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Power circuits in a tiny cube package. The electrically isolated
supply 30 to 100 watts. All five ‘terminator-dissipators’ serve as
members of the family —inverters, mechanical housing, terminations
converters and regulators —are in and heat dissipators. For a look
this unique new half-cubic-inch at some cubic art, see page 130.
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Put this new design window in your lab

SEE WAVEFORMS TO 12.4 GHZ & BEYOND

For the first time, you can directly see 12.4 GHz phe-
nomena, 28 psec rise time pulses, delayed sweep dis-
plays, and 40 psec TDR. And, for an encore,this new
sampling scope system gives you less than 20 psec jit-
ter for sharp displays, automatic triggering for fast easy
trace set-up, and remote samplers which monitor fed-
through signals with minimum loading. Time difference
between channelsislessthan 5 psec foraccurate phase
measurements. You can build your system around the
field-proven 140A mainframe (or the stop-action 141A
with variable persistence and storage) using these all
solid-state plug-ins:

NEW DUAL-CHANNEL 1411A VERTICAL AMPLIFIER
functions with any of three dual-channel remote sam-
plers, with sensitivities to 1 mv/cm: (1) Model 1430A
with 28 psec rise time for optimum pulse response; (2)
Model 1431A, DC to 12.4 GHz with an extremely flat
bandwidth and low VSWR (1.4:1 to 8 GHz, 2:1 at 12.4
GHz); and (3) Model 1432A with 4 GHz bandwidth, 90
psecrise time. Additional versatility is provided by front
panel recorder outputs, and A vs. B mode for accurate
phase measurements. Price of the 1411A Vertical Am-
plifier: $700. Samplers: $3000 for 1430A and 1431A;
$1000 for 1432A.

NEW 1425A TIME BASE & DELAY GENERATOR, first
with delayed sweep sampling, gives sharp, jitter-free
magnification of complex signals or long pulse trains.
It provides maximum sweep speeds of 10 psec/cm, trig-
geringto 1 GHzand delaytimesaslongas5ms. Straight-
forward control nomenclature and layout make it easy
to use. So does automatic triggering, push-button re-
turn to X1 magnification and an intensified dot which

locates the expansion point for you when setting up a
magnified trace. $1600.

Also available: Model 1410A Vertical Amplifier with 1
mv/cm at 1 GHz ($1600), 1104A/1106A Countdown for
triggering to 18 GHz ($750), and 1105A/1106A 20 psec
Pulse Generator ($750). Mainframe prices: 140A, $595;
141A, $1395. With the versatile hp 140 Scope System,
you get better performance in any direction: 20 MHz wide-
band « TDR -« high-sensitivity with no drift « variable
persistence and storage - and sampling.

Get complete specs on the new hp sampling oscillo-
scopes. Write or call Hewlett-Packard, Palo Alto, Cali-
fornia, 94304. Phone (415) 326-7000. In Europe: 54
Route des Acacias, Geneva. 087/11 R
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An extra measure of performance
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Today's standards
for precision
coaxial measurements

The GR900 connector gives new
meaning to accuracy in microwave
measurements. With VSWR less than
1.001 + 0.001 fgH2 to 8.5 GHz,
characteristic impedance accurate to
0.1%, shielding petter than 130 dB, and
repeatability within 0.03%, the 14-mm
GR900 has become a recognized

industry standard.

Today the GR900 line of coaxial
components contains air lines,

standards, terminations, a slotted line,
tuners, elbow, and adaptors to most

other popular coaxial connectors

(N, TNC, BNC, C, SC, OSM [BRM, GR874,
Amphenol APC-7, and 7-mm Precifix).

And the GR900 product line is still growing.

For high-accuracy microwave
measurements, you won't find anything
that will outperform the GR900.

For complete information, write
General Radio Company, W. Concord,
Massachusetts 01781; telephone 617)
369-4400; TWX (710) 347-1051.

GENERAL RADIO

ON READER-SERVICE CARD CIRCLE 2



DATA SYSTEMS

— PULSE
INSTRUMENTATION

A most unforgettable
Gharacter Qenerator

Before you design your own data simulator, discover the many faces of the Datapulse 208!

The basic 208 gives you 8 parallel channels, clock rates to 5 MHz, 1 to 16 serial bits
plus repeats, RZ and NRZ outputs, and unequaled control over data format and content. Vari-
able block length and blocks-per-frame let you simulate high speed paper or magnetic tape
data. Digitally controlled repeats let you generate longer patterns. Eight 16-bit serial words
may be commutated on a single line with digital control of words-per-frame for simulation of
PCM data or multiplexing systems.

Your 208 can be different from all others. That's because its simple logic-block design is
easily modified to meet your exact requirements.

The 208 is but one of seven Datapulse data generators, with clock rates to 20 MHz, word
lengths to 100 bits, and from 1 to 6 channels.

Ask for our catalog for complete specifications.

pATAPULSE

Datapulse welcomes technical employment inquiries.

DATAPULSE/ Division of Datapulse Inc./10150 Jefferson Bivd., Culver City, Calif. 90230/ (213) 871-0410, 836-6100/ TWX: 910-340-6766/Cable DATAPULSE
DATAPULSE ° NESCO INSTRUMENTS [} DE MORNAY-BONARDI
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Growth of good basic design makes \h

- oscillators

YOUR BEST CHOICE FOR A WIDE VARIETY

Hewlett-Packard Oscillators are the progressive growth of
the first successful Wién-bridge oscillator design intro-
duced to the measurement industry by Hewlett-Packard in
1939. Now you can select from a variety of fifteen hp in-
struments using improved components and the well-known
Hewlett-Packard RC oscillator design to give you the best
price-to-performance ratio on the market! Choose from
frequency ranges of 1 Hz to 10 MHz.

General Purpose Oscillators.—The hp Model 200CD is a
direct descendant of the first Wien-bridge design. With its
low price, high power, balanced output and low distortion,
the 200CD is an ideal instrument for school, communica-
tions and military use.

You get a fully-transistorized and battery-powered signal
source with easily-portable hp Model 204B. Amplitude and
frequency control circuits give excellent stability over a
range of 5 Hz to 560 kHz. You also get a completely floating
output, isolated from chassis and ground. The 204B is ideal
for field use.

Test Oscillators.—The hp Model 651B Test Oscillator is an
advanced design, wide-band, solid state test oscillator! This
line-operated instrument gives you a wide frequency range
of 10 Hz to 10 MHz with highly stable amplitude and fre-
quency. There are separate 502 and 600% calibrated out-
puts. A 750 output is optional.

Battery-powered hp Model 208A Test
Oscillator is a compact, lightweight, eas-
ily-carried laboratory or field source of
5 Hz to 560 kHz signals.

Pushbutton Digital Oscillator.—For
your production lineorwhereveryou have
repetitive testing, the hp Model 241A
Oscillator gives positive pushbutton fre-
quency selection from 10 Hz to 1 MHz.
You get repeatable test sigals with three-
digit frequency resolution. Set 4500 dis-
crete frequencies!

‘ Pick hp Model 200C0 Oscillator

For A Low-Cost, General Purpose
/ﬂSth/”Eﬂt — When you need a low distortion sig-

nal independent of load—you’ll get excellent results with
hp Model 200CD Oscillator! Use it for generating subsonic
to radio frequencies; testing servo and vibration systems;
supplying medical and geophysical equipment; for check-
ing audio circuits and systems.

The output of the 200CD is 600 balanced, with a bal-
anced accuracy of 0.1 to 1%, depending on frequency. Ac-
curate frequency settings over a range of 5 Hz to 600 kHz
are possible with the 85 dial divisions, effective scale length
of 78 inches, and a vernier drive for precise adjustment.
Frequency response is =1 dB over the entire range.

Distortion rating of sinewave output is less than 0.2% be-
low 200 kHz. The modified hp Model H20-200CD provides
a low distortion of 0.06% in the 60 Hz to 50 kHz range.

For excellence in design in a general purpose oscillator,
pick hp Model 200CD. Price is only $225.00

Pick hp Model
2048 Oscillator
for Portable,
Highly-Stable

Signal Source

Solid-state, battery-powered hp
Model 204B Oscillator is an ex-
cellent choice for a source of
stable, accurate signals in the
field.You have an unusually low




OF LOW COST, SUPERIOR SIGNAL SOURCES

drift on warm-up; instantly available signals over a fre-
quency range of 5 Hz to 560 kHz!

Stability is typically better than 5 parts in 10°—even at
560 kHz! Rapidly changing loads do not affect stability. Out-
put is fully floating, flat within =3% at all settings of the
dial and range switch.

Price of the hp Model 204B: Equipped with mercury bat-
teries, $315.00; with ac power supply in place of batteries
(Option: 01), $350.00; with rechargeable batteries and re-
charging circuit self-contained for ac or dc operation (Op-
tion: 02), $390.00.

‘Pic/r hp Model 6518 Test Oscillator
for Accurate 10 MHz Frequency

ﬁaﬂye — Outstanding flatness, stability and accu-
racy from 10 Hz to 10 MHz are yours with the hp Model
651B Test Oscillator. You get a typical =0.1% amplitude sta-
bility and +=0.02% frequency stability, and a 1% accurate
90 dB output attenuator.

The 651B has two outputs: 200 mW into 509, and 16 mW
into 600¢. Output attenuator has a 90 dB range in 10 dB
steps, with a 20 dB coarse and fine amplitude controls for
increased resolution in setting output voltage. Attenuator
accuracy is =0.1 dB from —60 dBm to 420 dBm, =0.2
dB on —70 dBm range. Output monitor is calibrated to read
volts or dBm into a matched load. Price: hp Model 6518,
$590.00.

652A: The hp Model 652A is identical to 651A, with
the additional
ability to monitor
output ampli-
tudes within
0.25% over the
entire frequency
range of the in-
strument using
the X20 expand-
ed scale. Upper-
most scale of the

652A readsin percentfor

quick reading of frequen- aw
cy response measure-
ments. Price: hp Model
652A, $725.00. g

S
208A: Add a meter for s N s’ S
'

accurate setting of out-
652A Expanded Scale Monitor

RMS voLTS

put voltage and an atten-
uator to the 2048B, and
you have the hp Model
208A Test Oscillator. Model 208A is calibrated in volts, cov-
ering 0.01 mV to 1V full scale with a 2.5 multiplier to extend
range to 2.5 V. Model 208A (Option: 01) is calibrated in
dBm for O to 110 dB in 1-dB steps. Output is constant
within =39 at all attenuator settings over 5 Hz to 560 kHz
range. Price: hp Model 208A, $525.00; hp Model 208A
(Option: 01), $535.00.

.Pic/( hp Model 241A Oscillator for

Pushbutton Repeatability — repeatability
possible with the hp Model 24 1A digital oscillator makes it
ideal for production line use—or in the laboratory where re-
petitive testing is a requirement. Set any frequency between
10 Hz and 999 kHz to three significant figures—simply by
pushing buttons! This solid state instrument is designed
with special hp precision resistors to provide typical fre-
quency repeatability of 0.01%. Frequency accuracy is within
=19, selected value on any range.

Infinite frequency resolution is provided by a vernier con-
trol, which also extends the upper frequency to 1 MHz.
Output is flat within =29% over the entire range at any at-
tenuator setting.

Use the 241A as a digital frequency source for filters and
frequency sensitive circuits. Response test at audio and
communication frequencies, or use itas a repeatable source
in production testing. Price: hp Model 241A, $490.00.

For full details on the wide variety of hp oscillators shown
here and in our catalog, call your nearest hp field engineer.
Or, write to Hewlett-Packard, Palo Alto, California 94304,
Tel. (415)326-7000; Europe: 54 Route des Acacias, Geneva.

$250.00

200CD 2048 208A 651B 241A S

Frequency 5 Hz to 600 kHz 5 Hz to 560 kHz 5 Hz to 560 kHz 10 Hz to 10 MHz 10 Hz to 1 MHz l
Frequency =1dB =3% =3% =2% to = 4% =207
Response
(Rated load)
Accuracy =2% +3% =3% =2%, =3% =1%
Output 10V, 25V, 10 mW, nominal | 3.16 V, 25V,

160 mW/600¢2, 10 mW/600¢, 2.5Vrms (410 200 mW into 509 +10 to —30

balanced floating dBm/60052), 16 mW into 6002, | dBm/600Q

floating floating floating

Distortion 0.2% to 0.5% <1% <1% <1% to 2% <1%

(200CD) MHz,

0.06% to 0.5% 2% at 10 MHz

(H20-200CD)
Price 200CD, $225.00 2048, $315.00 208A, $525.00 6518, $590.00 241A, $490.00

h H20-200CD, 652A, $725.00 J
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If You Want To
Reduce Costs and
Get Faster Delivery
On Hi-Rel Silicon
Transistors
Take A Closer Look

At MEG-A-LIFE II!

Investigate Motorola’s tri-level assurance
program, Meg-A-Life II', as the practical
approach to today’s customized high-reliabil-
ity transistor requirements:

Meg-A-Life IT combines standardized pro-
cessing with customized procedures . . .
offering 28 types of silicon annular* transis-
tors, certified to any one of three reliability
levels (Level 1, 2, & 3) — with the added
flexibility of a full range of options to meet
every special reliability requirement. (Meg-
A-Life II is one of the most stringent stan-
dard hi-rel programs offered by any semi-
conductor manufacturer.)

Delivery time is faster because preliminary
100% processing tests, including life testing,
are standardized and performed ahead of
time. You select the suitable reliability level.
Then, if you need additional tests and screens,
they are performed after receipt of your
order. Costs are cut because the time and
expense of writing and negotiating custom
specifications is eliminated . . . plus the cost
of acceptance testing is prorated over the
entire lot of Meg-A-Life II devices.

TAKE YOUR CHOICE . . .
THREE LEVELS OF MEG-A-LIFE II
TRANSISTOR RELIABILITY ASSURANCE

LEVEL 1 100% reliability processing; Group
A Electrical Inspection to military acceptance
tests or equivalent; certified reliability data
from latest lot of continuous production
having completed Group B inspection (mili-
tary tests or equivalent).

LEVEL 2 Same as Level 1, plus 100% 96-
hour burn-in and screening.

LEVEL 3 Same as Level 2, except Group B
inspection data for actual lot from which
devices are shipped.

. . . plus Meg-A-Life options, including radio-
graphic inspection, hermetic seal, tempera-
ture cycling, thermal shock, and shock.

ORDER BROCHURE

Learn more about the modern reliability
assurance program — Meg-A-Life IT — ideal
for both the smaller reliability order — or as
the starting point for custom-tailored, more
complex, reliability programs. Request the
6-page folder by writing Motorola Semi-
conductor Products Inc., Box 955, Phoenix,
Arizona 85001.

tTrademark of Motorola Inc.
*Annular semiconductors are patented by Motorola Inc.

MOTOROLA

— whene the priceloss ingredient i cane! @ Semiconductors

ON READER-SERVICE CARD CIRCLE 5
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That’s because FORTRAN lets you communicate with
the computer in your everyday language. Algebra.

For example, the algebraic step response equation
above is practically written in FORTRAN already. To
solve the problem you state: VINST=VDC*(1—EXP

—R*T/L)). Then just enter the data. The computer
does the rest. Leaving you with more time for engi-
neering. Engineering the way you’ve always wanted
it to be. With more freedom of design and more con-
fidence in meeting deadlines.

FORTRAN is a powerful problem solver. But all
FORTRAN is not alike. IBM FORTRAN gives you
more. It extends the capabilities of FORTRAN with
the Scientific Subroutine Package containing over
one-hundred FORTRAN subroutines in statistics, ma-
trix manipulation and general mathematics.

With your knowledge of algebra you don’t have to
spend much time learning FORTRAN. You’'re quali-
fied. For special problems, IBM has other FORTRAN-
based programs such as Electronic Circuit Analysis
Program, Continuous System Modeling Program and
the Project Control System. You can master them all
quickly. We’ll show you how. Send us this coupon.

FORTRAN.

VT VocrG-EXPCReTL)
eea= 1)SQRT(L#¢)
BE: R [*R2 J(RI+K2)

IBM Data Processing Division, Dept.805-202
112 East Post Road

White Plains, N. Y. 10601

Send me information on:

[] FORTRAN

[] Scientific Subroutine Package for
System/360

[J Scientific Subroutine Package for 1130
Computing System

|

|

|

|

I

|

|

|

|

|

[] Computers in Electrical Engineering |
Name :
Position |
Company I
Division :
Address |
City I
State I
|

Zip Code
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DESIGNER’S

P. R. MALLORY & CO. INC., INDIANAPOLIS, INDIANA 46206

Rectangular case molded tantalum capacitor
takes minimum space on circuit boards

The new TIM miniature solid tan-
talum capacitor comes in a fully
molded epoxy case in rectangular
configuration which affords maxi-
mum efficiency of space utilization
on printed circuit boards. The sin-
gle standard case size measures
.345” by .288” by .105” thick.
Stand-off ribs are molded into the
base to permit ease in soldering in
printed circuits. Parallel leads are
spaced .125"” apart, fitting the newer

TYPICAL ELECTRICAL CHARACTERISTICS DURING 5000

HOUR LIFE TESTS AT 85°C AND RATED VOLTAGE

1.0
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0
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printed circuit designs. The small,
uniformly sized case is well suited
for automatic insertion.

This new capacitor meets excep-
tionally high standards of per-
formance and reliability. Tests of
5000 hours, both for high temper-
ature life and humid life, demon-
strate the TIM’s excellent stability
of capacitance, DC leakage and
dissipation factor . . . all of which

Special control and switch for

“in
%

.

This “‘instant-on” control and switch
for color TV demonstrates Mallory’s
ability to engineer and produce spe-
cial assemblies to meet the require-
ments for specific applications in a
variety of electrical and electronic
products.

The assembly has two side-mounted
DPST switches. In the “off”’ posi-
tion, reduced voltage is applied to
heaters, and pilot light and B+
voltages are cut off. In the ‘‘on”
position, normal voltages are ap-

Astaynt-on" color TV

plied to all circuits. Switch action
is push-pull.

Both switches are the Mallory type
OAC, with proved long life and re-
liability. Switch ratings can be any
desired combination of 2, 3, 5, or 6
amperes, 125 volts AC. This con-
figuration can be supplied attached
to any Mallory single or dual earbon
control. We welcome inquiries for
special assemblies, on your com-
pany letterhead.

00 3000
HOURS OF LIFE

4000 5000

stayed well within specification
limits.

Standard ratings extend from 12
mfd, 3 WVDC to .68 mfd, 50
WVDC. Standard capacity toler-
ances are +209% and +109%. The
TIM is now in high volume pro-
duction at attractive price.

CIRCLE 105 ON READER SERVICE CARD

Extreme high
and low values
available in
Mallory controls

Need a 100-megohm carbon con-
trol? Or a 50-ohm? You can get
them from Mallory. And practi-
cally any value in between. All of
them have the unique hard-surface
Mallory element that consistently
gives 100,000 cycles of rotational
life. A broad range of standard and
special designs can be supplied
promptly.

CIRCLE 106 ON READER SERVICE CARD
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The Rechargeable Batteries You Can Afford

New molded-case
miniature solid
tantalum capacitors

e

New Type TAC solid electrolyte
tantalum capacitors give you, in
molded case construction, nearly
twice the CV ratings per cubic inch
that you can get in MIL-C-26655
metal case solids. They have a fully
molded epoxy case only 0.105” in
diameter by 0.29” long, precisely
molded to facilitate automatic
insertion.

Extended life and humidity tests
indicate performance of the TAC
is exceptionally high. You can use
them with confidence anywhere you
need a solid tantalum capacitor,
including MIL specification en-
vironments.

Standard temperature rating is
—55°C to +85°C; can go to +125°C
with voltage de-rating of 339%.
Valuesrange from 18 mfd.,3 WVDC
to .47 mfd., 50 WVDC.

CIRCLE 107 ON READER SERVICE CARD
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New Duracell® rechargeable alka-
line batteries. These are the batter-
ies that will make a new generation
of battery-operated devices possible.
Because this battery now exists,
portable TV sets, radios, phono-
graphs, tape recorders and trans-
ceivers can be designed to function
at lower operating costs.

The low initial cost of the recharge-
able alkaline batteries is one reason
why they promise so much for new
designs. Another reason is their
unique exposed band contact. It
lets you design battery-operated
equipment with built-in rechargers
that automatically prevent charg-
ing when a primary cell is in the
circuit. (See schematic.) This means
that, when necessary, any primary
battery can provide the power.

But that’s not all. Duracell alkaline
rechargeable batteries are lighter
than most rechargeables. They
come fully charged. They’re avail-
able in 3 standard sizes, **D”’, *‘C”
and “AA”. And one glance at the
discharge-cycles graph will tell you
how little they cost to operate.

®Registered trademark of P. R. Mallory & Co. Inc.

LOAD SWITCH

Mulitiple Cell Use

CIRCLE 108 ON READER SERVICE CARD

DC VOLTS
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Now from Sprague!

ECONOLINE 22 TRANSISTORS
can save you 30 1o 40%

over metal-encased types

LV 4

: H ety
< ". ) 3 ,

56 POPULAR N-P-N TYPES IN VOLUME PRODUCTION
FOR OFF-THE-SHELF DELIVERY

® &t - Sprague Econoline transistors . . . quality planar
SITIO" SIgnal ampllﬁers devices in plastic packages. You save the cost of
) Medium-speed switches metal cans. And with dual source back-up, too.

For further information and prices call your local

® Large-signal amplifiers SpHSie ofice today.

® High-frequency amplifiers

® Oscillators

For comprehensive
specifications write for
catalog CN200 A to:

Technical Literature Service
Sprague Electric Company
347 Marshall Street

North Adams, Mass. 01247

® High-voltage indicator
drivers

*trademark

SPRAGUE COMPONENTS

S o N ®
TRANSISTORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS s p n n G U E
INTEGRATED CIRCUITS INTERFERENCE FILTERS PACKAGED COMPONENT ASSEMBLIES

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

‘Sprague’ and ' (@' are regi d of the Electric Co.
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Also in this section:

Subnanosecond laser pulses may advance art Low-cost graphic display being tested for use
of optical ranging and computation. Page 17 with computer time-sharing ‘utilities.” Page 36

‘Flame laser’ uses burning CO to excite CO: in a sealed tube. Page 26
IR light emitted from two lasers in a cane helps the blind to ‘see.” Page 44

Rainfall data may guide the siting of microwave facilities. Page 48
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Siliconix FET-Switch DRIVERS...amplify low-level

logic to 30-volt signals for con

This family of six IC Buffer/Drivers
provides flexible interfacing between
logic circuits and MOS or junction
FET Switches. Each Driver flatpack
contains two independent circuits that
deliver 30-volt output swings from
input signals as low as 0.5 volt. Out-
put levels may be preset to obtain

dc level shifting. Both

l Switches, and Driver|FET- | ;e

QUTPUT I
e

VEE 1125 VOLTAGE WAVEFORMS Switch combinations.

trolling FET Switches.

PERFORMANCE SUMMARY

Typ. Input

Switching Max. Input

Threshold Drive Current Max. Output Inverting
Type No.  Voltage Required Current Function

DI11F 0.8 Volt 0.1 mA 1.8mA  YES
D112F 30 15 1.8 NO
D113F 0.8 10 o 18 YES
D119F 0.8 0.1 5.7 YES
D120F 3.0 15 5.7 NO
D121F 0.8 1.0 5.7 YES

inverting and non-inverting

Drivers are available, which allows either N- or
P-channel FET switches to be used ® Siliconix
also makes six-channel FET-Switch Drivers, a line
of discrete and integrated
(MOS or junction) FET-| peciricstions and

FREE: Applications,
FET-Switch Drivers

{408) 245-1000.

ALABAMA Perrott Assoc., Inc. COLORADO  Barnhill Associates NEW JERSEY Tech. Elec. Dist. New York City (212) 989-1600 TEXAS Sterling Electronics

Huntsville (205) 837-2290 Denver (303) 934-5505 Bergenfield (201) 384-3643 East. Semiconductor Sales Austin (512) 452-0271
ARIZONA Barnhill Associates CONNECTICUT Cramer Elec., Inc. NEW MEXICO Barnhill Assoc. Syracuse ... (315)455-6641 Dallas (214) 357-9131
Phoenix (602) 959-2115 Hamden (203) 288-7771 Albuquerque _ (505) 265-7766 OHIO Alpine Industries, Inc. ttotston (713) 225-1321
Sterling Electronics, Inc. FLORIDA Perrott Associates, Inc. Sterling Electronics, Inc. Dayton (513) 278-5861

Phoenix (602) 258-4531  Clearwater  (813) 446-2535  Albuquerque _ (505) 247-2486 OKLA. 0il Capitol Elec. Corp. Lenert Company
CALIF. ' Hollywood Radio & Elec.  Orlando (305) 275-1132 NEW YORK ~ Summit Dist., Inc. ~ Tulsa ... (918)836-2541  Houston (713).225-1465
Hollywood y (213) 466-318i W. Palm Beach (305) 585-7761 Buffalo (716) 884-3450 PENNSYLVANIA Simco Elec., Inc. WASHINGTON Washington Elec.

i ILLINOIS  Semiconductor Spec. Milgray Electronics, Inc. Philadelphia (215) 229-1880 Seattle (206) 682-8981

Menlo Park (415) 322-3431 Chicago (312) 279-1000

Kierulff Electronics, Inc. MARYLAND Milgray Elec., Inc.

Los Angeles . (213) 685-5511 “Hyattsville _ (202) 864-6330
San Diego (714) 278-2112  mpaSS.  Cramer Electronics, Inc.
Elmar Electronics, Inc. Newton (617) 969-7700
Mountain View (415) 961-3611 MINN. Semiconductor Spec.
Oakland (415) 834-3311  Minneapolis  (612) 866-3434
Electronics Supply, Inc. MISSOURI Semiconductor Spec.
Riverside (714) 683-8110 St. Louis (314) 521-8866

Siliconix incorporated

1140 West Evelyn Avenue, Sunnyvale, California 94086
Telephone (408) 245-1000 TWX: 910-339-9216
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Telephone networks claimed
ready for future computers

The telephone and telegraph com-
panies are ready and able to meet
the growing demands for computer
data transmission, according to a
senior scientist of Bell Telephone
Laboratories, Inc. Dr. John Pierce
told a recent IEEE conference on
communications in Minneapolis that
the Bell System ‘“is working hard
to meet the varying and growing
needs for digital transmission with
the extensive communication net-
work now in existence.”

His comments followed in the
wake of some impatience expressed
in industry at the slowness of the
common carriers in responding to
the needs of computer-data trans-
mission.

Dr. Pierce, an executive director
at Bell’s Murray Hill, N. J., facility,
said the use of the existing network
“is certainly more flexible, faster
and cheaper than trying to build a
separate network which could be ex-
tensive enough to serve the small
user and the large user alike.”

Among current Bell projects that
would benefit the computer indus-
try, Dr. Pierce listed:

® Switched networks capable of
handling 3600 bits per second.

® Private voice-grade lines cap-
able of 7200 bits per second.

® Common-user, 50-kilobit
switched network service.

® The conversion of analog tele-
phone channels to digital channels
able to carry ten times as much
traffic as analog.

He reported that, though the
leased line is cheaper, the switched
telephone network is the most flex-
ible form of common carrier. It is
already in operation and is capable
of “far greater than teletypewriter
speed,” he said. Data-Phone sets
can now send 2000 bits per second,
but in the near future will offer
3600 b/s, Dr. Pierce stated.

For regular service over specific
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routes, he said, private-line circuits
now offer a 150-bit channel for de-
vices that operate up to 150 words
a minute. Private-line, voice-grade
facilities, however, can handle bit
rates in the 2000 to 2400 range and
are capable of expansion to 7200 or
more b/s, Dr. Pierce noted.

Bell is now working on a common-
user 50-kilobit switched network to
communicate between computers or
terminal devices and a computer.
This, according to the scientist,
would have a capability 12 times
greater than that of a voice-grade
line. He believes this will meet
present commercial requirements,
but conceded that it may not match
future government needs.

Discussing the economic aspects
of transmission, he stressed: “The
more one can send over one trans-
mission system, the cheaper a given
amount of transmission will be.”

