( Honolulu, Sept. 14-18.

Ceramic-To-Metal Session,
American Ceramic Society,
Philadelphia, Sept. 17.

Annual Northwest Computing
Conference, Northwest Computing
Association, University of Washington
Computing Center; University of
Washington, Seattle, Wash.

Sept. 17-18.

Engineering Management Annual
Conference, IEEE-ASME; Pick-Carter
Hotel, Cleveland, Sept. 17-18.

AlAA Military Aircraft Systems and
Technology Meeting, (Secret), AlAA,
USAF, and BuWeps; NASA-Langley
Research Center, Va., Sept. 21-23.

AE-4 Electromagnetic Compatibility
Conference, SAE; McDonnell Aircraft
Corp., St. Louis, Mo., Sept. 22-23.

Profession Technical Group on
Antennas and Propagation International
Symposium, PTGAP/IEEE; International
Hotel, John F. Kennedy International
Airport, N.Y., Sept. 22-24,

Annual Communications Conference,
Cedar Rapids Section of IEEE;

Hotel Roosevelt,

Cedar Rapids, lowa, Sept. 25-26.

Canadian IEEE Communications
Symposium, Canadian Region IEEE;
Queen Elizabeth Hotel, Montreal,
Sept. 25-26.

Society of Motion Picture and
Television Engineers Technical
Conference, SMPTE, Inc.; Commodore
Hotel, New York, Sept. 27-Oct. 2.

Alierton Conference on Circuit and
System Theory, University of Illinois,
CTG/IEEE; Allerton House, Conference
Center of the University of lllinois,
Monticello, lIl., Sept. 28-30.

Physics of Failure in Electronics Annual
Symposium, Rome Air Development
Center, IIT Research Institute; !IT
Research Institute, Chicago,

Sept. 29-Oct. 1.

Tube Techniques National Conference,
The Advisory Group on Electron
Devices; Western Union Auditorium,
New York. Sept. 29-Oct. 1.

Society for Information Display National
Symposium, SID; Shoreham Hotel,
Washington, Oct. 1-2.

Call for papers

Aerospace Conference and Exhibit,
PIGAS/IEEE; Shamrock-Hilton
Hotel, Houston, Tex., June 20-24.
Sept. 30 is deadline for submitting
a 250 word abstract to Thomas B.
Owen, 635 20th St., Santa Monica,
Calif. 90402. Papers reflecting the
latest thinking on Acrospace clec-

trical/electronic equipment and
systems are welcomed.
Electronic Components Confer-

ence, IEEE, EIA; Marriott Twin
Bridges Motor Hotel, Washington,
May 5-7. Deadline is Nov. 2 for
submitting five copies of a 500-
word abstract to Bernard Schwartz,
IBM Components Div., Poughkeep-
sie, N. Y. 12602. Topics include
resistors; capacitors; connectors,
connections and interconnections;
printed wiring; materials for com-
ponents; thin film devices; micro-
miniaturization; conductors and
cables; reliability and testing tech-
niques; inductive devices; measure-
ments.
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DEPENDABILITY X (
TO BUILD

.:_:'-'0 " ¢

A NAME ON

When you build precision computer systems like the
UNIVAC 1050, exacting standards are a must. This new
computer series developed by the UNIVAC Division of
Sperry Rand Corporation brings quality, plus flexibility
and economy to medium and small computing applica-
tions. Faultless performance of each component must
support what has come to be expected of the whole.

Reputation . . . of equipment . . . of company, rests upon Cr" sm

accuracy and reliability. Such responsibility demands the
ELECTRONIC COMPONENTS DIVISION
best . . . Stackpole.

Stackpole resistors are 100% tested. Constant checks on
solderability, load life and humidity-temperature charac-
teristics insure highest quality. And each failure-proof
resistor order gets to you on time, with ‘‘same day’ ship-
ment. Let us tell you more about them, write: Stackpole
Carbon Company, Electric Components Division, Kane, Pa.
Phone: 814-837-7000. TWX: 814-826-4808.
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Color coded label

on reel
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MAGNETIC INSTRUMENTATION
RECORDING TAPE

Data notation area
on reverse

12

HADE I HOCKESTIR, N Yo 8.4 BY RASTEAN KDDAX COMPANY PO SONSOLIDATED ELECTRORYNARIS CORS, PABADENA, CALP,

Code printed on tape

Plastic waffle hub

Protective metal
container with
color coded label

’ j
I“ ' ‘
Al
"
-~

— Color coded
= label

on box
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The most important
tape announcement in a decade

CEC announces a new family
of magnetic tape which enables in-
strumentation recorders to deliver
their full designed potential. Each
tape records at the highest applicable
resolution and sensitivity — with
the greatest uniformity and lowest
tape and head wear obtainable. This
advance in instrumentation tape has
been created for CEC by Eastman
Kodak Company.

Long experience in the manufacture
of magnetic tape recorder/repro-
ducers had made CEC aware of a
growing need: namely, a line of
magnetic instrumentation record-
ing tapes entirely compatible with
today's advanced instruments, a
state-of-the-art product that would
enable modern equipment to deliver
its full potential. CEC asked Kodak
to develop the new recording tapes.
It was a challenge to the resource-
fulness of any firm, but we knew
that if anyone could do it, Kodak
could. The rigid requirements of
film production,a similar process,had
given Kodak excellent experience.

After extensive research and experi-
mentation, Eastman Kodak devel-
oped four specific instrumentation
tapes for CEC which, collectively,

Electronics | August 24, 1964

meet the most advanced require-
ments of every data recorder.
To achieve them, new production
techniques were combined with the
ultimate in quality control — more
than 100 individual tests are made
on each run of tape.

CEC magnetic instrumentation tapes
introduce the only customer-oriented
method of packaging & identification.
Here are some of the innovations
designed with you, the user, in mind:

» Only CEC tapes come shielded
in metal containers — packed in
cardboard filing boxes covered
with protective plastic sleeves.

a Only CEC tapes are color-coded
on the box, can and reel; even
coded on the tape itself, for in-
stant identification.

s Only CEC tapes are protected
from shipping and storage damage
by means of a plastic waffle hub,

thus preventing tape serration and
flange deformation.

= Only CEC tapes provide a stand-
ard nomenclature for simplified
identification and ordering. For
example: S-1 standard, 100 kc;
S$X-1 standard extended, 300 kc;
M-1 medium band, 600 kc; W-1
wide band, 1.5 mc.

a Only CEC tapes are so precisely
differentiated that users are no
longer subjected to the time-con-
suming burden of performance
evaluation.

CEC Instrumentation Tape costs no
more than the tape you are now using.

Write today for your CEC IN-
STRUMENTATION TAPE CHART.
This special chart lists CEC tape
categories, applications, and models
of recorders for which each tape is
recommended. Ask for CEC Chart
DM-47-X1.

CeC

Technical Supplies Department

CONSOLIDATED ELECTRODYNAMICS

A SUBSIDIARY OF BELL & HOWELL/PASADENA, CALIF. 91109
INTERNATIONAL SUBSIDIARIES: WOKING, SURREY, ENGLAND
AND FRANKFURT/MAIN, GERMANY
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F/P-7664.A

Silicon Planar

NEW DIODE-TRANSISTOR MICROLOGIC

Epitaxial DT,L with noise immunity greater than 1 volt

T éT EA
_.J — F

L

DUAL BUFFER~DT L 932,

s 'S
DUAL GATE— DT 1. 930. FLIP-FLOP~DTuL 931, CGATE EXTENDER—DT L 933.

Dual 4-input gate. Noise immunity
1 volt @ 25°C. Propagation de-
lay: 25 ns. P (@ 25°C): 5SmW.

RS or JK clock gated fiip-flop.
Noise immunity > .6V @ 25°C.
Propagation delay: 50 ns. P.,.

Dual 4-input buffer anda low im-
pedance line driver. Noise im-
munity 1 volt @ 25°C. Propaga-

Dual-4 Diode extender to be used
with Dual Gate or Buffer when in-
creased fan-in is required.

Fan-out: 8 min. (@ 25°C): 20mW. Fan-out: 7

min.

Highest DTL Noise Immunity—
Because of the epitaxial con-
struction of Fairchild DTuL*,
the difference between thresh-
old voltage and saturation
voltage is the greatest of any
diode-transistor logic. DT, L is
the only silicon Planar epi-
taxial DTL family now available. Worst-case noise
immunity curves are contained in the data sheet.
P’hoto at left shows the 931 element—two (lip-flops
connected as a “master-slave” combination, elimi-
nating the need for circuit delay elements.

Low Power, High Speed Combination—DT.L was
designed {o complement Fairchild’s existing digital
integrated circuit line—already the widest in the
industry. For diode-transistor logic, it offers the
industry’s best combination of high noise immu-
nity, low power dissipation, and low propagation
delay. DTuL elements are available in Fairchild’s
new CERPAK flat ceramic package.

DISTRIBUTORS/STOCKING REPRESENTATIVES

tion delay: 35 ns. P. ., (@ 25°C):
25mW. Fan-out : 25 min.

PRICES

DEVICES FOR FULL MILITARY TEMPERATURE RANGE (—55°C to +125°C)

(Mixed) (Single)
1-24  25-99 100-999 100-999

$22.80 $18.20 $16.00 $15.30

Dual Gate DT;.L 930
Flip-Flop DT;.L 931 30.00 2400 21.00 20.00

Dual Buffer DT,:L 932  26.80 21.40 18.75 18.00
Gite Extender DT/:L 933  10.50 : 1.35 7.05

AVAILABLE FROM AUTHORIZED DISTRIBUTORS

FAIRCHILD

S e—— L |
SEMICONDUCTOR

AVNET Toronto, Canada, 789-2621 BOHMAN Orlando, Fla., 425.8611 CRAMER ELECTRONICS Newton, Mass., WO 9-7700 DART SALES Clarence, N.Y., 874- 1212; Syracuse, N.Y., GL 4-9257

DENNY.HAMILTON San Diego, Cal., 279.2421 EASTERN SEMICONDUCTOR Syracuse, N.Y.

366-1591; Kansas City, Mo., EM 3-6000; St. Louis, Mo., PA 6.2233 HAMILTON Phoenix. Anz

454.9247 E. C. ELECTRONIC SALES Minneapolis, Minn., 888 0102 ENSCO Cedar Raplds {am
272-2601; Culver City, Cal., 870-0236; Palo Alto, Cal 321-7541; Seattle, Wash., 282-3836

HYER Englewood, Colo., 761-0754; Albuquerque, N. Mex 268-6744; Salt Lake City, Utah, 322. 5849 MARSHALL Scottsdale, Ariz., 946-4276; San Manno Cat., MU 1-3292; San Diego, Cal.,

RR 8.6350; Redwood City, Cal., EM 6-8214 NORVELL Dallas Tex., FL 7-6451; Houston, Tex.,

MO 5.0558 POWELL Beltsville, Md., ‘a7a. 1030; Philadeiphia, Pa., 724 1900 SCHLEY Watertown,

Mass.. WA 6-0235 SCHWEBER Westbury, L.I., N.Y., ED 4- 7474 SEMICONDUCIOR SPECIALISTS Chicago, 11I., 622-8860; Mlnneapohs Minn., UN 6-3435 SHERIDAN Cincinnati. Ohio, 761-5432;
Cleveland Ohio, 884-2001; Dayton, Ohio, 277- 8911 SOLID STATE Chicago, I1l., 889-8033 STANDARD Bu"a!o N.Y., TT 3-5000 TAYLOR Baldmn L.1., N.Y., BA 3-8000 TEC-SEL Huntsville,

Ala., 534-7304 VALLEY Winter Park, Fla., 647-1216; Baltimore, Md., N084900 Cherry Hill, N.J.,

PLANAR: A PATENTED FAIRCHILD PROCESS

14 Circle 14 on reader service card

NO 2.9337.

FAIRCHILD SEMICONOUCTOR/A DIVISION OF FAIRCHILD CAMERA AHD INSTRUMENT CORPORATION/313 FAIRCHILO DR., MOUNTAIN VICW, CALIF./962.5( 11/7TVX: 910.379-6435
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Editorial

New road
for the
military

Electronics | August 24,1964

The military is still the electronics industry’s biggest customer though
it is not buyving as much this year as last vear and will be buying less
and less in the vears ahead.

The pattern of procurement is changing—there’s less opportunity to
snag a part of a giant contract hecause there are fewer big projects. But
there are many more small projects. A company’s chances to win a
contract to build an ingenious solution to a small specific problem are
better than ever.

What’s needed is some old-fashioned product planning. In a
commercial electronics company. one gronp of engineers continually
scrutinizes the company’s markets to identify customers” requirements.
Then it recommends and designs new products to satisfy these needs.
For a military electronies supplier todav, product planning is an
intelligence job—spying out potential contracts, learning what concept
the sponsoring agency favors, and even finding ont if the contracting
officer has any pet technological fads. Tt is more cloak-and-dagger than
engineering.

At last. the Pentagon shows signs of recognizing that all this spywork
is ridiculous. and that even the military can benefit from some honest
product planning. Defense Department planners are trving to encourage
electronics companies to study military problems on their own. If a
company can spot a problem that needs solving. and will invest some of
its own money and talent to develop the solution. it stands a good chance
of selling its solution to the military.

Natorally the military has a responsibility if this kind of product
planning is to work. A companv has to he able to patent its solution and
maintain its proprietary rights.

Despite what military officers may tell you. there is no dearth of
good problems. This was painfully evident when the Navy went into
action ofl North Vietnam this month. While the Navy officially expressed
complete satisfaction over the way its destrovers and aircraft performed,
a good engineer might wonder why our destroyers were not able to
identify the number of torpedo boats in the attack and why the Navy has
no fire control capable of hitting a fast-moving target like a PT boat.

Yet both these deficiencies existed. In the second engagement, the U.S,
destrovers were unable to determine exactly how many bhoats had
attacked them. The official version says “three to six.” The official excuse
for this vagueness is bad visibilitv. darkness, and severe electrical storms.,
But weren’t electronic techniques put on the ships to give them sight
bevond the capability of the human eye?

The destroyers defended themselves by blasting patterns of heavy
gunfire in the general area of the attackers because they had no fire
control or weapon capable of hitting such a fast moving target as a PT
boat. Yet these same ships had electronic antiaircraft fire controls that
could knock down jets that fly far faster.

Omissions like these in the Navy’s arsenal are not deliberate. A decade
ago. the Pentagon decided to put its money into strategic projects—the
big counterattack projects like Polaris, Titan, and Minuteman and the
giant advance clectronic warning systems like the Ballistic Missile Early
Warning System and the Dew Line. That meant there wasn’t any money
for projects of the kind we are talking about. Happily. all that is
changing too. The military has its big strategic projects in place and is
ready to consider some of its tactical needs.

That can be a bonanza for electronics companies if they are willing to
use initiative and creative engineering. It is not business that will come
looking for you. The electronics companies will have to go out and fight
for it.
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MODEL 538
PRESET COunvER

®OOEL 538
PRESET COUNTER

WANT TO MEASURE 5-Gc
DIFIECTLY"
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5AL COUNTER- TIMER ‘\1 MOOLL 135 UNAERSAL COUNTER TIMER
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ELDORADO’S NEW VMIODEL 950 FREGQUENCY COUNTER

" DIRECT COUNTING without prescaling, WESCON PREVIEW. ..