He looked to new coaxial systems,
terrestrial radio networks and huge
microwave satellite communications
links as immediate goals. Further
in the future, Dr. Pierce foresaw
transmission of communications by
coherent laser light through buried
tubes.

He also predicted that future
telephone transmission will be most-
ly digital. Bell, he said, would soon
cover the entire state of Massachu-
setts with its T1 transmission sys-
tems. These can send 1.5 million
binary pulses per second for dis-
tances up to 50 miles.

Mariner V spacecraft

on course for Venus

The 540-pound Mariner space-
craft launched earlier this month is
“functioning beautifully” and is ex-
pected to rendezvous with Venus on
October 19, according to a NASA
spokesman.

Mariner V is now predicted to

come within about 2500 miles of the
planet on October 19, about seven
times closer than Mariner II in
December, 1962. The spacecraft’s
looping flight to Venus will cover
nearly 217 million miles.

Mariner is trailing the Soviet
Union’s 2500-pound spacecraft, Ve-
nus 4, launched a couple of days
earlier than Mariner. Experts be-
lieve that the Soviet spacecraft may
be scheduled to reach Venus on Oct.
4, the tenth anniversary of the
launching of Sputnik 1, or on Nov.
7, the fiftieth  anniversary of the
Bolshevik revolution. Others specu-
late that the Soviet craft will eject
a landing capsule containing experi-
mental devices. All the Soviet sci-
entists said was that the spacecraft
carries ultraviolet and infrared
measuring instruments and will fly
by the planet.

Experiments to be performed by
Mariner V include investigations of
the interplanetary magnetic field,
the solar wind, charged particle
fluxes, solar X rays and the abun-
dance of electrons and hydrogen
ions in space. When the spacecraft
encounters Venus, additional expe-
riments will investigate the concen-
tration of hydrogen and oxygen in
the planet’s exosphere, the electron
concentration in its ionosphere, the
density of its atmosphere at various
levels and the diameter and mass
of the planet.

Of greatest interest to NASA
scientists is the S-band occultation

checkup by
NASA scientists before launch.

Mariner V gets final
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experiment, which aims to deter-
mine the density of the Venusian
atmosphere.

This experiment is similar to that
carried by the Mariner IV space-
craft. If it is successful, informa-
tion gathered may be applied to the
design of future Voyager missions
to Mars and possibly Venus in the
1970s.

Sony shows 7-in. color
TV with chromatron tube

A seven-inch portable color tele-
vision set, which will incorporate
the first commercial use of a chrom-
atron picture tube in the U.S., will
be marketed early next year by
Sony Corp. of America

The receiver is 8 inches wide, 10
inches high and 13 inches deep. It
weighs 18 pounds, operates on ac
or with nickel-cadmium batteries
and consumes less than 45 watts ac
or 35 watts dc.

In the early days of television,
the chromatron single-gun tube was
in competition with today’s three-
gun color tubes as the industry
standard, but it lost out because of
production and financing problems.
The chromatron tube, developed by
Nobel prize-winner Ernest O. Law-
rence, uses a grid of parallel wires
rather than a shadow mask of tiny
holes as in today’s sets.

A company spokesman said that
all production problems had been
solved. Company engineers asserted
that the chromatron system was
about 85% efficient at emitting the
color signal within the tube as op-
posed to about 15% to 18% in the
three-gun tube.

Communication Satellite

is planned in Europe

Comsat may be a highly useful
communications link to many coun-
tries, but France views the satellite
system as a U.S. tool.

Then why not develop her own
communications satellite? France
might like to, but it would cost too
much.

The upshot has been a compro-
mise arrangement: France and
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West Germany have formed a
partnership to develop and launch
a joint communications satellite.
Called Symphonie, it is to be shot
into space in late 1970.

A Europa H rocket and a launch-
ing station under construction in
French Guiana are to be used. The
satellite’s period of rotation is due
to coincide with the earth’s, to keep
Symphonie in synchronous orbit
over the equator.

In that position, the satellite
will be able to beam radio, TV, tele-
phone and telegraph messages with-
in Europe and betwen Europe and
Africa, the Middle East and the
eastern parts of North and South
America. The West Coast will be
out of range.

The cost of the project has been
estimated unofficially at slightly
more than $40 million, to be shared
equally by France and West Ger-
many.

Other countries have been invited
to join the system. And one objec-
tive seems clear: Symphonie will
enhance the European bargaining
position when Comsat renegotiates
its rights abroad in 1969.

RCA expands in Italy
as color TV grows

A boom in color television is ex-
pected to start in Europe this year,
and the Radio Corp. of America is
moving to share in it. The company
has announced the formation of
RCA Colore S.p.A. in Italy to man-
ufacture and sell color-Tv tubes to
the member nations of the Europe-
an Common Market.

The new enterprise is RCA’s sec-
ond expansion in Europe in the last
year. Last August it announced
plans to manufacture color tubes in
Britain.

Several European countries are
expected to begin color telecasts be-
fore the end of this year. They will
include West Germany, the United
Kingdom, France, Spain and the
Netherlands.

RCA’s president, Robert W. Sar-
noff, forecasts that sales of color-
TV sets will reach 300,000 by next
year, nearly a million by 1970 and
about 3.5 million by 1975.

“RCA’s expansion program,” he
say, ‘“is based on our belief that
color television will develop in Eu-
rope along the same lines as in the
United States.”

Amateur radio producers
group to merge with EIA

The Amateur Radio Industry As-
sociation, whose members represent
firms producing about 90% of the
nation’s ham equipment, voted to
merge with the Electronic Indus-
tries’” Association. _

The ARIA steering committee,
comprising some 20 manufacturers
of amateur gear, took the prelim-
inary steps at a recent meeting
with the representatives of the
EIA.

As EIA members, the ARIA firms
will be eligible to participate in ac-
tivities of EIA Marketing Services,
Engineering, International and In-
dustrial Relationships departments.

New thesaurus to list
23,000 technical terms

A standard thesaurus of engi-
neering and scientific terms used by
the military, industry and the aca-
demic world will be published in
September by the Dept. of Defense
in conjunction with the Engineers’
Joint Council.

The 1000-page volume, called
Thesaurus of Engineering and
Scientific Terms, will list more than
23,000 main terms, with generic re-
lationships, cross-references and in-
dexes. The new volume is intended
to replace the Thesaurus of Engi-
neering Terms issued by the Engi-
neers’ Joint Council in 1964.

Copies of the new volume can be
ordered from the Engineers’ Joint
Council, 345 East 47 St., New York,
N. Y. 10017. The price is $19.50 for
a soft-cover version and $25 for the
hard-cover. A magnetic-tape version
with programs for computer man-
ipulation will also be available.

Patent Office planning
new abstract journal

A new abstract journal planned
by the U.S. Patent Office will give
scientists and engineers a fast re-
view of the technical content of all
patents. A prototype issue of the
journal will be published around
Oct. 1. X

Commissioner of Patents, Edward
J. Brenner, invited anyone who was
interested to write for a copy “and
give us the benefit of your appraisal
of its usefulness and suggestions
for its improvement.”

ON READER-SERVICE CARD CIRCLE 9 »



%m A ? S
cA3020 “

LOW COST
“UNIVERSAL’
AMPLIFIER

* High gain < Low level to Pyt =1/2 w
« DC to 6MHz -« Price $1.75 (1,000+)

.

"0—7_—‘:?0&

TO-5 12 lead case

Here’s a new answer to economics, packaging, and cial communications equipment; in servo-control
performance for a broad spectrum of audio and RF systems and elsewhere. Available now for evalua-
applications—RCA-CA3020, a multi-stage, multi- tion—and production line use. Write for Technical
purpose amplifier on a single monolithic silicon Bulletin and Application Note to Commercial En-
pellet. CA3020 is useful in portable and stationary gineering, Sec. ICG7-1, RCA Electronic Compo-
sound systems; in military, industrial, and commer-  nents and Devices, Harrison, New Jersey 07029.
Specification Highlights

o 58 db typical gain in audio applications

o —3 db bandwidth 25 Hz to 6 MHz (typ)

o Operates with single power supply -+3 to -9 VDC

o Built-in temperature tracking with voltage regulator—stabilized operation ovei
—55°C to +125°C range

o Single-ended input at 40kQ) (typ); push-pull differential input at 600C2 (typ)
o High maximum power output 550 mW (typ) @ V.. = +9V

o Push-pull output

o Squelch flexibility—three methods for applying squelch

ASK YOUR RCA DISTRIBUTOR FOR HIS PRICE AND DELIVERY
RCA Electronic Components and Devices

@ The Most Trusted Name in Electronics
®




All the while we've been looking for
someone like you, you may have

been trying to find someone like us.

As an Industrial Electronics Engineer,
you may have been looking for a compo-
nent standardization program that makes
things easier for you.

You may have been looking for a line of
capacitors and relays with the quality only
long production process specification con-
trols makes possible.

You may have been looking for a way
to get your components within 48 hours of
the time your order is received. If that's
what you’ve been looking for, this coupon
is all it takes to find it.

2 CORNELL-
Nl DUBILIER

50 Paris Street, Newark, New Jersey 07101

Now that you've found me, please send me your new Component Selector so | can use a service
like the one you've just described.

. Company Title .

Address

City

State Zip

ED



NEWS

Picosecond light pulses go begging

Electronic applications of ultrashort laser bursts
await design of faster detectors and oscilloscopes

Richard N. Einhorn
News Editor

Laser systems capable of gener-
ating optical pulses less than 1
picosecond wide—the shortest
events ever produced by man—may
usher in a new era of technology in
which electrical and physical meas-
urements are improved by orders of
magnitude. They may well provide
resolution for optical radar and
range-finding down to 0.03 cm over
a distance of miles. They may even
make possible computer elements
with dump rates approaching 102
bits per second and binary logic in
time sequences on the order of 10-12
seconds.

Sheer conjecture? Hardly. Pulses
almost this brief are being gener-
ated in many U.S. laboratories and
also, it is reported, in the Soviet
Union. One group at United Air-
craft Research Laboratories, East
Hartford, Conn., has measured 4-ps
pulses directly using an optical
correlation technique. A lower limit
of 10-'3 seconds for pulse generation
has been predicted—equal in length
to only 30 optical cycles. The U.S.
Army Research Office is said to be
so interested in the subject that it
is planning a conference devoted to
the theory and application of ultra-
short pulses.

Dr. Charles H. Townes, who
shared in the 1964 Nobel prize for
physics for his role in pioneering
the maser, commented recently on
these innovations:

“In the long run, I think, short
optical pulses will be very useful for
optical memories, for coding and for
communications. But it will require
a long process of engineering de-
velopment before we have other de-
vices that will respond electrically
to such short pulses.

“If devices that detect or utilize
them are slow, then we can’t take
full advantage of them. However,
now that we have these very short
pulses, perhaps the other devices
can be made better or faster.”

This discrepancy in speed between
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state-of-the-art optical and electri-
cal devices was illustrated by An-
thony J. DeMaria, principal scien-
tist, quantum physics, at United
Aircraft:

“We put pulses of 1 to 10 picosec-
onds into special photodiode detec-
tors. Coming out of the diodes are
electrical pulses of the order of 90
ps at the half intensity point, with
amplitudes of 60 volts, occurring,
say, every 1 or 2 ns.

“When the output of our detec-
tors is fed to a standard 1-GHz
traveling-wave oscilloscope (Tek-
tronix 519), we cause the scope to
ring. Our pulses are even faster
than a specially modified 519, which
is said by the manufacturer to have
a rise-time of 135 ps and a frequen-
cy response of 3 GHz.”

Thus, generation of ultra-short
pulses is pushing the technological
limits of both photodetectors and
traveling-wave oscilloscopes.

Generating these ultrashort
pulses requires special equipment.
Bell Telephone Laboratories uses
CO, lasers in its experiments. So-
viet scientists seem to favor semi-
conductor lasers at present, and
have reported measuring down to
10-'* seconds.

Q-switching improved

Up to now, the narrowest pulse
widths obtainable with standard Q-
switching techniques have been lim-

ited to approximately 10 nanosec-
onds because of the requirement for
one or more passes through the ac-
tive medium in order to build up the
laser pulse. DeMaria!' describes
United Aircraft’s technique for
overcoming these problems.

His source is a Q-switched Nd+*
doped glass laser. DeMaria claims
that with a 16.5-em-long oscillator
and a l-meter-long glass rod as an
optical amplifier, his group has ob-
tained peak powers of 3.7 and 9.4
x 10! watts for durations of 20 and
8 ps, respectively—to the best of his
knowledge the highest peak power
so far reported by any laboratory.

A cell containing a saturable or-
ganic dye solution is placed inside
the laser cavity (see Fig. 1). A Kerr
cell and a polarizer (Glan prism)
are also placed in the cavity. The
Kerr cell is initially unenergized
and the polarizer is adjusted for
maximum transmission.

The Kerr cell is filled with a
transparent material, which, when
placed in a strong electric field, re-
fracts doubly, and acts as a fast
shutter for light beams. The dye
cell is in effect a Q-switch as well as
a passive amplitude modulator. As
the pulse propagates through the
dye cell, the leading edge is heavily
absorbed and atoms jump from the
ground state of a two-level quan-
tum system to the excited state. As
a result, the dye tends to saturate.
This means that it attenuates high-
amplitude portions of the pulse
far less than the low-energy por-

MODE- LOCKlNG
DYE-CELL

-- -—— ———
OUTPUT
(A)

(B)
OUTPUT TO /
EXPERIMENT

M2
POLARIZER
MARK-
POWER
SUPPLY ,,E‘L';'E‘R

1. Subnanosecond pulses generated by laser oscillator are shaped by dye cell
which attenuates low-amplitude portions more than it does high-amplitude por-
tions. Saturable organic dye acts both as modulator and as Q-switch.
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(ps pulses, continued)

tions. Then the passive modulator
opens.

After the pulse has propagated
through the system, the atoms re-
turn to the lower energy state, and
the modulator closes. Reflecting the
pulse back and forth between the
two laser mirrors, M1 and M2, con-
tinually sharpens the pulse until
the harmonic content equals the
over-all band-width of the system.
Once this occurs, the pulse has
reached its limit of narrowness.

The cell, then, phase-locks har-
monically related longitudinal
modes, oscillating in the laser cavi-
ty, to produce a train of optical

pulses of a width limited only by

the bandwidth of the phase-locked
amplifying system. This approach
is known as mode-locking. The dye
solution in the laser cavity automat-
ically adjusts its modulating fre-
quency to the round-trip transit
time, 7, of pulses bouncing back and
forth between the laser’s mirrors.
Such modulation requires that the
relaxation time of the absorber be
shorter than r. In addition, it must
have an absorption line at the laser
wavelength and it must have a line
width equal to or broader than the
laser line width.

Laser pulses spark gaps

The leakage radiation from the
polarizer is focused onto the first
gap of a Marx-Bank pulse generator
(see box). When all the gaps break
down, a fast-rise-time quarter-
wave voltage pulse is applied across
the Kerr cell. With the Kerr cell en-
ergized, the polarization of the
pulse is rotated 45° for each pass.
The pulse is eventually routed from
the cavity by the polarizer.

The glass Nd laser is well suited
to the generation of ultrashort
pulses. It has a spectral line that
consists of three homogeneously
broadened lines approximately 40 A
wide that are superimposed in a
staggered fashion to yield a nonho-
mogeneously broadened line approx-
imately 100 A wide.

According to DeMaria, there are
two reasons that a mode-locked
Nd-® glass laser should yield the
highest available peak powers and
the narrowest pulse widths:

® The peak power increases and
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the pulse width decreases as the
number of phase-locked modes in-
creases.

m Nd** in a glass host has the
broadest line width of known laser
media.

There are two other ways to
mode-lock the laser oscillator than
the use of passive modulators, De-
Maria says. One is to use an active
modulator; the other is to use the
nonlinear gain characteristics of
the inverted population. The former
requires critical adjustment of mir-
ror spacing and modulating fre-

quency: the latter requires critical
adjustment of the @ of the inter-
ferometer, the laser position and
the gain of the system. Both of
these methods also require compen-
sation of the laser for optical-length
perturbations of the feedback inter-
ferometer. This is crucial to the
mode-locking of large solid-state
lasers, owing to optical-length vari-
ation of the rods when the optical
pumping flash occurs. Passive mod-
ulation, on the other hand, does not
require any of these critical ad-
justments. (continued on p. 20)

Pulser races the speed of

light

o |0 kv
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A device commonly used in
high-energy physics experiments
is now aiding the development of
lasers that generate ultrashort
pulses. The Marx-Bank genera-
tor, which delivers pulses with
very short rise and delay times,
enables the designer of a Q-
switched laser to choose the re-
gion of an optical pulse train at
which the system is to select a
single pulse.

A Marx-Bank pulse generator
is used to activate a Kerr cell,
which is switched to maintain a
laser-beam propagation medium
in a low-@ condition. The circuit
consists of an array of capacitors
that are charged in parallel but
discharged in series. A portion of
the laser beam 1is focused
through a lens, so that it breaks
down an optical gap (analogous
to a spark gap) from the top
plate of each capacitor to the
bottom plate of the preceding
one. The resultant overvoltage
propagates quickly down the
chain (rise time of about 5 ns)
until a high potential (10-50 kV)

11

KERR CELL

can be applied to the Kerr cell.
The object is to “beat” the speed
of light as it bounces back and
forth between the laser mirrors,
which are a fixed distance apart.

The discharge delay time of an
overvoltaged spark gap is the
sum of two components: the sta-
tistical time lag and the forma-
tive time lag. The first is the de-
lay between the application of an
overvoltage and the appearance
of a free electron, which initiates
a breakdown of the gap. The sec-
ond is the time taken to establish
a discharge current after the
free electron has appeared.

The illumination of spark gaps
in most Marx-Bank circuits
comes from the preceding dis-
charges of adjacent spark gaps:
the first gap illuminates the sec-
ond, the second illuminates the
third, and so forth. This will
work, according to United Air-
craft scientists, if the spark
spectrum of the electrode materi-
al includes wavelengths that are
capable of generating photoelec-
trons of that material.
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Better monolithic I. C. modules:
Sometimes it pays to wait.

Even DIGITAL waited. Until now, despite the technological
accomplishment, there was just no way to get the cost and
performance of |.C. modules significantly less than the cost
and performance of discrete component modules.

But things have changed. DIGITAL will deliver, in August, a
new line of integrated circuit modules — functional logic
arrays of high speed TTL's in dual in-line packages, designed
to operate from dc to 10 MHz. The module line encompasses
every basic system function, and features high fan out, high
capacitance drive capabilities, and excellent noise margins.

Waiting has had these advantages: the |.C.'s are the latest,

best, least expensive. Cost vs. performance are now vastly
improved for the first time. Lowest cost per gate, for example.
The technology of dual in-line TTL's has assets not availa-
ble in previous |.C. modules.

The boards are identical in size to the FLIP CHIP™ modules,
but with 36, rather than 18, pins. Pin sockets and mounting
panels, as well as other standardized hardware, are availa-
ble. All new hardware is compatible with the other FLIP
CHIPS™,

We call the new line: M series. Write for further details now.
Delivery in August,

dlilgliltall

MODULES - COMPUTERS

DIGITAL EQUIPMENT CORPORATION, Maynard, Massachusetts 01754, Telephone: (617) 897-8821 « Cambridge, Mass. « New Haven « Washington, D.C. « Parsippany,
N.J. « Rochester, N.Y. « Philadelphia « Huntsville « Pittsburgh « Chicago « Denver « Ann Arbor « Houston « Los Angeles « Palo Alto « Seattle « Carleton Place and Toronto,

Ont. « Reading, England « Paris, France « Munich and Cologne, Germany

Sydney and West Perth, Australia « Modules distributed also through Allied Radio
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(ps pulses, continued)

Two of DeMaria’s colleagues,
H. A. Heynau, and A. W. Penney,
Jr.,> pointed out that a mode-
locked glass Nd+* laser, in con-
junction with fast photodetectors,
can be used to evaluate electrical
networks. The experimental ar-
rangement shown in Fig. 2 has been
used to generate, detect and observe
the mode-locked laser pulses. The
optical pulses were converted into
electrical pulses by two specially
housed diodes, an ITT F-4018 and
an ITT F-4014. The rise times of
these two diodes were calculated
from optical pulse measurements to
be 256 and 90 picoseconds, respec-
tively. The oscilloscope used in
these experiments was the modified
Tektronix 519. It was necessary to
use a traveling-wave oscilloscope
because the relatively short pulse
duration of the repetitive pulse
train obtained from the mode-
locked laser ruled out the inherently
more sensitive, wider-bandwidth
sampling oscilloscope.

The electrical pulses from the
signal photodiode were applied di-
rectly to the coaxial deflection
plates through a connector mounted
on the side of the tube itself. This
was done to prevent the delay ca-
bles from modifying the electrical
pulses. The oscilloscope had to be
triggered in advance of the signal
by the triggering photodiode, which
was chosen to offer less optical de-
lay than the signal photodiode.

Electrical networks tested

Heynau and Penney reported that
they had evaluated several electrical
networks, including coaxial cable
and resistive impedance adapters,
by means of mode-locked pulses.

While the results they obtained
for the cables were generally in
agreement with theory, they did
find some anomalies, which, they
say, warrant further study.

There were, however, no impor-
tant disagreements in the case of
the resistive adapters.

They suggest many other areas in
which the ultrashort pulses could be
used to great advantage:

® Evaluation of detectors, trans-
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MODE- LOCKING é TRIGGERING
DYE CELL . PHOTODIODE

2. Optical pulses generated by mode-locked Q-switched laser exceed the re-
sponse time of the photodiodes, which in turn respond faster than the fastest
traveling-wave oscilloscope. A reference pulse triggers the oscilloscope in ad-
vance of the signal. This setup is used to test wideband devices.

K t | > 2 o s

Glass laser uses optical amplifier (foreground) to attain gigawatt bursts. A. J.
DeMaria (right) examines photograph of pulse taken from oscilloscope.
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ducers, wide-bandwidth systems—
anything that handles extremely
fast pulses.

® Development of new compo-
nents and systems, such as detec-
tors, detector housings, fast elec-
trical pulse termination resistors
and pads, and direct time-domain
display oscilloscopes.

® Coincidence and anti-coinci-
dence network checkout.

m Ultrashort, high-repetition-rate
sampling gate pulse trains.

But there is more, much more,
that the engineer can do with these
pulses. In the words of DeMaria,
“Short optical pulses are at the
same stage microwaves were right
after World War IL.”

Designers who are truly interest-
ed in advancing technology cannot
fail to be alert to such bountiful
gifts from the laboratories. One
golden opportunity lies in the area
of optical computers, where veloc-
ity-of-light measurements are al-
ways a consideration.

DeMaria comments, “If you have
a pulse 1 nanosecond wide, physi-
cally that’s roughly 1 foot long
through space. Our pulses are 0.03
cm long—shorter than anything
else that’s around. Optical memo-
ries, optical logic, the whole field of
computers—the implications are
definitely there for the engineer.”

The mind staggers at the thought
of dump rates of 102 bits per sec-
ond or binary logic in time se-
quences of 1 picosecond.

If radar pulses of 1 nanosecond
were available for ranging, engi-
neers would be overjoyed, because
10-GHz microwaves in 1-nanosecond
pulses would be equivalent to only
10 microwave cycles in length.
With the ultra-short optical pulses
it should become possible to mea-
sure distances of miles down to
0.03 ecm—an accuracy almost be-
yond belief. = =

References:

1. A. J. DeMaria et al., “Genera-
tion and Amplification of an Ultra-
short Optical Pulse,” 1967 IEEE Conf.
on Laser Engineering and Applica-
tions Digest of Tech. Papers (New
York: IEEE, pp. 23-24.

2. H. A. Heynau and A. W. Penny,
Jr., “An Application of Mode-Locked,
Laser-Generated Picosecond Pulses to
the Electrical Measurement Art” (Pa-
per presented to the IEEE Interna-
tional Convention, New York, 1967).
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Stradivarius...and
Nytronics make the
ditference!

A Stradivarius violin and a Nytronics High Q variable shielded
inductor have much more in common than meticulous craftsmanship
and quality materials. Both also have the special built-in ability to be
precisely adjusted. This is a most desirable quality in an inductor,
permitting the engineer to tune it accurately for most efficient
performance in any given circuit simply by turning the adjusting head

Their range of 0.10uh to 12hy makes them ideal for all uses in

any packaging technique. Hermetically sealed, with no physical
contact between adjusting screw and the inductor itself, they provide
a stepless adjustment of inductance over a minimum of 5% range
from nominal — and without strain on printed circuit mountings.
With an operating temperature of —55°C to 4125°C, they

meet the requirements of MIL-C-10535C, Grade 1, Class B.

Available from stock in the following package sizes:

WEE V-L—0.300” dia. x 0.400” high; range 0.10uh to 100,000uh
ATE-11 — 45/64” dia. x %" high; range 0.01hy to 0.18hy
ATE-0 — 1 1/16” dia. x 1” high; range 0.22hy to 1.50hy
ATE-4 — 1 19/64” dia. x 1%” high; range 1.80hy to 12.0hy

Nytronics off-the-shelf inventory also includes a wide range of
capacitors, delay lines, and resistors. Write today for complete
engineering data.

ViNFITRS~Ies

..tor Precicion Electronic Componente

550 Springfield Ave., Berkeley Heights, N.J. 07922 & (201) 464-9300 N TWX:710-984-7977
ON READER-SERVICE CARD CIRCLE 12
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Far-out communications for unorthodox wars

Army studies use of soil, water, rails and skin
.to transmit messages when radio is impractical

&
;_Neil Sclater
‘East Coast Editor

Somewhere at some time in some
near-impenetrable jungle country,
two U.S. Army special forces may
be closing in on an enemy camp
from opposite sides. They have
marched independently of each oth-
er for miles, and they must commu-
nicate now to make one final check
before attacking. Conventional rf
methods are out, because the sig-
nals might betray their presence to

the enemy. Visual methods are im-’

practical; the jungle is too dense.
So the two forces use the sur-
rounding soil and rock to relay their
messages.

Implausible-sounding communi-
cations schemes like this are under
investigation by the Army to meet
the demands of unconventional
warfare. Papers presented by the
Army Electronics Command at the
recent IEEE International Confer-
ence on Communication in Min-
neapolis outlined the following
methods and reported they were
showing promise for development :

® The transmission of messages
through earth and water bound-

aries by means of audio frequency
conduction current.

® Signaling through water, sand,
pipes and railroad tracks by mag-
netic excitation.

® Communicating through soil
and rock by seismic waves from
transducers.

® Communicating with humans
by “tapping” on the skin with low-
current probes in prearranged
codes.

Conduction-current signals used

Very efficient battery-operated
dc-ac solid-state inverters are being
used by the Army as audio-range
signal sources. The experimental
system is demonstrating the practi-
cality of earth current systems in
the 400- and 850-Hz ranges.

Experimentation with communi-
cations through earth dates to
World War I, but solid-state elec-
tronics has made the method more
feasible. The maximum range
achieved so far in the Army experi-
ments is only about 400 yards, but
even this may prove useful for cer-
tain operations.

The method depends on the loca-
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Magnetic excitation of sea water is used by the Army to
transmit messages to a receiving loop stick more than
300 yards away. A similar setup transmits signals more
than 10 miles when a railroad track is used as a duct.
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tion of transmitting and receiving
dipoles in a stream or river. Water
acts as the transmission media. Wa-
ter can also couple the audio signals
to sandy or mud surfaces, which
also may transmit the energy.

Army experimenters are using
one transmitter, that is employ-
ing silicon-controlled rectifiers as
switching elements in a power-con-
version circuit. The power output
of the transmitter operating at 400
Hz has been 120 watts. A newer
850-Hz inverter has an output pow-
er of 300 watts; it uses power tran-
sistors as the switching elements.

The audio signals are transmitted
through dipole electrodes made up of
5-by-15-inch stainless steel plates
mounted at the ends of a 10-foot
fiber-glass pole. The electrode is
placed below the surface of the wa-
ter or in wet sand and is supplied
with ac power through a 50-ohm
cable.

The 400-Hz receiver is a wide-
band transistor preamplifier in se-
ries with a low-Q tunable millivolt
meter. The received signal is am-
plified so it can be heard through
earphones. The receiving dipole
electrodes are similar to the trans-
mitting dipoles.

The receiver used in the 850-Hz
test consists of a tuned amplifier

RECEIVER

| DETECTOR:

Continuous seismic waves transmit messages through
soil and rock. Operating frequencies of about 80 Hz are
modulated to permit reception at a mile and a half with
the use of 200-W drive power.
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General Radio Type 1680 Bridge auto-
matically measures capacitance and loss
simultaneously, generates coded digital

Type F variable resistor
with pin type terminals
for mounting directly on g3
printed wiring boards.
Rated 4 watt at 70°C. Total
resistance values from 100
ohmsto 5 megohms. Shown
actual size.

13t
TyrPeE BB 1/8 WATT

—lERa

TYPECB 1/4 WATT
i
Hil—
TYPE EB 1/2 WATT
ERe

TYPE GB 1 WaATT

output data, and displays measured
values in about one-half second. The
basic accuracy is +0.1% and the range
is from 0.01 pF to 1000 uF.

A-B hot molded fixed resistors are avail-
able in all standard resistance values
and tolerances, plus values above and
below standard limits. Shown actual size.

—!

TYPE HB 2 WATTS

Just as surely as automatic equipment saves its users’
money when it is in operating condition, it is virtually
worthless when failure of a component has made the entire
device inoperative. To insure the reliable and accurate
performance of their new automatic capacitance bridge,
General Radio designers selected Allen-Bradley hot
molded fixed and variable resistors.

Allen-Bradley resistors are made by a hot molding
process using completely automatic machines developed
by Allen-Bradley. This results in such precise uniformity
from one resistor to the next—year in and year out—that
long term resistor performance can be accurately pre-
dicted. Furthermore, there is no known instance of catas-
trophic failure of an Allen-Bradley hot molded resistor.

367-5APBC

ELECTRONIC DESIGN 14, July 5, 1967

The same manufacturing technique is used with the
Type F variable resistors. Their solid hot molded resis-
tance track assures smooth control from the very begin-
ning and which improves with use—and are completely
devoid of the abrupt changes to be expected of wire-
wound controls. In addition, A-B variable resistors are
essentially noninductive, permitting their use at fre-
quencies far beyond range of wire-wound units.

For more complete information on the full line of
Allen-Bradley quality electronic components, please
write for Publication 6024: Allen-Bradley Co., 1344 S.
Second St., Milwaukee, Wis. 53204. In Canada: Allen-
Bradley Canada Limited. Export Office: 630 Third
Ave., New York, N. Y., U.S.A. 10017.

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS

ON READER-SERVICE CARD CIRCLE 13
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(communications, continued)

and null detector coupled to a wave
analyzer. The receiving dipole,
which is connected to a matching
transformer, feeds this combina-
tion. Signal levels are indicated on
the output meter of the detector’s
wave analyzer.

Signals from the 400-Hz system
have been received closely at dis-
tances up to 220 yards.

The 850-Hz system is able to
transmit signals that can be detect-
ed 750 yards away, but the ratio of
the noise to signal has been high.

Magnetic excitation method

Buried pipes, railroad tracks,
creeks, rivers, sea water and beach-
es are all possible transmission
lines for magnetic-excitation com-
munication. Magnetic couplers and
antennas are being used to excite
electrical currents and fields in
man-made and natural substances
on or below the earth’s surface.

The Institute for Exploratory
Research at Fort Monmouth, N. J.,
is experimenting with two forms of
magnetic excitation: one in sea wa-
ter and one through railroad tracks.
The experimental frequences are
within the range of 48 to 50 kHz.

The transmitting antennas in
both types of experiment are made
of a sheet of iron-loaded silicon rub-
ber and a sheet of Mylar rolled to-
gether to form a core for a wire
coil. This solenoid is then encased in
a cylindrical fiberglass shell about a
yard long.

The drive circuit for the trans-
mitting antenna employs simple
laboratory equipment. The output
from a signal generator is fed into
an audio amplifier. Then the output
signal from the amplifier is
matched to the transmitting anten-
na by a coil and a capacitor.

Signals are received by a loop-
stick receiving probe—a coil wound
on a ferrite rod encased in a plastic
box. A 20-foot coaxial cable con-
nects the probe to a battery-operat-
ed wave analyzer, which is used as a
detector. The input of the wave an-
alyzer is shunted by a capacitor to
tune the pick-up probe to resonate
at the transmitted frequency.

Kenneth Murphy and Ronald
Johnson, Army physicists, say that
rgceived signals in sea water are
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strongest one to two inches below
the surface and range exceeds 300
yards.

The railroad track field tests have
shown that signal attenuation is ex-
ponential and that a range of 10
miles can be obtained.

Seismic communications

Army investigators have found
that while continuous-wave seismic
signals, either amplitude- or phase-
modulated, appear to have a com-
munications potential, the problem
is the conversion of primary power
to useful elastic waves—a necessity
for achieving effective range.

In their experimental work, the
Army scientists devised two types
of transducers, one for soft earth
and the other for hard rock. One
tunable receiver is being used to re-
ceive signals through both hard and
soft media.

The transducers are essentially
electrodynamic loudspeakers con-
nected to a steel tube and piston as-
sembly. When the unit is transmit-
ting, force is transferred to the
ground by the tube and piston.
When receiving, the displacement
of the seismic medium is trans-
ferred to the speaker by a reversal
of this transmission process.

For soft media the speaker’s res-
onant frequency can be varied from
83 Hz (loose sand and gravel) to 78
Hz hard clay). The soft-media
transducers have a maximum driv-
ing power of 10 watts.

The hard-rock transducer has a
normal operating frequency of
about 80 Hz and a maximum driv-

TRANSDUCER

RECEIVER

Messages are sent through the skin
by pulsed low currents from elec-
trodes on a transducer strapped to
the forearm. Signals can be a pri-
mary source or can reinforce audio
messages.

ing power of 200 watts. The tube
that connects the piston with the
speaker on the transducers is slot-
ted and acts as a quarter-wave
transmission-line section. It match-
es the mechanical impedance of the
medium piston boundary with the
electrical impedance -of the loud-
speaker amplifier.

Army researchers have communi-
cated on the surface over distances
of about a mile and a half but be-
lieve this range can be improved.
A pulse-amplitude-modulated-80-Hz
signal was received with a signal-
to-noise ratio of about 3 dB.

Sixty watts of power applied to
the large transducer permitted com-
munications through rocky soil over
a distance of two-thirds of a mile.

Experiments have also been per-
formed on transmitting signals
through the ice of frozen lakes and
from mines.

Skin as a transmission medium

The nerves of the skin are being
considered by the Army as a ‘“‘possi-
ble port of entry” for messages. The
method uses electric currents to tap
out signals on the skin’s surface.

In experiments now being per-
formed jointly by Fort Monmouth’s
Avionics Laboratory and Communi-
cations and Data Processing Labo-
ratory, coded signals are being re-
ceived by soldiers with electrical
transducers strapped to their fore-
arms. Current, adjustable by the
soldier from 0.1 to 0.9 mA, is used
as the stimulus.

Dr. John Hennessy and Dr. Her-
bert Bennett say that the investiga-
tions to date indicate that the elec-
tric tapping messages are effective
both for .primary communications
and when used as a secondary cue
in conjunction with an audio chan-
nel that has poor separation of
noise and signal.

The best results in primary com-
munications have been obtained
when the signals were reinforced
by time-delayed ‘“shadow signals.”
The latter repeat the primary code
and tests have shown that the delay
time between the primary code and
the “shadow” is best between 2 and
5 milliseconds.

The Army, according to Dr. Hen-
nessey, would like to use skin com-
municators to direct men working
on such assignments as disarming
explosives. m =
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ROWAN’S NEW PS SWITCH ...

is a momentary action, two-circuit switch with a maximum contact rating of
500 milliamps, 50 volts AC or DC, and featuring:
1. Sub-miniature size measuring 1.63" x 0.24".

2. High density, modular pack of four switches (8 circuits) per Y2
square inch.

3. Very long life, repeatedly tested in excess of 5,000,000 electrical
operations.

4. Very low resistance—very low voltage drop.

5. Extremely low bounce.
The PS Switch is standard with either two N/O, two N/C, or one N/O and one
N/C contacts. Weighing 2.2 grams, it is mounted in a 0.166" panel hole by

means of either circular, hex or knurled nut. Square or round buttons are
offered in any of five colors.

For more information, call or write

THE ROWAN CONTROLLER COVIPANY

ROWARN

ON READER-SERVICE CARD CIRCLE 14
ELECTRONIC DESIGN 14, July 5, 1967

OCEANPORT, NEW JERSEY 07757
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‘Flame laser’ requires no electrical supply

Burning CO gas radiates energy to excite CO-.
within a sealed tube—Other gases may work, too

Touch a match to a gas jet and,
presto, out comes a laser beam.

That’s what happens in a new
“flame laser” invented by Dr. Irwin
Wieder, principal scientist for the
Carver Corp., Mountain View, Calif.
Dr. Wieder, who prefers to call his
development a “chemioptical reson-
ant pumped” laser, believes that it
will prove significant because the
resulting device needs no electrical
source for operation.

In the present setup three 4-
meter-long tubes are placed side by
side. The center one is a quartz tube
filled with carbon dioxide under par-
tial vacuum (1 torr) ; the two outer

MIRROR
ADJUSTERS
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ones, which are open to the atmos-
phere, hold long gas jets. Carbon
monoxide is sent through the jets
and lighted. As the CO burns, it
combines with oxygen (2CO + O, =
2C0O,) in the air. As the chemical
bond takes place, energy in the form
of radiation is released at about
4.4 microns. This energy pumps up
the CO, in the center tube to higher
energy states. As this excited CO,
drops to lower energy levels, laser
action occurs in the infrared region
at about 10.6 microns.

The present equipment is very
inefficient, Dr. Wieder reports. Out-
puts are in the range of 1 milliwatt.

OSCILLOSCOPE

DIFFUSION FLAMES

RADIATION CHOPPER

BURNERS

£

LASER TUBE

e

END VIEW

q 1]
I =
71
ASER FILTER
OUTPUT DETECTOR

SIDE VIEW

‘Flame laser’ requires no electricity, just a supply of CO gas to feed the burners
and a match. Lasing action occurs in a 4-meter-long quartz tube filled with
CO,. The laser tube is sealed; the burner tubes are open to the atmosphere.
Dr. Irwin Wieder checks the output (top).
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This is accomplished with two burn-
ers, each about 4 meters long, and
with flames about 7.5 em long. Now
that laser action has been achieved,
Dr. Wieder intends to investigate
some steps to improve efficiency,
such as the use of reflectors and
the substitution of CO, isotopes
that offer transitions better match-
ed to the radiation. He will also
study the effects of changes in pres-
sure of the active CO, gas.

The most important possibility
for this type of laser, Dr. Wieder
believes, is for compact units in
which the CO, could be permanent-
ly sealed. Then a supply of CO gas
and a flame would allow operation.
Other molecules and different fuels
should also be capable of similar
laser action. The energy transitions
in this type of laser are those be-
tween different vibration-rotation
energy levels of the CO,. Flame
processes are not completely under-
stood by physicists, according to Dr.
Wieder, and therefore further work
must be done to find out what vari-
ations on the basic principles will
prove feasible. He suggests that
similar radiation processes are in-
volved in explosions and that this
might provide another type of exci-
tation source for future lasers.

Dr. Wieder started his work on
the flame laser before recent devel-
opments in CO, lasers, which are
now the most powerful types avail-
able in the gas laser family. His
interest in CO, centered on the
presence of closely spaced vibration-
rotation levels in CO, molecules,
which appeared ideal for his flame-
radiation experiments.

His intial experiments put the
CO, in the same tube with the
burning CO. This configuration did
not prove successful, so he switched
to the present three-tube setup.

The quartz tube that holds the
lasing CO, has an inner diameter
of 24 mm and a wall thickness of 1
mm. Germanium mirrors, with di-
electric coating for 99.5% reflectiv-
ity at 10.6 microns, are used in the
cavity.

Dr. Wieder’s work is being sup-
ported by the Mobil Oil Corp. as
well as the Carver Corp. = =
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Union Carbide’s New Integrated
Circuit Operational Amplifier

M The 15nA Operational Amplifier
UC4000

B ]15nA differential input offset current (max)
B 175pA/°C differential input offset current drift (max)
@ 5mV input offset voltage (max)
B 10uV/°C input offset voltage drift (max)
B 50nA input biasing current (max)
B -+ 10V common mode voltage (min)
B +10V output voltage swing (min)
B 2mA output current drive (min)
@ 20,000 open loop voltage gain (min)
8 _55°C to 4-125°C operating temp. in TO-101
B Offset Voltage adjustable to zero with external potentiometer
B Off the shelf delivery

applications: A to D converter «Bridge amplifier « DC amplifier « Differential amplifier
Integrator (DC to AC)eSample and hold amplifier

UNION
CARBIDE

ELECTRONICS

Semiconductor Department / 365 Middlefield Road, Mountain View, California 94040 TWX: 910-379-6942; Telephone (415) 961-3300
ON READER-SERVICE CARD CIRCLE 15
ELECTRONIC DESIGN 14, July 5, 1967
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Automated testing S

% hcll)s make }1—PACS 1-PACS are 1009, tested. We test the components, test
3 the circuit boards, and test every finished PAC against
the most reliable stringent QC standards. In fact, we designed our own
I/C lules he automatic PAC test system to perform more tests
/ modules 1n the faster . . . like 85 static and dynamic electrical tests
ind ustry in less ffhan .20 seqonds. All to make sure Fhe reliabil_ity
7/ we achieve in design is passed on to you in production.

Whether you face design of a one-shot black box, or
an entire product line, why not rely on x-PACS. You'll
never have to worry about reliability. They've been
proven in hundreds of systems — and in test after test.
And you get the best price/performance ratio

available today. Write for our new brochure. It sums

up all the facts. Honeywell, Computer Control Division,
Old Connecticut Path, Framingham,

Massachusetts 01701.

Honeywell

(lac)comMPUTER CONTROL
p DIVISION



Pentagon boosts intelligence activities

=

Electronic intelligence to be beefed up

The Pentagon and the White House are
reported to be so impressed with electronic
intelligence (Elint) that a substantial
increase in funds and manpower is to be
devoted to it.

Elint is relayed by the high-speed,
unmanned and usually unarmed “winged rf
probes” that have been flying “ferret
missions” in Southeast Asia, over the
fringes of China, Eastern Europe and the
Soviet Union itself. These missions have
brought back information on changes in
codes, communications frequencies, IFF
(identification, friend or foe?) procedures,
radar locations and antiaircraft systems
and tactics so rapidly that a new
information-processing wing of the huge
National Security Agency building near
Washington is already swamped. The wars
in Vietnam and the Middle East have
confirmed the intelligence garnered by
Elint.

Top officials of the National Security
Agency, the electronics-intelligence
organization operation by the Pentagon,
asked Capitol Hill in January for some

50 new ‘“supergrade” employees. Career
government employees normally earn a
maximum of $19,000 a year; supergrades
receive up to $25,890 for their extra
talent and positions over thousands of
employees, many of them in normal “top”
government grades. The House Manpower
Subcommittee is keeping its own counsel

on the agency’s unusual request, but is
expected to grant it. Observers remark that
a request for 50 supergrades bespeaks

a major new Elint program.

Ferret missions, generally flown by RB-66s
and more recently by RF-4s also, have been
in use since the end of World War II. So
effective have they become that much of

the money allocated to a new weapon system

<€ ON READER-SERVICE CARD CIRCLE 16
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WASHINGTON EDITOR

is tied up in electronic countermeasures
(ECM) to prevent “ferrets” picking up false
information. Hitherto Vietnam has been the
only area where real hostile actions have
enabled the Pentagon to correlate Elint

data with the procedures taken by an
actual enemy under attack. Elsewhere

one of the agency’s toughest tasks has

been to elicit genuine counterintrusion
measures and communications from the
barrage of false signals and meaningless
messages put up by military forces at the
approach of an unidentified aircraft or
vessel. Last month’s critical flare-up

in the Middle East, with real radar and
genuine communications in use, gave the
Pentagon an unparalleled opportunity to
observe an electronically ordered battle
based on Soviet doctrine and hardware.

Now the Pentagon has a twofold reason
to beef up NSA. Elint ships and aircraft
—maintaining surveillance from afar

but definitely not within the six-day
crisis zone, Pentagon officers insist—
have proven their value and that their
use should be increased. The second
reason is that the Pentagon now expects
the Soviet bloc to make many changes in
its communications and counterintrusion
procedures in the wake of the Arab-
Israeli conflict. Thus a new round in
Elint, ECM and ECCM is believed to be
in the offing.

Technological Marshall Plan dead

There will be no major U.S. aid program of the
sort that Italian Foreign Minister Amintore
Fanfani has referred to as a ‘“Technological
Marshall Plan.” For months, the White House
has closed its collective ears and kept very still
in the hope the thing would go away. On the
contrary, however, European clamor about a
“technology gap’’ that was somehow the willful
fault of the U.S. and must be redressed by the
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U.S. government has grown louder and

more insistent. Finally, the White House
broke its silence and sent the then Commerce
Secretary-designate, Alexander Trowbridge, to
Paris. Trowbridge put the message across
obliquely—in an address to the American
Chamber of Commerce in France—but

he made it very clear.

Only Europe itself can redress the technological
gap and the brain drain, Trowbridge said. He
said an American aid program likely would not
be much help because the roots of Europe’s
problem do not lie in techhology; Europe

has amply demonstrated its techmnological
competence. Rather, he contended, the problem
involves productivity, education, economies of
scale, managerial environment, natural
resources and markets. But, even if these were
not the root problems, and a simple U. S. aid
program would close the technology gap,
Trowbridge asserted, the U.S. government still
could not take on such a responsibility. The
government cannot give away much American
technology, Trowbridge pointed out, because
most of it is private property.

The White House emissary was not entirely
negative. Although he does not favor a formal
government program for transferring
information and hardware to Europe; he does
favor—and will work for—more international
conferences, joint undertakings and increased
industry-to-industry contact. He believes
Europe can pick up more U.S. technology and
productive know-how by increasing its
investment in U. S. industry. And, voicing what
probably he believes is the ¢rux of Europe’s
problem, Trowbridge stated bluntly that he
would like to see Europe make better use of the
technological information that it does receive.
He suggested that this could be done through
programs and centers similar to the U.S.
Commerce Department’s Office of State
Technical Services—a program often likened to
an Agricultural Extension Service for industry,
with offices functioning in the manner of the
County Agent’s.

U.S. to define auto electronics role

Directions that the government will take in the
rapidly developing highway-automobile
electronics market are expected to be clear by
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late September. A number of Transportation
and Commerce Department officials are
planning to respond to IEEE’s call for papers
for its Sept. 21-22 Second National Automotive
Conference in Detroit. Papers and exhibits at
the Conference and presentations at collateral
functions may spotlight several new programs
now only in the planning stages, as well as
survey the present Topics program and the
traffic-safety spot-improvement program.

Topics (Traffic Operations Program to Increase
Capacity and Safety) deals only with urban
highways and is the government’s first major
move into city-streets projects. One of its chief
interests is application of computers to receive
and evaluate traffic flow data from remote
locations and then control the flow of autos on
urban freeways. The traffic-safety spot-
improvement program identifies specific points
of high accident probability and attempts to
make them safer. This often involves traffic-
counting and installing signal-regulating
equipment. Both are programs of the Office of
Traffic Operations in the Transportation
Department’s Bureau of Public Roads. Among
the Office’s avowed missions is the promotion of
uniform traffic-control devices.

Proxmire proposes budget cuts

End the SST program, all but eliminate funds
for post-Apollo projects, substantially reduce
troops in Europe, cut deeply into “pork barrel”
Federal highway and Corps of Engineers
projects. These are recommendations of the
majority party’s current “whiz kid” in the
Senate, William Proxmire (D-Wis.) The man
believed by many of his colleagues to be the
only senator who could give Robert F. Kennedy
serious presidential competition, but who will
probably provide his most valuable support,
believes that post-Apollo funds can be cut by
over $1 billion. He admits that such a cut
“would postpone such projects as a soft landing
on Mars, which has nothing to do with our
present goals.” On the Administration’s request
for $198 million to get the supersonic transport
under way, Proxmire contends that, “at a time
when we must carefully scrutinize the priority
of our expenditures, we certainly can forgo this
expensive frill.”

Significance? Although turning a deaf ear to
dove Proxmire in foreign affairs, the White
House listens with respect on almost all money
matters. Proxmire is Chairman of the Senate-
House Joint Economic Committee and
number two Democrat on the Senate Banking
and Currency Committee.
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Just push a button to select one of five different functions and
make measurements in a total of 23 ranges.

Measure (1)dc voltage in 3 ranges from 0.0000 to +999.99
volts with automatic and manual ranging. Accuracy:.005% =1
digit. Sensitivity: 100 microvolts. Measure dc millivolts in 2
ranges from 00.000 to 100.00 millivolts. Accuracy: .029% +1

digit. Sensitivity: 1 microvolt. Stability: 30 days with 10°C tem-

perature variation. Push a button for (2) DC/DC ratios in 3
ranges from .00000:1 to +99.999:1. Standard feature:
automatic polarity selection. Push a button to
measure (3) ac in 3 ranges from 00.000 to
1000.0 volts rms; (4)dc current in 6 ranges
from 0.0000 microamperes to =+100.00 mil-
liamperes; (5) resistance in 6 ranges from
0.0000 kilohms to 100.00 megohms.

ELECTRONICS.,INC
SAN DIEGO | DIVISION

Each button lights up for positive identification. And this versa-
tile instrument takes up just 51 inches in a 19-inch rack. Model
533-4810, rackmount: $2,750.

Also available: our new 530 Series DC DVM/Ratiometer, which
measures dc voltage in 3 ranges from 0.0000 to +999.99 volts
and DC/DC ratios in 3 ranges from .00000:1 to +99.999:1.
Accuracy: .005% =+ 1 digit. Automatic ranging and pushbutton
function selection are included in both cabinet (half-rack)
Model 531-1000 and rackmounting Model 531-3000 at $1,495.

Prices FOB San Diego. Additional export
charge. Better get full details now from your
nearest Cohu engineering representative. Or
contact Ken Walker, Manager, Instruments and
Systems. Phone 714-227-6700, or write Box
623, San Diego, California 92112.

See us at WESCON, Booth 3001
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Thermistors provide precision measurement, compensa-
tion and control of temperatures, liquid levels, the flow of
liquids and gases ... WITH INSTANT RESPONSE.
Initially developed for the communications field and then
the aircraft and space age, VECO thermistors have found
their place in industry. From Office Copying Machines and
Juke Boxes to Computers and CATV Distribution Systems,
design engineers are finding more and more thermistor
applications in every-day products.

VECO Thermistors are available in a wide range of sizes,
shapes, resistance values and temperature coefficients.
VECO'’s staff of experienced engineers is available to assist
you in product application and circuit design.

Write for Catalog MGP681
VECO First in Progress e First in Service

J-8429

Springfield Ave., Springfield, N. J. 07081
Tel: 201+-379-5900 TWX: 710-983-4430

ON READER-SERVICE CARD CIRCLE 18
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NEWS

Opaque ruby passes
pulsed laser beam

Two University of California
physicists have passed light from a
ruby laser through a ruby rod,
which is ordinarily opaque to light
on that wavelength when it ema-
nates from an incoherent source.

Prof. Erwin L. Hahn of the
Berkeley campus says that a short
pulse above a critical amplitude
propagates through an optically
resonant medium as though it were
transparent; below that critical
threshold the light will be absorbed.
He explains: )

“As the light goes through, it is
momentarily absorbed by the opti-
cal transition in the medium. But
the energy absorbed from the lead-
ing edge of the pulse is later emit-
ted back to the trailing edge. The
light pulse thus goes through as
though it hadn’t given away any en-
ergy.”

He compares it to bowling balls
approaching a row of rigid pendu-
lums: if the balls roll slowly, they
lose all their energy. But if they are
thrown fast enough to drive the first
pendulum past the 180° point, it
will swing around and smack the
balls on the rear end. The balls are
then sent on with renewed energy
to the next pendulum.

“This is a rough analog of what
the light pulse does,” Hahn says,
“and it also illustrates the threshold
effect.”

Hahn and his colleague, Samuel
L. McCall, have observed these self-
induced transparency effects only in
ruby. He says, however, that the
principle may make it possible to
pass extremely short light pulses
through other materials, provided
that the width of the light pulses is
short compared with the transverse
relaxation time in the medium and
the height is sufficient.

At room temperature the results
are masked by an extremely fast
transverse relaxation. Therefore,
the researchers had to cool the ex-
periment to 4.2° K, where the time
constant is extremely long. With
ultrashort pulses like those generat-
ed by DeMaria and others at United
Aircraft Research Laboratories

-(see p. 17), these phenomena could

be observed even at room tempera-
ture. m =
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HERE’S AN 1/C DIVIDE-BY-10 COUNTER

MC1027S

THAT OPERATES IN EXCESS OF 100 MHz

=
4J z &

ak

Mcio23

Ve

C=ONE J AND ONE K TIED TOGETHER
| ALL UNUSAL INPUTS ARE TIEDTO
© Vgg (NOT SHOWN) ‘

Motorola’s high-speed MECL II
just smashed its own speed record
—1...with the introduction of the
MC1027 integrated circuit J-K Flip-Flop.
Specified for a toggle and shift frequency
that’s typically 120 MHz, this new circuit
more than doubles the speed of any other
J-K Flip-Flop now available in other logic
families.

A new high-speed dual clock-driver, the
MC1023, also announced with the flip-
flop, is capable of driving 10 flip-flops or
more, at high clocking rates — eliminating
high-frequency drive problems for the de-
signer. Together, the two units form the
excellent high-performance Switchtail
Ring Counter, shown above. Previously,
this type of high-speed application would
have been possible only with discrete com-
ponents. Now, MECL II makes it possible
with the advantages of size, weight and
reliability that only Motorola integrated
circuits can provide!

MOTOROLA SEMICONDUCTOR PRODUCTS INC. / P.0. BOX 955 / PHOENIX, ARIZONA 85001 / (602) 273-6900 / TWX 910-951-1334

(MECL II MADE IT POSSIBLE)

Other typical specifications include:

MC1027 Mc1023
CHARACTERISTIC JK DUAL
FLIP-FLOP CLOCK DRIVER

Toggle Frequency 120 MHz —

Propagation Delay 4.5ns 2.0 ns (Fan-out = 10)

DC Fan-Out 25 25

For complete details, including data
sheets, application notes and prices, circle
the reader service number. Then, contact
your franchised Motorola Semiconductor
distributor for evaluation units that
you can try right now. You’ll see why
MECL I1 is getting “rave notices” all over
the country!

@ MOTOROLA

Semiconductors
~ whene the priceless ingrediont & cane!
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“ll“tllﬁl’ A \1"'s I‘ iI.Qto e @ This Monolithic A/D-D/A Converter incorporates

General Instrument’s exclusive MTOS (Metal-Thick-Oxide-Silicon) process which provides Large Scale
Integration without the need for high-cost discretionary wiring.
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the tirst available
monolithic
analog-fo-digital
digifal-fo-analog
converfer

And only General Instrument makes and
delivers these advanced LSI devices...today!

Actual Size

MEN 5014 A/D-D/A Converter....ooee ... 52682 00

General Instrument’s MEM 5014 is a Monolithic MTOS Integrated Circuit
containing 350 active components on a chip 62x104 mils. It performs all the
logic and analog switching functions for 10-bit successive approximation
analog-to-digital conversion. In addition, it operates in two other major
modes—as a 10-bit digital-to-analog converter or a 10-channel analog multi- GENERAL
plexer.

As an analog-to-digital converter, the MEM 5014 is used in conjunction with
an external precision ladder network and voltage comparator. This mode
provides both serial and parallel binary outputs. The MEM 5014 is packaged
in a 40 lead hermetically sealed in-line package which can be soldered to a INSTRUMENT
printed circuit board or used with a 40 pin socket. Write for complete data
and application notes.