. heterodyning, or transfer oscillators ! MODEL 950 WILL BE ON DISPLAY AND
‘*-.COUNTING RANGE: 500 Mc to 5-Gc DEMONSTRATED IN OUR SUITE
AT THE LOS ANGELES BILTMORE HOTEL,
P SENSITIVITY: ) Ly (i AUG. 24 THRU AUG. 28—HOURS, NOON
*NPUT IMPEDANCE: 50 ohms TO 8:00 P. M. OR BY APPOINTMENT.

.
%

ELDORADO ELECTRONICS

601 CHALOMAR ROAD » CONCORD, CALIFORNIA, U.S.A.
Telephone (415) 686-4200
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Next: GaAs laser
withoutajunction?

Telcan developers
infinancialtrouble

Dilemma
for Sylvania
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The possibility of making semiconductor lasers with higher powers,
using bulk materials without junctions, has been opened up by
researchers at the Massachusetts Institute of Technology.

They have produced apparent laser action in a chunk of gallium
arsenide by exciting it with a ruby laser. Up to now, lasing has been
confined to a narrow junction between n- and p-type material.

J. J. Schlickman of MITs Lincoln Laboratory has observed what
appears to be a narrowing of the light spectrum emitted from a 1-by-3-
millimeter piece of p-type gallium arsenide excited by a 3-by-0.25-mil
ruby rod. The gallium arsenide used had a 10" concentration of zinc
impurities per cubic centimeter.

Working at 77°K, Schlickman focused the face of the ruby onto the
highly polished gallium arsenide and monitored the surface and end
emission. He noted that when the average input from the ruby was
10* watts per square centimeter, the end emission fell from 132 angstroms
half-width to 80 angstroms.

Now the researchers are trying to get similar effects with n-type bulk
Iaterials.

A developer of a home television recorder that last year surprised the
industry with its low price of $177 went into receivership in Britain this
month,

The Nottingham Electronic Valve Co. never sold Telcan, a system that
tapes audio and video for later playback.

Telcan’s closest competitor is a device developed by the Winston
Research Corp., a subsidiary of the Fairchild Camera & Instrument
Corp. Winston says its device will be sold for $300 to $500.

Meanwhile Cinerama, Inc., the United States company that owns 51%
of the invention through Cinerama Telcan, Inc., a joint venture with
the Nottingham concern, said that it is continuing negotiations with an
American manufacturer and still hopes to market Telcan by the fall of
1965.

The Telcan system uses a two-track, 9,000-foot tape spool that oper-
ates at 120 inches a second and records a half-hour program.

When the system was introduced, most industry observers were skep-
tical that such a machine could be produced and sold for $177. Others,
who saw a demonstration, thought the company might have made some
technical breakthrough.

Representatives of Cinerama, which was reported to have paid more
than $1 million for its share in the joint company, flew to England last
week for discussions, but would not disclose what took place.

Right after Sylvania Electric Products, Inc. sold its TR 500A Forward
Air Control Pack (now designated AN/PRC-71) to the Air Force Special
Air Warfare Forces (air commandos), improved technology at the Cam-
den, N.J. plant of the Radio Corp. of America threatened Sylvania’s
chances for future orders.

The Sylvania unit is compact, weighs 51 pounds, and despite its
$15,000 price tag, is cheaper than the four separate, heavier units it will
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New way to
cool hot tubes

Oven business
warming up?
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replace; the new nnit provides four transceivers: vhf/f-m, vhf/a-m,
h-f/sab and uhf/a-m. It has been tried out in Thailand and South
Vietnam.

Meanwhile, RCA has quietly come up with specifications for a similar
unit that would be even lighter. It would weigh 30 pounds.

Rome Air Development Center likes the idea of a lighter unit and
has asked the Air Force for authority to write performance requirements
for one still lighter than the unit RCA proposes—one that weighs 20
to 25 pounds. If the Air Force agrees, Sylvania will have to scrap its
51-pound unit and start competing for the lighter one.

A Czechoslovakian company has developed a way to cast aluminum
alloy radiators for forced air cooling directly onto the anode of high-
power tubes. The anode and radiator can then be processed as an inte-
gral unit. Up to now, brazed copper radiators that are heavy, expensive
and easily damaged by overheating have been soldered to the anode.

At the Tesla Works at Roznov, tubes of up to 20-kw heat dissipation
have been produced with the new process, and the company expects to
produce 50-kw tubes shortly.

The use of aluminum reduces the weight of the radiator and elimi-
nates oxidation during anode degassing. The process also requires lower
flow rates for the cooling air and permits higher operating temperatures
than soldering.

The cost of microwave ovens may be slashed in half because of a new
tube developed by the Amperex Electronic Corp. The one-kilowatt
magnetron is 55% efficient, and is cooled by air rather than water.
It, and the simple power supply and circuitry that go with it, should
bring the cost of home microwave ovens down to about $400 instead
of the $800 now charged for the cheapest microwave oven.

Amperex believes its new tube will create the long-delayed boom in
microwave ovens for home use and predicts a $35-million market by
1967.

Instead of an electromagnet to provide a field for the 20-cavity mag-
netron, Amperex uses a permanent magnet. Wallace Hickman, engineer-
ing section head of the company’s microwave heating group says,
“Operating the tube at 200°C instead of the usual 100°C permits a
smaller design and use of air rather than water cooling. The main tech-
nical advance permitting this is the use of high temperature permanent
magnets of the Ticonal Gg type, which retain magnetic strength at high
temperatures.”

The magnetron has a short heating time, obtained through use of
a special thoriated tungsten filament, to eliminate the time delay com-
ponents usually needed to control application of anode voltage. Other
techniques used to reduce the tube’s price are elimination of complex
mechanical parts, use of self-jigging during assembly, and multiple use
of common parts.

The mechanically rotating blade, or stirrer, used in microwave ovens
to break up standing waves that cause cold spots in the oven’s cooking
cavity, is not required in the firm’s recommended oven design. Instead,
a broad-band magnetron-to-cavity coupling is used to eliminate standing
waves.
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CLARE
mercury-wetted contact relays

FAST « SENSITIVE « BRIDGING OR NON-BRIDGING

no contact bounce -+ low, consistent contact resistance
versatile contact load capabilities - high power gain

For Wired Assemblies

Clare Mercury-Wetted Contact Relays are
available with plug-in or solder terminals
or AN connectors in contact multiples
from one to four poles.

For Printed Circuits

Clare Mercury-Wetted Contact Relays are
available as modules for mounting on

printed circuit boards. Choice of enclosures:
molded plastic, or steel for magnetic

shielding.

As Complete Printed Circuit Board Assemblies
Clare designs and produces printed board

assemblies from your circuits or *'black box'’
assemblies.

MECHANICAL AND ELECTRICAL CHARACTERISTICS OF MERCURY WETTED CONTACT RELAYS

—

Maximum
Contact Single- Maximum Nominal Operate
Relay Arrange- Contact Wound Coil Coil Time at Maximum Just Operate Sensitivity Connector Type
Type ments Ratings Resistances Power Coil Power (Milliwatts)
(Note 1) (ohms) (Watts) (Milliseconds)
Note 5
__HG-1000 1 Form D 25,000 1 250 _|___ 8-Pin Octal
~ HGP-1000 1 Form D Note 2 25,000 4 3 "35-single side stable 8:-Pin Octal
E—) | - « | 7-bi-stable I e
HG2A-1000 Z Form D Note 2 45,000 3 4 620 8 or 11-Pin Octal,

Soider-Hooks or
AN Connector

—— "L - = . ¥ =

———+
HG 3A-1000 Form D Note 2 45,000 3 4.5 620 11-Pin Octai,
Solder-Hooks or

AN Connector

MG 4A1000 | 4 Form D Note 2 58,000 35 5.5 - 780 14 or 20-Pin Minia-
ture, Solder Hooks

| _or AN Connector

" HGS-1000 | Form D Note 3 25,000 T2 13 1 5-single side stable 8-Pin Octal
______ b S0 ML | 25-bistable |
" HGS-5000 1 Form C Note 3 25,000 2 1.3 5-single side stable 8-Pin Octal
- .| 2.5-bi-stable o-| -
HGSS-1000 m D Note 3 14,000 2 1.3 10-single side stable I 8 Pin Octal
e 6 s —d 5-bi-stable N _(Note 4)
HGSS-5000 1 mC Note 3 14,000 2 1.3 10- single side stable 8.-Pin Octal
I & = | B g _‘__57b|sabe ____(Ngte4) -
HGSL-1000 1 Form D Note 3 5,000 1.75 1.5-single side stable 115-single side stable 7-Pin Miniature
o v__l%‘l_s‘a‘l'i — &~ 25-bistable | e —
HGSL-5000 1 FormC Note 3 5,000 1.75 1.5-single side stable 515 smglt(’elsme stable 7-Pin Miniature
-stable {3

FOR PRINTED CIRCUI

_HGM-1000 | 1FormD | Note2 | 4,300 Y 550
HGPM-1000 | 1 Form D Note 2 4,300 2 a | 75-single side stable
] _ 1 - ! r | 20-bi-stable_ |
HGSM-1000 1 Form D Note 3 8,000 1.75 15 mgle side stable 115-single side stable Printed Circuit
| 1 1 e el | 1l.2-bi-stable | 25-bi-stable PmTl%mgplzlson
HGSM-5000 1 FormC Note 3 8,000 1.756 1.5-single S|de stable 115-single side stable Spacing
| i S || B WSS | 1.2-bi-stable |  25-bi-stable
HG2M-1000 2 Form D Note 2 15,000 2 4.5 600
printed circuit board assemblies notes: 1. Form D-SPDT-Make before break; Form C-SPDT-Break before make.
Relays used have characteristics of HGM, 2. 5 amperes (max), 500 volts (max), 250 va (max), with required contact protection.
HGPM or HGSM Relays. Number of poles lim- 3. 2 amperes (max), 500 volts (max), 100 va (max), with required contact protection.
ited only by dimensions of board. 4. Short version of preceding HGS assemblies. 5. Multiple-wound coils also available.
Use the Reader Service Card! Complete data, circle 285. Concise story, circle 286.
CLARE C.P.CLARE & CO., GROUP 8N8, 3101 PRATT BLVD., CHICAGO, ILLINOIS 60645
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a miniature eye
for the '64 Tokyo Olympics
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The minature portable TV camera above will be used to

cover the track and field events at the coming 64 Olympic

Games in Tokvo. The eye of this micro-modular handy I I n c ” I
camera 1s a new haif inch Vidicon. This particular model

is in the experimental stage. Other types. however. are 7038 7735_A
now available: 7038. 7735-A, 7262-A. 8051 plus some small 4

Vidicons to choose from. For reliability and availability. 2

specify a HITACHI Vidicon for vour product. Write us 7 BZ-A’ 805]

for complete technical information and quotations. V I D I c 0 N

® L]
9‘-w. TOKYO, JAPAN CABLE ADDRESS: “HITACHY” TOKYO
Tokyo Japan

HITACHI SALES CORPORATION: 12715, S. Daphne Avenue, Hawthorne, Calil., U.S.A. Tel: 757-8143
333, N. Michigan Avenue, Chicago 1, Ill., U.S.A. Tel: 726-4572 4
666, 5th Avenue, New York, N.Y. 10019, U.S.A. Tel: 581-8844

HITACHI, LTD., DUESSELDORF OFFICE: Graf Adolf Strasse 37, Duesseldorf, West Germany Tel: 10846
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23,000,000 unit hours
reliability of commercial

An extensive testing program has shown that commercial
capacitors of ‘““Mylar’'* are very reliable and readily avail-
able from a number of suppliers. Capacitors from six man-
ufacturers had a predicted life of 30 million hours between
failures, based on average-size capacitorsof “"Mylar” used
in radio and TV circuits.

Du Pont commissioned Inland Testing Laboratories of
Cook Electric Company to conduct the reliability testing.
The purpose of the tests was to answer these questions,
“How reliable are capacitors with '‘Mylar' as the dielec-
tric?”” and “‘Are they commercially available?”

The test involved 3,700 capacitors of varying construc-
tions produced by 15 capacitor manufacturers from two
*Du Pont's registered trademark for its polyester film.

randomly selected lots of “*Mylar’’, plus 4,000 laboratory-
wound capacitors produced by Du Pont from 14 ran-
domly selected lots of ““Mylar’’. Large one-half micro-
farad units were used so that the area of film tested was
equivalent to that of 100,000 tubular capacitors of the
average size typically found in radio and TV circuits.
Twenty-three million unit hours of testing showed that
very reliable capacitors of‘Mylar'’ are commercially avail-
able. Of the commercial units tested, those from six man-
ufacturers had an average failure rate of less than 0.03%
per 1,000 hours, at rated voltage stress, of 800 V DC/mil.
In terms of smaller capacitance units, usually found in
radio and TV circuits, this failure rate can be extrapolated

Electronics | August 24, 1964
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Average failure rate of % microfarad
units of six manufacturers was less
than 0.03% per 1,000 hours—almost
equaltothe 0.02% rate of the Du Pont
laboratory wound units. A valuable by-
product of this test was spotlighting
effects of other materials which ad-
versely affected performance of some
capacitors. Full details of the test are
available. To get your copy, use cou-
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of testing prove the
capacitors of MYLAR’

to 0.003% or 30,000,000 hours between failures. When r

a lower voltage stress is used to obtain extra-high re- I

liability, the failure rate can be extrapolated to iess than |

0.0001% per 1,000 hours. |

Other significant and interesting results of the test are I

included in a comprehensive report which we would like |

to send you. It will provide data which can help you use |
low-cost, reliable and space-saving capacitors of “Mylar'’. } Company

|

|

|

|

)

L

E. 1. du Pont de Nemours & Company (inc.)
Film Department—N 10452 B-22
Wilmington, Delaware 19898

Please send me the reliability report.

Name Title

For rc , Si i € ight.
your copy, simply mail the coupon at right Address

only DU PONT makes

City State Zip

Potential Application

OAOITeY POLYESTER FILM
BETTER THINGS FOR BETTER UVING  THROUGH CHEMISTRY
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ACTUAL SIZE

NEW SHORT-PATH CONTACTS FEATURED IN
0.050-INCH CENTERS MICROMINIATURE PC CONNECTORS

Ideal for use with integrated semiconductor or
discrete component circuits, Winchester
Electronics' rugged, economical PC connectors are
industry’'s smallest.

Exclusive design wire contacts made of 50% IACS
high-conductivity, beryllium copper, formed to offer
exceptional resistance to vibration and shock load-
ing, create a short, direct, low-resistance electrical
path between board and backplane interconnec-
tion, rated at 1,400 volts RMS for contact-to-contact
AC voltage breakdown value at sea level. This is
just one of many outstanding reasons why
Winchester Electronics' microminiature printed cir-
cuit connectors are more frequently being specified
by space-conscious, performance-demanding
microelectronics packagers.

Characteristics include: 0.050-inch centers. Flame-
resistant, glass filled diallyl phthalate dielectric.
Solder or weld-type terminations. Straight or offset
tabs. Variety of mounting flanges. Choice of models

for 1/32 or 1/16-inch boards. Up to 50 positions.
Conformance with applicable parts of MIL-C-21097B.
High reliability. Precision construction.