*in quantities of 100

GENERAL INSTRUMENT CORPORATION ¢ 800 WEST JOHN STREET, HICKSVILLE, L. I, NEW YORK

ON READER-SERVICE CARD CIRCLE 20
ELECTRONIC DESIGN 14, July 5, 1967 35



NEWS

Low-cost display tested for computer ‘utilities’

MIT laboratory terminal gives graphic input and
output on memory CRT linked to a telephone line

The goal of a low-cost graphic
display for time-shared computers
is closer as a result of a recent de-
velopment at the Massachusetts In-
stitute of Technology. An on-line
graphic terminal, now operating at
the institute’s Electronics Systems
Laboratory, promises performance
possible today only from more costly
commercial graphic systems.

The MIT display console was de-
signed by the laboratory for Proj-
ect MAC, the institute’s research
program on time-shared computers.
It sends and receives both alphanu-
meric characters and drawings.

The display can be fed by stand-
ard telephone lines. It includes a di-
rect-view cathode-ray storage tube,
a typewriter keyboard and a simple
graphic input device.

The laboratory engineers believe
that the prototype terminal could be
built in large quantities for about
$5000 each. This price is more ex-
pensive than that of a teletypewrit-
er but is comparable to that for

7,

MIT’s low-cost graphic display uses a modified Tektronix 564 oscilloscope.

present commercial alphanumeric
display stations.

The MIT laboratory is advancing
the large-scale “public utility” com-
puter concept, which calls for
hundreds of low-cost remote termi-
nals. While the engineers believe
simple  teletypewriter stations will
continue to be useful, they assert
that graphic man-machine “conver-
sations” are essential in the com-
puter utility to perform such serv-
ices as design, problem simulation
and industrial process control.

John Ward, assistant director of
the systems laboratory, says: “Cur-
rent commercially available, low-
cost displays are unsatisfactory for
the future needs of large-scale utili-
ty time-sharing. None of them
offer, or are particularly well suited
to providing, anything but an al-
phanumeric capability. They are es-
sentially electronic typewriters.”

Ward says that for graphic dis-
play, image storage is more promis-
ing than the ‘“continuously re-

Thomas Cheek,.co-developer of the system, checks the printout of input com-
mands for test purposes. Hard copy will not be produced in final version.

36

freshed” CRT display. He says that
high-speed electronics for rewriting
the picture are not needed (conven-
tional displays must be refreshed by
redrawing them 30 to 40 times a
second to eliminate flicker from the
CRT display). For more complicat-
ed pictures, Ward adds, the refresh-
ing technique is costly, because the
bandwidth of the internal display
electronics must be increased to
achieve the high speed required to
form these pictures.

“By storing the picture created
in image form as it comes off the
telephone line, the only limit to pic-
ture complexity is the active area
and resolution of the display device,
and not the capacity of the memory
or the writing rate,” Ward notes.

Robert Stotz, Co-developer with
Thomas Cheek of the laboratory’s
display, says: “The image of graph-
ic input-output on the computer
community is just beginning to be
felt, but until low-cost graphic dis-
plays become readily available, this
impact will be greatly impeded.”

The low-cost display uses a
standard high-resolution Tektronix
five-inch storage tube, a 94-symbol
standard keyboard, an electro-me-
chanical input device called the
“mouse,” and a control unit.

’

Linked to phone line

The control unit connects with
the telephone line, provides analog
voltages to drive the display screen
and establishes the format for the
keyboards and graphical input sig-
nals to be sent to the computer.

The display station will connect,
as a remote console, to the Project
MAC time-sharing system by
means of a dial-operated telephone
line. The station’s output data rate
is 10 times that of a teletype.

Stotz says that one advantage of
alphanumeric output on displays is
that they more closely approximate
human reading abilities. People can
read much faster than the output
of a teletypewriter.

New data are written only once,
Stotz says, and they may be entered
randomly on the display screen at
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CLARE /Optimity
in control

Communications capability ?
Clare puts you in control

In any area of the electncal/electronic disciphnes, Clare capa
bility can put you in control. In communications facilities

on land, at sea, or in acrospace. In productive process control,

or high speed data processing systems. In instruments, labo

ratory or industrial, or in aerospace or ground support systems

Contact switching can optimize control systems — wherever
long hfe, ngh rehabihty, advanced capability, and maximum

economy are needed. Let Clare put you in control

C. P. Clare & Co.—worldwide.

Clare contact switching .. for optuumity in

Industral Process Control  Electronic Data Processing  Aerospace and Ground Support  Communications  Instrumentation

CC
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These 14 New Devices
Make RCA

the Triac Leader
of the
Industry

Now, RCA offers you the industry’s broadest line of Current Low 120V 240V
Triacs, with an unmatched choice of ratings and Rating Voltage Line  Line | Package
triggering characteristics in space-saving packages Ir(rms) (100v) (200V) (400V)
...all at truly economical prices! Triacs are today’s S8A modified
most modern, effective component for ac phase- (lr = 3 mA max) | 40925 40526 40527 | 3-lead
control and load switching. Because they can per- 105
form the functions of two SCR’s, Triacs make possible Sa modified
new economies in full-wave power circuit design and (ler = 10 mA max) 40528 40529 40530 | 3-lead
: : : = e 6T = TO-5
cost for industrial and commercial applications.
So for efficient, inexpensive solid-state control of 6A 40429 40430 | TO-66
motors, lighting, and heating, look to RCA, the Triac 7
: . | modified
Leader. Your RCA Sales Representative will be 6A 40485 40486 | 2-lead
happy to give you more details, including price and TO-5
dehver)’r. Also, ask. hun about BCAS comp%ete line 10481 20435 |modifiea
of SCR’s. For additional technical data, write RCA 6A (with integral | 2-lead
Commercial Engineering, Section RG7, Harrison, trigger) TO-5
L\In(]l é);?fgl;ySee your RCA Distributor for his price 15A TAZE54 TAzE35 | TO-66

*Priced in quantities of 1,000 and up.

RCA Electronic Components and Devices

The Most Trusted Name in Electronics

®
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Sensitive-Gate Triacs under $1.00*

Extremely high gate sensitivity...rms (on-state)
current = 2.5A...and a price level that makes
possible a new generation of controls for small
appliances, induction motors, and sensing cir-
cuits. Maximum gate sensitivities of 3 mA or
10 mA are actually many times greater than that
of conventional Triacs! This means simplified
triggering circuits and reduced component costs.
The 100V versions (40525 and 40528) sell for
$0.95*; the 200V types (40526 and 40529) are
priced at $0.98*; and the 400V units (40527
and 40530) are available at $1.40*!

ad T0-5 to Control 1

With the new 40485 and 40486 6A Triacs, RCA doesn’t
have to use an expensive press-fit package to control a
lot of power. Both types employ the low-cost TO-5 case
which can be easily mounted on heat spreaders using mass
produced pre-punched parts and batch soldering tech-
niques for improved heat-sinking ability. The 40485 sells
for only $1.50* and controls 720 watts. The 40486 can
control 1440 watts and sells for $1.98*. And reliability
is assured with surge current protection up to 100A!

Low-Cost 6A Triacs with Integral
Trigger to reduce design problems
and save money

Because the triggering device and the
firing characterisitics of the 40431 and
40432 Triacs are coordinated inside a
compact TO-5 case, you don’t have to
worry about designing in additional trig- 154

T

gering components. You benefit further
from reduced circuit and assembly costs,
plus improved packaging densities! So if
your ac-load control circuits require a
trigger, why not have it built-in for you?
The 40431 controls 720 watts at 120V
and costs $1.80*; the 40432 controls
1440 watts at 240V and costs only $2.48*.

up to 3600W

RCA developmental types TA2834 and
TA2835 Triacs extend solid-state con-
trol way up into the kilowatt range.
These powerful TO-66 units have surge
current protection up to 100A, plus all
of the other design benefits of RCA’s
lower current Triacs. Possible applica-
tions include power supplies, heating
controls, motor drivers, and many
other industrial and commercial usages.

oad Control pular T

Need full-wave control of up to 1440
watts in a TO-66 package? RCA 40429
and 40430 Triacs are your answer...
they feature high gate sensitivity,
symmetrical triggering characteristics
(Igr = 25 mA max), and surge current
protection up to 80A. The 200V 40429
costs $1.50*, the 400V 40430 only
$1.98*,




NEWS
(MIT display, continued)

rates compatible with the low input
bandwidth of the telephone line.
Speed requirements on the elec-
tronics are reported quite modest.

The electronics package accepts
serial binary signal trains of com-
mands and data and uses them to
program internal vector and symbol
generators. These generators pro-
vide vertical and horizontal deflec-
tion voltages for the CRT.

The display uses two binary rate
multipliers to draw lines. By inten-
sification of the beam after each
step, a series of closely spaced dots
is formed. This is seen as a constant
intensity line.

MIT investigators used uncon-
ventional techniques for pulse inte-
gration and analog-to-digital con-
version. Pulses produced by each
multiplier are shaped to have a con-
stant amplitude and duration and
are then fed to an operational am-
plifier connected as an integrator.
The polarity of the pulses is con-
trolled in accordance with the sign
of the vector component. The re-
sulting amplifier output is said to
produce to the same discrete-step

counter and digital-to-analog con-
verter combination used in more ex-
pensive displays.

Picture elements are constructed
by connecting straight lines end-to-
end. In so-called vector command,
the incremental vector lengths are
defined as 11-bit numbers (10 for
magnitude, 1 for sign) that are
loaded into horizontal and vertical
registers. The information stored in
these registers programs the bi-
nary-rate multiplier to produce syn-
chronized, incremental x and y
pulse trains. The pulse trains are
fed into the operational amplifiers,
where they are integrated and
cause the CRT beam to trace out
the desired line.

Matrix maintains intensity

For characters, a pair of counters
step the beam through a matrix
pattern, and a diode memory
holds the specific intensity patterns
for each symbol. This action causes
the CRT beam to blank and unblank
as it moves through the matrix. The
initial positioning for the first sym-
bol in a line of text is established by
a previous set point, permitting full
flexibilty in choosing symbol loca-

A 7-by-9-dot matrix was chosen
to display the 94 printable symbols
of the standard code. A 96-word,
63-bit read-only memory for the
symbol patterns was used. It is a
6720-bit diode matrix array on a
single integrated-circuit chip.

Data transmission is in the form
of fixed length characters with
“stop” and “start” bits to insure
continuous synchronization between
source and receiver.

Lines can be placed on the cath-
ode ray tube by means of the
“mouse,” a hand-held box moved
around the screen. The mouse con-
trols the position of a pointer or
“cursor” that directs the electronics
to give visible, but not stored visu-
al, indications.

Wheels attached to potentiomet-
ers move with the motion of the
mouse. Signals from the potentiom-
eters are resolved into voltages that
deflect the CRT beam. When the op-
erator is satisfied that he would like
to record the lines, he pushes a but-
ton. The vertical and horizontal
components of the cursor’s position
are then digitized and sent to the
computer. The program interprets
the position values as either end
points for drawing or location

characteristics as the up-down tions. points for displayed data. m =
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MIT advanced remote display station is a prototype unit to
demonstrate low-cost image storage techniques for appli-

40

* BINARY RATE MULTIPLIER

cation to utility time-sharing systems. It can send and re-
ceive both alphanumerics and drawings.
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flies with Cutler-Hammer
power relays!

You’ve made us Number One. And we thank you.

For years, you've been buying more Cutler-Hammer power
relays for your airborne projects than anybody else’s.

Probably because our relays combine the utmost in small
size, light weight and resistance to severe environmental
conditions.

Now, we’d like to tactfully remind you that more and
more of your fellow engineers are using our relays in ground
support as well. And in ordnance and shipboard
electronics, too.

Like in the tank above, and in trucks, radar, power
systems and fire-control systems.

We're delighted. But not surprised. Because the relays
are very much the same.

Same proved reliability under severe environmental

conditions. Same in-process inspection and rigid quality control.

On your next project—ground, marine or airborne—
specify Cutler-Hammer power relays. Call our local
stocking distributor, or write for new Catalog LL-292-1.217

Swi‘l'ch //\ore than just products:

prompt availability,
field help, innovation,
i'O NO.] quality assurance too.

Nearly everything that flies...

Typical of Cutler-Hammer's full line are these 25-,
50-, and 100-amp hermetically sealed power relays
(front), our new 175-amp hermetically sealed
generator contactor, and a 400-amp environmen-
tally sealed relay.

CUTLER-HAMMER

Milwaukee, Wisconsin 53201



QD Precision

Precision trimmers in all 4 popular styles

RECTANGULAR

Series 400. Wirewound RT-12 case size
with one extra model having staggered
RT-11 P.C. pin placement for direct,
space savings substitution.

Series 450. Metal Glaze element pro-
vides essentially infinite resolution out-
put. RJ-12 size to MIL-R-22097 require-
ments. Resistance values from 500
to 1 Meg. Standard tolerance is =10%
with 20% available for cost-saving
applications.

Series 600. RT-11 case size. Wire-
wound stability and military quality at
industrial prices. Well-sealed light-
weight diallyl phthalate case.

NEW Series 650. Metal Glaze resistive
element built to MIL-R-22097, Charac-
teristic C capability. =250ppm /°C over
range of 1000 to 10K.

42

%-INCH SQUARE

Series 205. Standard wirewound units
for high quality industrial needs or all
four RT-22 styles. Built, tested and
marked to MIL-R-27208 specifications.

Series 251. RJ-22 styles. Metal Glaze
infinite resolution from 1000 to 1 Meg.
Offered in =5, 10 and 20% tolerances
to provide exact performance require-
ments.

%-INCH ROUND

PANEL MOUNTING

For wirewound Series 400 and Metal
Glaze Series 450

For wirewound Series 600 and Metal
Glaze Series 650

Series 100. Largest 4" round selection
in the industry. Well-sealed for critical
industrial or military use. Single turn,
positive stops. Long (0.9”) winding
provides superior resolution and closer
settings.

Series 150. Metal Glaze companion to
wirewound model 100 above. Available
in same configurations. 1000 to1 Meg.
with choice of =5, 10 and 20% toler-
ances.

NEW Series 500. Most economical for
commercial and industrial use. Two
most popular adjustment and mount-
ing configurations. Best wirewound
resolution at lowest price.

MINIATURE %s6” CUBE

Series 300 wirewound and 350 Metal
Glaze provide space savings in all
P. C. board applications. Panel mount
also available.

For 5” For 4t For %6”
square round cube
series series series

SINGLE TURN ROTARY

Sturdy metal-cased units for severe
environmental conditions. Wirewound
stability and =5% resistance tolerance.
Excellent linearity for close setting of
comparison and control instrumen-
tation.

Case Res. Power Line-

Mod. | Diam.| Range @40°C arity
()

5001 %” | 10to S0K| 2 W | =5%

7501 %" | 50to 50K | 244 W | =1%
151 | 14" |100to 100K | 3)4 W | =0.5%

MOUNTING VARIATIONS

IRC offers hundreds of different ter-
minals, terminations, mounting varia-
tions and adjustments. Unique in the
industry, they provide economy and
unequalled design flexibility.
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Potentiometers

Precision multi-turns for all applications

LOW-COST METAL-CASED STANDARD PRECISION
COMMERCIAL/INDUSTRIAL

IRC's exclusive line of metal-cased
multi-turn potentiometers offer rugged
protection and superior shielding.
Field tested and approved in every
phase of the electronics industry, their
case sizes and power handling capa-
bilities are based on widely accepted
standards for good design and pack-
aging.Hermetically sealed, panelsealed
and moisture sealed versions are also

available.
" Resistance Linearity Power
Model Case Dia. Turns Range () Std. (=) @40°C
7500 % 10 50 to 250K 0.5% 3w
7505 % 5 25 to 125K 0.5% 2w
: _ " K 59 w
High performance and long life at low- :ggg ],, 12 ggg :z fggK ggé g W
est cost. 10 turns, %” diameter with 1215 17 15 500 to 450K 0.1% aW
only 1%” behind the panel. 2 watts 1220 17 20 750 to 600K 0_19’ 5W
@ 25°C., derates to zero @ 105°C. 2
1000 to 100K, with 3" popular inter- Standard tolerance: =5%. Temperature range: -55°C to 125°C.
mediate values. =5% tolerance and Closer tolerances and linearity available.

+0.25% linearity. Side terminals accept

to #14 wire. Model 8400 has %”-32
bushing, }4” shaft. Model 8500 has RUGGED STOP MECHANISM

Y% ”-32 bushing, %4” shaft.

. FLOATING KEY SLUG AT i o Electrical and mechanical functions of
ROOVE INSIDEICORL AR IRC metal-cased multi-turns are sepa-
P \ Z rate. Positive 100 oz.-in. patented stop

mechanism in the shaft and bushing
prevents damage to internal parts and
N catastrophic failure. The wiper contact
assembly is relieved of stopping action.
This assures setting accuracy, stabil-
ity and long rotational life.

PAT. NO. 2,558,326

SPRING GUIDE
SHOULDER

Model 7300 has 100 oz.-in. patented
stop system and space-saving rear
terminals. 10 turns, 2 watts @ 40°C.,

REVODEX DIALS ELIMINATE READING ERRORS

derates to zero @ 85°C. 1000, to 100K. IRC has a e Full range—000 to 999 to indicate up
=5% tolerance, =0.25% linearity. full line of to 10 full turns (to 1499 for 15 turns).
turns count-
ing dials for e Accurate reading—reproducible to
MINIATURE use with 3, one part in a thousand. Can estimate
5,10 and 15 to a fraction of a thousandth.
HIGH PERFORMANCE turn potentiometers. Only 1 inch in : )
diameter, they fit %-inch and }%-inch » Easy mounting—set-screwed directly
diameter shafts. Choice of black or to potentiometer shaft, there is no
clear anodized aluminum finish. backlash and no need for extra panel
holes.
« Easy reading—angular surface gives
maximum numeral size. Primary and o Long life—tested to 250,000 cycles
secondary scale. with no appreciable wear.
Ingusicy's only 4" Meticcased tolitl- WRITE FOR NEW PRECISION POTENTIOMETER CATALOG

turn trimmer with 100 oz.-in. stop sys-
tem and ) ” diameter shaft. Maintains
settings to =0.1% under severe shock
and vibration. Rear terminals for clos-
est packaging. Many shaft and bush-
ing variations.
Model 5000: 10 turns, 1.5 watts, 25.0. to ®
100K. =5% tolerance

Model 800tk <5 wierarco | IRG, Inc., 401 N. Broad St., Phila., Pa. 19108
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(use time delay relays?)

CHECK AEMCO PRICES!

electronie reliability

"11.90

(1-24 quantity)

ELECTRONIC 1-100 SECOND DPDT OUTPUT
RELIABILITY ADJUSTABLE DELAY RATED 10 A.

+5% REPEAT PLUG-IN LOW PRICE!
ACCURACY CONVENIENCE QUANTITY DISCOUNTS!

Budget priced with plug-in convenience where critical timing
parameters are not required. Delay adjusted by convenient
single knob. Remote adjustment by use of external poten-
tiometer (special order). 117 VAC input. DPDT output rated

'19.90

(1-24 quantity)

WS VAC gg
190 5€¢~“P“'u;

4

ELECTRONIC +5% REPEAT DPDT OUTPUT
RELIABILITY ACCURACY RATED 10 A.
REPLACES POPULAR 1-90 SECOND LOW PRICE!

MOTOR TYPES ADJUSTABLE DELAY QUANTITY DISCOUNTS!

Packaged to directly replace all popular motor type time
delay relays. .. far more reliable than motor types. Budget
priced—real savings when critical timing parameters are not
required. 117 VAC input. DPDT rated 10 A. AEMCO type LC.

NEED SPECIALS? Other packaging? Longer timing ranges?
Other voltages? DC? Remote adjustment? Write or call
outlining your needs. We’re eager to serve you, too!

AEMCO DIVISION MibleX

MANKATO, MINNESOTA 56001
formerly TELEX/AEMCO
PHONE A/C 507-388-6286
ON READER-SERVICE CARD CIRCLE 25
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NEWS

Laser cane helps
blind avoid objects

An experimental “seeing-eye
cane” that uses pulsed laser beams
to guide blind persons around ob-
jects has been developed by scien-
tists at RCA Laboratories in
Princeton, N. J.

Infrared laser beams from two
gallium-arsenide diodes embedded
in the cane are continuously re-
flected from two points—three and
six feet—in front of the cane back
to two built-in photoelectric cells.

The cells activate two pins in the
cane handle, and the pins vibrate
continuously in the user’s hand.

The sudden intrusion of an ob-
stacle in front of the cane scatters
the laser beams and interrupts the
vibration, thereby alerting the user.

The cane weighs less than 5
pounds and can be operated for 10
hours before its 1/2-C-size batter-
ies must be recharged. Each diode
has a peak output of 5 watts and
is pulsed 20 times a second.

RCA says it is investigating an
advanced version that would use an
array of diodes to generate laser
beams. An array of detectors would
see only the return from the laser
in the corresponding array position.
The user would, in effect, be pro-
vided with a contour map of the
area ahead of him. = =

Experimental laser cane for the blind
sends out two beams (dotted lines)
three and six feet ahead of the user.
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We're all set to
double-Cross you.

and you'll love it.

We've doubled our plant and manufacturing facilities.
S0 you can hand us twice as many of those tough jobs...
or tough jobs twice the size. We mean the ones where you
want zero defects. Which Cross promises and delivers.

For instance, molybdenum and tungsten rolled down to =+.0001” on a production run. Or rhenium tungsten,
rhenium moly, columbium,zirconium, titanium, copper, nickel, alloys and other metals rolled to .#=.00005". You
name it . . . you've got it.

Cross has built its business by handling the tough jobs that

had to be perfect. So pile your ribbon and strip problems on

us . .. big, medium or small. Challenge us with your close

tolerance requirements. We're twice as ready as before to 24

roll right over them. COMPANY

H. CROSS CO. m 363 Park Avenue, Weehawken, New Jersey m (201) 863-1134
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¢ Underwriters
Laboratories,
Inc. Listed

reduces installation time and cost!

NEW PACKAGING FEATURES EASY MOUNTING . ..
PUSH-ON TERMINALS . .. itf( f;wm g_(/

The new G-V Quick Connect Thermal Timing Relays are rugged and versatile enough
to withstand the most demanding industrial applications. They are a low cost series
designed to reduce installation time and cost. Only two mounting screws are neces-
sary, eliminating the need for special brackets, sockets or retainers. Push-on terminals
prol\/(;d‘e1 f:‘exiblillty of ':viring, part Ilocation atnd equri1pme{<ltI s?‘rvicing. ﬁ tiu-st-tigl;t
molded phenolic case houses a stainless structure with nickel-chromium heater wind- =

ing, assuring long life and dependable service. The low profile Quick Connect thermal G-V CONTROLS INC.

timing relays can be mounted in any position. Specifications include: Contacts, LIVINGSTON, NEW JERSEY 07039
SPST, NO, NC; Resistive Rating, 2 amps 115V AC or 1 amp 28V DC; Heater Voltage, (201) 992-6200
6.3, 26, 115V AC or DC; Time Delays, 5-180 seconds; Time Delay Tolerance, +=20%; ke

Heater Power, 2%2 Watts, nominal. Suitable for continuous operation to 160°F. Am-
bient compensated.

On Reader Service Card Circle 216
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(@ TRADEMARK

ACTUAL SIZE

The New 800 Series Miniswitch
.. . the smallest thumbwheel switch available

The Series 800 Miniswitch is specifically designed for instruments,
controls or systems where panel space is limited. Each module
requires an opening of .96” high x .5” wide. Any number of
modules may be ganged into a single unitized assembly. Spacers
are available for functional separation. Large, white dial numbers
are set in a non-glare black background for easy reading.

Features include: Two, 8 or 10-position setting dials—direct con-
version of dial position to 4-bit coded outputs. Provision for com-
ponent mounting in output terminals on some models. NEW—5 or
28 volt replaceable lighting—any color —requires no solder or tools
to replace lamps. Send for new Miniswitch Series 800 data sheet.

THE DIGITRAN COMPANY

855 South Arroyo Parkway, Pasadena, California
+: Phone: 213/449-3110

ON READER-SERVICE CARD CIRCLE 27

NEWS

Rain data array aids
microwave studies

An unusual measuring system
that provides practically instantan-
eous data on the density and distri-
bution of rainfall is reported by Bell
Telephone Laboratories, Inc.

Studies have shown that rain in
the path of a microwave beam may
scatter and attenuate the signals,
particularly in the 10- to' 100-GHz
region.

Bell engineers have set up an ar-
ray of 100 continuously measuring
rainfall-rate gauges distributed in
a 50-square-mile area surrounding
the company’s Crawford Hill Lab-
oratory at Holmdel, N. J.

In each rain gauge, rainfall is
funneled into an inclined channel

COLLECTING AREA ———

_____________ I

FUNNEL

MESH
LID. SCREEN

MESH
SCREEN

ELECTRONICS

CHANNEL AND
CAPACITOR

that runs between the electrodes of
a capacitor. Changes in the volume
of flow are measured by the ca-
pacitor, which in turn causes varia-
tions in the frequency of a signal
produced by an oscillator on a tele-
phone line. The 12-inch-long capaci-
tor flow meter, with a signal-pro-
ducing electronic package attached,
is able to sense and measure rapid-
ly rain activity from the first drop
to rates in excess of 10 inches per
hour. The information from the
gauges is transmitted over tele-
phone lines to recording equipment
at the Crawford Laboratory for
analysis. = ®
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MODEL 600 transistorized VOLT-OHMMETER

NEW SULID STATE VOLT-OHMMETER

F-E-T Circuitry—Battery Operated with 11 Megohm Input Impedance
(Field Effect Transistor).

2 400 DC MV range at 2.7 Megohm Impedance for Solid State circuit
® testing.

3. One Selector Switch with 23 ranges plus a Polarity. Reversing Switch.

Model 600 TVO Y
. (Transistorized Volt-Ohmmeter) R | F) l E
Suggested U.S.A. User Net

Available Now At Your ELECTRICAL INSTRUMENT COMPANY
Local Distributor BLUFFTON, OHIO

Model 600 on stand handle
leather case, $14.00




Simple—save him $6,000 with the S-I.

" T R OO
ol
i i
e BEE »
.. [ ERY —.

a

Yes, buy any other Data Acquisition
System with the S-I's capability and
you’ll pay at least $6,000 more. Only
the S-I offers this combination of
functions and features for $9,950.
The S-1 was designed to satisfy the
exacting requirements of systems
engineers, and at the same time
keep the grimmest budget watcher

happy.

BASIC S-1 RECORDER

Inputs
200 Channels
DC Volts

ON READER-SERVICE CARD CIRCLE 101

How to avoid |
the Accountant s %1
“evil eye ‘

AC Volts

Resistance

Ratio

All in 21” high package

FEATURES

Multifunction Measurement
Capability
Small/Compact/Portable
Integrated Circuit Construction
Guarded 3-Wire Inputs
Superior Signal Mode Rejection
120 db Common Mode Rejection
.001% Resolution
.005% Accuracy

‘.

.0002% Temperature Stability
1 Microvolt to 1000 Volts
Automatic Function &

Range Selection
Active Filter

ADDITIONAL OPTIONS
High Speed Printer
Magnetic Tape

Punch Paper Tape

IBM Paper Tape

IBM Punch Cards
Flexowriter

Typewriter

Digital Clock

Originator of the Digital Voltmeter

NON-LINEAR SYSTEMS, INC.
DEL MAR, CALIFORNIA 92014



DYNAMIC DUO!

X-2: Holy Accuracy, X-1, how do you do it? . ..

X-1: Fear not, X-2, if you don’t become a college dropout, you
too, can achieve .005% Accuracy.

X-2: You were designed to compete with those $4,000 voltmeters,
but I've got IC’s.

X-1: When | was in school, X-2, those IC’'s were costly and
unavailable; however, with all your IC’s, you can’t give 23
millisecond readings!

X-2: Well, X-1, | haven’t had my logic courses yet. Can you
integrate?

X-t: | don’t need to integrate, X-2, because | have an Active
Filter that saves customers (who think they need a 5-digit
integrator) $1,700.