The microminiature series is part of the most
comprehensive line of standard printed circuit con-
nectors available in the industry. It includes sizes,
types and materials to meet nearly every military
and industrial application. Winchester Electronics
also offers complete lines of removable-crimp con-
tact, miniature and subminiature rectangular,
round, quick-disconnect/heavy duty, environmental
and special-application connectors. Nationwide net-
work of distributors, regional offices and represen-
tatives assures prompt delivery and engineering
assistance. Writefornew Catalog No.364. Winchester
Electronics, 19 Willard Road, Norwalk, Connecticut.

WINCHESTER ELECTRONICS
A DIVISION OF LITTON INDUSTRIES

24
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Instrumentation

Color display

A television system that scans a
scene with a standard black-and-
white vidicon camera and displays
it in as many as six colors has
been developed at the GPL divi-
sion of General Precision, Inc.
The system can operate directly
with a computer to provide on-
line multicolor displays of print-out
material. It is cxpected to have im-
portant applications in military
command and control, ground con-
trol of spacecraft, medical elec-
tronics and wherever it is advan-
tageous to display data in color.
The usual television display pre-
sents data as white on black or vice
versa. The GPL system, called
DataColor, transmits color informa-
tion as shades of gray, denoted by
variations in amplitude of the video
signal. The color displayed is se-
lected arbitrarily according to the
brightness of the viewed subject.
How it works. The heart of Data-
Color is a transistorized level dis-
criminator that converts the video
into various combinations of three
input signals driving the red, green
and blue guns of a color-monitor
cathode-ray tube. The level dis-
criminator can be incorporated into
a standard color monitor or re-
ceiver, or used as a separate unit.
In GPL’s feasibility model, a color
receiver was modified by discon-
necting the radio-frequency cir-

cuits, adding wide-band video
amplifiers and connecting the
breadboarded discriminator ex-
ternally.

The level discriminator’s re-

sponse to brightness variations of
the subject is designed to be con-
tinuous rather than discrete. In
the continuous system, colors are
generated according to an arbitrary
response pattern built into the dis-
criminator. Theoretically, infinite
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Color display shows flight schedule

colors can be produced, depending
on the combinations of voltages
reaching the guns. In a discrete
system, the colors are arbitrarily
assigned to a band of the gray
scale, so that a color is produced in
accordance with a range of gun
voltages—for example, 0 to 0.25 v
is red, 0.25 to 0.5 v is blue.
According to H. N. Oppenheimer,
DataColor program manager, the
continuous system has several ad-
vantages over the discrete. A slight
change in voltage level, instead of
resulting in an entirely incorrect
color, causes only a minor shift in
shading. Also, the system theoreti-
cally can produce an unlimited var-
ietv of colors, although five or six
is the practical limit imposed by
the human inability to discriminate
slight changes in shade. GPL en-
gineers also have found that a dis-
crete system has unpleasant false-
color outlining effects that are elim-
inated in the continuous system.
On-line operation. For on-line
operation from a computer, the
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black-and-white camera will view
a flat-face cathode-gray tube
through an optical system. The
tube will display alphanumeric and
graphic data as generated by a
buffer-character generator combin-
ation driven by the computer. To
display different colors on the nion-
itor, the intensity of the data on
the tube will be varied.

At present, the circuitry and limi-
tations of the commercial shadow-
mask tube of the monitor limit the
system resolution to 300 tv lines,
horizontally and vertically. How-
ever, GPL now has in the bread-
board stage a high-resolution level
discriminator and monitor. using
a  high-resolution shadow-mask
tube made by the Radio Corp. of
America, that will increase resolu-
tion to 600 tv lines.

Looking with lasers

Now lasers are helping in the study
of molecules. The Perkin-Elmer
Corp. is using a low-power laser as
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a monochromatic light source in a
new Raman spectrometer, used to
analvze molecular structure. The
company savs use of the laser cuts
the cost of the instrument in half
—to about $17,000—simplifies the
optics and eliminates the special
cooling techniques that were
needed with mercury arc sources.

In the new spectrometer, the ma-
terial being studied, usually dis-
solved in water, is subjected to
light from the laser. The molecules
emit light at the material’s char-
acteristic wavelength and intensity.
When the amplitude of the gen-
erated licht from the material is
plotted against its wavelength, the
result is called the Raman spec-
trum of the material. Since the
spectrum varies with the wave-
length of the light from the spectro-
meter, the light source must be
stable and monochromatic.

The helium-neon continuous-
wave laser used in the Perkin-
Elmer spectrometer has a wave-
length of 6,328 angstroms. Since
this is a longer wavelength than
that obtained from the mercury
arc used in most other Raman
spectrometers, it permits the tech-
nique to bhe used in more arcas,
such as in photoelectric materials.

Microelectronics

Fast circuit costs less

A high speed microcircuit that is
cheaper than its conventional coun-
terpart has been developed by Her-

Microelectronic element
wired as part of a memory.
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Stopper and his microcircuit

bert Stopper of the General Elec-
tric Corp. in Phoenix, Ariz.

The circuit, now in prototype,
can be used as the storage clement
in buffer registers, accumulators
and other intermediate memorics
where high-speed flip-flops are too
expensive and where less costly
ferrite core storage devices are too
slow.

General Electric attributes the
low cost of the circuit to a smaller
number of parts and to less critical
tolerances, which permit higher
production yields than usual.

The performance speed can be
as fast as 10 nanoseconds—the
same speed as conventional storage
elements consisting of gated-in and
gated-out flip-flops. Although the
GE microcircuit eliminates the
usual gating requirements, it can
provide auxiliary write-in and read-
out functions when it is used in
certain memory configurations.

Up to now, microcircuits have
been unable to achieve such high
speeds because of the slow-down
effects of parasitic capacitances.
Here, the capacitance effects have
been eliminated by equalizing the
voltage change on both sides of the
capacitor, permitting faster switch-
ing action.

GE is incorporating the circuit
into the design of its computers
and expects it to be adopted in mi-
crocircuit logic throughout the
computer industry.

Manufacturing

40 circuits at atime

A vapor deposition system that can
produce up to 40 0.8-inch-square
thin-film circuits at a clip is in use
at the Raytheon Co.’s Missile Sys-
tems division, Bedford, Mass. The
machine can deposit as many as 10
different materials on each circnit
substrate during a single pump-
down cycle of the vacuum system.
Resistors, capacitors, connectors
and protective oxide coatings in
either single-laver or multilayer
configurations are formed automat-
ically.

Carter Pfaclzer, manager of the
division’s microeclectronics facility
(where circuits for several missile
and radar applications are made),
considers this the most versatile
and automatic thin-film production
machine now in use in the industry.

The machine represents an in-
vestment of several hundred thou-
sand dollars, including rescarch
and development. But Raytheon
considers the money well-spent:

= The basic mechanical, control
and vacuum design of the machine
can be scaled up, with little addi-
tional development effort, to pro-
duce deposition systems with much
greater capacity, with no additional
monitoring personnel costs. Ma-
terials sources and indexing ap-
paratus arc arranged in a circular
pattern. The diameter of the circle,
and hence the circumference, can
be expanded in later models to get
higher capacity.

= With automation, the labor
content of each circuit is reduced,
cutting production costs. If neces-
sary, however, the machine will
operate semiautomatically or man-
ually.

= A greater variety of circuits
can be produced with a wider
choice of evaporated materials and
deposition timces.

» Most important. the uniform-
ity, precision and reliability of the
circuits are enhanced by the reduc-
tion of production variables and
the possibility of human error.

Resistor tolerances of 5% are
routinely met by the system. On
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some recent runs, tolerances have
hovered around the 1% or 2%
mark. Metal, usually Nichrome, is
used for resistance values up to
200 ohms per square. Cermets can
be deposited for higher values. Re-
sistances of several megohms can
be deposited.

Giant console. The machine is
large—about 3% feet in diameter
and 8 feet high. But it is dwarfed
by the control console, which is
22-feet long. One man, pushing
buttons and setting production
parameters into the controls, can
operate the entire system. Two men
are generally used, however. One
serves and watches the machine
itself while the other monitors the
control system. The operators talk
with cach other over an intercom
system.

Among the automatically con-
trolled operations are: the vacuum
cycle, from power start-up to de-
pump and shutdown; electrical
parameters and control of the elec-
tron-beam guns and filaments
which evaporate the materials; re-
sistance and capacitance values of
the deposited components; station
indexing and operation of the shut-
ters which allows the vapors to
reach the circuit substrates; and
substrate temperatures by station.

Self-stopper. Resistance values

Behind each of the 10 ports in

the vacuum chamber is a deposition
station. Larger console for
automatic control is 22 feet long.

are monitored directly by measur-
ing the sheet resistance of the
material as it is deposited. Ca-
pacitance is monitored by a
quartz-crystal microbalance. As the
diclectric is deposited on the sub-
strate, it is also deposited on an
oscillator crystal, the frequency of
which changes in proportion to the
amount of dielectric deposited (os-
cillator-crystal manufacturers use
the reverse of this process; they
deposit material on a crystal to
adjust its frequency). In effect, the
circuit being produced tests itself
and stops the evaporation cycle.

Hollow antennas

Another low-cost way of making ex-
tremely light, but very accurate
and strong parabolic antennas has
been developed by Electro-Optical
Systems, Inc., of Pasadena, Calif.
The company expects its anten-
nas to compete with screen or plas-
tic antennas for millimeter-wave
applications, hand-held radar or
communications sets, and aboard
spacccraft.

The antennas are made of hollow
nickel plate, with a wall thickness
only about 0.001 inch. The struc-
tures weigh as little as 0.1 pound
per square foot. The company has
made one unfurlable device that
is 10 feet in diameter and weighs
only 7 pounds. Electro-Optical Sys-
tems says this is one-third the
weight of standard antennas with
equivalent reflector quality.

Old method, new use. The pro-
duction method is a scaled-up ver-
sion of electroforming, a method
that has been used to make small.
intricate components [Electronics,
Sept. 11, 1959, p. 114] such as spe-
cial waveguide and precision,
stress-frec helixes for traveling-
wave tubes.

To make the egg-crate sections,
called petals, a master, or model,
is precision-machined from cast
iron. Sheet aluminum is pressed
against the master to form man-
drels—one for cach petal. The
lightening holes are drilled in the
mandrel. The mandrels are then
electroplated with pure nickel. Fi-
nally, the aluminum mandrel is

Parabolic sections, called
petals, are made of hollow
nickel plate only 1 mil thick.

etched out of the plated nickel
shell. Small holes are made in the
shell to allow the etchant to at-
tack the aluminum.

For mass production, the man-
drels could be rapidly shaped
against the master by explosive
forming and the holes stamped out.
They can also be made of a low-
melting alloy and removed by heat-
ing after plating—Cerro alloys, for
example, melt at around 200°F,
Or, plastic mandrels could be used.
The company also uses electroform-
ing to make parabolic solar-
encrgy collectors and the tori that
support large parabolas.

Accurate antennas. Because the
antennas are made of true para-
bolic sections that are all exactly
alike, their focusing accuracy is
superior to other lightweight an-
tennas, the company claims. Ac-
curacies are in the 0.015-inch range.

Because of the ecgg-crate con-
struction, strength-to-weight ratios
are high. And because nickel is
used, Electro-Optical says the an-
tennas have a dimensional stability
and resistance to environment al-
most that of stainless steel.

Avionics

En-route control

The Federal Aviation Agency has
decided on computers built on the
modular principle for its en-route
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air-traffic control system. The first,
an IBM System 360, model 50, se-
lected in competitive bidding, will
be installed next summer at the
National Aviation Flight Experi-
mental Center in Atlantic City,
N.J., for operation in the fall.

FAA says that the two previous
computers it had tried—a Univac
1218 and a Librascope Ambac—
were the first stages in the develop-
ment of a control svstem. The Uni-
vac can do straightforward jobs;
it prints flight strips and calculates
position. But it requires manual
updating. The Librascope com-
puter adds automatic updating and
can warn if two planes are headed
for the same place at the same
time. It was the first large-scale
solid-state commercial computer in
use, and was as reliable as most
military systems, but it did not
have the capability that FAA
needed.

Bigger and better. The IBM sys-
tem does much more. It can keep
track of known aircraft while con-
tinuing to scan for others. It has
mosaic radar displays and better
sequencing and flow control. The
Atlantic City installation will have
a 2.5 microsecond memory time
and six output channels, cach with
a 3.2 million bit-per-second capac-
ity.

Use of the modular concept will
permit the agency to tailor each
computer to the requirements of
the location, depending on the traf-
fic load to be controlled.

Jacksonville, Fla., may be the
first area to get an operational traf-
fic control system of the new de-
sign. Work there would begin soon
after the experimental center starts
operating.

Medical electronics

Lasers and you

The man who monitors much of
the government-funded work on
biological effects of lasers went be-
yond the blue-sky proposals this
month and told engineers and
physicists at the Boston Laser Con-
ference exactly what biologists and
doctors need from them.
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The man is Capt. Martin S. Lit-
win of the Army Medical Research
and Development Command. One
need that he cited is the further
development of lasers that function
below 5,900 angstroms, preferably
below 5,500—lasers that will emit
the green and blue light that is
absorbed by many biological sys-
tems. Another need is the develop-
ment of continuous-wave lasers—
of all  wavelengths—powerful
enough to cause biological change
without the necessity of focusing.

Wavelength study. The most im-
portant immediate tasks for hiolo-
gists, Litwin said, is to discover
effects that are specific to particu-
lar wavelengths: there is no reason
to think that all wavelengths have
the same effect on all types of or-
ganisms. The long-term effects of
laser radiation also must be
studied, he said.

Litwin told the Boston confer-
ence that scientists are studying
the possibility of generating co-
herent x-rays. As a tool in medical
diagnosis, laser x-rays might pro-
duce less scatter and therefore
provide clearer pictures.

Lasers for cancer. Lasers may
help to treat malignancies some
day, but meanwhile care must be
taken to avoid their causing ma-
lignancies or other harmful effects,
the conference was told. In addi-
tion to the obvious danger of reti-
nal burns and other eye damage
from laser beams, studies have
shown that laser energy is some-
times fully absorbed by outer lay-
ers of the skin. In other instances
the energy penetrates the outer
skin to inflict burns on deeper
levels.

Work by Dr. Leon Goldman of
the University of Cincinnati has
shown a possibility that chronic
exposurc to laser energy could in-
duce malignancics. Goldman said
at the conference that until more
is learncd about the possibility of
delayed reactions of persons with
certain types of sensitive skin,
laboratory personnel should use
caution in working with lasers.

The conference was also told of
morc than 100 documented in-
stances of retinas being repaired
with lasers.

Advanced technology

Laser lighthouses

Satellites and space vehicles in
outer space may someday get their
bearings from two laser beacons as
much as a million miles away.

Joel B. Searcy, an astronomer at
the Massachusetts Institute of
Technology, suggests that two con-
tinuous-wave laser beams, rotating
in opposite directions about the
same horizontal axis, with their
beams intersecting at the local ver-
tical, could help to pinpoint the
location and velocity of vehicles in
space.

The beams, whose modulation
frequencies would differ, could be
detected by simple optical and
clectrical filters. As the space vehi-
cle moved off the local zenith, the
laser beams would reach it at dif-
ferent times. Computer measure-
ment of the time difference would
pinpoint the vehicle’s location.

Two such stations would be
needed to give range and velocity.
Since the beams would be received
regardless of the spacecraft’s atti-
tude, the ground system would re-
quire no steering and no large an-
tennas or receiving stations.

Searcy points out that the
continous naturc of the beam
would be especially valuable in per-
mitting velocity corrections during
re-entry.

Receivers unlimited. If several
twin beacons were used, coding
patterns could be used, with corre-
sponding electrical filters at the re-
ceiver end in the space vehicle.
There would be no limit to the
number of vehicles that could use
the beam at any given time.

The laser system would also per-
mit the spacecraft to pick up heams
without having to send out anv sig-
nals of its own that might disclose
its position to an enemy.

Vehicles orbiting near the earth
now use photometric, infrared and
other horizon-sensing techniques.
But the horizon itself is so vaguely
defined and changeable that accu-
racv is impossible.

The proposed system is essen-
tially a light-beacon technique; but
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the lasers would provide mono-
chromatic light sources, thereby
permitting simpler detection optics
and data processing on board the
vehicle.

Theory and experimental data
indicate that atmospheric attenua-
tion of the laser beams would not
be prohibitive, according to Searcy.
Use of several such stations could
get around the problem of local
cloud covers. The stations would
also be easy to install on the moon
as an aid in lunar navigation.

Searcy has informally offered his
idea to both the National Aero-
nautics and Space Administrtion
and the military.

Poodle power

A poodle may one day power gen-
erators aboard spaceships far from
the earth.

It won’t be the usual sidewalk
variety, however. Itll be a Snap
Poodle, the legitimate offspring of
two Atomic Energy Commission
projects called Snap and Poodle.
Snap—or Systems for Nuclear Aux-
iliary Power—is an effort to pro-
duce electricity out of nuclear
power from reactors and radio-
active isotopes. Poodle is the name
of a search for a nuclear reactor for
space propulsion.

The object is to eliminate extra
power sources for equipment on
board the spacecraft. Snap Poodle
would catch the excess heat given
off by the propellant, and convert it
into electricity. It could permit
nuclear-powered vehicles to carry
larger transmitters and other elec-
tronic gear, and might allow more
redundancy and versatility in the
equipment carried.

Harnessing heat The Poodle en-
gine consists of a pair of concentric
cams surrounding a supply of the
radioisotope  polonium™, which
generates heat between 1,500° and
2,000° F. Vented liquid hydro-
gen flows over a network of
helical fins that surrounds the cen-
ter cannister. The hydrogen enters
at extremely low temperatures and
leaves at extremely high tempera-
tures, producing a thrust of about
one-fourth pound. TRW Space
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Technology Laboratories hopes
to harness the heat that would
otherwise be dissipated after pro-
viding the thrust.

Under a $48,431 contract from
the Air Force, the company, a divi-
sion of Thompson Ramo Woold-
ridge, Inc., will evaluate various
thermo-electric generators, includ-
ing those developed by the Mon-
santo Co. and the Radio Corp. of
America.

Manpower

Closed circuit Ph.D.s

The State of Florida is investing
$1.5 million in an educational pro-
gram designed to keep scientists
and engineers technologically up
to date. The program, called Gene-
sys, will provide educational sub-
centers in five Florida communities
with a closed-circuit educational
tv network whose center will be
the University of Florida in Gaines-
ville. The five communities are
Cape Kennedy, Melbourne, Day-
tona Beach, Orlando and Gaines-
ville.

For example, actual space pro-
grams can be televised from Cape
Kennedy to the other centers. Each
community will provide classroom
and laboratory facilities which can
be used independently as well as
being tied into the tv system.

Television studios will be in-
stalled this fall and the program is
expected to get under way at the
start of the winter trimester, Janu-
ary 11. John L. Hummer, formerly
director of scientific program de-
velopment at the Northrop Space
Laboratories in Hawthorne, Calif.,
has been named to administer the
over-all program.

The Southern Bell Telephone Co.
is supplying equipment for Gene-
sys, including a number of special
devices to handle duplexed broad-
casting. The duplexing will enable
students in each of the five sub-
centers to signal instructors, ask
questions and participate in class-
room discussions.

Saves travel. The system is the

brainchild of Thomas L. Mart
Jr., dean of engineering at the U
versity of Florida. It’s intended
solve Florida’s major technical ec
cation problem. With scattered c«
centrations of relatively small co
panies in Orlando, at Cape K
nedy and in Melbourne it is diffic
to provide educational facilities
each area because it would requ
either extensive duplication
classrooms and laboratories or c
siderable travel by the students

The administrators expect tl
about 30% of the instruction v
be over the tv network. Only thc
holding Ph.D. degrees will tea
since the program will be allow
to award the masters degree a
the doctorate under the state u
versity system.

Space electronics

Bomb-proof amplifiers

Two amplifiers, destined for sp:
use, have been operated in 1
pulsed neutron environment of 1
Sandia Corp’s Godiva atomic
actor. They were designed by t
General Electric Co. for use in
miniature tape recorder that w
be subjected to the radiation
nuclear-electric power suppli
The -design lessons learned, (
believes, can also be used to g
stored missiles greater immun
to the radiation from an enes
nuclear attack.

The amplifiers are the first v
uum-tube circuits to operate
frequencies below 100 kilocyc
while being bombarded with hea
pulses of gamma-neutrons. In {
reactor, they were subjected
3 X 10" neutrons per square cer
meter with neutron intens
greater than 10,000 electron vo.
Total gamma dose, using water
a reference, was 10° rads and 1
gamma rate was 3 X 10" rads )
second.

The amplifiers use GE’s then
onic integrated micro module co
ponents. These are heaterless ¢
amic vacuum tubes. Emission
triggered by heating the tube
its operating temperature of 580

Electronics | August 24, 1¢



Before sunset tomorrow,

Air Express can deliver to
any of 21,000 U. S. cities.

No one else can.

Your customer can be sitling in
Salina. Kansas. Or in a thousand other
cities across the country. Air Express
is the best way to lay your product in
his lap—quickly, safely, cheaply.

A joint venture of all 39 scheduled
airlines and REA Express, Air Ex-
press puts at vour fingertips a huge
and highly eflicient army of men and
machiues. 1,000 airplanes. 10,500 de-
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livery trucks. 24.000 people.

You not only get super-fast delivery
in the air, but the fastest delivery of
all on the ground.

But speed isn’t all. Air Express
offers you other big pluses, too. Pickup
within 2 hours of your call. One call,
one waybill. Top priority after air mail
on every scheduled airline in the coun-
try (especially important during peak

rush hours). Even armed surveillance
for valuable packages, if you wish.
Best of all, Air Express is often vour
cheapest way to ship by air, too. That’s
why, if vou ship from 5 to 50 pounds
anvwhere in the US.A,, you're miss-
ing a bet unless vou check Air Express.
Just call your REA Express agent.
Air Express outdelivers them
all...anywhere in the U.S.A.
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The molecular activity generated
by this temperature is nearly identi-
cal to the molecular activity caused
by nuclear radiation, so the tube
can operate in a strong radiation
environment.

In the reactor. Each test ampli-
fier had a ceramic chassis contain-
ing platinum heating wires. The
chassis was packed in insulation
to retain the heat, and placed in an
evacuated stainless steel cylinder.
The package was not used for ra-
diation shielding. Removing the
air from the cylinder eliminated
surface-leakage currents that would
result from ionization of air during
the 50-usec high intensity radiation

pulse.
In earlier tests with digital cir-
cuits and multivibrators in the

Chance-Vought reactor in Fort
Worth, Tex., the circuits were sub-
jected to a steady-state radiation
environment and operated success-
fully for six months. Ceramic vac-
uum tubes were also used in the
earlier tests.

Electronics abroad

Double check for steel

Tube Investments, Ltd. of London
can determine both the number
and types of impurities in steel by
electron-beam

using x-ray and
backscattering.

Electron-beam system gives both
a qualitative and quantitative
analysis of inclusions in steel.
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The experimental system exam-
ines a piece of steel up to one-quar-
ter-inch wide by two inches long
and identifies all inclusions with a
diameter greater than five microns.
It examines a half-millimeter field
in 30 seconds. X-ray techniques
have been used for some time in
nondestructive testing, but this sys-
tem is considered the first to take
advantage of the scattering proper-
ties, rather than the power, of an
electron beam,

A specimen of steel is placed in
a chamber where it is scanned by
an electron beam. This causes an
emission of x-rays from the stecl
and a backscatter of clectrons from
the beam. The backscatter, detect-
ed by scintillation counters, counts
the number of inclusions. Three
spectrometers, mounted within the
chamber, identify the x-rays.

Comparing angles. Since the
density of nonmetallic inclusions
in the specimen differs from the
density of the iron in steel, vary-
ing intensities of electron back-
scatter can be counted. To identify
the inclusions, the spectrometers
are preset for the expected inclu-
sions—aluminum or manganese,
for example—by adjusting the an-
gle of a lithium fluoride crystal.
Each inclusion, when scanned by
the beam, causes x-ray emission at
a unique angle. The spectrometers
produce different pulses for each
element and the logic circuits of a
special-purpose computer compare
the pulses and identify the inclu-
sion, Three different elements can
be recognized in one scan. Addi-
tional logic circuits categorize each
inclusion into one of four size-
groups.

The possibility of counting an
inclusion more than once is elim-
inated by using a magnetic-drum
intermediate storage that permits
signals to be counted only if a sim-
ilar signal was not present on the
previous scanning line.

Toward all-Europe tv

The British Broadcasting Corp.’s
research department believes it
has the answer to foggy reception
of television programs that origi-
nate on the Continent.

The answer is an electronic
switching system that will convert
a 625-line tv picture to a 405-line
picture—or vice versa—in 50 nano-
seconds at the turn of a switch,

The standard method, using a
405-line tv camera to rebroadcast
a picture seen on a 625-line set, de-
grades picture quality. The new
system is expected to overcome
this problem and also help to un-
snar] the complications in all-Euro-
pean tv broadcasting,

Britain now uses a 405-line sys-
tem; most of the Continent uses a
625-line system, and France usecs
825 lines. The BBC itself will use
both 405 and 625 lines as it changes
over to the more widely used 625-
line standard.

Scanning the picture. The BBC
converter divides each line of the
incoming picture signal into 576
elements and feeds each element
into a storage capacitor. The ca-
pacitors carry signal amplitudes
corresponding to a vertical strip of
the picture. This vertical aperture
is shifted, element by element,
across the picture, Thus the incom-
ing signal is scanned by a 576-way
switch that rotates once per line.

A sccond scanning-switch sys-
tem, operating at the new line fre-
quency, reads the signal in each
capacitor to obtain the information
needed to regenerate the line at the
second line standard.

Converting the lines. The scan-
ning circuits are diode-bridge and
transistor circuits in two switching
sections of 36 and 16 units, Operat-
ing at different speeds, the switches
convert the active portion of each
line. After each cycle, a shift regis-
ter advances to connect a new in-
put or output group to the 36-way
switch,

The scanners do not provide
synchronizing signals. A special
computer generates the synchron-
izing waveform which is inserted
automatically at the correct loca-
tion in the system’s output.

When a 625-line signal is being
converted to 405 lines, the com-
puter is driven by the 15,625-cps
line-repetition rate of the input
system. It divides by 81/125 to get
the 10,125-cps signal for the 405-
line system.
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Frequency accuracy of 0.059% with 19, amplitude
accuracy from 10 cps to 200 kc. Output voltage,
100 microvolts to 1 volt from 50 ohms and 1 millivolt

to 10 volts from 600 ohms. All solid state design.
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DISCRETE COMPONENTS: available from stock _all units shown actual size.

Range
Tolerance
Temp. Range
Power

Size
Environmental

Micro-Resistors
(one model available)

102 to 1 Meg
+2% to *59%,
—65° to 4175°C
0.1 W at 125°C
0.1” x 0.03” x 0.05"
MIL-R-10509 D

Circle 34 on reader service card

Micro-Inductors
(one model available)

Micro-Capacitors
(five models available)

Range 10 pf to 1 mf | Range 0.1 Hy to 66 Hy
Tolerance +10% Temp. Range —65° to +130°C
Temp. Range —559 to +150°C Si 0.250” cube
Dissipation Factor 2.59% max. | Ervironmental MIL-T-27A
Size As small as .060’ !
dia. x .150”

Environmental MIL-C-11015 C E
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CUSTOM FILM CIRCUITS ON CERAMIC SUBSTRATES
Made to your exact specifications. Contact factory for details.



BUILDING
BLOCKS

MINIATURIZATION
Here, from one source, is a complete family of Military
icro-Transfo BUURNSTD‘ mjcro-components for your high-density designs.

Take your choice: discrete components for hybrid circuitry
and conventional micro-packaging or custom film circuits on ceramic substrates. Either
way you get the highest available ratio of performance to size.

: Bourns micro-components are the most thoroughly inspected and tested in the industry.
“ They undergo 100%, in-process and final inspections and are subjected to the relentless

-~

double-check of the Bourns Reliability Assurance Program. This program, created for
Bourns TRIMPOT" potentiometers, is the only one of its kind. Its primary goal is reliability.
It is conducted entirely in addition to a regular

quality-control program that in itself exceeds the

efforts of many other companies.

Also backing up these components is the actual BOURNS
Bourns record of reliability—16 years of participa- —MW—

tion in the most important programs of our time. : e
In short, Bourns reliability is a fact—one you can socurns. 1Nc.. TRIMPOT DIVISION
put in your next micro-circuit. Write today for com- 1200 coLUMBIA AVE.. RIVERSIDE. CALIF.

. PHONE 684-1700 . TWX: 714-682 9582
plete technical data. CABLE: BOURNSING

MANUFACTURER: TRIMPOT® & PRECISION POTENTIOMETERS, RELAYS; TRANSDUCERS FOR PRESSURE, POSITION, ACCELERATION. PLANTS: RIVERSIDE, CALIFORNIA; AMES, IOWA; I0RONTO, CANADA

SEE BOURNS P2ODUCTS AT WESCON, HOLLYWOOD PARK, BOOTH NUMBERS 363, 4, 5



NO.1 IN A SERIES OF INTERNATIONAL RECTIFIER SEMICONDUCTOR QUIZZES

TEST YOUR

ZENER 1Q)!

See answers at bottom of page

QUESTION 2: The voltage regulator
diode may be considered to be similar
toa______ when used for cathode
bias purposes.

A — filter capacitor

B — relay

C — battery

QUESTION 4: Zener diodes which have
a relatively high breakdown voliage
ratling exhibit

A — anegative temperature coefficient

B — a positive temperature coefficient

C — azero temperature coefficient

M-Mh~\\vL

IR stud mounted 50 wati Zenersrequire
only one mounting hole compared with
the three positioned holes needed to
mount the TO-3 package. This means
a reduction of 30% in your time and
labor costs!

MMM

IR’s diffused junction 1 watt flange-
less Zeners span the voltage range from
6.8 to 200 volts, including rugged
1N1767-1802, and 1N3016-3051 scries.