X-2: You got me there, X-1, but if the customers don't need your
.005% accuracy and high speed for $2,450, they can buy
me for $980, and I'm half rack size too!

X-1: Naturally, you're half rack size because you don’t have Scan
Counter, Range Memory, Range Hysteresis, Range and
Polarity memory logic, and my Exclusive Threshold control.

X-2: Holy features, X-1! Those other DVM’s must be overpriced!

X-1: We must not cast moral judgments on the integrity of our
competition, X-2.

X-2: You're such a good teacher, X-1 . . .

X-1: Remember, X-2, that together, that is, you at $980, and me
at $2,450, can conquer 80% of the requirements in DVM city.

Next month — Will the Joker win out? See X-3.

NON-LINEAR SYSTEMS, INC.
DEL MAR, CALIFORNIA 92014
[714] 755-1134/TWX: 910-322-1132

FOR X-1, ON READER-SERVICE CARD CIRCLE 102 FOR X-2, ON READER-SERVICE CARD CIRCLE 103
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Letters

Pole-zero cancellation:

analysis is expanded
Sir:

I read with interest your descrip-
tion of the pole-zero cancellation
used by Thomas Emmen of Ortec to
prevent baseline weave following
RC differentiation of an exponential
pulse [see “Computers, ICs help
physicists probe nature,” ED 6,
March 15, 1967, pp. 42-48]. This
technique is indeed quite worth
while and permits spectral mea-
surements to be made at high count-
ing rates.

I believe the first time this tech-
nique was used was in a nuclear
pulse amplifier, which I designed
and described at the San Diego,
Calif., meeting of the IEEE Nu-
clear Science Group in the fall of
1963. This was published in the
January, 1964, issue of the IEEFE
Transactions on Nuclear Science
[“Gamma Amplifier-Discrimina-
tor,” Vol. NS-11, No. 1, pp. 323-
328], although the mathematics
was not described at that time. My
amplifier is different [from Em-
men’s] in that I wuse delay-line
pulse-shaping instead of RC shap-
ing. Figure 1 shows the RC circuit
which you described; Fig. 2 shows
my delay-line circuit. In both circ-
uits a fraction of the input signal is
added to the shaped output signal.

The following analysis develops
the mathematical description of
this circuit and shows that proper
setting for the potentiometer is a
function of the delay-line loss, a,
and the ratio of the two time con-
stants involved.

Time period I: t < T,

Analysis of the circuit is done in
two time regions. The conditions
for the first are shown in Fig. 2.
Here t<T,, where T, is the two-
way transit time of the delay line.
Since the input of the amplifier is a
virtual ground:

e,(t) = e (t)
R, (2R,)/ (R, + 2R,) }
[2}2', + [Ry(2R,)/ (R, + 2R,)]

52

= e,(t)/4;
= e,(t)/4R,;
41 (t) = e,(t)/8R,;
1,(t) = Ke,(t)/R,;
eo(t) = —Rp[4,(t) + 1,(1)]
—Rye(t)][1/8R, +K/R;]
= [—(Ry/8R,)][e, ()]
{1 [K/R,/8R,)1}.

Il

Note that if K = 0, or the cancella-
tion circuit is removed, this last
expression reduces to:

e, = —(Rp/8R,)e,,

which is the usual value.

It should be observed that in the
time interval t< T, the shape of the
pulse is not changed.

Time period II: t = T,

When the signal has propagated
down the line and hit the shorted
end, it inverts and propagates back
up the line with a total loss of a.
Thus, after t = T, (Fig. 3):

1(t) = —atly(t T)ult—T.)
= [—ae(t — T,)/4R,Ju(t — T,).

Half of this current goes back to
the source, so that the portion that
joins 4,(t) is:

[—ae (t — T,)/8R,Ju(t — Ts).

The output of the amplifier is
now :

e,(t) :—Rr{[e1(t)/8Ro]
+ [Ke,(t)/R.]
=loie, (& = T)/8RAult — T,)).

In a nuclear-pulse-amplifier ap-
plication, the signal e,(t) is of the
form:

ei(t) = Bie%%.
Thus:

eo(t) = [(—RpE,)/8R,]{e~¥™
+ (8R,K/R,)e—t/T:
=a exXpe it T /001
= [(—RpE,)/8R,]Je— /M [1
+ (8R, K/R,) — ae™/™].
For perfect baseline cancellation,
(continued on p. 54)
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1. RC compensation brings the out-
put signal to zero quickly in a pulse-
counting system so that amplitudes
of succeeding pulses are accurately
indicated.
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o VWV —NNN 'A% O
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2 (LOW IMPEDANCE
= =  AMPLIFIER)

2. Delay-line pulse-shaping accom-
plishes a similar function to RC com-
pensation. Note that T, is the two-
way transit time through the line.
This circuit shows conditions for

b Te

| 3.8 %
. WA—

e(t) 2Rg 2Rg Re
ol - R

-@iz(t-Tp) u(t-Tp)

3. Equivalent circuit for t = T.,.

: o

4. Inverted compensation scheme.
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RECORD DATA IN
INK ON Z-FOLD
PAPER AND READ IT
LIKE A BOOK

The new Hewlett-Packard 7850
Series Rectilinear Fluid-Process
Recorder produces ultra-clear
traces on Z-fold paper or rolls.
The numbered Z-fold pages offer
more convenient access to re-
corded data. Contactless pen tip
sensing and a low-pressure ink
system produce traces of constant
width throughout the recorder’s

variable speed ranges of .025 to
200 mm. per second. Designed
with modular, solid-state elec-
tronics, the 7850 Series Recorder
provides high-resolution, perma-
nent, rectilinear recording of up to
eight variables from dc to 160 Hz.

A wide selection of 8800 Series
Preamplifiers provides signal con-
ditioning to the driver-amplifiers
which drive the recording pens
of the recorder.

The 7850 Series system includes
a preamplifier power supply, a
driver amplifier power supply and
a cabinet to house the complete
unit. The frequency response of
the recorder is 160 Hz for 10 div
p-p deflection and 60 Hertz max-
imum for full scale deflection.
Maximum ac or dc non-linearity
is 0.5% full scale. Additional fea-
tures include: 14 electrically-con-

trolled chart speeds; built-in
paper take-up; low ink supply
warning light; plug-in ink supply
cartridge that may be replaced
while the recorder is in operation
and complete modular construc-
tion of all components for easy
=—mmmmm=  maintenance:
i .
il For complete infor-
P " mation on the 7850
’ system, optional and
related equipment,
contact your local HP
Field Office or write
Hewlett-Packard Com-
pany, 175 Wyman St.,
Waltham, Mass. 02154.
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MODEL 75D

New 3-terminal bridge provides exceptionally high resolution
measurements of capacitance and loss down to extremely low
values. Designed to ultimately replace the popular Boonton 75A
and 75B series, the Model 75D contains many refinements adding
to its accuracy, convenience of operation, and versatility.

= Capacitance measurements to 1000 pF; basic accuracy, 0.25% ;
resolution, 0.00005 pF

= Conductance measurements from 0.01 umho to 1000 pmhos,
or resistance measurements from 1000 Q to 100 MQ;
basic accuracy, 5%

= Effective inductance measurements from 25 yH to =

= Phase sensitive detector permits capacitance or inductance
measurements independent of loss

= Accurate measurements of extremely low Q devices

= Ultra-high capacitance resolution with low test signal levels
= Remote measurements via coaxial cables

= [nternal dc bias; dual external bias

= Provision for differential or comparison measurements

= Completely self-contained, including bridge circuitry, crystal
controlled 1 MHz oscillator, and both amplitude sensitive and
phase sensitive detectors.

= Price: $1595, fob, Parsippany, N. J.

Write for complete technical data
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LETTERS
(continued from p. 52)

INPUT

€o

-

5. Waveshapes with and without com-
pensation. Note the slow exponential
return to zero of the output when no
compensation is used.

OUTPUT WITHOUT
COMPENSATION

OUTPUT WITH
COMPENSATION

this voltage should be zero. This
can be accomplished if:
1h 8R(,K/R2 = aeTQ/Tl;
that is to say, if:
K = (R,/8R,) (a /" — 1).

It can be seen that the amount of
compensation required depends on
the line loss, «, and on the ratio of
T,/T,, the clipping time to the de-
cay time of the input signal.

If the line is very lossy, or if the
input decay time is very long, it
may be necessary to apply an in-
verted signal to the compensating
potentiometer, as shown in Fig. 4.
This signal can usually be obtained
within the preceding amplifier
stage and does not have to be of the
same amplitude.

Waveshapes of the input and the
output with and without compensa-
tion are shown in Fig. 5.

(This work was performed under
the auspices of the U.S. Atomic En-
ergy Commission.)

Curtis Sewell, Jr.
University of California
Lawrence Radiation Laboratory
Livermore, Calif.

Lf neutralizing circuit
has to be corrected
Sir:

Figure 1 of our article on stabi-
lizing power tubes [“Stabilize pow-
er tubes at uhf and vhf,” ED 10,

(continued on p. 56)
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This is the lighted pushbutton switch
with aerospace quality at commercial prices!

The MSC Series 12 Lighted Pushbutton Switch embodies aero- industrial controls and commercial

space quality and engineering features that reduce installation equipment where dependable, long-term
costs, increase performance and simplify maintenance . . . yet performance is the prime consideration.
it is priced to compete with commercial grade units. Compare You'll pay no more. Why settle for less?
the features listed below. From the exclusive Twist/Lock front

end removal that permits easy lamp, legend or color filter GET THE 20-PAGE CATALOG 2001
change without tools (and without the hazard of accidental It details all of the many options offered
switching during replacement), to the internally bussed com- by the versatile MSC Series 12 to solve
mon ground lamp circuits that cut installation time and costs any switching problem. Use the reader
by reducing solder connections, you'll find better features for service card or write on your letterhead
better performance. You'll discover why the Series 12 has for an operating demonstration by your
been specified for computers, data processing equipment, regional MSC specialist. .. in your office!

4.LAMP
VERSATILITY

INDIVIDUAL
COLOR CONTROL

Series12

TWIST-LITE D
LIGHTED PUSHBUTTON SWITCH

SILICONE RUBBER
COLOR FILTERS
for uniform light
intensity and disbursion

COMPLETELY REMOVABLE
~ FRONT-END ASSEMBLY
Will not actuate switch

SNAPS INTO PANEL CUTOUT when replaced.

No tools or hardware required

SNAP-ON SWITCH MODULES
RATED AT
5 AMPS/125 OR 250 VAC

INTERNALLY BUSSED
COMMON GROUND LAMP CIRCUITS
Reqguires fewer solder connections

OPTIONAL HOLDING COIL
FOR ELECTRICAL INTERLOCK

EXCLUSIVE FRONT
RELAMPING
with Twist/Lock safety
No tools required.

12 MOUNTING OPTIONS
Spring clip or colored barriers
for styling versatility

Master
Specialties
@ COmpany

FULL DISPLAY TO 4-WAY SPLIT
Legends supplied with order

MASTER SPECIALTIES COMPANY 1640 MONROVIA ¢ COSTA MESA * CALIFORNIA 92627 « (714) 642-2427 * TELEX 6-78433.

Regional Offices: Huntsville, Ala. (205) 536-7415 « Costa Mesa, Calif. (714) 642-0114 » Sunnyvale, Calif. (408) 245-9292 « Winter Park, Florida (305) 647-0100
* Chicago, Ill. (312) 282-7112 « Waltham, Mass. (617) 893-1020  Haddonfield, N.J. (609) 428-0701 e Syracuse, N.Y, (315) 479-9191 « Valley Stream,
L., N.Y. (516) 561-2334 « Cleveland, Ohio (216) 851-9700 « Dallas, Texas (214) 357-9459 » Houston, Texas (713) 228-2294  Seattle, Wash, (206) 546-5161.

Also available from distributor stock at AVNET ELECTRONICS

WESTBURY, LONG ISLAND, NEW YORK e (516) 333-5800
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\2850 SEVENTH STREET, BERKELEY, CALIFORNIA 94710
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LOOK WHAT'S HAPPENED
TO HIGH-VACUUM
EVAPORATION

SR 5 ¥l g
YOU CAN NOW...

O Deflect electron beams 270° to put the emitter out of the range of
evaporants and falling particles.
7/

O Focus bent electron beams of 2 to 150 KW power with pinpoint accuracy.

0 Operate electron-beam guns at peak efficiency for periods of 75 or
more hours.

O Operate several electron-beam guns in one or in different vacuum cham-
bers from a single constant-voltage power supply.

O Depend on electron-beam systems to evaporate or purify metallic and
non-metallic substances on a commercial scale at costs competitive with
other systems.

If you are using induction or resistance heated sources, or electron-beam
gun systems more than two years old, you should read Temescal's new
brochure, "The Electron Beam ... A New Super Heat Source For Modern
Industry.” Write or telephone for your copy today. It will help guide you
in selecting the system best suited to your operation.

TEMESCAL

METALLURGICAL
CORPORATION

TELEPHONE (415) ausny
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LETTERS

(continued from p. 54)

May 10, 1967, p. 64] is incorrect.
Your reader’s comment that a sold-
er dot is missing is not the error,
however.

It is not desirable to tie the coil
center tap directly to the capacitor
center tap. Very seldom are the
components so well balanced that
the zero potential points actually
are at the center. It is better to
ground the capacitor center tap and
feed the center of the coil with a
choke. This allows the coil to move
its zero potential point where the
circuit wants it to be. All these
comments are for the general case.
Sometimes more ingenuity is re-
quired with this part of the circuit
to suppress a parasitic. The correct
diagram for our article is printed
below.

Please note that there is an error
in the grid circuit as well. There is
no dc return to the control grid, as
shown in the published article. This
correction, too, has been incorporat-
ed in the revised circuit diagram.

We certainly apologize for the er-
roneous diagram we submitted and
for any inconvenience this may
have caused.

Robert I. Sutherland
Supervisor
EIMAC, Div. of Varian Associates
San Carlos, Calif.

> -
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Typical neutralizing circuit for If is a
version of a capacitance bridge. This
circuit corrects errors in the sche-
matic published in ED 10, May 10.

TR e e e T TR TR R R TR

Accuracy is our policy

In “Coupling circuit has de¢ dead
zone,” in the Ideas for Design sec-
tion of ED 10, May 10, 1967, p. 96,
there is an error in Fig. c. A solder
dot should provide connection be-
tween B+ and R1, R2 and R3.

ELECTRONIC DESIGN 14, July 5, 1967
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Here’s how to save
a ton of money

building your own
Linear Gircuit:

Start with Fairchild’s tA709C monolithic,
high-performance, high-gain, differential amplifier.
It's an off-the-shelf integrated circuit especially
designed for industrial applications. It costs less than
$5.00 in quantities of 10,000, less than $6.00 in 1,000
quantities, and only $6.60 if you buy 100. Yet it offers
high performance to a degree which allows you to
use it in instrumentation applications.

Modify the 4 A709C to meet your exact requirements.

It's simple. Just add a capacitor or a resistor or two.
With every order of 25 units or more* we'll include a free
Linear Applications Handbook that shows you

exactly how. And the 4 A709C is versatile enough to
perform virtually any function.

(For a partial list of what you can use it for, see below.)

Count your savings. Even if you spend another $5.00

on auxiliary parts and assembly (and in most cases
you'll spend far less) your total cost will be about half

of what you'd pay for a ready-made circuit.

Multiplied by 10,000 units that adds up to a ton of money.

Get started. Get the uA709C. It's readily available
from shelf stock. Just call your Fairchild Distributor or
the nearest Fairchild Sales Office.

*In fact, this offer is good for orders of 25 or more
of any Fairchild linear integrated circuit.

Typical Characteristics
«AT096

(@ Ta = 25°C; V = +15V)

Input Resistance

Input Offset Voltage . .. ....... .. ... ... ..

Open Loop Voltage Gain......... ... ... 45,000

Output Voltage Swing. ..... +14V @ R, = 10kQ

Input Voltage Range . ............. ... ... +10V

Input OffsetCurrent. ... ... .. ... ... . .. 200nA

Typical Applications:

PRECISION VOLTAGE SUPPLIES

TEMPERATURE CONTROLLER

DIFFERENTIAL THRESHOLD
COMPARATOR ADDER/SUBTRACTOR

PREAMPLIFIERS METER AMPLIFIER
HIGH GAIN, LOW DRIFT DC AMPLIFIER SAMPLE AND HOLD AMPLIFIER

LOGARITHMIC AMPLIFIER

HIGH Z;y, TRANSDUCER AMPLIFIER
DELAY EQUALIZER
CONSTANT CURRENT SOURCE

SWEEP GENERATOR

MULTIPLIER CURRENT TO VOLTAGE CONVERTER
QUADRATURE OSCILLATOR NULL DETECTOR

PRECISION ANALOG GATE SIGNAL POLARITY SEPARATOR
SOLID STATE MOD/DEMOD CLIPPER

PHASE DETECTOR
ONE-SHOT MULTIVIBRATOR
ASTABLE MULTIVIBRATOR
SINE WAVE OSCILLATOR
HALFWAVE RECTIFIER
PEAK DETECTOR
FULLWAVE RECTIFIER

PEAK TO PEAK DETECTOR
BRIDGE AMPLIFIER
DIFFERENTIATOR

ACTIVE FILTER

UNITY-GAIN BUFFER

SAWTOOTH GENERATOR
FREQUENCY METER

A TO D CONVERTERS

GAIN CONTROL AMPLIFIERS
HYSTERESIS COMPARATOR
INTEGRATOR (DC OR AQ)
LEAD AMPLIFIER

TR i A T
FAIRCHILD
PRGSO R
SEMICONDUCTOR

Write for detailed applications information.

FAIRCHILD SEMICONDUCTOR / A Division of Fairchild Camera and Instrument Corporation m 313 Fairchild Drive, Mountain View, California 94040, (415) 962-5011 = TWX: 910-379-6435
ON READER-SERVICE CARD CIRCLE 34
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narda sorves Your Peak Power PROBLEMS -

With less Equipment, Time and Expense and Improved Accuracy

GENERATE

READOUT
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o
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THE NARDA MICROWA
PLAREW, HEW

(18500)

(Coupler & Mount)

VVIONITOR

A% POWER MET
MODEL 66A34

e NeTER ‘
|
]EfA ]

W Harrndi e
"
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'yk

\:'\ (\

(66A3A)

Ak ! m (Termination)
-~ @

TERMINATE
(OR TEST)

Narda's total capability for power measurements can satisfy any system or component test requirement with catalog test de-

vices. This means convenience and economy to you. Give us your problem and we will help you solve it with a

complete

measuring set-up. The above peak power measurement set-up shows one of Narda's answers to a measurement problem.

NARDA MICROLINE 18500 RF POWER PULSER

e From 200 to 9500 MHz with 11 plug-in- r-f heads

e Continuously variable peak power to 5 KW depending on r-f heads
e Internal pulse generator

e Variable pulse width from .25 to 6.0, usec depending on r-f head
Continuously variable PRF from 150 to 4000 pps built-in DC
to 4000 pps external

e External pulse viewing capability
e Multipulse capability

NEWLY IMPROVED PEAK POWER METER 66A3A — 33B3 BOLOMETER MOUNT

e New shielding effectiveness now permits power meter operation in
high Peak Power environments

e Peak power output read directly from 0 to 300 mw. over frequency
range of 0.5 to 12.4 GHz with Narda bolometer mounts

e Accuracy of = 5% of full scale
e Transistorized, battery-operated, immediately operative
e Calibration accuracy of Narda bolometer mounts traceable to NBS

MAXIMALLY FLAT COAXIAL COUPLER — 3040 SERIES

e Frequency: from 0.125 to 12.4 GHz

o Flatness: = 0.2 db over octave ranges

o Directivity: 20 DB

e Coupling: 10, 20, 30 db values (special on request) calibrated and
permanently marked at 5 frequencies

MEDIUM POWER COAXIAL TERMINATIONS 370 SERIES

e Cover entire frequency range of DC to 12.4 GHz

o Power levels up to 40 watts average

e Small, lightweight — low cost

Call our factory or local representative for demonstration of
this system or its catalog components.
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EDITORIAL

It isn’t the retrieval,
it's what you retrieve

The Government has been trying hard to spend money on infor-
mation retrieval. Too many engineers and scientists working on
important projects have complained about the difficulty of obtaining
the information they need for the job.

Much of the Government’s money has gone to serious-minded
scholars who puff on their pipes and contemplate great abstractions.
They dream of the day when every library will be stored on a com-
puter and all the computers will be interconnected by satellites,
lasers and such. This is pretty safe musing, they realize, for by the
time it all becomes reality their own work will have become securely
irretrievable.

Fortunately, the Government seems to be changing its tack. Work
is being done on a few systems more firmly based on what is feasible
now. All the same, we believe the whole focus is on the wrong end of
the pipeline.

It is the input to the information system that is the bigger prob-
lem, not the retrieval.

With some diligence, an engineer can amass quite a pile of ma-
terial on his problem from libraries, department files and research
organizations. But the quality of this material is what’s at fault.
How much of it really explains the theory clearly; or links the
theory to practical possibilities? This kind of immediately useful
information is hard to find.

When the authors of a recent theoretical article were asked to
write about a real system problem and show how to apply their
theory to it, they declined. It would be a monumental task, they said
—and, besides, it wasn’t covered by their Government contract.
Their theoretical triumph is now on the library shelves, and it can
be retrieved quite easily by any one of a number of key words. But
it won’t do systems engineers much good.

Too many books ostensibly written to update engineers keep their
readers at bay by crafty tricks: an unexplained symbol or impene-
trable technical jargon. Obviously the reader should have taken the
same courses as the author (a PhD teaching at a leading engi-
neering school). The sad thing is that often these blocks to under-
standing could have been removed quickly with a couple of simple
sentences or examples.

The information problem won’t be solved until engineers and
scientists stop tolerating poor communication. Incomprehensibility
does not equal brilliance. Only when this is realized will invest-
ments in information retrieval begin to pay off.

ROBERT HAAVIND
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New! 100 MHz
in a ruggedized

oscilloscope

with 3.5-ns risetime
at the probe tip

DC-to-100-MHz bandwidth at 10 mV/cm
is NOW AVAILABLE
in a plug-in oscilloscope
with solid-state design . ..
the Tektronix Type 647A and R647A.

New Type 10A2A Dual Trace Amplifier. The risetime and
bandwidth are specified where you use it — at the probe tip. The
vertical system performance with or without the new miniature
P6047 10X Attenuator Probe is DC-to-100 MHz bandwidth with
3.5-ns risetime at ambient temperatures of 0° C to +40° C (432°
F to +104° F). Bandwidth is DC-t0-90 MHz with 4.1-ns risetime
over its entire operating range, —30° C to +65° C. The calibrated
vertical deflection range (without probe) is from 10 mV/cm to 20
Vicm.

Bright Displays. The Tektronix CRT provides bright displays
with its advanced design and 14-kV accelerating potential. It has
a 6-by-10 cm viewing area and a no-parallax, illuminated, internal
graticule.

New Type 11B2A Delayed Sweep Time Base. The Type
11B2A triggers to above 100 MHz internally and provides a cali-
brated delayed sweep. Calibrated sweep range is from 100 ns/cm
to 5 s/cm, extending to 10 ns/cm on both normal and delayed
sweeps with X10 magnification. Calibrated sweep delay is from
1 us to 50 s and the plug-in also provides single sweep operation.

s W

TYPE 647A OSCILLOSCOPE

| TYPE 10A2A DUAL-TRACE AMPLIFIER

:‘ Tom
VOLTS/CM,
ac %
----- *
v

Rugged Environmental Capabilities. These instruments are
capable of accurate measurements in severe environments and
offer an extra margin of dependability and even greater accuracy
in normal environments. Temperature: Operating —30° C to
+65° C. Non-Operating —55° C to + 75° C. Shock: Non-Operat-
ing 20 G's max, 2 shocks, each direction, along each of the 3
major axes. Vibration: Operating or Non-Operating 0.025" p-to-p,
10-55-10 Hz, (4 G's) 1 min cycles, 15 min each major axis. Humid-
ity: Non-Operating meets MIL-STD-202B, Method 106A, except
freezing and vibration, through 5 cycles (120 hours). Altitude:
Operating 15,000 ft. Non-Operating 50,000 ft.

New Type R647A Rack Mount. The same DC-to-100 MHz
performance also is available in a 7-inch-high rack mount oscillo-
scope, the Type R647A. Additional plug-ins include the Type
10A1 Differential Amplifier and the Type 11B1 Time Base.

Type 647A Oscilloscope (includes 2-P6047 Probes). . . . . . . . $1500
Type R647A Oscilloscope (includes 2-P6047 Probes) . . . . . . . $1625
TypediBIATTIMeBage &' il w4 Crirs ey N S e e $ 850

Type 10A2A Dual Trace Amplifier
U. S. Sales Prices FOB Beaverton, Oregon

For complete information, contact your nearby Tektronix Field Engineer or write: Tektronix, Inc., P. O. Box 500, Beaverton, Ore. 97005.

Environmental testing

... part of the Tektronix commitment

to technical excellence

ON READER-SERVICE CARD CIRCLE 36
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Technology

Diode model is analyzed by cmputer as
a single junction of a transistor. Page 80

Digital frequency comparators are made Ladder networks for D/A and A/D converters
with a few flip-flops and gates. Page 62 involve solving only 3 linear equations. Page 68

Also in this section:

Resistor-thermistor networks are easy to synthesize by the direct method. Page 74
Mismatching for low noise in amplifiers is a one-step operation with a nomograph. Page 86

Semiannual index of articles for January to June, 1967. Page 89
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Make IC digital frequency comparators
with just a few flip-flops and gates. Here are three designs
that yield phase and frequency relationships.

Digital integrated logic can be a powerful tool
for measuring frequency and phase relationships
between two unknown frequencies. Many digital
circuits designed for this purpose, however, tell
which of the two input signals is higher in fre-
quency, but give no phase information if the
frequencies are equal. Others give phase informa-
tion alone and require the two frequencies to be
equal or very nearly so; when the frequencies are
far apart, some even give ambiguous results.

Here are three circuits that determine without
ambiguity which of two inputs is higher in fre-
quency, and for equal frequencies indicate the
signals’ relative phases. All three circuits can be
designed with just a few integrated components of
any logic type.

Figure 1 shows a number of possible pulse
trains on the input of the comparator. The three
circuits (Figs. 2, 3 and 4) are all logically equiva-
lent; their output is that shown in Fig. 1.

Hermann Ebenhoech, Consumer Application Engineer,
Fairchild Semiconductor Div., Fairchild Camera and
Instrument Corp., Mountain View, Calif.

The output is 0 when f, is greater than f;; is 1
when f, is less than f;; and switches between
0 and 1 when f., equals f,. The three conditions of
the output are termed high state, phase state, and
low state, respectively. The relative widths of the
square waves generated by the switching indicate
the phase relationship of the two signals.

For the comparator’s output to change from the
phase state to either the low state or the high
state, two or more pulses must impinge on one
input before a pulse impinges on the other input.
Three or more successive pulses on one channel
can change the output from high state to low state
or vice versa; while two, and only two, consecutive
pulses lead from either of these outer states to the
phase state. Thus, when used to match frequen-
cies, the system has built-in error detection: the
adjustable frequency must be brought up or down
to, and just a shade past, the frequency with
which it is matched, to drive the comparator into
its phase state.

The first circuit (Fig. 2) uses flip-flop 2 (FF2)
as the output. It is allowed to change states only if
FF1 is in the 1-state. FF2’s output levels are fed

T7 T8 79 TIO Tl TI2 TI3 Ti4 TIS

I T2 T3 T4 TS 6
f, PULSES
INPUTS
f, PULSES
|
OUTPUT
0
— TIME
" B,
I
<l

1. All three comparators respond alike to various pulse
train inputs. When f,/f,>1, output stays low (see T1-T4).
When f,/f, <1, output stays high (see T11-T13). When
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f,=f,, output spacing indicates the phase relationship
between the input signals (see T8-T11). In this chart, f,
is constant for clarity. In fact, it needn’t be.
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= .4 n |
Fairchild Semiconductors’ Hermann Ebenhoech checks out
a digital design that incorporates one of his digital
comparator circuits.

oL

back to the control gates of FF1, to prevent it
from changing to 0 during the phase state.