QUESTION 6: The breakdown voltage
of a silicon Zener voltage regulator
diode is dependent on

A — the power rating of the diode

B — the area of the PN junction
C — the resistivity of the silicon

I L8

76 high reliability Zener types span the
voltage range from 3.9 to 30 volts in
IR’s popular 1N1507-1N1517, 750 mw
and 1N1518-1N1528 1 watt alloyed
series...available in 5%, 10%, 209%
voliage {olerances.

ARE YOU A ZENER WONDER-BOY??? If you got 5 out of 7 correct in this Zener quiz, you are definitely above average.
If you checked 6 out of 7 correctly you are a budding Zener genius, and if you got 100% (7 out of 7) you are without
doubt a Zener wonder boy. But you don’t have to be a Zener genius to know that when you specify from the wide,

wide IR Zener voltage regulator line, you get the only Zeners in the field with demonstrated industrial reliability of
99.988%,. This is practical reliability proven under a multitude of field conditions. For a complete run-down

on IR Zeners and reference elements, as well as a wide variety of other high reliability semiconductors, circle the
Reader Service card number below to receive your copy of the International Rectifier 1964 Short I'orm Catalog.

ze= |[NTERNATIONAL RECTIFIER

INTERNATIONAL RECTIFIER CORP., EL SEGUNDO, CALIF., PHONE OR 8-6281 » CABLE RECTUSA » REGIONAL OFFICES IN NEW YORK CITY, CH 4-0748 » FORT LEE, N.J,
WI 7-3311 » SYRACUSE, N.Y. HE 7-8495 + CAMBRIDGE, MASS., UN 4-6520 » ARDMORE, PA, M| 93667, GR 3-3932 » SILVER SPRING, MD., JU 9-3305 * MIAMI, FLA., 445-5201
« CHICAGO, ILL., OR 64090 » CLEVELAND, OHIO, 734-4100 » DAYTON, OHIO, 223-7691 + HUNTINGTON WOODS, MICH,, LI 8-1144 » ST. LOUIS, MO., TE 8-6333 » MINNEAPOLIS,
MINN. 920.1200 » DALLAS, TEX., LA 1-0110 + LOS ANGELES, CALIF, OR 8.6281 « IN CANADA: TORONTO, ONT, PL 9-7581 « MONTREAL, QUE, VI 9-3571

Contact the International Rectifier Regional Office nearest you for the Authorized Distributor in your area,
0:£'0-9'0-G 'g-¥'9-€'0-2 'V 1 :s10MmsUY
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Busy signal
for McNamara

NASA will open
electronics center

FTC eases drive
on foreign parts

Washington Newsletter

August 24, 1964

Now that the Department of Defense has decided that it wants its own
communications satellite system, the Philco Corp. seems to have the in-
side track. The company has been studying a medium-altitude—6,000
miles—system under an Air Force contract. And it has spent more than $3
million on special tools and equipment for in-house engineering.

The Pentagon’s decision came as a surprise. Economy-minded Defense
Secretary Robert S. McNamara had been opposed to a separate satellite
system. But he changed his mind when he couldn’t get a call through to
South Vietnam over regular Pentagon circuits right after the North Viet-
namese torpedo boats had attacked two U.S. destroyers. This convinced
him that the military had to have its own communications facilities.

The military system calls for an early 1966 launch of 24 communica-
tions satellites, eight at a time with three Titan ITI-C boosters. They will
be placed into near-synchronous, 18,000-nautical-mile equatorial orbits
which will permit each satellite to be visible to a single ground terminal
for about 20 hours at a time.

The ground network to the system will consist initially of 14 Army
Satellite Communications Agency (Satcom) link terminals: six 40-foot-
diameter dish transportable stations ordered from the Hughes Aircraft
Co. in June at a cost of $9.7 million, and eight existing Satcom ter-
minals including four 30-foot transportable terminals built by the Bendix
Corp. and the International Telephone & Telegraph Corp. and now lo-
cated at Lakehurst, N.J.: Camp Roberts, Calif.; Helemenco, Hawaii;
and Manila, the Philippines; two 60-foot fixed terminals at Fort Dix, N.J.
and Camp Roberts, one 15-foot transportable terminal built by Hughes
and located at Camp Roberts, and the 30-foot floating terminal on the
USNS Kingsport.

The National Aeronautics and Space Administration will open its elec-
tronics research center Sept. 1 in temporary, rented quarters in Boston.
By 1969, plans call for a $60-million facility staffed by 2,100 employees
including 700 scientists.

Winston E. Kock, vice president of research at the Bendix Corp., will
direct the center. The deputy director will be Albert J. Kelly, director
of electronics and control in NASA’s Office of Advanced Research and
Technology.

The center’s research-and-development budget for the present fiscal
year will be only $2 million. This is expected to climb to $8 million next
year and to about $50 million by fiscal 1969. Most of the current R&D
work will be contracted to industry; when it’s in full operation, the center
plans to do some of the work itself.

The Federal Trade Commission has quietly downgraded its effort to
tighten its regulations on disclosure of foreign-made components in
radios and television sets.

In a confidential memorandum to its staff, the agency confined foreign-
origin cases to those that involve a “primary functional element” that is
not readily replaceable in this country, and to those cases that indicate
a clear intent to deceive the public.
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In March, 1962, the FTC charged Motorola, Inc., with failing to dis-
close that it was using Japanese parts in radios. The subsequent investi-
gation disclosed that the practice in question was so widespread that
the agency dropped the case against Motorola last February and decided
to broaden its rule. The Electronic Industries Association was invited to
propose new language for the regulation, but the association has not
done so.

The commission considers it a deceptive practice to fail to disclose the
foreign origin of a major component if that fact might influence a con-
sumer’s decision on buying the radio or tv set. However, commission
lawyers concede that this is a difficult condition to define.

The agency’s attitude toward other industries has been similar.

Comsat seeks The Communications Satellite Corp. has asked the Federal Communica-
tions Commission to give it exclusive rights to own and operate ground
stations for its communications system. This request seems certain to
be contested by utilities such as the American Telephone & Telegraph
Co. Private concerns have long argued that they, not Comsat, should
own the ground stations.

Comsat contends it needs ownership to provide the most efficient
communications system possible. It also wants the FCC to prohibit the
construction of any other nongovernment stations that might be used
with Comsat’s satellites.

Ground stations are planned for the northeastern, northwestern and
southeastern sections of the United States, plus one in Hawaii, to service
the initial satellite system.

The FCC has allowed 30 days for interested persons to file comments.
A final decision is likely to be months away.

exclusive rights

Pressure mounts  Political pressure is building up for ending or reducing 10% excise taxes
. next year, including the tax on consumer electronic products.

for excise-tax cut The Republican platform flatly calls for cuts in the taxes. Democrats,

writing their platform, are under heavy pressure from congressmen to

match the GOP stand.

President Johnson, whose Administration blocked attempts in Congress
to cut excise taxes this year, told the National Association of Counties:
“If prices remain stable, as they have, and prosperity continues as it has,
we want to cut some of our excise taxes at least, and before too long to
cut income taxes once more.”

Job Corps seen Passage of antipoverty legislation may give impetus to the development
of teaching machines. They’re considered certain to be tried in the Job
Corps camps that are authorized in the new Economic Opportunity Act.

Four companies have been working with government officials on the
education aspect of the war on poverty, and are considered front-runners
for contracts to supply electronic equipment. They are Litton Industries,
Inc., the International Business Machines Corp., the Westinghouse Elec-
tric Corp. and the System Development Corp.

Congress is expected to appropriate $1 billion soon for the program.
Of this; $190 million would go to the Job Corps.

electronics buyer
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Because FREON solvents are nonflammable, virtually nonto

cleaning equipment directly at the end of its assembly line for maximum efficiency.

Rauland uses FREON’ TF
to “super-clean” color-TV
picture-tube subassemblies

Cleaning of color-TV tube gun sub-
assemblies is a critical operation be-
cause of the extremely high voltages
to which they will be subjected. Any
particulate matter not removed

This combination cleaning system was engi-
neered specifically for the Rauland Corporation
by G. S. Blakeslee Co., Chicago, Illinois. It is
just another example of the complete cleaning
system engineering you can expect from your
representative for Du Pont FREON®.

Electronics ' August 24, 1964

could cause arcing and a blown tube
...any leftover lubricants would
seriously affect the rise time and
service life of the tube. For this crit-

ical cleaning operation, the Rauland

Corporation, Chicago— a division of
Zenith Radio Corporation—uses
FREON TF solvent.

Now, cleaning of the subassem-
blies is a quick, simple, low-cost op-
eration. ..thanks to a cleaning sys-
tem engineered and installed by a
FREON solvent sales agent. This
cleaning system uses FREON TF.
The combined action of extremely
low surface tension and high den-
sity enables FREON TF to penetrate
minute crevices and effectively re-
lease and float away soils . . . even
particulate matter. This results in
complete, residue-free cleaning.

If you would like to investigate
the many ways you can use FREON
solventsin yourcleaning operations,
mail the coupon at the right.

xic and free from irritating odors, Rauland Corp. can safely locate its

After being cleaned in quick-drying FREON TF,
the residue-free subassembly is ready imme-
diately for final processing.

FREON'

SOLVENTS oy
Better Things for Better Living. . .through Chemistry

Du Pont Co., “Freon’’ Products Division
N-2430 E-2, Wilmington, Delaware 19898

Please send information on FREON sol vents.
I am interested in cleaning.

———— e e e e e e e e

Name Title.
Company.
Address
City. State__ Zip

o e e ey e ——— -
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..shock to 25 g...vibration—10 g to 2,000 cps...

An instrumentation quality tape
recorder/reproducer you can
hand-carry to any test site

In stringent environments—or in the lab-no other in-
strumentation recorder/reproducer quile matches the
performance of the LEACH MTR-3200 in weight—in
size—in extended data bandwidth—in power consump-
tion—in electronic options.

The new Leach MTR-3200 recorder, with all electronics
for up to 14 direct and FM or 16 digital channels, has
tape capacity of 2400" and weighs only 44 Ibs. maxi-
mum. Frequency response in an extended range of 50
cps to 250 ke Analog, and DC to 20 kc FM is easily
handled within the capabilities of this unit. Power re-
quirements are only 55 watts @ 110 vac or 47 watts @
12 or 24 vdc.

Flutter is less than 6% p/p through environment and
less than 0.5% p/p in static conditions.

40 Circle 40 on reader service card
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Seven speeds are offered, which are electrically select-
able in speed pairs. Specialized bi-directional operation
allows extended recording time. Modular electronic
design permits many standard options, and even more
on special order.

Exceeding standard IRIG specifications, the Leach
MTR-3200 is suitable for a wide variety of applications
where data collection requirements demand precision
laboratory performance even in adverse environments
of testing.

For complete technical data, write for bulletin MTR-

3200-864.
CORPORATION

lEACH CONTROLS DIVISION

717 North Coney Avenue, Azusa, California « Phone: (213) 334.8211
Export: LEACH INTERNATIONAL S A,
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RAULAND FLYING SPOT SCANNER

APPLICATIONS UNLIMITED

e RADAR ¢ COMPUTERS \ Y
¢ PHOTOGRAPHIC TECHNIQUES } ;
e FILM TRANSMISSION

Rauland’s 5” High Resolution CRT features one mil spot
size (measured by the Shrinking Raster Method), extremely
fine grain screen with low phosphor noise and flat non-brown-
ing face plate, ground and optically polished. Applications
are limited only by the imagination; write for complete tech-
‘nical specifications.

ULTRAFAST SCAN CONVERTER STORAGE TUBE

Rauland’s ultrafast Scan Converter Storage Tube re-
cords and stores transient phenomenon with pulse rise
times of less than a nanosecond. The R6253 tube per-
mits slow scanning techniques to be used for the relay
of transient pulse data over narrow band systems. The
pulse may also be recorded by conventional means —
on magnetic tape, transmitted over inecxpensive tele-
metry links, over communication cables, displayed on
an ordinary television monitor and photographed using
“box camera” exposure time. Relay or recording of
pulses can be simultaneous with visual observation. It
utilizes a distributed deflection system for the writing
Photograph of 2 24 nanosecond transient pulse as side and either magnetic or electrostatic deflection for
displayed on an ordinary television monitor. readout of high speed phenomenon.

FLAT FACE
DISPLAY TUBES

Rauland's flat face tubes
(16*, 22%, 24") minimize
parallax error. Resolution

capability of 1000 TV
lines at a brightness of

100 foot-lamberts. We The RAULAND A subsidiary of

will suit your specific re-

Resolution Capability of 1000 TV lines. quirements with any type Corporation w -

SCAN CONVERTER
STORAGE TUBES

Erase Capability of 2 seconds or less. of radar display tube in
Any combination of electrostatic or any size with any type
magnetic deflection is available. phosphor or gun.

5600 JARYIS AVENUE
CHICAGO 48, ILL. Radio Corporation
MULberry 5-5000 Chicago, lllinois
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MODEL 862

Digital readout for quality control
and incoming inspection testing.
Optional digital comparator pro-
vides accurate, repeatable trip
points. Can be quickly programmed
for both high and low limits on each
of the 36 tests. Recording output for
a tape punch, typewriter, card punch
or digital printer. Both automatic
and manual handling equipment can
be furnished for a variety of devices.

INDUSTRIAL [7

PRODUCTS
GROUP

42 Circle 42 on reader service card

with Integrated Circuits
the big problem }?ﬁesting

here are the BIG problem solvers

MODEL 659A
A fast go/no-go instrument designed
for high-volume production and
incoming testing. Short test times
permit a com-
plete 36-test
sequence in
less than 2
seconds. Four
programmable
power sup-
plies provided.

e 36 d-c tests
e 14 active leads
o Kelvin connections

e ‘Do it yourself”
programming

e .05% power regulation

e Less than 1-mv long-
term drift

e All logic types

MODEL 659B

Similar to the 659A with space an
connections
for digital
voltmeter. In-

cludes two
fixed power
supplies and
cight pro-
grammable
power sup-

plies.

TEXAS INSTRUMENTS

INCORPORATED

P O. BOX 66027

HOUSTON 6. TEXAS
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DU MIONT TUBE TECHNOLOGY
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NEW STORAGE TUBE SHARPENS TRACKING SYSTEM'S VISION

The newest generation of tracking and radar
systems demands a new generation of direct
view storage tubes with improved dynamic
display uniformity and resolution capabilities.
Du Mont engineers have taken on this prob-
lem with marked success.

Case in point: the storage tube originally
specified for the PPl of a certain missile
tracking system (not Du Mont) lacked center-
to-edge uniformity of writing, erasing and
brightness. The area at the center of the
screen built up a disproportionately high sig-
nal charge level. This increased background
brightness to the point of obscuring nearby
targets. The condition could be partially com-
pensated by increasing storage electrode
bias, but this reduced sensitivity to remote
weak targets displayed in the peripheral
area. Another alternative, equally unsatis-
factory, was to erase the image completely
every two or three minutes. This left the sys-
tem blind during the interval required for a
complete antenna rotation.

Electronics August 24, 1964

The problem was eliminated by the storage
tube Du Mont designed and built for this
application. This tube, Type KS2329, achieves
substantially uniform dynamic characteristics
over the entire storage surface. Resolution
capability—600 TV lines in the useful diam-
eter—is 60% greater than that of the original
tube. And, with no increase in length, a 12%
increase in useful diameter (to 9”) was
achieved.