FF1 does not change if both frequencies are
equal. F'F'1 can thus indicate the frequencies’
equality. If, however, f, is not equal to f., then
FF1 prevents FF2 from changing its state. Two
pulses are required to restore the system to the
phase state.

This circuit has the advantage of indicating a
frequency match without additional components.
The output of FF1 is quiescent if the frequencies
are equal, and switches if they are unequal. (Cir-
cuits 2 and 3 both use an additional gate to indicate
a frequency match.)

The second circuit (Fig. 3) uses R-S flip-flops
with inhibit terminals. A pulse on an input will
have no effect if the neighboring inhibit terminal
is at a high potential.

FF2 is the output flip-flop. In the phase state,

f, o
oM
f, O “ON FREQUENCY" Al FOR THIS CIRCUIT
5 - | o el oo TRUTH TABLE FOR THIS ¢
STATE BEFORE TRIGGER SIGNAL STATE AFTER
FFI TRIGGER SIGNAL | ON INPUT LINE TRIGGER SIGNAL
FFI FF2 i 7 FFI FF2
8 L (o} (] * = I (0]
(o] 0 o » (o} 0
0 | » = [0} |
(o] | s » |
| 0 » = | |
! ) - * 0 0
5
] | ¥ - (o] I
| | Er » | (o)
S | O QUTPUT
FF2
0 O OUTPUT

2. This circuit indicates a frequency match without the
need for additional components (left). Its truth table

p OUTPUT
f, o~

4

(right) uses a star to indicate a pulse on the input lines. A
dash indicates no pulse.

"ON FREQUENCY"
O INDICATOR

TRUTH TABLE FOR THIS CIRCUIT

INH | L INH |
FFI FF2
——— pee=ied R
—{ INH 0 INH [*]

© OUTPUT

3. This circuit handles square wave inputs if it is built
with capacitively coupled flip-flops. A high potential on an

ELECTRONIC DESIGN 14, July 5, 1967

'STATE BEFORE | TRIGGER SIGNAL STATE AFTER
TRIGGER SIGNAL ON INPUT LINE TRIGGER SIGNAL
FFI | FF2 | FF3 f, 1 FFI | FF2 | FF3
(o] (o] 0 » = 0 0 |
(o] (0] (0] o » (¢] (o] (0]
e 0 0 | * = (o] | |
(0] (o] | 2 * (o} [0} 0o
0 | | » < | |
(o] | | = ® (o} 0 |
| | | » = | | |
| | | = ¥ 0] | |

ALL OTHER COMBINATIONS NOT ALLOWED

inhibit terminal (INH) nullifies the effect of the adjoining
input signal.
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4. Both flip-flops change 'state in synchronization if f, and
f, are equal. This circuit has the same number of parts as
the one in Fig. 2, but it does require an additional gate if
it is to indicate a frequency match. Its four lower gates
can be on one chip.

FF1 and FF3 are quiescent and their outputs are
combined to indicate a frequency match.

Since, in this circuit, the inputs are fed directly
to the flip-flops, there are no feedback paths as in
circuits 1 and 3. Thus this circuit, if built with
capacitively coupled flip-flops,* can handle square-
wave input signals. (The other two circuits must
be fed short, sharp pulses.)

The third circuit (Fig. 4) has the same number
of gates and flip-flops as circuit 1. Both its flip-
flops change state in synchronization if f, and f.
are equal. The four gates can be contained in one
quad unit.?

All three circuits can be designed with any kind
of logic provided that the appropriate flip-flops—
R-S (or T)—are available in that logic.

The response of an R-S flip-flop and a J-K flip-
flop to pulses occurring simultaneously on both

*Editor’s note: Fairchild’s DTuL 950, for instance.
iEditor’s note: Fairchild (DTeL 946), Motorola (MC
946) and Texas Instruments—all market quads.
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AMBIGUOUS PAIRS
e IR iy
fZ

DESIRED RESPONSES
PHASE STATE —» LOW STATE

OUTPUT

OUTPUT

5. Ambiguous pairs of pulses never reach the compara-
tor. The double-pulse eliminator nabbed pulses 4, 5 and 6
yet the comparator showed the state change.

DELAY m

o
RESET
GATE (NOR)

BLOCKING
SIGNA
GENERATOR

6. The double-pulse eliminator prevents sultane-
ous pulses that appear on the two inputs from passing to
the comparator.

inputs are in contrast to the response desired (see
Fig. 5). If the pulses on the two input lines occur
simultaneously, the dual pulse eliminator will
prevent them from passing on to the comparator;
hence the comparator will not accept ambiguous
input signals. Its frequency range is increased and
the upper frequency limit is set by the time delay
of the actual circuits.

The block diagram of the double-pulse elimina-
tor is given in Fig. 6. The differentiators are not
essential, but they make possible the acceptance of
noncritical waveforms. The delay between points
A and B permits the blocking signal to reach the
output gates ahead of the pulses. The blocking
signal generator can take the form of a monosta-
ble or bistable multivibrator, or equivalent. In the
case of the bistable solution, resetting is accom-
plished with the NOR gate.

In cooperation with the frequency eliminator,
all three systems will perform well up to the
frequency limits set by the switching times of the
logic families employed in their construction. = =
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In Making Masks for
Electronic Components... | s
... there’s no
Margin for Error!

Now carefully peel oft the film as
outlined leaving a completed photo
mask, positive or negative, that
corresponds exactly to the desired
pattern.

THAT’S WHY EXPERIENCED DESIGNERS
AND ENGINEERS ALWAYS INSIST ON...

bR Ll H

HAND-CUT MASKING FILM FOR THE GRAPHIC ARTS

THE KNIFE-CUT, LIGHT-SAFE MASKING FILM b.y
LAMINATED TO A STABLE POLYESTER BASE

The most versatile line of hand-cut masking films, including

.0075—RUBYLITH 75 DR* .005 RUBYLITH 5 DR
.005 AMBERLITH 5 DA

These new, thick Ulano films provide the positive answers
where exact register assumes a critical importance.

*Available in sheets only, cut to your specifications.

TM.
610 DEAN STREET, BROOKLYN, N.Y. 11238
NEW YORK e CALIFORNIA® CHICAGO*ZURICH
In Europe: ULANO A. G., Untere Heslibachstrasse 22, Kusnacht 8700, Switzerland

Write on your letterhead for special electronic test kit (no charge) No.4127

ON READER-SERVICE CARD CIRCLE 37
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Five new op amps
from TI expand your linear
IC spectrum

Operational Amplifier Selection Guide

Typical Characteristics

. Open-loop voltage gain, dB
Input impedance, ke 15 1000 140 1000
Input capacitance, pF
Differential-input 9 9
offset voltage, mV
Differential-input
offset current, A

Differential-input offset voltage
temperature coefficient, uV/°C

Maximum common-mode 45
input voltage range, V
Common-mode output offset
voltage, V :
Output impedance, o

Maximum peak-to-peak 2
output voltage, V

o SN524A

ar SN724
SN525
SN725
SN526
SN726

. .

5

el
o
o

5
2 1

o

5 0.02 | 0.016 | 0.006

—
o

-+ +7 +7

0.22

Do
] [

nNY
[l
o
—
o
=

5
5

—
oo
—
—
~

Common-mode rejection
ratio, dB
Total Power dissipation, mW 100

Input current, uA

1
55
1

0

—
[}
o

e
o
S
~
~

0.08

o
e
o

N
o o
o
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With the addition of five new IC
operational amplifiers, Texas In-
struments provides linear system
designers with the broadest range
of performance characteristics
available today. Now you can select
an IC amplifier suited to your par-
ticular requirements of perform-
ance and price. Some of the new
circuits challenge the finest discrete-
component amplifiers in perform-
ance. Others cost less than a third
as much as discrete-component
equivalents. All offer the advantages
of smaller, simpler, more econom-
ical systems and vastly increased
reliability.

New video differential
amplifier offers
unsurpassed stability

The new SN5511 differential video
amplifier provides excellent opera-
tional amplifier performance at fre-
quencies extending into the low VHF
range. It offers a flat 30 dB closed
loop gain from de to 30 MHz, an ex-
tremely low offset voltage of 300
mV typical,and a minimum of 80 dB
common mode rejection.

Stability and versatility are en-
hanced by provisions for external
compensating networks and gating,
to clock the circuit on and off under
minimal interface conditions. The
external compensating networks
may also be used to adjust fre-
quency response and offset.

Circle 260 for data sheet.

New general-purpose
operational amplifier costs
30% of discrete equivalent

The SN52702 is a high gain band-

width IC amplifier that offers dis-
tinct size and reliability advantages
over discrete component counter-
parts, at about one-third the cost.
Matching of components within
the chip assures excellent thermal
stability. Drift is only 5 ,V/°C and
offset is typically 6 mV. Further
stability is provided by both lead
and lag external compensation.
Circle 261 for data sheet.

New “premium” op-amp
offers superior performance
for critical applications

The SN52709 IC has nearly twice
as many components on the chip as
conventional amplifiers...and cor-
respondingly superior electrical
characteristics. When compared
with earlier IC amplifiers, differen-
tial input offset is an order of
magnitude lower, output voltage is
214, times higher, and large signal
voltage gain is 20 times higher.
Input impedance is ten times higher
and output impedance is 50 percent
lower. Two frequency compensating
arrangements are provided.

The SN52709 is the new standard
of performance for analog computer
and other critical applications.

Circle 262 for data sheets.

New differential comparator
features fast response

High speed is the big advantage of
the SN52710. It responds in 40 nsec
when a 5 mV overdrive is supplied.
Low offset (6 mV max), high volt-
age gains (typically 1500), and
high output level (4 V), are other
features.
Circle 263 for data sheet.

New dual comparator can
stretch output pulses and
sense amplitude variations

The SN52711 is more than just two
differential comparators in a single
package. It can stretch output
pulses and function as an ampli-
tude-discriminating sense amplifier
with an adjustable threshold. De-
spite these capabilities the cost is
less than two comparable differen-
tial comparators.
Circle 264 for data sheets.

OPERATIONAL AMPLIFIER OPEN LOOP
GAIN VS FREQUENCY CHARACTERISTICS

GAN—dB

Range covered by all
Series 52 Standard
Operational Amplifiers

20f————

10KHz 100KHz 1MHz
| FREQUENCY

To learn more about these and
other linear integrated circuits, con-
tact your local TI sales
engineer or authorized o
distributor . .. or write [7
us at P. O. Box 5012,

Dallas, Texas 75222.

TEXAS INSTRUMENTS
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Ladder networks are easy to design
for D/A and A/D converters by a method that involves
the solution of only three simple algebraic equations.

The design of ladder networks in analog-to-
digital and digital-to-analog converters need not
be a tough job. Even if an oddball binary code or a
mixture of binary codes is involved, the procedure
can be simplified to three linear equations. The
resultant ladder network is built with identical
resistive blocks or stages.

Since the circuit is constructed of resistors only,
it does not have added frequency-sensitive ele-
ments, such as capacitors and inductors. No mat-
ter how many stages are added to the network, the
resistive value at each node, looking either above
or below, is the same: R.

The equations help to find the numerical values
of the terminating resistor and the coupling
resistors. Only two of these equations are needed
for a ladder with identically coded binary inputs.
All three equations are needed when the inputs
are in different binary codes.

Ladder networks provide step attenuation in
the converters. For the simpler case of identically
coded binary inputs, consider the network in Fig.
1. This circuit will help establish the relationship
between the base of the code and the component
values of the ladder. Each of the four inputs
makes twice the weighted voltage (or current)
contribution of the previous input as the inputs
approach the first input (1), the most significant
digit. For example, an input at 1 contributes twice
as much to the output as an input at 2.

This circuit is a basiec building block. It can
form one stage of a ladder network. The effects of
loading by subsequent stages can be found by
examining its equivalent circuit.

Terminating resistor matches ladder

A Thévenin generator equivalent of the ladder
in Fig. 1 is shown in Fig. 2a. Note that the termi-
nating resistance of the circuit in Fig. 1 is 2R. It
turns out to be a matched termination, since it
simulates an infinite length of ladder sections;
therefore there is no reflection from the termina-

Jay Freeman, Electronic Engineer, Sperry Gyroscope Co.,
Great Neck, L. I, N.Y.
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tion. The fact that 2R is the proper termination
can be seen from the analysis of the last stage
(Fig. 2b): the 2R termination makes the equiva-
lent value of the last stage equal to R, too. By the
same procedure, it can be shown that all other
stages have the same equivalent value of R. The
voltage sources that represent the input lines are
assumed to be ideal; hence they have zero imped-
ances. Therefore the input resistance—the Thé-
venin source resistance in Fig. 2a—is also equal in
value to R:

Rs = R. (1)

As already stated, all nodes of the network
present the same impedance, R. Consequently, the
outputs are determined only by how many stages
separate them from the final output. This fixes the
number of voltage dividers that they have to go
through.

The Thévenin voltage equivalent, e, is the
unloaded output voltage of the ladder network.
The applied input voltages contribute successively
less and less as one proceeds farther down the
ladder inputs. The first input, e;, looks into a
voltage divider, shown in Fig. 2¢. The grounded
2R resistor in the figure represents the load for
the remainder of the ladder. Therefore e, con-
tributes e,/2 at the output. The voltage dividers
for e., e,, ete. can also be worked out. The final re-
sults show the relative voltage contributions at the
input to be ¢./4, e,/8, etc. Therefore the output is:

el 62 e:i + e:\'
es—§+—2§+§§ +§ (2)
ey is the last input to the ladder network. In A/D
or D/A ladders e, through ey are generally equal
voltages.

The loading of a ladder with various load resis-
tors, R;, will affect the output voltage range, but
not linearity. As Eq. 2 shows, the output depends
linearly on the inputs.

These considerations reduce the ladder in Fig. 1
to a voltage source and resistance that can be
loaded down by other ladder groups through
coupling resistances or a terminating resistance.

In fact, the ladder, as reduced in Fig. 2a, be-
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comes one input to a larger ladder, shown in Fig.
3. Each input to the network in Fig. 3 is another
ladder. The problem is to determine the values of
the coupling resistances and terminating resist-
ances, so that each input contributes the desired
weighting. This weighting is referred to as the
base, b, of the ladder.

For example, a BCD ladder would have a
weighting or base of 10 between ladder groups. To
design a ladder to this or any other base, the
values of X and Y in Fig. 3 must be determined.
Analysis will show that X and Y are simple func-
tions of the base.

Base is related to input weighting

To derive the basic equations, the problem may
be phrased: Solve for X and Y so that each source
contributes at the output of the network b times
the voltage of the previous input, going down the

ladder in Fig. 3. For example, é.,.., should con-
tribute b times as much as e,,.,, to the total
output.

Since the Thévenin equivalent of the network
can be loaded without affecting the linearity of
the output response, as Eq. 2 demonstrates, E,
may for convenience’ sake be set equal to X, the
terminating resistance. X is selected so that Y, in
series with X and in parallel with R, is equal to X,
as shown in Fig. 4. Solve for Y in terms of X:

X =Y+XR/ (R+X) (3)
X - XR/(R+X)=Y (4)
Y = X*/(R + X). (5)

It is permissible to normalize by setting R equal
to 1. The coupling resistance, Y, and the terminat-
ing resistance, X, will then simply be multiples of
unity, making the algebra simpler. So, when R =
1N in Hdq. 5:

Y = X?/(1+X). (6)

Now solve for the relative values of X and Y, so
that ey ..., contributes b times the voltage con-
tributed by e;, at node 2 in Fig. 3. To do this, the
voltage divisions must be calculated.

At node 2, the configuration that appears look-
ing up the ladder and the one that appears looking
down it are both the same as that shown in Fig. 4.
These two like configurations in parallel with each
other yield an equivalent resistance of X /2, since
the input resistance of each is X. The voltage e, (,.1)
is distributed between the two sections. The effec-
tive resistance of the voltage divider is given by:

b e
X/2) + R~ X+ 2R
X @)
=mf01‘R= 1%

The input voltage e,, is also divided between
two sections: one consists of the terminating
resistance, X, the other is the last stage of the
ladder. The equivalent resistance at node 1 of the
ladder is again given by:
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1. Each input of this binary ladder, contributes twice the
voltage provided by the one above it: e, —e,/2+e,/4+
oot ekt en 2N

Rs 2R 2R R
. ol il
eg R, SR —— :,ZR 2Re ZR:,\
2R /\
< t '&"//
@ ’_—.—————-_—’
A, SRS
2R ose, ( a5
L]
l S SRS TS T T LR
2R > 55

2. The effects of loading on the ladder by subsequent
stages are estimated with its equivalent circuit (a). The
equivalent resistance is found by removing the voltage
sources (b) and assuming zero source resistances. The
equivalent voltage, e, is the sum of the applied inputs.
The analysis of the first input (c) shows that its contribu-
tionise,/2.

NODE
R I X
esn =
3Y
i A NODE
2
€ein- >
s(n-1) b3%
= Sd NQPE
e ]
s(n-2) 1
I
= R l

&
<
<
<
Q

3. Each input of this network is a stage shown in Fig.
2. The terminating and coupling resistances (X and Y,
respectively) determine the weighting, or the base, of the
ladder, that adjusts the contributions of the inputs.

Y X Y

Y
O—A\\- O—W\v1
X X < X <L RX
— R - : > = == ‘:RT
LOOKING INTO
LADDER . o = o__jL

W

AAA.

4. This circuit is the configuration that appears at any
node in Fig 3, up or down on the ladder. The terminating
resistance, R;, in Fig. 3, has been replaced by X, to
simulate an infinite series of sections.
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5. Binary-coded dacimal ladder has a base of 10. The
coupling resistors were found with Eqs. 14 and 15. The
output voltage is proportional to the 12-bit BCD input.

X/2 gt 5

X2) +E X+ 2k 8)

The contribution of e,, to the voltage at node 2
is determined by the two divisions through the
voltage dividers at nodes 1 and 2. The division at
node 1 is by X/(X+2R). The division at node 2 is
performed by the circuit in Fig. 4. To find the
dividing factor, the voltage drop across the paral-
lel combination of R and X must be found. The
value of e, at node 2 is modified by the product of

the two factors:
RX
(Y - By X)] 9)

X [ RX
Equation 9 may be normalized by letting B = 1:

X+2R|R+X

X X
X+2 Y(1+X)+X]’ (10)
The aim is to develop a ladder so that ey(,.,, con-

tributes b times the voltage contributed by e,, at
the output. Hence:

SR o X
X0 X+2[Y(1+X)+X]' 11)

Simplifying Eq. 10 and solving for Y gives:
Y = (bX—X)/(11+X). (12)

70
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6. In mixed-base ladders the relative weights between
adjacent stages (1, 12 and 20) are used to compute the
coupling resistances, Y and Z. The weight of the last input
is 12 x 20 = 240, relative to the first stage. The stages of
the network are shown in their equivalent-circuit form.

Equations 6 and 12 yield the value of resistor X:
bBX—-X)/(1+X)=X2/(1+X). (13)
Therefore:
X —b—1, (14)
and:
Y=X2/(1+X)=(b—1)2/b. (15)

Equations 14 and 15 provide the values of re-
sistors X and Y for any base b.

To check the results, consider a simple example.
The most common base is 10 in binary-coded deci-
mal ladders. Solving for X and Y gives:

X =b—1=10—1=9;
Y = (b—1)2/b=8.1.

The ladder, shown in Fig. 5, has three 4-input
decade groups, coupled by 8.1R resistors. The size
of the ladder is limited only by the realistic consid-
erations of voltage source folerances, resistor
tolerances, temperature and aging characteristics.
Each group accepts binary numbers between 0000
and 7001 (0 to 9 in decimal). The output voltage is
proportional to the 12-bit BCD number.

Mixed bases require third equation

The problem of constructing a ladder network
with mixed bases will now be examined. Equations
14 and 15 can be used to solve for the termination
resistance X and the first coupling resistance Y. If
succeeding groups of inputs have the same base, Y
is the same for these groups. But when the base is
different, a third equation is required for the
coupling resistors.

Consider, for instance, a ladder that converts
British currency expressed in binary code, into an
analog voltage. The currency has 12 pennies to the
shilling and 20 shillings to the pound. This calls
for a ladder where the first binary group has a
weight of 1, the second has a weight of 12 relative
to the first group, and the third a weight of 20
relative to the second group. The weight of the
third group is 240 relative to the first group. The
relative weights of adjacent groups are used
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7. The last coupling resistor, Z, is found with a further
simplification. A new equivalent circuit of the network is
formed, to show how it appears to the last stage. Again,
zero source resistances are assumed for all voltage
sources, for the sake of simplicity.

to compute the coupling resistance between the
groups.

The first group will count up to 12, the second
up to 20, and the third up to any number limited
by component tolerances. For example, the maxi-
mum amount of currency may be 16 pounds.

Figure 6 shows the ladder with each group
reduced to its Thévenin equivalent circuit. The
source resistance of each generator is normalized
to unity. Resistors X and Y are found with Eqs. 14
and 15 (b = 12 between the first and second
stages):

X =b—1=12—1=11;
Y =(b—1)2/b=121/12=10.0833.

To solve for Z, the first two input groups must
be converted into a common Thévenin generator
and resistor, as shown in Fig. 7. The new equiva-
lent circuit simulates the effect of the weight-12
generator in Fig. 6. The resulting two inputs to
the output terminals are then multiplied with the
proper weighting function and summed.

To find the Thévenin equivalent of the first two
stages, remove Z in Fig. 6 and calculate the equiv-
alent resistance, R;;, and voltage, V,,. Note
that sources V, and V. have zero source resist-
ances. It is also possible to assume that V,, V. and

V., are all 1-volt sources. Looking into node 1 with
Z removed:

PR AN E L 6 G
Ew=@miasD]sv s e
i X P N .
V""‘V‘—’[l(X)/(lJrX)]+Y+1_V‘2R””

am

Il

V, = 1 (normalized)
---VTH — RT”. (18)
To find Z, solve for the equation of the two
voltage contributions at the output of the circuit
in Fig. 7:
b Vin/(Ryy+Z+1) =Vi[(Z+Ryy)/(Rrn+Z+1)];
(19)
b Vi =Vi(Z+Ryy); (20)
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8. Mixed-base ladder converts binary representation of
British currency to analog voltages. The relative weights
of adjacent groups are used to compute the coupling re-
sistances.

Z= (b VTH_VsRTH)/Vs: [(b—Va)RTH]/Va; (21)

Vs = 1 (normalized)

= (b—l)RTH. (22)
From Egs. 16 and 22 R;; and coupling resist-

ance Z are:

R;y = (12/13+10.083) /(12/13+10.083+1)
0.917;
Z = (20—1)0.917=17.423.
The complete British-currency ladder is shown
in Fig. 8.

In summary, the three equations are:

= X =b — 1—to find the ladder’s terminating
resistance.

" Y = (b—1)2/b— to find the coupling resist-
ance for a single-base ladder, or
the first coupling resistance in
a mixed-base ladder.

m 7 = R;;(b — 1) — to find the second and suc-
ceeding coupling resistances in
mixed-base ladders.

Ry is the Thévenin resistance looking back into

the ladder toward the termination resistance.

All these equations are based on normalized

source resistances in the ladder groups. = =

Il

7!
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Whether it be in golf
or in business,
never ignore player #4

Through the sheer impact of overwhelming adver-
tising, many engineers and purchasing people are
misled into believing there are only three broad
based silicon semi-conductor manufacturers. Today,
however, Continental Device Corporation can pro-
vide that essential competitive edge needed to
assure high quality, low-cost semiconductor devices
on firm delivery schedules.

Failure to utilize number 4 has caused many
manufacturers to struggle against slow delivery
and poor service. Start looking to number 4 to make
it the game you would like to play.

#4 1s the name of the game.

HERMETIC RELIABILITY WITH
DIMENSIONAL FLEXIBILITY

NEW MINI-MONO
ASSEMBLIES

Plastic encased component assemblies utilizing Mini-
Mono Diodes can lead to cost savings and improved
reliability for both military and industrial users. These
space saving modules can contain both active and passive
components. They greatly reduce the number of indi-
vidual parts which must be handled by the electronic
manufacturer and improve his reliability because of the
rigidly supported and electrically tested interconnec-
tions. Choice of electrical characteristics and shapes to
meet your requirements. Write for details.

On Reader Service Card Circle 68

20 LINE, 20 TEST I.C.

MEASUREMENT
ADAPTER

Shown is a 20 line, 20 test Integrated Circuit Measure-
ment Adapter to allow for measurement of all types of
Integrated and Discrete Circuits (digital and linear op
amps), from 1 to 20 lines and from 1 to 20 tests. Indi-
vidual tests are programmed on matrix PC cards and
output is available as a Go-No-Go function or with full
4 digit data with self-contained DVM. Unit has capa-
bilities for measurement from DC to 100 K H, on digital
and linear circuits. Price of this unit, as shown, is $6500.

On Reader Service Card Circle 69
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DIODE
IN5315 & IN5316

The Mini-Mono 1N5315 &
1N5316 are silicon epitaxial
diodes featuring small size and
optimized power dissipation,
logarithmic response to high
current levels and nano second
recovery. Glass Gettering &
heavy surface Glassification insure immunity to reverse
parameter degradation. These devices have been
designed to exceed requirements of MIL S-19500.

The Mini-Mono 1N5315 & 1N5316 are hermetically
sealed whiskerless glass diodes with symmetrical dumet
studs. Total volume of these diodes is less than 1/9th
of the standard subminiature DO-7 glass package.

ELECTRICAL CHARACTERISTICS — IN5315 — SPECIFICATIONS AT 25°C
(UNLESS OTHERWISE SPECIFIED)

SYMBOL DESCRIPTION MIN. MAX. UNITS
BV Breakdown Voltage at 10 uA 100 volts
VF Forward Voltage Drop at 0.1 mA 0.430 0.490 volts
Vi Forward Voltage Drop at 1 mA 0.540 0.600 volts
Ve Forward Voltage Drop at 10 mA 0.650 0.710 volts
Vi Forward Voltage Drop at 100 mA 0.750 0.900 volts
Vi Forward Voltage Drop at 200 mA 1.00 volts
Ir Reverse Current at 50 volts at 25°C 50 na
C Capacitance at  1volt 2.5 PF
Reverse Recovery to: 1.0mA Iy = 10 mA,

Circuit: Nanosecond Circuit Ir = 10 mA 4 nsec

ELECTRICAL CHARACTERISTICS — IN5316 —SPECIFICATIONS AT 25°C
(UNLESS OTHERWISE SPECIFIED)

SYMBOL DESCRIPTION MIN.  MAX. UNITS
BV Breakdown Voltage at 10 uA 100 volts
VF Forward Voltage Drop at 0.1 mA 0.460 0.520 volts
Vy Forward Voltage Drop at 1 mA 0.570 0.630 volts
Vr Forward Voltage Drop at 10 mA 0.690 0.750 volts

Vr Forward Voltage Drop at 100 mA 1.00 volts

Ir Reverse Current at 50 volts at 25°C 50 na

C Capacitance at  1volt 25 PF

Reverse Recovery to: 1.OmA Ir = 10 mA,

Circuit: Nanosecond Circuit Ig = 10 mA 4 nsec
DEVICE 1.99 100-999
IN5315 $1.60 $ .98
IN5316 1.40 .93

On Reader Service Card Circle 70

EPOXY MATCHED:

DUAL CHIP TRANSISTURS

These devices contain 2 iso-
lated NPN Silicon Matched
Transistors. They are designed
primarily for small signal, low
power audio frequency and
general purpose differential
amplifier applications in in-
dustrial service.

METAL CAN TRANSISTOR EPOXY EQUIVALENT
Device Device 1-99 100-999
2N2639 €S2639 $6.00 $4.00
2N2640 €S2640 5.00 333
2N2641 CS2641 3.50 2.33
2N2642 0S2642 8.00 535
2N2643 £S2643 7.00 4.65
2N2644 0S2644 4.00 2.67

On Reoder Service Card Circle 72

RTL Mono Circuit

Continental Device Corpora-
tion’s RTL family of mono-
lithic circuits is really an
extension of CDC’s proven
ability in the manufacture of |
hi-rel volume components. And |
when it comes to prices, CDC
wins the game.