Reliability in severe environments was an-
other requirement. So, with its integral mu-
metal shield, the Type KS2329 is potted in a
resilient, fungus-resistant compound, and is
fitted with multiple pin locking connectors
and rugged mounting lugs.

CRT’s STORAGE

TUBES

PMT’s POWER

TUBES

<

The final result was a significant advance in
storage tube technology—or, from the cus-
tomer's viewpoint, a tracking system with
greatly improved vision. Now both strong
and weak targets are oisplayed with excel-
lent resolution, persistence and brightness.
Additional features include internal feedback
correction electrodes for high pattern geom-
etry accuracy and zero DP current operation
to overcome deflection non-linearities result-
ing from unpredictable collection of writing
beam current and reflected flood beam
current

COMPACT PACKAGING

Another new storage tube developed by
Du Mont packs unusual performance into a
small envelope—and even that is designed to
provide extra space for circuitry in the area
around the yoke. This tube has a screen di-
ameter of 5”. overall length of only 8”. Reso-
lution s better than 125 lines/in.; writing
speed is 300,000 in./sec. Since the tube has
the same excellent integration characteristics
as the KS2329, it is expected to find wide
application as an indicator in airborne radars,
or as a radar indicator and TV display mon-
itor.

Other Du Mont storage tube developments
include an on-axis writing gun. This consid-
erable feat, never successfully accomplished
in larger tubes, hinged on locating the flood
gun or guns off-axis while retaining uniform
illumination. The Du Mont tube does not de-
pend on physical alignment to do this. In-
stead, three off-axis guns are used with split
anodes which direct the beam from each to-
ward or away from the tube axis. Uniform
illumination is achieved, the write gun is lo-
cated on-axis—and the DVST can replace a
CRT with no change in deflection com-
ponents.

CUSTOM DESIGN OR OFF-THE- SHELF

Over the years, the solution of many indi-
vidual tube problems has resulted in the
availability of more than 4,000 types of
Du Mont tubes. These fall into four general
categories: Cathode-ray Tubes, Photomulti-
plier Tubes, Power Tubes and Storage Tubes.
The latter includes both direct view and elec-
trical output tubes. If you need a special pur-
pose tube, you'll probably find it listed in the
latest Du Mont tube catalog. If it isn't, we will
design and build it for you. For your copy of
the catalog, write (letterhead, please) to
Fairchild-Du Mont Laboratories, Dept. 8G,
750 Bloomfield Ave., Clifton, N, J,

FAIRCHILD

S ] ML

DU MONT LABORATORIES
ELECTRONIC TUBE DIVISION
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... AT LAST — THE FIRST TRUE HYBRID COMPUTER

A completely new kind of signal processor, the Adage

AMBILOG™ 200 computer is designed from the ground up to

exploit the best of both analog and digital techniques. It combines
parallel hybrid arithmetic with stored-program sequential operation.

High processing speeds (often ten times faster than comparably-
priced conventional machines) and extensive input Joutput for both
analog and digital data make AMBILOG 200 ideal for data
acquisition, simulation, and information display.

PARALLEL
HYBRID ARITHMETIC

AMBILOG 200 achieves high
processing speeds through
parallel organization of hybrid
computing elements all
operating simultaneously on
analog and digital operands.
Word length of digital operands
is 15 bits; analog accuracy is
.01%. A fast 30-bit digital
accumulator augments the
15-bit hybrid arithmetic.

A typical configuration
performs 12 additions, 2 multi-
plications and 1 division in ten
microseconds.

Hybrid arithmetic, A /D and

D /A conversion, comparison,
and signal routing and
conditioning are all carried out
under direct control of the
stored program.

SEQUENTIAL STORED-
PROGRAM OPERATION

Fifteen and 30-bit data words
are transferred at high speeds
to and from memory and all
other parts of the AMBILOG 200
under flexible stored-program
control. Core memory word
length is 30 bits; cycle time is

2 microseconds. Memory sizes
up to 32,768 words are available,
all directly addressable. Digital
I /O devices include punched
tape, typewriter, magnetic tape,
and direct data channels. A
unique multiple priority
interrupt system permits com-
plete servicing of interrupts in
as little as 3 microseconds, and
facilitates interconnection for
multi-processor installations.

PROGRAMMING

Instruction word length is

30 bits, permitting simultaneous
contro! of memory, source and
destination selection, word
rotation, and Boolean logical
operations. The order structure
includes provision for recursive
indirect addressing and
indexing, a number of condi-
tional and unconditional jumps,
and program traps.

The AMBILOG 200 Symbolic
Translator permits program-
ming in symbolic source
language and is easily extended
{0 accept any problem-oriented
source language.

Software support includes
programmer and maintenance
training, installation and
maintenance services, system.
programs, standard sub-
routines, and complete
documentation.

Adage, Inc. welcomes employment inquiries from professional enginecers.

BROAD APPLICATION

Flexibility, economy, and real-
time processing power make
AMBILOG 200 a ‘‘natural” for

Biomedical monitoring
Seismic data processing
Sonar and radar signal
enhancement

Test stand instrumentation.
Programmed automatic
checkout

Factory test and inspection
Communications research
Process control
Space-vehicle simulation
Simulator trainers
Telemetry receiving stations
Visual display systems

For more facts, contact
I. R. Schwartz, Vice President.

617-UN 4-6620.

-
Main Office and Factory
292 Main Street

Cambridge, Massachusetts 02142

West Coast Plant
1145 East Ash Avenue,
Fullerton, California 92631

44 Circle 44 on reader service card

Circle 45 on reader service card—>



"l solemnly swear to tell the truth*.003%"

Our new Portametric Voltmeter testifies to an accuracy several
times better than most laboratory potentiometers. This means it
can easily double as a voltage calibration system for laboratory
potentiometers, digital and diflerential voltineters. It also serves
as a precision voltage source.

Everything vou need to start making measurements is included:
five-dial potentiometer. volthox. zener-regulated working voltage
source, a portable reference standard cell and a solid-state null
detector of high sensitivity. They're all conveniently built into the
portable case, and you buy the works for one low price — $895.

Up to now, there has been nothing on the market at this price with
this kind of accuracy. We ofler it as witness to ESI measurement
capabilities and invite you to be the judge. £SI, 13900 VW Science
Park Drive, Portland, Oregon (97229).

Model 330 Portametric Voltmeter

Voltmeter Ranges: 5—1 microvolt to 1200 volts.

Potentiometer Accuracy: = 10 ppm of reading = 1 ppm full
scale on each range.

Voltbox Accuracy: = 10 ppm.

Standard Cell Accuraey: = 10 ppm.

Input Impedance: Infinite at null on ranges 1, 2 and 3. 10 meg-
ohms on ranges 4 and 5.

Battery Life: Approximately 1000 hours.

Null Detector: High-gain solid-state guarded detector;|more|than
5 microvolts dc sensitivity; input impedance: about 1 megohm.

e's i _Electro Scientific Industries



COMPATIBLE
COMBINATION

FOR

ELECTRONIC

EQUIPMENT

*

PRESTIGE CABINETS

Beautifully built eleetronic pack-
aging distinguished in appearance
and highly practical for housing
a single piece of equipment or a
large instrumentation system.,

46

x

TRANS-AIRE BLOWERS

Prolong the life of sensitive elec-
tronic equipment and maintain
its proper efficiency by dissipat-
ing excessive heat generated in
the enclosure.

[y

Circle 46 on reader service card

BUD RADIO, INC.

WILLOUGHBY, OHIO
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I WIDEBAND DISPLAY! SWEEPS UP TO TEN TIMES RFI METER IF
W RAPID VISUAL ANALYSIS OF AM, FM, AND PULSED SIGNALS
B EXCEPTIONAL RESOLUTION @ USE IT WITH ALL RFI METERS

E”I)IIMY Spectrum Signature Analyzer PA-210 is a Panadaptor swept-band spec-
trum display instrument for use with Noise and Field Intensity Meters such as
Empire Models NF-105, NF-205, and NF-112. Inherent with the PA-210 is the un-
paralleled combination of pioneering experience, specialized skills and reputation
for quality earned by Empire instruments in the field of RFl measurements.

In spectrum surveillance operations, the Empire Spectrum Signature Analyzer greatly
speeds identification of interference phenomena. Provides convenience in spectrum
scanning, and is virtually indispensable in the rapid detection and analysis of inter-
ference, harmonics, sideband splatter, dynamic signal changes, instability, pulsed
signals, multiple signals, wideband short-pulsed signals, and unusual types of noise.

Operating at fixed IF's obtained from the Field intensity Meter, the PA-210 provides
a CRT display of a band centered around the frequency to which the Field Intensity
Meter is tuned. The PA-210 is equipped with four plug-in tuning units to ensure com-
patibility with all IF frequencies employed in existing Field Intensity Meters over the
frequency range of 14 kc - 22 gc. Unlike similar instruments, the PA-210 may utilize
pre-IF as well as post-IF pick-off. With pre-IF pick-off, the PA-210 sweeps up to ten
times as wide as the IF bandwith of the RFi instrument, opening new realms of
application in wideband monitoring and signal searching. Contact your Metrics sales
representative for technical information and applications engineering assistance,

ASK YOUR METRICS SALES REPRESENTATIVE ABOUT THE NEW SINGER TIME PAY AND LEASE PROGRAMS

EMFIRE METRICS DIVISIO

SA Tipdemers ot THE SINGER COMPANY

SIGNALS

DENTIFICATION

4

SPECIFICATIONS

TUNING  COMPATIBLE ASSOCIATED
UNIT IF NOISE METER
T1°PA-210 225 ke's  Empire T-X/NF-105

455 ke 's
., PA- .A’NF-
T2, PA-210 f 1600 ke ‘s Empire T-A/NF-105

10.7 Mc's  Empire T-1/NF-105
30.0 Mc s Empire T-2/NF-105
T3,PA-210 42,0 Mc‘s  Empire T-3 NF-105

15.0 Mc /s {Optional)
60.0 Mc s (Optional)
60.0 Mc's  Empire NF-112 (Al|
Heads)
T4 PA210 {1400 Mc's (Optiona))
160.0 Mc s {Optional)

& Sweep Width: Linear frequency scale:

T1 PA-210 — 0 to 20 ke

T2 PA-210 —- 0 to 100 kc

T3 PA-210 — 0 to 1 mc

T4 PA-210 — 0 to 30 me
B Sweep Rate: Continuously adjustable 1.60
cps, may be synchronized to line or externaf.
B Sensitivity: Full scale deflection with signal
capable of providing full scale noise meter des
flection {3s low as 1 or 2 pv, approx. 12 av
full scale). 8 Resolution: Adjustable. 10 cps to
1.0 ke minimum (Depends on the head n use).
B Power: 115 v {(nom.), 50-400 cps. others on
special order. W Amplitude Scales: Linear,
log (40 db), power (square law). B 17" w %
834" h x 22" d, approximately 40 pounds.

THE SINGER COMPANY

915 PEMBROKE ST., BRIDGEPORT, CONNECTICUT

PHONE (203) 366-3201 » TWX 710-453-3483

Design and production of PANORAMIC » SENSITIVE RESEARCH » EMPIRE « GERTSCH instruments for measurement

E.64.-4



Anode Heatsink

Fused Anode
Contact

Cathode Heatsink

Hermetic Seal

“PEP” Pellet

Fused Cathode
Contact

smaller than most...as rugged as they come...and inherently more reliable!

The new General Electric Double Heatsink Diode
features a simplified design that eliminates the “S”
strap, offers fused anode and cathode contacts, and
provides increased power dissipation in less unit
volume. Process stabilization at 300°C assures out-
standing parameter stability. This combination of
design and process control, coupled with the ad-
vantages of the DHD Planar Epitaxial Passivated
pellet, offers outstanding electrical performance
and device reliability.

To learn more about the performance and eco-
nomic advantages the Double Heatsink Diode can
offer your designs, see your Semiconductor Pro-
ducts District Sales Manager, or write Semicon-
ductor Products Department, Section 16H160,
General Electric Company, Electronics Park, Syra-
cuse, New York. In Canada: Canadian General
Electric, 189 Dufferin Street, Toronto, Ontario.
Export: International General Electric, 159 Mad-
ison Avenue, New York 16, New York.

48 Circle 48 on reader service card

Comparison of General Electric “PEP” Diode Pellets

INGSY- INQUI8- Sp.300  1N4150  SD-400  SD-80O

Breakdown

Voltage

BV@ 5pa 3575 100 40 40 40  volts
Leakage 0.1 @

Current 50 50 10v 50 50 50  nano-

Ir @ 30 amps

volts, 25°C (max)
Capacitance pico-

C@0volts 24 2-4 3 2.5 6 30 farads

C@ —10 15  pico-

volts farads
Recovery Time

tr (IR=1F=

10ma, re- 4 5 100 4 10 20 nano-

covery to sec-

1 ma onds
Conductance

typical Ir @

Ve=1 volt,

25°C 100 150 100 250 400 800 ma

Available through your G-E semiconductor distributor

GENERAL @3 ELECTRIC
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Technical articles

Highlights

Finding new applications for ceramic tubes: page 50

Although they are several years old, ceramic vacuum tubes are
finding a lot of new applications. They are rugged, reliable, and can
be miniaturized. At first glance they seem most useful in circuits
which operate at ultrahigh frequencies or at the lower end of the
microwave band. But they also can be used in audio, video

and low-frequency applications. In addition, they are
radiation-resistant.

Circuits that act like human reflexes: page 66

Pavlov's experiments with conditioned reflexes are famous. Now an
engineer tries to apply the same technique to a computer. By designing
circuits that can ‘‘pair’’—relate one event to another—he hopes

to increase the capability of data processors, without restrictions on
the usual circuit design or programing.

A survey of digital logic trainers: page 71

Retraining engineers to design computers or computing circuits
can be speeded up by commercially available logic

trainers. In addition, these devices can be used to breadboard and
design test circuits. Which one you choose depends on your needs.

Tripling data storage in a space recorder: page 84

Satellite experiments have pushed magnetic recording capability far
beyond what was thought possible only a few years ago. For the
Gemini space project, engineers have gone another step forward,
tripling packing densities with a diphase recording technique.

« Special Report: Transistor heat dissipators
* Profile of the industry
» The thermal side of solid-state design
= New devices to dissipate heat
= A low-cost approach to liquid cooling
= Choosing the right heat dissipator
» Less noise in diode transistor logic circuits
* Electronics in the supersonic transport

419



Components

Attractive alternative at uhf:
the ceramic vacuum tube

Circuit requirements for ultrahigh frequencies and the lower

microwave bands are met by small ceramic triodes. They are
useful too for audio, video and low radio-frequency applications

By James W. Rush Jr.

Tube Dept., General Electric Co., Owensboro, Ky.

With missile telemetering bands moving in to join
the point-to-point and air-to-ground radio com-
munications services that now occupy the ultra-
high-frequency and lower microwave regions of
the frequency spectrum, designers are focusing
their attention on equipment for these areas. Small
ceramic vacuum tubes with planar electrodes pro-
vide an attractive design alternative to both var-
actor frequency-multipliers and klystrons. They
deliver more power than varactors and are cheaper
and more compact than klystrons.

Ceramic tubes are being designed also into a
15-Gc radar system, into a new uhf altimeter so sen-
sitive it can tell the height of railroad tracks and
telephone wires and into special communications
equipment. They have been used in telemetering
transmitters during the carly suborbital Mercury
space shots, as the continuous-wave beacon trans-
mitter in the Pioneer IV space probe and in moon-
bounce experiments conducted by amateur radio
operators.

- The cover

Electronics

Therma traotber worky 10 merogieuite page 53 ¥
Camputers tut tostang costs: pege 76
Rceiving weathiv photos from orbit: page 81 —

This cross-section of a
General Electric ceramic
tube shows the con-
struction that makes such
tubes rugged and resistant
to mechanical shock. Art
director Howard Berry
placed the unusual shapes
on a color spectrum.

50

Low transit time, low grid-to-plate capacitance
and low structural inductance are characteristics
of ceramic tubes that improve their performance at
high frequencies. Shot noise, flicker noise, induced
grid noise and microphonics all are low. The ratio
of transconductance to plate current is high and
heater power requirements are low. The tubes
resist high temperatures, low temperatures, me-
chanical shock and nuclear radiation.

Their ability to function in such hostile environ-
ments has led to communications and control appli-
cations in the frequency ranges from d-c to video
and from the low to very high radio frequencies.

The 7910 and Y-1171 structures best exemplify
the advantages of ceramic tubes in the ubhf region.
These two tube types differ from each other only
in the internal diameter of the cathode. The thin
ceramic shell minimizes capacitive loading caused
by the characteristics of the insulating ceramic
itself. The structure has the fewest possible radio-
frequency discontinuities and has low lead induc-
tance. It has been evaluated beyond 10 Ge in a
reentrant oscillator circuit (drawing, page 51).

Plate efficiency

Plate efliciencies of 2% have been obtained at
9.5 Ge. Although this is low, compared to the plate
efficiencies of traveling-wave tubes and magnetrons,
it is high for grid-type vacuum tubes, and is equal to
or better than that of most reflex klystrons. The tri-
ode oscillator is less voltage-sensitive than a kly-
stron and uses a much simpler power supply. The
sideband noise of the triode oscillator also is re-
ported to be much lower than that of a klystron
local oscillator.

The type 7910 ceramic tube is primarily a plate-
pulsed oscillator; a typical tube will deliver about

Electronics | August 24, 1964
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Plan view of a type 7077 triode (left) and cross section of the 7910/Y-1171. Conventional tube parts are in color.

100 watts of peak power at 3,700 Mc with a plate
cfficiency of about 17%. The Y-1171 is being de-
signed for use as an X-band local oscillator. Suffi-
cient power for this application is obtained over
a 10% tuning range. One local oscillator weighed
only two ounces excluding the high-voltage and
heater leads.

Current density

One of the most significant features of the ti-
tanium-ceramic structure used in these tubes is
its long life at high current densities. Several differ-
ent life tests have been run in excess of rating to
obtain a preliminary estimate of the tubes’ longev-
ity with high cathode loading. One tube was oper-
ated at about 0.5 amp/cm? for 5,000 hours with-
out noticeable drop in power output at 925 Mc.

Nine 450-Mc oscillators using type 7486 tubes
ran for 3,000 hours at 0.4 amp/cm? before the first
failure occurred. This life test was run with heaters
cvcled off and on during the test. One of the nine
units operated almost 10,000 hours without failure.
A larger number of 7486’s was life tested at 0.4
amp/cm? and no significant deterioration of tube
characteristics was noted at 1,000 hours. Other
tests at 1 amp/em?® were run for several hundred
hours.

Operation at high current density reduces transit-
time noise, raises stage gain, increases the gain-
bandwidth product by providing more transcon-
ductance per unit of tube area, raises oscillator
and power amplifier efficienciecs by reducing
transit-time losses and raises the maximum avail-
able power output by permitting a larger d-c input
ver unit tube area and better plate efficiency.
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The uscfulness of operating at high current den-
sity to reduce the noise figure became apparent in
recent tests on the 7077 triode at 1,200 Mc. A typi-
cal tube showed a noise figure of about 8 db when
operated at 0.2 amp/cm?. But at 0.6 amp/cm?, a 2
to 2%2-db reduction in noise figure was noted.

Another exammple is the success in getting useful
power outputs at X-band. It has been verified both
by calculations and measurements that current den-
sities greater than about 0.5 amp/em? are essential.
The Y-1171, as small as it is, will be rated for
about 35 ma. of cathode current and a plate dissi-
pation of about 4 watts. Destructive testing of this
7910/Y-1171 structure in good heat-sinks resulted
in no seal failures with inputs as high as 15 watts.
However, to insure good reliability, the structures
will not normally be rated at this level.

The Y-1171 has operated with c-w power outputs
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of almost 0.7 watt at 5,000 Mc and current densities
of about 0.6 amp/cm?. Plate efficiencies at this fre-
quency are about 15% (or about 11% including
heater power).

The performance of the 7910/Y-1171 structure
was compared with the Siemens-Halske RH7C, a
conventional gridded vacuum tube. At 5,000 Mc an
efficiency of 8% at 0.78 amp/cm? was calculated for
the latter using published performance curves.
Since this does not include heater power, the
overall efficiency drops to 5.4%. The RH7C gives
more absolute power because a 25-watt input is
permissible with proper heat-sinking.

At S and L bands the new family of ceramic
tubes has been shown to operate efficiently in
both strip-line and coaxial circuits. Cavity ampli-
fiers for the 7077-7486 have been built to tune to
4,000 Mc. Strip-line circuits have been constructed
using these two tube types up to at least 2,500
Mc. In the new telemetry band (2,200-2,300 Mc)
the small 7486 gave about 34-watt power output
with a gain of about 12 db. A frequency multiplier
chain from a 50-Mc crystal has been built and
evaluated as a power source at 2250 Mc. Prelim-
inary evaluation of the Y-1223 developmental tubes
indicates at least 10 watts of power at 2,250 Mc
is available at a plate efficiency of about 30%.

Pulsed operation

Vacuum tubes, unlike solid-state devices, can be
operated with very high ratios of peak to average
power. For example, a duty factor of 1,000-to-1 is
common. Average powers of watts become kilo-
watts of peak power. As a result of the higher
voltages and currents possible in pulsed usage,
higher plate efficiencies result. For example, the
7910 triode will produce about 100 watts of peak
power at 5.7 Gc with a plate efficiency of about
16%. The development type Z-2867 gives about
2.4 kilowatts of peak power at 4,200 Mc with a
plate efficiency of about 30%. This tube consumes
only about 3.5 watts of heater power and has de-
livered one kilowatt at 6,000 Mc with about 13%
plate efficiency.

This pulsed performance was measured in pulsed
oscillator cavities tuned for maximum efficiency
and power output. Recent radar applications, like
phased-array antennas, require broadband pulse
amplifiers with low phase distortion and phase
shift. The high-transconductance, low-capacitance
planar triode appears to be a natural choice for
this application.

At rated class A conditions using double-tuned
circuits, the 7768 has demonstrated measured gain-
bandwidths up to 2,500 Mc. Transconductance
with c-w operation was 50,000 micromhos. But
100,000 micromhos is available at 500 volts and
about —0.75 volt bias and almost 150,000 micro-
mhos is available at zero bias. These higher levels
double or triple the gain-bandwidth products avail-
able for pulsed operation. The tube, when grid
pulsed at 1,300 Mc with 500 d-c volts on the plate,
gave about 15-db gain and 130 Mc bandwidth.
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How ceramic tubes perform...
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Comparison of noise figure versus source resistance
for ceramic tubes and field-effect transistors

The approximate gain-bandwidth product is 4,000
Mc. This gain-bandwidth product would be usetul
at all power levels where no serious loading exists
due to grid current. At —0.75 volt, limitation would
occur at about 430 dbm output. The 7768 has
insufficient cathode temperature for currents much
over several hundred milliamperes peak.

Use of higher heater voltages or a shift to pulse-
rated types like the Z-2867 would have grid-
pulsed power outputs in kilowatts. These higher-
level stages would give less gain per stage. The
maximum duty factor would be limited by plate
dissipation or possibly cathode back-heating or
coating losses.

D-C to video applications

Flicker noise is one of the most difficult prob-
lems in low-level preamplifiers used at d-c, sub-
audio and audio frequencies. The exact cause
of this noise is not known. The general rule-of-
thumb for reduction of flicker noise is to obtain
maximum transconductance with minimum plate
current. This can be achieved with the ceramic
receiving tubes.

Shot noise also appears at these frequencies, and
sufficient transconductance must be obtained to
keep the value of equivalent shot-noise resistance
to a minimum. The noise performance of any
device also depends greatly upon the source im-
pedance that it sees. Side-by-side tests have been
conducted comparing the small planar ceramic
triode with field-effect transistors. The results show
that the tube gives noise figures equal to or su-
perior to the field-effect transistor at room temper-
ature. With the tube, optimum source impedances
for minimum noise generally are higher, and the
frequencies at which tube flicker noise tends to
dominate are lower. The ceramic triode also ex-
hibits lower noise figures than field-eftect transistors
over wider ranges of source resistance (above).

The ceramic tube is low in microphonics, or out-
put generated by vibration of tube parts due to
shock. The use of the high (mechanical) tension
grid, and the rigidity of the planar construction,
have reduced the microphonics to a very low level.
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Comparison of vibrational output versus driven
frequency for ceramic tubes and nuvistors

The low level of microphonics and the low-noise
features at high source resistance, make these tri-
odes attractive for infrared preamplifiers, strain-
gage preamplifiers, ionization-chamber preampli-
fiers and other applications where very low-level
signals must be amplified. Even when the low-level
signals occur at low impedances the tube still has
an advantage over the transistor because of the
voltage step-up possible at this input.

The triodes of this new family exhibit very high
gain-bandwidth products. These are calculated
from the formula:

(GYBW) = gu/2xC, where C is the grid-to-plate
capacitance, and g,, is the tube transconductance.

Grounded grid Grounded cathode

Tube type (G)(BW) in Mc (G)(BW) in Mc
7077 1,600 440
7910 2,500 600
7913 2,700 540
7768 4,700 680
7588 2,700 580

Use of the grid-to-plate capacitance in the for-
mula presupposes use of the tube in a grounded-
grid connection and in this case the grid-to-
cathode capacitance is not significant. In the
grounded-cathode connection, the interstage capaci-
tance, without allowance for Miller effect, would
be the sum of grid-to-plate capacitance plus 1.5
times the cold grid-to-cathode capacitance. The
factor of 1.5 accounts for the estimated rise in grid-
to-cathode capacitance due to space-charge effects
and dimensional changes when the heater is turned
on. These calculations illustrate how the use of
socketless circuits improves the gain-bandwidth
product. The tabulated figures do not take into
account the external circuit connections and are
only for comparing tube-to-tube performance.

For comparison, the gain-bandwidth products
for two of the best available conventional gridded
vacuum tubes—the 416B and 417A—are 5,300 and
480, and 2,200 and 260, respectively. In further
contrast, the 416B is recommended for use only
under moderate shock and vibration conditions,
with sufficient cooling to keep all seals cooler than
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150° C, and with programed turn-on and turn-off
procedures. However, the ceramic 7768 has no
thermal, shock, vibration or transient limitations
when used within its ratings. The seal temperature
of 250° C is conservative, and with proper reduction
of heater power, the tube can be operated for long
periods of time at temperatures much higher than
250°C. The microphonic outputs of the 416B and
417A are much higher than the levels for the 7462,
whose performance is shown in the chart above.

The new titanium-ceramic triodes can be applied
at intermediate and very-high radio frequencies in
the same manner as glass tubes, nuvistors and
compactrons. But the ceramic tubes afford lower
noise figures, more gain and gain-bandwidth per
stage, more tolerance to shock and vibration, lower
cathode-lead inductance, solder-in features or sock-
etless circuits, resistance to high temperatures,
tolerance of nuclear radiation, small size and low
weight.

Some specific applications of the ceramic tube
are: low-noise cascode preamplifiers, broadband
telemetry preamplifiers, telemetry transmitters,
stalo (stable local oscillator) crystal oscillators,
broadband and narrow-band frequency multipliers,
voltage detectors for instruments, sweep gener-
ators, and oscillators.

VHF usage

Efficient and useful performance is being ob-
tained at frequencies up to 9.6 Ge. At L-band fre-
quencies acceptable bandwidth products are being
obtained. The gain-bandwidth products previously
quoted apply to conditions where tube capacitances
only were considered. Gain-bandwidth products of
over 4,000 have been measured in functional cir-
cuits under class A pulsed conditions. In narrow-
band coaxial cavities, X-band units are commer-
cially available that provide more than sufficient
power output for local oscillator use. The vacuum-
tube cavity oscillator has been reported to be su-
perior to klystron, magnetron and varactor local
oscillators in very low-noise applications where
the noise spectrum around the local oscillator is
important.

The planar-gridded ceramic tube is being used
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in grid-pulsed broadband amplifiers for Tacan
(tactical air navigation), IFF (Identification friend
or foe), DME (distance measuring equipment), and
phased-array radar; plate-pulsed oscillators and
amplifiers for Tacan, DME, beacons, and micro-
wave links; continuous-wave oscillators for local
oscillators up to X band; varactor drivers for
frequency multipliers; ¢-w and pulse altimeters at
the 4,200 and 4,300-Mc bands as well as for the
lower bands, and super-regenerative receivers up
to 5,000 Mc.

Also: telemetry transmitters particularly for the
2,200 to 2,300 Mc band; varactor-tuned oscillators;
crystal-referenced frequency multiplier chains;
command-guidance transmitters; uhf airborne
communications; satellite transmitters; air-traffic
control and site surveillance doppler radar and
electronic countermeasures equipment.

Long life and reliability

Time and life tests have established a general
life and reliability profile for the titanium ceramic
structure. The earliest class A, B and C rated types
are showing a quality-control failure rate of about
1% per 1,000 tube hours at maximum ratings. Most
of the life tests of production-lot samples are con-
ducted to 1,000 hours with some lots tested to
15,000 or 20,000 hours for information only. The
1% per 1,000 hour figure represents an average
over about three years of production.

In practice, it is expected that the tubes will show
much lower failure rates. For example, the 7077
type is classed as a “failure” in a life test for any
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one of several reasons, most of which would not
cause equipment shutdown or failure. In addition,
life tests are run at approximately masimum ratings
for all characteristics all at the same time. The
pulse types are not producing as low a failure rate
as some of the other types but sufficient test data
is not now available. The cathode temperatures
necessary to provide the required peak emissions
are not conductive to long life.

Planar vs coaxial designs

Nuvistors, pencil tubes and many other tube
designs use coaxial structures. The active surfaces
are concentric cylinders mounted inside each other.
Besides requiring precise alignments in all phases
of production, there are other disadvantages.

The coaxial tubes have much longer cantilevers
than those of planar design. This results in less
tolerance to destructive shock and vibration as
well as more microphonic output. Because of the
alignment problem, the closer spacings normally
used in the planar design are not practical in co-
axial construction; thus the high-frequency per-
formance of coaxial tubes must necessarily be
lower. If the frequencies at which the tubes are
used are high enough, standing waves exist along
the length of the coaxial tube structure. These lead
to shortened life and other effects because unequal
r-f currents are drawn from the cathode.