OPERATING RANGE: --15°C to --55°C

DEVICE PARTNO. | PACKAGE | 1-99 |100-999/ 1,000
Buffer CMC219001 | Epoxy TO-5 [ $ .80 $ .54 |$ .36
Dual 2-Input Gate | CMC219141| Epoxy TO-5 .80 54| .36
JK Flip-Flop CMC219231 | Epoxy TO-5 | 1.50f 1.00 | .67

On Reader Service Card Circle 73

S SR oo

NEWEPOXY o
TRANSISTORS o

With CDC the chip’s the |

thing! Only the package
changes. CDC uses the same
stringent process controls in-
manufacturing dice for epoxy
transistors as are used for all —

military and high reliability metal packaged dev1ces:

DEVICE 1-99 100-999 | 1000
2N2369 $ .70 $ 47 $ .30
2N3638 .46 31 .28

On Reader Service Card Circle 71
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Write for FREE data sheets
and new 24-page
color catalog!

c(_;i'c
S

I
|
i
|
R

FREE sample devices |
sent on request.

Contact your CDC representative or write

reliability . . the factory direct.

our first

responsibility TN
C C Q i r d ‘ é

CONTINENTAL DEVICE CORPORATION

12515 Chadoon Avenue
Dept. D-7
Harthorn, Calif. 90250

Phone: (213) 772-4551
TWX: 910-325-6217




Synthesize resistor-thermistor networks
to match any desired voltage-ratio-vs-temperature
characteristic. It's easy with the direct method.

Part 2 of a two-part article

An accurate and simple approach to designing
thermistor-resistor networks is based on three
points on the voltage-ratio-versus-temperature
curve, which are used to match performance to
specifications. Part 1* described the principles of
the direct method and its application to networks
where the resistance varies with temperature.
Now consider networks where the voltage or cur-
rent ratio varies with temperature.

The synthesis of the transfer ratio involves only
a few algebraic manipulations. The circuit that is
developed in this way is one of two standard types.

These two basic resistor-thermistor networks
are shown in Figs. 1 and 2. The network of Fig. 1
yields a V,/V,, that increases with temperature
when negative temperature coefficient (NTC)
thermistors are used, and decreases with tempera-
ture when positive temperature coefficient (PTC)
thermistors are used. The network of Fig. 2, on
the other hand, yields a V,/V;, that decreases
with temperature for NTC thermistors and in-
creases with temperature for PTC thermistors, or
posistors.

NTC thermistor yields increasing V,/V,,

To apply the direct method of resistor-thermis-
tor network synthesis to match a desired voltage-
transfer-ratio-vs-temperature curve, consider first
the NTC-thermistor network of Fig. 1. The volt-
age ratio as a function of temperature, V,/V,.(T),
is:

V. R4
7. D) = Ri+R3+ BERI(D[R2 + RL(DT"
(1)
Since the impedance level has no effect on the

voltage ratio, three of the resistance values can be
referenced to the fourth such that R3 = n,R4,

*See “Ease thermistor-resistor network design,” ED 13,
June 21, 1967, pp. 60-64.

Victor Weisenbloom, Electronic Engineer, Raytheon Co.,
Sudbury, Mass.
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R2 = n,R4 and R, = n.R4. Substituting these
into Eq. 1 yields:

0 R4
7 (T) =
it R4 + n, R4 +

n. R4 (T)  (2)
n, R4 + n, R4 r(T)
Hence, all the resistance values are referenced
to R4, leaving V,/V;, unchanged. A more useful
form of Eq. 2 is:
Vir/ Voo () =1=ms F N0 2T/ [90 +m05.0: (L)
If 6(T) is defined as equal to V;,,/V,(T) —1, this
equation becomes:
0(T) =ns+non.r(T)/[Mm2+n07(T)]. (3)

; e
in R4 3
<

O

1. The ratio V /V,, of this network increases with tem-
perature when an NTC thermistor is used. For positive
temperature coefficient thermistors, the opposite is

true.

R4

AAA
o VVv —_—

1R2

Ro(T) (

2. The ratio V, /V,, of this network decreases with
temperature when an NTC thermistor is used. For
posistors, the opposite is true. The design of this and
the circuit in Fig. 1 uses three simple equations.

O
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To match a given V,/V,,-vs-temperature char-
acteristic, a set of three equations must be gener-
ated to solve for the normalized unknowns, n,, n,
and mn,. Picking three points, Av(T,), Av(T.,),
Av(T,), on the desired characteristic, where Av =
Vo/Vin, yields (through Eq. 3) three values of 4:
(T = C, 0(T) =1Cs,6(Ts) = C:. Rurthermore,
finding »(7T) on the thermistor manufacturer’s
normalized curves (Fig. 3) at the respective tem-
peratures yields (T,) = r, r(T,) = r, and 7(T)
—

The “generated” form of Eq. 3 then becomes:

Ci = N3+ 1/ (N2 +7071);

C. = Ny +n, Ny 1/ (Nat10 15)

Ca= a7 s/ (17 )
This set is of the same form as that established as
Eq. 6 in Part 1 for the case of resistance that
varies with temperature. Therefore:

= (O = O (X B X +23) [l — 1),
1y = Nl X, 4)
n, = C, — 70l (1 + . X),

where:
Xe—= (Q—K)/(”HK_"':;Q);
K = (Ci—CZ)/(Cg—Ca),
Q = (7'1“7'2)/(7'2_7'3)-

Once n,, m. and n, have been calculated, they

so[? T, = 37.8°C
B=4830
RANGE OF AVAILABLE B
1940 - 4830
R o~
\ R(T) = Rgr(T)
10 _ RESISTANCE AT 37.8°C
\ \ RATIO = RESISTANCE AT 1044°C
5 \
B =1940| \
f2

1
\\RATIO=7
N

~

3

NORMALIZED RESISTANCE (r (T))

RATIO =15.5

0 90

-30 -10 10 30 50 7
TEMPERATURE (°C)

3. Range of available thermistor constant (B) is shown

on the thermistor manufacturer’s universal curves.

From these curves the designer determines which value

of B is most useful for a specific application.
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can all be multiplied by any constant R4, thus
adjusting the impedance level while leaving the
voltage ratio unchanged. The constraints on the
values of the normalized resistors n,, n. and n, are
the same as those established in Part 1 for the
normalized resistors. This network (summarized
in Fig. 4a) is highly suitable for a voltage transfer
ratio that increases with temperature, and guaran-
tees a match at three points on the desired charac-
teristic.

Modified circuit yields decreasing V,/V;,

For a voltage transfer ratio that decreases with
increasing temperature, consider the NTC-ther-
mistor network of Fig. 2. If three points are
picked from the desired characteristic, an analysis
similar to that for the network of Fig. 1 will
guarantee a match at those three points. The
derivation finds the element values in terms of the
points on the desired characteristic and the corre-
sponding points on the manufacturer’s universal
thermistor curve. The end result is again three
equations (of the form of Eqgs. 4), which are used
to synthesize the required network. Once n,, n, and
n., are known, they can all be multiplied by any
convenient constant to adjust the impedance level.
The technique is summarized in Fig. 4b.

In essence, therefore, for a monotonically in-

o
6(m) = -
VO

8(ry)=¢c,,8(m;)=C,, 8(T3) =Cy
r(T|)= rl,r(Tz) =G5 r(T3) =ry

= A VWA
[l |
n.r(T)
Vin o e 3! Vo
| " |
o=
8(m -
Vin _,
Vo

Br=c, ,0(T,)=C,,0(Ty =c,

r(T.) 25, ,r(T2)= fo r(TS) sry

O- M-
|

b3 b3 {
nor(T) s Sha
Vin Vo
4:n
e S
o—

Q | K | X o I n, | Ny
n-rp c,-C, Q-K [(C=Co)r X+1)rX+1) o /o " No
rp- T3 Ca-C3 | rK-r3Q rn-ra X I bol+r X

(C=Co) e X1y
Q3 K ¢

CONSTRAINTS

Pasre

4. Direct method of voltage-ratio synthesis is the same
for both increasing (a) and decreasing (b) V,/V,,.

75



Table. Slope data for Fig. 5
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Temperature (°C)  Slope Rate of
change of slope
0 3 X103

10 3:5%10:- 5 X110+
20 5 36108 1.5X1 04
30 616108 15+
40 6.5%x103 0.53¢10:*
50 6 1¢ 108 0.5x10+
60 5 G108 104
70 4 x103 R 0
80 3102 1L Hufs

:047 [

S6e 4//

>O

;_:0‘5 //RQRED AND

g M _~1 .SYNTHESIZED CURVE

m «

w

Q

< g3 Pt

= / i i

é 02 sl

:'zo -lo o 10 20 50 60 70 80 90
TEMPERATURE (°C)

5. Three points are chosen on the voltage-ratio-vs-tem-

perature characteristic that is to be matched. One of

these is at the point of maximum slope, and the others

are where rate of change of the slope is greatest.

30, 40

3.28

AAA ——
WA

B tod TN
U Vo

131 AT 378
Vin RATIO = I5.5

e}

o

6. All resistance values are related to resistor R4 (value
of 1) in the normalized network produced by the direct
method of voltage-ratio-vs-temperature synthesis.

196 k

VWA

LA

AAA
AAA
O- VWA VWA

77.9 k AT 37.8° 3
¥in RATIO = I5.5 3596k

e
7. Normalized network is converted into a practical
network by selecting an available thermistor and mul-
tiplying the normalized resistor values by the ratio of
the actual thermistor’s resistance to that of the nor-
malized thermistor.

creasing or decreasing voltage ratio, V,/V;,, the
networks of Figs. 1 and 2 can be synthesized by
the procedure just described. If a given V,/V,,
characteristic is decreasing to a minimum and
then increasing with temperature, a combination
of the two networks can be used.

Design example demonstrates technique

As an example of applying the technique de-
scribed, assume that the voltage-ratio-vs-tempera-
ture characteristic of Fig. 5 is to be synthesized.
Since the voltage ratio is increasing with increas-
ing temperature, the network in Fig. 1 will pro-
vide a three-point match, assuming that the con-
straints are satisfied. The elements n,, 7. and n,,
normalized with respect to R4 are found by the
direct method, and an arbitrary impedance level
assigned on the basis of thermistor availability.

The three points on the curve of Fig. 5 that are
to be matched are chosen—one at the point of
maximum slope, and the other two at the points of
maximum rate of change of the slope. On the
assumption that the region of interest is from 0°
to 75°C, the slope is calculated and tabulated in
the table in 10° increments. The table shows that
the maximum slope occurs at 40°C, and the maxi-
mum rate of change of slope occurs at approxi-
mately 15° and 65°C. Hence, for the purpose of
calculating 6(7), choose V,/V,(15°) = 0.315,
Vo/Vin(40°) = 0.455, and V,/V;,(65°) = 0.6.
From Fig. 4a, therefore, 6 is calculated as:

(@58 = 218 =(C;:
6(40°) = 1.2 = C,;
9(65%) = 0.67 = €.
If a thermistor with a ratio of 15.5 is chosen,
riy, 7. and r; are found on the manufacturer’s uni-

versal curves at temperatures 7, = 15°C, T, =
40°C and T, = 65°C, respectively, to be:
7 =885 7= 091; | 7, =029.

Once 74, 75, 73 and C,, C,, C,; are known, Fig. 4a
gives:
Q= (r—72)/(r2—15)
= 2.39/0.62
— 385
and
K = (C,—C.)/(C.—C,)
= (2.18—1.2) /(1.2—0.67)
= 0.98/0.53
=185,
Since the constraints that @ > K and », > r, are
satisfied, the analysis can be continued:
X =(Q—K)/(rK—rQ)
= (3.86—1.85) /(6.1 —1.12)
= 0.4;
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n,= (C,—C.) (rX+1) (r. X+1)/(r,—7.)
= (0.98) (2.32) (1.38)/2.4 3

— L3
Nor = M X
=-1.31/0.4
= 3.28:
and finally
ny= Ci—[rin,/(1+7r:.X) ]

=2.18—1{(3.3) (1.:31) /[1:-+43.3) (0.4) ]}
— (i3 34

The solutions then are =, Sl e —53.28
and n, = 0.33. The synthesized network is that of
Fig. 6.

The impedance level is now adjusted by choos-
ing a commercially available thermistor with a
ratio of 15.5. On the assumption that the network
impedance in this example is to be high, a thermis-
tor where R, = 77.9 ko at 37.8°C is chosen. To
adjust for this impedance level, all the impedances
in Fig. 6 must be multiplied by 77.9 ko/1.31 =
59.6 ka. The completed network appears in Fig. 7.

The voltage ratio of the synthesized network
can be calculated for purposes of comparison with
the original required characteristic:

V 59.6 K

0

V. T 79.4 kQ + 1637 (T) x 10%/[196 + 77.97(T)]’

mn

The data are plotted on the same set of axes as the
given characteristic (Fig. 5). The error in the
region of interest is shown to be negligible. = =

Bibliography:

Adler, Richard B., et al. Introduction to Semiconductor
Physics. New York: John Wiley & Sons, 1964

Del Toro, Vincent, and Parker, Sidney. Principles of Con-
trol Systems Engmeermg New York: MeGraw-Hill
Book Co., 1960

Farhi, Sivy, and Groves, Stanley. “Design of Resistive
Temperature Compensation by Single and Multiple
Thermistor Networks,” AIEE Trans., LXXX, Pt. 1,
July, 1961, 246-253.

Joyce, Maurice V., and Clarke, Kenneth K. Transistor
Circuit Analysis. Reading, Mass.: Addison-Wesley Pub.
Co., 1961.

Kedson. “Thermister Compensation Simplified,” FEE, X,
No. 7 (July, 1962).

Saburi, 0., and Wakino, K. “Processing Techniques and
Applications of Positive Temperature Coefficient Ther-
mistors,” IEEE Trans. on Comp. Parts, Vol. CP-10,
No. 1 (March, 1963), 53-67.

Scarr, R. W. A., and Setterington, R. A. “Thermistors,
Their Theory, Manufacture and Applications,” IRE
Trans. on Comp. Parts, Vol. CP-8, No. 1 (March, 1961),
6-22.

Stern. Theory of Non-Linear Networks and Systems.
Reading, Mass.: Addison-Wesley Pub. Co., 1965

Truxal, J. G. Automatic Feedback Control System Synthe-
8is. New York: McGraw-Hill Book Co., 1955.

Volz. “Temperature Compensation of Transistor Circuits.’
Research report conducted by the Dept. of Electrical En-
gineering of Pennsylvania State University for Key-
stone Carbon Co., Feb., 1965.

Weinberg, Louis. Network Analysis and Synthesis. New
York: MeGraw-Hill Book Co., 1962

ELECTRONIC DESIGN 14, July 5, 1967

Learn
“How To Use™
Zener and
Reference
Diodes
In Your

Circuits

eeoowith this
industry-
acclaimed
manual!

FANY M [

DIODE
HANDRBOOK

Now — for the electrical circuit designer
who wants a single-source reference manual
— the 4th applications-oriented edition of
the Motorola Zener Diode Handbook! Full
of useful, practical, “how-to-do-it” informa-
tion like:

Protective Circuits & Techniques
Voltage Sensing Circuits & Applications
Basic Voltage Regulation Using Zeners
Reliability Considerations for the
Designer

Special Regulation Devices
Understanding Zener Diode
Characteristics

. . . and much more from the recognized
industry authority.

For your personal copy, contact your
franchised Motorola distributor or fill out
and mail the coupon! Price $2.00.

| |
| |
| / |
I "d. Please send me ________ copies of :
Motorola’s new Zener Diode Hand-
| e R ® 00 e :
: NAME {
: TITLE }
| COMPANY |
: ADDRESS :
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

CITY
STATE ZIP

Mail with check (payable to Motorola Inc.) to:
Motorola Semiconductor Products Inc.,
Box 955, Phoenix, Arizona 85001.

MOTOROLA semiconductors
@ - where the priceless ingnediont i cane!



YOUR

GREATEST
CHOI CE

The Man from E.A.G.L.E.* presents two samples that show the range in his
bag of timing tricks. The CA100 solid state timer provides split-second con-
trol of continuous, high-speed, “on-off” cycles from 3 to 2000 times a min-
ute. Housed in Eagle’s famous Cycl-Flex case, the CAT00 can be plugged in
and taken out in seconds. Solid state circuitry eliminates moving parts,
makes this timer great for dusty, dirty locations. At the other extreme the
HG100 electromechanical dual-function timer does the job of two ordinary
timers. With a single, easily-set dial it provides adjustable “on” and “off”
time periods for cycles ranging from 30 seconds to 60 hours. It gives you
unmatched ease of adjustment without setting cams or changing gears.
For detailed descriptions of one or both of these timers, get our CA Series
Bulletin 322 and our HG Series Bulletin 320. Write Eagle Signal Division,
E. W. Bliss Company, 736 Federal Street, Davenport, lowa 52808, or call

(319) 324-1361.
LITETH [+ [EAGLE SIGNAL

A DIVISION OF THE E. W. BLISS COMPANY

*E.A.G.L.E.—Engineering Assistance Given Locally—Effectively.

“For information on CA100 Timer circle reader service card number 241"
“For information on HG100 Timer circle reader service card number 242"
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T0WATTS

TO-5

A0WATTS

TO-59

WESCON: Booths 5323, 5323A

A NEW CONCEPT IN POWER

High current triple diffused planar NPN silicon power tran-
sistors are now available from Silicon Transistor Corporation
in a choice of small packages. The STT2400—STT2406 25 MHz
series comes in a T0-5 case and is priced from $6.60 to
$21.40 per unit on orders of 100. The STT2800—STT2806
25 MHz series is in the T0-59 package and prices range from

range of 30V-150V, maximum T; is 200°C, C,, is 200 pf.
Typical applications include: high power, high frequency in-
verters and converters; switching type regulated power sup- =
plies; power linear amplifiers; compact power circuitry; RF |
power amplification. For more information, call or write today. |
For immediate delivery, contact your representative or dis- =

$8 to $24 per unit on orders of 100. They have a voltage tributor. |
TRIPLE DIFFUSED PLANAR—NPN i
> i
Case Vceo(sus)Vepo Icmax. Pmax.  hre hre No.14, 2T [ |
j’ (100°C) min. "R §
Volts Volts Amps Watts S
STT 2400 T0-5 150 12 75 10 30-90 Ql
STT 2401 T0-5 120 12 7.5 10 30-90 No.14,7T
STT 2402 T0O-5 120 12 7.5 10 50-150 10 @ 6 Volts
STT 2403 T0-5 100 12 7.5 10 30-90 STT 2801 28 VI
STT 2404 T0-5 80 12 S 10 30-90 =|I | b No.20,
STT 2405 T0-5 60 10 75 10 30-90 401
STT 2406 T0-5 30 10 7.5 10 25 min. SR 2 vn
STT 2800 T0-59 150 12 7.5 40 30-90 . No.14,7T
STT 2801 T0-59 120 12 1.5 40 30-90
STT 2802 T0-59 120 12 7:5 40 50-150 10 @5 Volts
STT 2803 T0-59 100 12 75 40 30-90
STT2804  T0-59 80 12 75 40 3090 STT 2801
STT 2805 T0-59 60 10 75 40 30-90 No. 14.2T J
STT 2806 T0-59 30 10 7.5 40 25 min. : )
TEST lc 200mA 2A 5A Q2
CONDI- { IB 10mA =
TIONS VcE 15V

Silicon Transistor Corporation produces the broadest line of silicon power transistors in the industry.

SILICON TRANSISTOR CORPORATION

EAST GATE BLVD., GARDEN CITY, N.Y. 11530 (516) Ploneer 2-4100, TWX 510-222-8258

Executive Offices and main plant:

ON READER-SERVICE CARD CIRCLE 40
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Diode model is analyzed by computer
as one junction of a transistor. Analysis covers both
linear and nonlinear circuit operation.

Part 3 of a three-part series

Computer-aided circuit design requires good
device models and accurate numerical values.

The modeling procedures for transistors were
described in part 1 of this series.* Part 2 showed
how numerical values were assigned to the tran-
sistor model.+ This final part describes the con-
struction of the diode model and the measure-
ments that determine the parameters.

The diode model shown in Fig. 1 is one junction
of the transistor model. Like the transistor model,
it covers both small-signal linear and large-signal
nonlinear operation, accounting for both ac and

dc components. A general description of the model,

which is taken from NET-1 Network Analysis
Program 7090/94 Version by Malmberg, Cornwell
and Hofer is given in Part 1.

Five parameters define diode model

The five parameters in Fig. 1 define the equiva-
lent circuit of the diode. The diode resistances are
R;, the semiconductor bulk and contact resistance,
and R, the junction ohmic leakage resistance.

The current generator, I, represents the diode
junction current. It is related to junction voltage
v by the equation:

I =Ig[exp (qv/M Kkt)—1], (1)
where:

I = the diode saturation current,

q = electron charge,

M = emission constant (the factor by which
the junction voltage and dynamic re-
sistance are larger than the ideal values
given by using qv/kT),

k = Boltzmann’s constant,
T = junction absolute temperature in°K,

*See “Use a good switching transistor model,” ED 12,
June 7, 1967, pp. 54-59.

iSee ‘“Assign the correct numerical values,” ED 13,
June 21, 1967, pp. 60-66.

Nathan O. Sokal, President, and Joseph J. Sierakowski,
Senior Engineer, Design Automation, Inc., Lexington,
Mass., and Jonathan J. Sirota, Vice-President, Memory
Technology, Inc., Waltham, Mass.
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1. Diode equivalent circuit is one junction of the
transistor model. '

v = bias voltage (positive for forward bias,
negative for reverse bias).

C, is the junction transition (depletion-layer)
capacitance, a small-signal capacitance which is a
nonlinear function of junction voltage v:

C: =D/(Vz—v)7, (2)
where:
D = proportionality constant,
V, = junction contact potential (a positive
number),
N = junction grading constant.

C, is the junction diffusion capacitance, a small-
signal capacitance which is a function of junction
current I:

Il

Ca=qU+1s)/2eMETF, (3)
where F' is the intrinsic diode cutoff frequency.
The charge stored in the diffusion capacitance
at a forward current I is I/2wF. This can be
verified simply by integrating C,; from zero cur-
rent to the current I, expressing both C; and v as
functions of I. Thus FF = 1/27 +, where 7 is the
commonly used “charge storage factor” in Qsroren
= I+. The effect of transition capacitance on the
apparent variation of cutoff frequency with I is
similar to that discussed in Part 2 for the tran-
sistor cutoff frequencies.
The terminal voltage on the diode is defined as
Vr in the forward direction and V; in the reverse.
As with the transistor parameters, three points on
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Table: Diode cbns‘tants and variables

Symbol

*Not used in dc steady-state calculations. Can be ignored if only
dc steady-state analyses are being performed.

Brief description

Average value of transition capacitance
Junction diffusion capacitance
Measured diode diffusion capacitance
Junction diffusion capacitance
Transition capacitance proportionality con-

stant :
Diode cutoff frequency
Apparent cutoff frequency
Forward current
Reverse current
Diode saturation current
Boltzmann’s constant
Diode emission constant
Junction grading constant
Electron charge
Diode ohmic series resistance
Junction ohmic leakage resistance
Junction absolute temperature
Diode storage time in test circuit
Junction voltage
Dec supply voltage in test circuit
Forward terminal voltage
Reverse terminal voltage
Diode test voltage
Junction contact potential
Charge storage factor

81
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the diode forward conduction characteristics are
needed: - (Vons, 55 (Vigs; - L3), -and’ . ( Vgs, I3). ‘The
points should span the region of interest, as shown
in Fig. 2. The measurement can be made either
by the direct method (Fig. 3) or by the null
method (Fig. 4).

The direct method can be used if the diode
forward voltage can be read to a precision (not
accuracy) of =1 mV. V.. should be much larger
than: Vp. Ghoose R as 'R < (Vooumary — Vps) /s
Measure the desired three points on the diode
forward characteristic by varying V cc.

The null method uses two sources, V¢ and V,.
Vee >> V5. The voltages should be measured with
either a direct-coupled oscilloscope with 5-mV /ecm
sensitivity or a digital voltmeter with a resolution
of 1 mV or better:

Measurement is performed in four steps:

m With V, equal to zero, measure V, at I,. This

18 Vg

= Adjust V, so that the voltmeter reads zero. V,
is now set to Vp,.

m Increase the current to .. The voltmeter read-
ing is Vps— Vips:

= Repeat step 3 at a higher current to obtain
VI~‘3_VI"1 at 13-

These readings are used directly in the equations
which follow to determine the forward conduction
parameters of the diode.

To determine the reverse bias parameters, a
curve of the reverse current versus reverse volt-
ages should be used for the reverse voltage range
of interest, as in Fig. 5. The curve need not be
extremely accurate because the reverse leakage
is usually of minor importance; any value larger
than a megohm will usually suffice.

Equations for diode dc parameters

All measured quantities go directly into the
equations that follow:

M =
(Vl-‘:x e Vl"l) [(Iz e Il)/(I.'Z T Il)] il (Vm e I"l-‘lj).

kT [(1(*2 iy I('l) 1 (1(33> 1 (11'2 :I )
g W\ — I, I = IC1> (4)

Ry = [(Vis— Vi) — (MET/q)In(Is/1,)]1/(Is—1,) ;

(5)

Is =1./{exp[(q/MkT) (Vp.—I.Rp)]}; (6)

Vee= (Vo= Vi) + Vi (7)
q/k = 1.161x10%;
T = °C+273.2

If three points are known, use Eqs. 4 through 7.

If only two points are known, assume a value
for R;. An approximate value can be taken from
the forward conductance specification. If it is
known that a current I flows with V, = 1 volt, it
can be assumed that approximately 0.25 volt is due

82

to IR; drop. Then:
Ry~ 0.25/1. (8)
When only two points are known, M is taken from:
M= (([//kT){[(VF:z_Vﬁ'l)_RB(Izvll)]/ln(l'.'/lx)}-
(9)

If only one point is known, assume values for
both R; and M. To simulate a diode with low volt-
age drop and dynamic resistance, M can be chosen
between 1.0 and 1.5. A diode with high voltage drop
and dynamic resistance can be simulated by choos-
ing M between 1.5 and 2.2. I is again found from
Eq. 6. R; can be assumed as before.

The usual range for the values of M, R;, and I
are 1.0 to 2.2 for M, 10-* to 10-* kilohm for R, and
102 to 10-° mA for I (silicon), and 10-% to 10-2 mA
for Iy (germanium).

Ig
5y

VR

LINEAR
(SCALE

}~— RANGE OF INTEREST —}

5. Diode reverse current characteristic gradient is used to
determine R, the junction ohmic leakage resistance.

+V',_—‘
b Vin
-Ve e
I
L ———
b (o]
-Iq : {
- Ts r—

TIME ——

6. Storage time is measured to determine cutoff fre-
quency. It is measured from the '|;/l; transition to the
point where | begins to decrease.
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R. is found from the reverse characteristics of
the diode with the best straight-line fit over the
voltage range of interest, as in Fig. 5.

Re'= AV /AlLg. (10)

The diode transition capacitance is found by the
same procedures as are used in Part 2 to determine
the transistor transition capacitances.

Diode cutoff frequency is derived from storage time

The diode cutoff frequency can be found from
the diode storage time, 7, when the diode is
switched from a forward current, /,, to a reverse
current, —/,, as in the test circuit of Fig. 6. The
measurement should be made at values of I, and I,
close to the values intended for actual circuit oper-
ation, if possible. The test current is assumed to
switch instantaneously from 7, to —1I;. T is meas-
ured from the time of the /,-to-I, transition to the
time that the reverse current magnitude begins to
decrease, as shown in Fig. 6. If no clearly defined
region of constant reverse current exists, 7s can
be measured to the time that the junction voltage
becomes zero. Time zero can be taken as the middle
of the I,-to-I; transition. Note that this definition
of storage time is not the same as another one in
common use—the time until the reverse current
(charging the transition capacitance to a reverse
voltage) has decreased to a specified value, on the
order of 10% of I.