The planar design eliminates the need for sup-
porting grid side-rods or cages and result in
better high-voltage capabilities. However, an ad-
vantage of the coaxial design is the sbility to heat
more cathode surface with the same heater power.
At the same cathode current densities, there seems
to be no significant advantage of one configuration
over the other as far as effects of reduced heater
voltages are concerned. The planar structure does
change internal dimensions with heater voltage
because of the expansion of the cathode support
cylinder. This effect can be minimized by rating
the tube heater voltage for a desired service and
regulating the heater voltage to +=5%.

Search for seals

To reduce manufacturing costs of metal-ceramic
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< Family of ceramic tubes

Photo Tube types Description

1 7266, 7841 Coaxial signal diodes
2 *Y-1069 Coaxial signal diodes
3 *Z-2971 Coaxial diode—large cathode flange
4 *Z-2971 n Coaxial diode—small cathode flange
5 77077, 7486, *Y-1032 Coaxial signal triodes
6 *Y-1266 Coaxial signal triodes
7 7910, *Y-1171, *Y-1124 Coaxial microwave triodes
8 8081, 8082, 8083 Lug “T* signal triodes
9 7462, 7720, 7625 Lug signal triodes
10 *Y-1012 Lug “T" signal diode
n *Z-2692 Lug “T" cold cathode diode
12 *Z-2869 Lug “T" power diode
13 7296, 7588, *Z-2868, *Z-2870 Lug “T"* power triodes
14 7768, 7913, *Z-2835, *Y-1291 Coaxial power triodes
15 *7911, Y-1274 Coaxial power triodes
16 *Z-2731 Lug “T" power diode
17 *Z-2354 Lug “T" power triode

*Types in development

Not shown a-e Y-1223 and Y-1236, high-dissipation
equivalents to 7913 and 7911 respectively.

tubes, early laboratory work sought a simple seal-
ing technique whereby the soldering material
could be applied directly to the metal and ceramic
surfaces to be bonded and a vacuum-tight seal
obtained without prior metallizing. If all this could
be done, the tube could be baked-out, pumped to
a vacuum, and sealed all in one process.

The successful conclusion of this search resulted
in a ceramic-to-metal seal using nickel as the solder-
ing agent. Specially prepared ceramics also were
developed to match the thermal coefficient of ti-
tanium metal. Titanium was found to be the best
metal for this purpose. The nickel formed a eutectic
bond to the titanium and a vacuum-tight ceramic
wetting action.

The fabrication technique has been applied to a
wide variety of structures useful from d-c to at
least Ku band and capable of meeting the most
demanding environmental requirements. Approxi-
mately 15 types have been registered with the
Electronic Industries Association, with eight basic
external configurations. There are about 15 addi-
tional designs in development (see photo at left).

Three basic external configurations are used:
lug, lug “T” and coaxial cavity versions. The lug
design can be soldered into printed circuits. The
lug “T” is most useful for socketless circuits where
the tube is mounted by a “T” bolt strip-line or
cavity circuits.

A gold-flashed nickel plate has been applied to
all types to permit soldering to the basic titanium
tube element. This not only permits soldering into
a printboard, but even coaxial elements can be
soldered directly to the tube for improved elec-
trical performance and mechanical ruggedness.
Where sockets can be used and are desirable, they
are commercially available in various designs.

Tube fabrication

All the tubes use the same basic sealing tech-
niques. In some cases where coaxial seals are made,
separate subassemblies are necessary. The basic
concept was applied to tubes which had planar
seals, and tubes could be mechanically stacked
and sealed as one unit. For extra performance,
some coaxial seals were used to reduce capaci-
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tance and provide better mechanical features.

The stacked assemblies are vacuum treated and
out-gassed at high vacuum and high temperatures.
This insures their ability to operate under much
more stringent conditions than either all-glass or
all-metal tubes.

The sealed 7077 in most cases can be operated
immediately. However, as with all vacuum tubes,
it is prudent to age the tube for short periods to
insure early life-stability and obtain a more uni-
form product. Types intended for pulse applications
requiring up to 13 amperes per sq cm of emitting
surface, usually require more post-sealing aging
to obtain the desired emission. After sealing, aging
and testing, the tubes are plated and tested to as-
sure outgoing quality.

Ceramic-nickel-titanium seal

The ability to stack, seal and evacuate tubes in
one operation has many advantages that help keep
costs relatively low. However, to obtain high per-
formance very tight control of tube spacing is
required. The use of planar electrode surfaces re-
duces the problem in one of the three required
dimensions and extreme accuracy need be obtained
only between the two parallel planar surfaces.
These two faces can be displaced laterally a few
thousandths of an inch and not seriously affect
the tube’s characteristics. To reduce transit-time
effects at a higher frequency and to obtain very
high transconductance-to-plate current ratios, very
close spacings are required. This is particularly
true between the grid and cathode. The use of
planar surfaces and the stacked sealing technique
provides a high ratio of performance to cost.

Several other advantages result from the sealing
technique developed. In addition to providing a
seal that permits effective outgassing of tube parts
prior to sealing, a structure capable of operating
in any environment up to at least 600° C has re-
sulted. The use of titanium, which is an efficient
getter, eliminates the need for the added getter
usually found in other tubes. At elevated tempera-
tures, additional gasses are absorbed and excellent
life at 450° C has been demonstrated.

Research and development

Work continues toward the improvement ot
the capabilities of the titanium-ceramic tube family.
Many new applications are appearing and more
are anticipated as a result of the new features that
are forthcoming. The new development areas are:
fast warm-up types, isolated heaters with 5 second
or less warm up and directly heated cathodes for
less than one second warmup; reduced heater
power designs; more rugged structures for new
generation intercept missiles; improvement in X-
band performance and evaluation of the tube’s
capabilities at Ku-band; further reduction of mi-
crophonic outputs; less expensive designs for com-
mercial and entertainment markets; high-dis-
sipation anode design; and further evaluation of
high-current-density capabilities.
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Basic complementary monostable circuit

Circuit Design

Monostable circuits need
power only when they work

Easy new approach to monostable circuit design satisfies
space requirements for minimum power dissipation

By Leonard L. Kleinberg
Goddard Space Flight Center, NASA, Greenbelt, Md.

Minimum power dissipation is a prime objective
for the designer of satellite electronic systems. He
can accomplish this with complementary mono-
stable circnits that dissipate power only when they
are in use. Such circuits arc casy to design.

The basic configuration from which the circuits
described in this article are derived is shown above.
Normally, both transistors Q, and Q. are oft be-
cause there is no biasing network to turn them on.
If a positive trigger is applicd to the input coupling
network, consisting of C¢, De and Ry, both tran-
sistors quickly turn on. Regeneration takes place
hecause the input trigger is amplified by the for-
ward voltage gain [1 + (R:/Ri)] of the circuit, and
fed back through C to the base of Q, in phase with
the input trigger. If the attenuation of the amplified
trigger, approximately equal to Ry/(Ri 4 Ra), is
small, regeneration is rapid, and Q. is driven to
saturation by Q;. Regeneration will take place it:

o+ (Re/R)] [Ry/(Rs + R > 1 (1)
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As C begins to charge, the base voltage of Q. de-
creases exponentially, Q. comes out of saturation.
negative regeneration again takes place and the
circuit turns off. The basc voltage required to re-
move Q. from saturation is approximately the sup-
ply voltage divided by the forward gain or E¢¢/
[1 4+ (R:/R;y)]. In effect, a negative resistance with
a magnitude of —R3R,/R. appears at the base of Q,
in parallel with the input impedance seen at the
base. If the resultant impedance is negative, switch-
ing takes place.

Equivalent circuit

The equivalent circuit for the basic configuration
helps to dctermine an expression for the approxi-
mate conduction period for Q; and Q.. By taking a
summation of the currents at point A, the following
equation is obtained:

I:{ ™ II + 7
where I; = current flowing through I

(2)
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Equivalent complementary monostable circuit

I, = current flowing through R,
25 = base current of @,
Next, by adding voltage drops along the loop in-
dicated by the solid line, we obtain:

E.— 1, By — (Eve + Bis B2 + ali) = 0

EC = ECC — ECI:‘(SAT)2

Ec¢c = Supply voltage
Ecrsam: = Collector-to-emitter saturation
voltage for (),
BBase-to-emitter voltage of @,

8 = Beta of Q,

R12 = Rle/(Rl + Ifz)
a = I, (Rl + Rz)

Solving for I

13 = [IL’C - ((X ]LVC + ﬂzb Rl2 + Ebe)]/RK (3)

Now, by adding voltage drops along the loop indi-

cated by the dashed line, we obtain:

iR — (@ FEc+ Bis R+ Epe) =0

solving for Ij:

Is =(a K¢+ Biy Rie + Eve)/Ry

Substituting 3 and 4 in 2:

[(Ec — (a K¢+ Biy R+ Eb.)l/Rs )
= [(a Ece+ Biv R+ Eve)/Ri) + s

Simplifying the above equation and solving for iy,
we obtain:

iv = [Ec(YVs — aVu) — .Y/ (YuBRi + 1) (5)
where Y:w = I/Ra + 1/”4

Y, = 1/R;
The voltage Ey, across R, is given by:

where

Ebe

(4)

IL'/” = L'J'I.h 1)’12 + 41 IL'(- (6)
Substituting 5 in 6:
Ky = Bl IEC (Y:t - a Yn4) -

Ebe Y34] (Y34 ﬂRlz + 1) + o EC’ (7)

Simplifying equation 7:

Em = Ec¢ (ETR) (1 + Ry/BR:) —
Ev. (ETR) (1 + Ra/R) ®)

where ETR (Expected Transfer Ratio) =
BRu:R/(Rs + BR1)|/[Rs +
(Rs BRyw)/(Rys + BR1)] (9)
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The period t, (time during which both transistors
are on) is given by:

by =3 RTC (ln 1’:[{1 —In Ela)
where

Ry = Ry + (R; BRw)/(Rs + BR1)

In equation 10, Ey;; is the voltage across R, as the
transistors turn on and E, the voltage at which they
turn off.

An important property of this circuit is that the
pulse width may be varied by changing the forward
gain. By varying R. the pulse width may be
changed by a factor of ten or more.

(10)

Typical example

The following example is given to familiarize
the reader with the use of some of the equations
previously discussed.

From equations 8, 9, and 10, the pulse width
may be obtained. For fast circuit operation, use low
component values as shown below:

R, = 22K Q. = 2N338
R, = 82K » = 2N1132
C = 4600 pF B for Q, = 50

Eb, = 07V
R:; = R.; = IOOK ECE (SAT)z”—'O.lV
Rs = 18K Ece =20V

a. Rlz = R] Rz/(R] + Rg) = 1.73K

b. By BRw/(R: + BR1») = 464K

c. ETR = 0.317 (9)

d. Ep = (19.9)(0.317)(1 + 100K/410K) —
(0.7)(0.317)(1+100K /100K)=7.4V (8)

e. B, = []L'cc — ILV('E(SAT)2]/[1 + (Rz/Rl)]=42V

f. &, = (1.464) (105 (4600)
(107"%) In (7.4/4.2)

to = 400 microseconds

(10)

The circuit was constructed and tested with var-
ious pairs of 2N338 and 2N1132 transistors. The
average pulse width obtained was 420 microsec-
onds. Differences in pulse width were attributed to
variations in transistor beta.

One might suspect that the circuit is more sensi-
tive to spurious triggers than conventional mono-
stable circuits. This is not the case since the
required trigger voltage is several volts. An emperi-

cally derived expression for the approximate re-
quired trigger amplitude is:

G (D) e _ R,
Eon = o7 +.5 where G = Rt R (11)

or E,, = [.25/(5 — a)] 4+ .5 volts when R; = R,
(normal design condition)
One of the advantages of using the circuit is the
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ease with which pulse widths in the microsecond
range may be designed. For example, a 1l-micro-
second pulse may be obtained with: R, = 820
ohms, R, = 5K potentiometer, R3 = R, = 10K,
C = 240 pf, Ry = 1.2K, Q; = 2N930, Q. = 2N995.

Zener diode added

By placing a zener diode across R. (see above)
the loading effect of 8R;» on Ry and the effect of
power supply variations is made negligible. The
operation of the circuit is the same as before until
the voltage across R, reaches the zener voltage, E,.
At this time the forward gain is unity and regenera-
tion ceases. Both transistors are operating on the
linear portion of their characteristic curves, provided
the supply voltage is greater than E, (1 4+ Ry/R;).
The input impedance is now g°R,. When the zener
diode conducts, the voltage across R; and C re-
mains constant and is equal to (E, — E,.). The cur-
rent through R, is essentially the current through
R; and C, and is decreasing exponentially. When
the current through R, decreases to where the zener
diode can no longer conduct, regeneration takes
place and the circuit turns off.

Analysis of the circuit by adding voltage drops,
leads to an expression for t, (when the zener diode
is used):

(_Em — By + Ez) R4/(R3 + R4) = E (12)
Ery = (E. — Es.) (R4/R3) (13)
trs = [(E. — Ey.)/Rs] e 5:€ (14)
Ery = 3Ry = Riy/R; (E, — E,.) e™"'B,C (15)
Er = Ri/R; (E, — Es.) e7V'%,¢ — E,, (16)
t, = RC In(E.,— Eve) —InRs (ER\+E..)/Ry (17)
Er/R, = 1.+ (E./R.) (18)
E}n: E,Rl/Rz;I¢=0 (19)

t, = RiC [In (E. — Es.) —
In (Rs/R4) (Ele/R'z + Ebe)] (20)

For periods in the microsecond range, a time
constant twice the value of the pulse width is used.
For periods of several seconds duration the time
constant is chosen to be one half the desired period.
For a 20-usecond period, choose R; = 10K and C
= 3,900 pf. Let R; = Ry. Once the zener diode has
been selected the only parameter that is required
is the ratio R,/R.. If small rise and fall times are
required, the values of R;, R. and R; must be small.

With R; = 1.8K and R, = 450 ohms, solving
Equation 20 for R,, yields R, ~ 1000 ohms. The

Circuit characteristics

Circuit I: Basic configuration

Advantages

® High degree of insensitivity to spurious triggers
u Easy to design

® Capable of short pulse widths (0.5 usec)

= Pulse width may be varied over a large

dynamic range by changing the gain

Disadvantages
= | imited to low duty cycle
¥ Pulse width is beta-dependent
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zener diode is a Texas Instruments type 653CS8.
Capacitor eliminated

Another complementary monostable circuit may
be designed that does not depend upon C for de-
termining the period designed. The circuit is the
same as the basic circuit (see above) except C is
short circuited. If a positive trigger is applied to the
coupling network, and the condition for Equation 1
is satisfied, the circuit will generate and remain in
the “on” condition. What, then, permits the circuit
to return to the “off” state?

A 1000-ohm Texas Instriments Inc. Sensistor is
used as R,. This device has a 54-second time con-
stant and a positive temperature and power co-
efficient. While the circuit is on, the Sensistor’s re-
sistance increases as a function of time. When the
value of resistance reaches that point where the
product of the forward and backward gains is less
than unity, the circuit turns off.
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