As with the transistor cutoff frequencies, direct
observation of the diode intrinsic cutoff frequency
is obscured by the effect of C; shunting C,. Both
these capacitances are varying during the turnoff
transient. The apparent cutoff frequency is:

Fr={n[1 + (Is/1x)1}/2aTs. (11)

If the transition capacitance, C;, is small com-
pared with the diffusion capacitance, F” will be
close to F. The shunting effect of C, can be ac-
counted for approximately by hand calculation, if
desired, as follows.

The intrinsic cutoff frequency is:

F=F/[1-(F/F4)], (12)
where:
F.=[q + I5)]1/2aM kT C,. (13)
Here C, is the value of the transition capacitance
averaged over the storage time interval. It can be
taken as the capacitance at a forward bias of V,
which is the voltage at a forward current of /2.
Ci=Cul(V,—V2)/(V,—Vi)] . (14)

Usually I < < I and can be ignored. In Eq. 13

I can be taken as I,/2, so that:
F = 0
1— [F’2aM (kT/q) C,1/(1:/2)

Free reprints available

You may obtain a single reprint of the entire
three-part series on transistor and diode models
by circling 250 on the Reader Service Card.
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OSCILLATORS

<1 Hz to 125 MHz

FOR
INTEGRATED
CIRCUIT
APPLICATION
COMPATIBILITY

If your new system is utilizing integrated circuits,
let Accutronics assist you with your oscillator re-
quirement. Operating on voltages as low as 3 volts
the I.C. Series can provide an output level to drive
all forms of gates, flip-flops, multivibrators, etc.
Typical output levels would be 2 volts to 2.8 volts
peak to peak with a 3 volt supply. Rise and fall
times of <20 nanosec. are typical. Sine wave out-
puts can be provided with <5% distortion and fre-
quency stabilities from #0.0001% to #+.5%. Can
we be of service? Call collect Area 312, 232-2600.

HG Series

PRICE: $115.00 to $185.00

FREQUENCY: 1 MHz to 45 MHz

FREQUENCY TOLERANCE: ==0.005% over temperature range

FREQUENCY ACCURACY: #0.002% or better at 25°C

TEMPERATURE RANGE: 0°C to 4+75°C

OUTPUT POWER: Will provide outputs to work into T2L, RTL,
DTL, etc. circuitry when specified. Sine
wave, 1V rms into 1K with 3 to 15%
distortion depending on frequency.

OSCILLATOR VOLTAGE: 3 volts to 30 volts DC as specified

DIMENSIONS: 1Y2x3%x%" high

NJ] Series

PRICE: $122.00 to $197.00

FREQUENCY: 500 KHz to 50 MHz
FREQUENCY TOLERANCE: #0.005% or better over tempera-
ture range

FREQUENCY ACCURACY: *0.002% or better at 25°C

TEMPERATURE RANGE: —20°C to +460°C

OUTPUT POWER: Will provide outputs to work into T2, RTL,
DTL, etc. circuitry when specified. Sine
wave, 1V rms into 1K with 3 to 15%
distortion depending on frequency.

OSCILLATOR VOLTAGE: 3 volts to 30 volts BC as specified

DIMENSIONS: 1%2x1%2x"2 to 1%" high depending on

frequency

accutronics, inc.

628 North St., Geneva, lllinois
Area 312, 232-2600.
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 MINITONE |
S10874
o

- MOTOROLA

Two ways to achieve selective signaling

The MinitonE reed on the right does it better

Motorola’s new miniaturized resonant
reed either generates a highly stable
audio tone, or provides very selective
decoding. It does the job better because
it's small, has excellent stability, and
contains no contacts to wear out. And
the MINITONE resonant reed is more eco-
nomical; it eliminates the expense of ex-
tra components and design time needed
to build highly selective tone oscillators
and associated compensating circuits.
Take a look at these facts:

SEE IT AT BOOTHS 3116 & 7 AT WESCON

MOTOROLA

PRECISION
INSTRUMENT
PRODUCTS
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SMALL SIZE: About ¥4 of a cubic inch in volume. Measures only 1.11” x
0.619” x 0.393".

LONG LIFE: No contacts to wear out or cause malfunctions; life comparable
to solid-state devices. Plus 3-year warranty.

HIGH STABILITY: Frequency tolerance +0.1%. Temperature stability better
than +0.001% per °C between —30°C and +100°C
(25°C reference).

WIDE FREQUENCY RANGE: From 67 Hz up to 3150 Hz.

QUICK DELIVERY: Over 200 standard frequencies available from stock.

RUGGED CONSTRUCTION: Exceeds E.I.A. standards for shock and vibration.

PROVEN PERFORMANCE: Reeds have been proven in thousands of demand-
ing situations, such as in aviation, control systems
and radio communications applications.

FOR MORE INFORMATION contact your Motorola representative. Or write for
bulletin TIC-3214

MOTOROLA COMMUNICATIONS AND ELECTRONICS INC.
4900 West Flournoy Street

Chicago, lllinois 60644. A subsidiary of Motorola Inc.
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Tips on cooling
off hot transistors

See how circuit designers use |IERC heat dissipators to protect
semiconductors...improve circuit performance and life.

Lo i

Fan-top dissipators for TO-5 and TO-18 cases drop temperatures To cool off low-to-medium power transistors in TO-5 and TO-18 cases, use
dramatically; cost just pennies. T-shape adds almost nothing to IERC’s efficient LP’s. Patented, staggered-finger design maximizes radia-
board height; allows components to snuggle close to tran- tion and convection efficiency, radiates heat directly to ambient. Available
sistors. Spring fingers provide fast, press-on installation. in single or dual mounting for thermal mating of matched transistors.

IERC Therma-Link Retainers provide efficient thermal links New! Dissipators and retainers for Free 8-page short form catalog discusses
between transistors and chassis or heat sinks. (Also, excel- plastic and epoxy transistors. 3 new IERC’s complete line of dissipators, re-
lent dissipation when used on p-c boards.) Integral BeO series for RO-97A, RO-97 and tainers and tube shields. Gives specifi-
washers reduce capacitance up to 2/3. Fast, no-snap in- X-20’s. Permit a jump of 10% to 33% cations, prices, how to order. Send for
stallation; transistors are firmly held. in operating power. your copy today.

» i B B

Special insulating coating — Insulube 448, a special non-hygroscopic
finish developed by IERC, combines excellent dielectric properties,
50 K megs insulation resistance, and high heat emissivity. Also pro-
tects against salt spray, fungus, etc.
Tough heat dissipating problem? IERC engineers welcome your letter-
head inquiry for specific information or assistance in selecting heat
dissipators. SEMICONDUCTOR
HEAT DISSIPATORS

N\
INTERNATIONAL ELECTRONIC RESEARCH CORPORATION « A corporate division of Dynamics Corporation of America %ﬁ 135 West Magnolia Ave. » Burbank, Calif. 91502
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ENGINEERING DATA

Mismatching for low noise
iIn amplifiers becomes simple with a nomograph that
shows the lowest noise figure in one step.

In many systems the main design objective is
low noise, instead of maximum power transfer. A
deliberately created mismatch between an ampli-
fier and its source will achieve this objective, pro-
vided that the mismatch ratio is the proper one.
To find the ratio, use the nomograph below.

The theoretical explanation rests on a simple
equation® that computes the noise figure:

F o7 1 + (R~/RL) +Rn(1+Rs/RL)2/Rsy
where:

R, = source resistance,

R, = input impedance of transistor, in paral-
lel with the resistive component of the
tuned circuit,

R, = equivalent noise input resistor? of tran-
sistor.

The circuit in the figure helps to interpret the
symbols.

The actual noise resistor of a transistor need
not be known if a noise figure can be measured
for any specific match or mismatch between E.
and R,.

The noise figure is plotted in the nomograph for
any mismatch ratio, R,/R;, as well as for differ-
ent transistor noise resistors, R,. R, is normalized
to the input resistance R;. Since there is an op-
timum R./R, for each R,/R, curve, there is only
one R,/R; curve that applies to a given situation.

Herbert S. Antman, Research Engineer, Edo Corp., Col-
lege Point, N. Y.

Assume, for example, a noise figure of 3.8 dB
for the matched condition, R,/R, = 1. The 0.1
R,/R, curve intersects this point in the graph.
The null point of this curve occurs at a mismatch
ratio of 0.3 for R,/R;, or 3.3 for R,/R,. This op-
timum ratio improves the noise figure to 2.8 dB.
In fact, there is no loss in sensitivity for mismatch
ratios extending from the R,/R, = 1 line to the
point where the curve of maximum mismatch ra-
tio intersects the noise figure curve. For R,/R,
= 0.1, this range of mismatch ratio extends from
Ra/Rl, =1 to RS/RL = 0.09. = =

References:

1. Mischa Schwartz, Information Transmission, Modula-
tion, and Noise (New York: MeGraw-Hill Book Co., 1959),
Chap. 5.

2. W. A. Rheinfelder, Design of Low-Noise Transistor
Input Stages (New York: Hayden Pub. Co., 1964).
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Typical preamplifier circuit includes the source and the
amplifier. For optimum noise figure, a deliberate mis-
match is introduced between the two.
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mismatch ratio can be read off.

ON READER-SERVICE CARD CIRCLE 44 >



New CVC AutoMate...The Decision Maker

Just Touch The Control...
AutoMate Does The Rest

An AutoMate™ control system will
handle your vacuum cycle for produc-
tion—and do it automatically. Auto-
Mate is engineered to make human
decisions without human errors.
Think what this means:

Finger-tip control on the AutoMate
Decision Control Center. . .relieves
operators from further machine at-
tendance.

Automatic sequence operation . . .
the cycling decision is made and
carried out in response to actual
pressure in the system.

Repeatable performance . . . get ex-
actly the same results every time.

So let AutoMate make the vacuum
decisions to free your operator for
more important tasks in your produc-
tion process. Use AutoMate in elec-
tronics, optics, ceramics, metallurgy.

AutoMate gives you a complete sys-
tem with automatic control center,
chamber, pumping system, and gauge.
These elements have been human-
engineered into a new design that
makes AutoMate stand for the latest
technological advances in high-vac-
uum automation. Write for details.
Consolidated Vacuum Corporation,
Rochester, N.Y. 14603. Subsidiary
of Bell & Howell.

AutoMate Automatic Control Center as in-
stalled on CVC’s new systems. Just
touch the control—AutoMate does the
rest. This Control Center introduces a
whole new era of automated high-vac-
uum systems. Watch for more . . . from

CVC.
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This Babcock
10 amp. relay
also
switches
dry circuit
with the
same contact set

The Babcock Model BR7 relay
will perform from dry circuit to
10 amps., with universal contacts,
and is designed to meet critical
aerospace applications.

Now, your Babcock 10 amp. full size crystal
can relay will also switch dry circuit with the
same set of contacts. These exclusive universal
contacts have greatly simplified your relay
stocking requirements. You can order one

model to meet a given set of performance pa- SPECIFICATIONS
i i SIZES . :
rameters without concern for load reqlflrement o PULL-IN POWER
—at no cost premium. Get complete informa-  ywggur: e i
tion about this versatile relay, and the entire  APProx. 1.00z 100,000 operations, min.
t ] % CONTACT ARRANGEMENTS: TEMP. RANGE:
Babcock line, all with universal contacts.  SPDT and DPDT —65°C to +125°C

S — e — FROM THE BABCOCK FAMILY OF CRYSTAL CAN RELAYS
Write Babcock Relays, Division

of Babcock Electronics Corpo-
ration, 3501 Harbor Boulevard,
Costa Mesa, California 92626;
or telephone (714) 540-1234.

SIXTH SIZE
DPDT SPDT & DPDT | SPDT & DPDT
dc to 10 Amps. | de to 10 Amps. | de to 2 Amps. de to 1 Amp.

'\_V; 1
TWICE SIZE FULL SIZE HALF SIZE
4PDT

WATCH FOR BABCOCK RELAYS ON THE EDN MOBILE DISPLAY — SOON IN YOUR AREA. j
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The articles in each section of this index are grouped under key
words, which are intended to indicate the general topic to which
the articles refer. The same article may be listed more than once,
if its main concern is more than one ot these generalized topics.

Automatic Controls and Servos

AIRCRAFT: Proximity switch senses
status of undercarriage. ........
......... NEWS," EDL13p-4 33.

AUTOMATA: Will the machines even-
tually’ outwit man?aiis b e
............ SREEDE1RpIE82.

COUNTERS: Variable preset counter
uses inexpensive relays........
........... IED,TED 45 p.s 113,

DAMPING: Inertia damping lends it-
self well to high-velocity servosys-

tems oo s e ART,CEDY8 =7 2:
ELECTRIC CARS: ‘Automatic’ drive
used for large electric vehicles

.......... NEWS, ED 7, p. 14.

INDICATORS: Ac level indicator lights
1l = 17 o s iR IED, ED:12;" p. 106

INFRARED unit spots circuit produc-
tion flaws .. .NEWS, ED 4, p. 32.

MOTOR-CONTROL: Motor has dynam-
ic braking with a two-wire control

........... IFD, ED 6, p. 284.
Ring counter reverses multiphase
motor rotation

......... NASA, ED 7, p. 103.
Simple circuits control dc motor
speedi ¢.cuais IED - ED-7, p--94.
Solid-state circuit controls dc motor

......... NASA, ED 7, p. 102.
Spst switch reverses PM dc motor
rotation ... .. IFD, ED 9, p. 245.
Switch from hot to cool with one of
these three solid-state motor speed
control circuits . . ART, ED 4, p. 98.
Tuning fork locks motors in step

.......... NEWS, ED 8, p. 44.

PHASE: Monitor phase lead or lag
automatically with IC logic
............ IFD, ED 8, p. 102.

POWER SUPPLIES: Power supply pro-
tected by simple circuits......

........... IFD, "ED’ 8, p:..100.
Protect power supply against over-
loading IFD; ED5, p." 110.
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Texas power utility goes fully auto-
Migtic S S NEWS “EDL6,.‘pt 13.

PROCESS CONTROL: Use ICs in
process control .ART, ED 1, p. 118.

SECURITY SYSTEMS: Car
foiled by digital ignition

.......... NEWS, "ED"8, 'p;* 33
Electronic aids sought to outwit
criminals JNEWS, "ED"7,".p. “17:
Hidden mikes protect schools
against vandals

.......... NEWS, ED 5, p. 14.
Simple components make up audi-
ble visual alarm IFD, ED 12, p. 92.

TRAFFIC CONTROLS: Sperry traffic
system encounters roadblock
.......... NEWS, ED 8, p. 13.
Traffic light uses numerical display
.......... NEWS, ED 3, p. 36.

TURBINE: Fm unit monitors whirling
turbine JINEWS; ED1T, pe20;

WATER TABLE: Fiberoptics sense wa-
ter level . ... .. IED, ED' 2, p. 86.

thieves

Careers and Management

CONTRACTS: Make your next propos-
al sell the services and products you

offerel SH C&M, ED 11, p. 96.
Pinpoint your profits during the ne-
gotiation of incentive contracts

.......... C&M, ED 4, p. 104.

DESIGN: Look ahead before you
freeze the design
......... EDIT, ED: 10, 1p." 53.
Stop wasting design time. Keep a
good notebook of basic circuits
........... ART, ED> 11, p. *75-

JOB SECURITY: Life begins at 40. Will
it for-you? ...EDIT, ED 8, p. 51.
Needed A way to tame the gypsy in

......... ED - EDS43 Ips 75,
What happens to your job if peace
breaks out? .EDIT, ED 6, p. 227.
250,000 new jobs seen under SST
program .. .NEWS, ED 8, p. 14.

OPPORTUNITIES: And where are the

PERSONALITY TESTS: Cheat on per-
sonality tests by giving the tester
what he wants C&M, ED 5, p. 92.

SALARIES: Engineer salaries continue
to climb ... .NEWS, 'ED/ 12, p. 13

WRITING: Cut the ‘noise’ out of your
next article .C&M, ED 6, p. 270.

Circuits and Mathematical Analysis

ADDERS: Hybrid technique applied to
aBinanyAstalltadder e aus o e s,
........... IFD, ED 10, p. 98.

AGC CIRCUIT handles wide input
range ..... NASA, ED 5, p. 100.

ALARM SYSTEMS: Simple compo-
nents make up audible visual alarm
........... IEDNEDF12)4p. 92.

AMPLIFIERS: Cascaded RF amplifier
modules yield gain to 70 dB. . ..

........... PESEDE10 p. 108,
Design a dc level-shifting amplifier

........... ART, ED 10, p. 60.
Design a log amp with tunnel diodes

........... ART, EDA1, p. 62,
‘“‘Diode follower'" provides undistort-
edivariableipulse . . . i n v
............ IFD, ED 2, p. 84.
Don’t guess the spurious level of an
amplifier ... .. ART, ED 3, p. 70,
FET cascode amplifier features small
current variations
........... IFD, ED 4, p. 118.
High input impedance obtained in
differential amplifier ...........
........... IFD, ED 4, p. 114.
Low noise is achieved in wide-band
amplifier AED, EDEY e 1408
Noninverting operational amplifier
has fixed zero offset. ...........
......... IED, ED 12, p." 100.
Put operational amplifiers to work
............ ART, ED 2, p. 66.
Simplify feedback amplifier design
RT, ED 2, p. 52
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Stagger-tune the IC amplifier stages

........... ART, ED 9, p. 236.
Ultrastable op-amp needs no sup-
ply regulation ...PF, ED 1, p. 150.

CHOPPERS: Parallel transistors cut
chopper losses
.......... NASA, ED 3, p. 106.

CLOCKS: Four-layer diode clock has
relay closure output............
........... IFD, ED: .10, p. 92.

COMPUTER-AIDED DESIGN: Assign
the correct numerical values to tran-
sistor models ART, ED 13, p. 60.
Computer-aided design workshop at
IRIE e ey NEWS; ED 1,7p: 14.
Computer-analyze your circuit . . ..

AR, ED; 12, p.\ 54

SCEPTRE gives designers new power
........... ART, ED'6, p. 230.

You don’t have to be a programmer

to use a time-shared computer to

solve design problems. .........
............ ART, ED 8, p. 54.

CONTROLS: Low-voltage IC controls
high output ...IFD, ED 7, p. 96.

CONVERTERS: Integrated logic con-
verts frequency IFD, ED 7, p. 95.
Resistance-to-frequency conversion
can be made directly by modifica-
tion of a Colputts oscillator . . . . ..

........... ART, ED 1, p. 108.

Sine- to square-wave converter is
self-powered .IFD, ED 8, p. 106.
Temperature regulator circuit stabi-
lizes converter IFD, ED 9, p. 244.

COPIER: Oscilloscope used to copy
Polaroid photographs. .........
.......... IEDEDEL 1SS p: S 118"

COUNTERS: Simple logic reads out
during counting
......... NASA, ED 11, p. 107.

COUPLING circuit has dc dead zone
........... IED; ED10; p. 96.
Probe in resonator wall changes
coupling: of “filters, . s v. .
........... IFD; ED 1, p. 146.

CRYSTALS: Inductor
bandwidth to 29%
ART, ED 6, p. 244.

DELAY LINES: Mix delay lines and
transmission lines for a lossless,
wideband network . ............

............ ART. ED'7Z, p. 90.
Pulse-width  discriminator  elimi-
nates delay line IFD, ED 2, p. 86.

DETECTORS: Phase detector uses
single transistor
........... IFRNER 1.2 p 94
Pulse peak detector uses matched
dual-input. itransistor.. s <
........... IFD, ED 13, p. 96.

DETONATORS: Semiconductor sets
chargesuoff'safelyic . o v hint ns
NEWS, ED 9, p. 22.
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DIGITIZER: Try this integrated-circuit
digitizer ... .. ARLCEDES, pli62:

DIODE: Diode and battery form low-
voltage Zener diode............
.......... IFD, ED“13, p. 104.

DISCRIMINATORS: Integrated switch-
ing circuit used as a discriminator

............ IED, ED 7, p: 95
Pulse-width  discriminator  elimi-
nates delay line IFD, ED 2, p. 86.

DISPLAYS: Block the sneak paths in a
crossbar readout: . .: . . c:n
........... IFD, ED 6, p. 288.

Electronic pad transmits hand-writ-
ten messages .. .IFD, ED 1, p. 138.

DRIVE CIRCUITS: Bidirectional dc
drive circuit has ac preamplifier

.......... IED, ED 13, 'p: 102.
FAN-IN: Microcircuit gate-extender
makes fan-in reducer..........

FILTERS: Active filter design made
easy with hybrid RC modules. . . .
........... PEED-4.:p: 126.
Controlled active RC filter circuitry
gives lab unit wide applications
........... RESERLZ N p. w10,
Coupling posts in comb-line filters
boost performance
........... IFD, ED 10, p. 90.
If you need active filters with flat
amplitude and time delay responses
........... ART. -ED.8, p. 78.

Make a filter out of an oscillator
.......... ART, ED 10, p. 56.
Probe in resonator wall changes
coupling 'of ‘filters. ... ... ... ...
........... IFD, ED 1, 'p.. 146.
RC bandpass filter is adapted to
miniaturized construction. .. ... ..
........ NASA, ED 11, p. 108.
Take a fresh look at filters . ... ..
.......... ART, ED 1, p. 114.

FREQUENCY DIVISION: UJT and ac
current source used to divide fre-
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GENERATORS: A four-layer diode
forms double-pulse generator. . ..
........... {ED S ED-9:p. 243,
Build a squarewave generator with
$3 worth of components. .......
.......... IFD, ED 13, .p. 100:
Design a high-voltage pulse genera-
tor with a tape-wound toroidal core
.......... ART; 'ED»12, pt 66.
Generate pulses by varying length of
the termination line............
............ IFD, ED 3, p. 94.
Generate time functions digitally
........... ART," ED 55 pil59;
Generation of 3-phase square waves
simplified ....IFD, ED 8, p. 106.
Pulse bursts generated with all-IC
(o1 (o e R R B, IED:+ED* 7, p-nO
Pulse generator uses IC logic. . ..
ED, 'ED. 10, p.194;
Random-signal generator uses Zen-
er diode . .. .. IED; ED 12, p:"98.
Two SCRs form pulse generator
........... IED,Z ED- (13, 0. 98¢
Two transistors give sawtooth in
phase with line voltage. ... ... ...
........... IED, 'ED 4 p: 113

HUMOR: These surrealistic circuits
create more problems than they
SGIVEE o5 otk ARTEDS L pi 1308

HYBRID CIRCUITS: Pick the right hy-
brid technique

ICs: Design a better integrated circuit
ART, ED 4., p. 78.
Get pnp class-B efficiency ......
.......... ART.EB 6. p; 238.
Integrated circuits shed their wires
.......... NEWS; ED 4 p."17.
Looking for a ‘universal circuit'?
........... ART, ED 3, p. 48.

IMPEDANCE: Simple circuit meas-
ures impedances at af......... .
.......... IFDCED TG Sp S 1AL .

INSULATION: Pocket radio detects
corona or insulation breakdown
.......... |FD R EDRIE] Sn A1 A

INTEGRATORS: A novel integrator
results by grounding its capacitor
........... IER;VED  12:5p. 190,

INVERTERS: Disregard load imped-
ance in SCR inverter design. ... ..
.......... ART.SEDS L1 pii68.

LOGIC CIRCUITS: Electron tunneling
speeds logic switching. .........
.......... NEWS, ED 8, p. 36.

MAGNETIC COILS: Ease the design of
magnetrCojlSite it i L e
...... ENG DATA, ED 3, p. 76.
Simplify magnetic-core coil design
.......... ART, ED! 10, p; 78.

MEMORIES: Latching relay and SCR
memorize last input pulse......
............ IEDAEDSI2 4ps 92:

MINIATURIZATION: RC bandpass
filter is adapted to miniaturized con-
struction . . .NASA, ED 11, p. 108.

MIXERS: Improve FM performance
WithEEETRs O & CART, EDLS “pi 63"
Y-parameters simplify mixer design

........... ART, ED 7, p. 68.
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MODULATORS: Amplitude modulator
uses differential amplifier. .. .. ..
.......... {ED, P EDS1A, pi116:

MOTOR CONTROL: Ring counter re-
verses multiphase motor rotation

......... NASA, ED 7, p. 103.
Solid-state circuit controls dc motor

......... NASA, ED 7, p. 102.
Spst switch reverses PM dc motor
rotation o % IED; ED 9, p. 245,
Switch from hot to cool with one of
these three solid-state motor speed
control circuits ART, ED 4, p. 98.
Tuning fork locks motors in step

.......... NEWS, ED 8, p. 44.

MULTIVIBRATORS: Astable multivi-
brator has timing interval as long as
one cycle per 6.7 minutes. . ... ...

.......... IFR, ED 1%, p.'110;
Multi’'s duty cycle varies without
affecting pulse shape...........

............ IFD, ED 3, p. 96.
Precision one-shot uses inexpensive
integrated. = circuits, . . i

.......... IFB,NEDE12 " p. 11005
Schmitt trigger hysteresis memo-
rizes its last state IFD, ED 3, p. 98.

NOTEBOOK: Stop wasting design
time. Keep a good notebook of basic
CIFGUITST ot s ART, ED11; p.-.75:

OPTICAL READER is not affected by
light intensity variations ........
........... IFD; ED 4, p- 112.

OSCILLATORS: Af oscillator uses
crystal and neon bulb. ..... ...
.......... (FRED AL ipa BT
Crystal-controlled oscillator employs
microcincuit S IED. - ED%1L.—p.- 1116,
LC oscillator tank circuit built with
justione FET . . IFD, ED 5. p. 104.
Low-drain SCS forms relaxation os-
cillator .. o EDCED 1, pi-144.
MOSFET and bipolar form RC
phaseshift oscillator . . ..........
............ IFD, ED' 9, p: 241
Photocell and resistor unload oscil-
latort e st IFD, " ED7, p. 98.
Single transistor makes class-A os-
Gillatoraiinaey IFD, ED 8, p. 106.
Two-transistor oscillator generates
two frequencies . ..............
........... IED;  ED=3, p. 100!
Voltage-tuned oscillator may be ad-
justed simply . .IFD, ED 3, p. 98.

PHASE SHIFTERS: Shift phase with a
simple, constant-gain circuit . .. ..
........... IFD, ED" 4, p. 114.

PHASE TESTING: Monitor phase lead
or lag automatically with IC logic
........... IED, ED" 8; p:: 102,

POTENTIOMETERS: Simple bridge
circuit checks resistance element
linearity ... .. IEDED 10, \pi 92:

POWER SUPPLIES: Design transistor-
ized regulators for your power sup-
pliesse 0 s ARTGEDS 7, P01 76:
Low-power, current-limited supply is
simple to build IFD, ED 4, p. 116.
One power supply does the work of
Wwois s . . IED; EDi 9, p 241.
Power supply protected by simple
circnits o2 5l IED; ED 8, p.. 100:

TEMPERATURE:

Protect power supply against over-
loading ... .. IED T EDSS; bl 10
Voltage supply puts out two dc volt-
AeSH I NASA, ED 4, p. 110.

PULSE CIRCUITS: One-transistor cir-
cuit ups pulse amplitude. .. .. ...
...NASA, ED 7, p. 100.
Pulse rise and fall times varied in-
dependently ..IFD, ED 5, p. 106.
Simple circuit delivers clean pulses
with good noise rejection . . ... ...
............ IFD, ED 3, p. 96.
Simple circuit stretches pulses
........... IED; \[ED! 8, p. 108,
Tunnel diode, shunted with a resis-
tor, shapes pulses............
........... IED, [ED ‘6, "p. 282.
UJTs and magnetic cores combine
100 generate  pllsesis s s L nvaih

........... ART, ED 8, p. 64.

RAMP GENERATORS: Potentiometer
serves to vary ramp generator out-
put linearly . .IFD, ED 5, p. 104.

RECEIVERS: A-m receiver uses laser
IEON rsite s NASA, ED 12, p. 104.

RECTIFIERS: Ideal rectifier uses
equal-value resistors ........ . ..
........... [EDCEDLTS " p. 96,
Two-transistor circuit makes dc-cou-
pled full-wave rectifier ... ... ...
............. IFD, ED/7,°p.  97.
RELAYS: Ac time-delay relay uses un-
jjunction, transistor . . s il et
.......... IFD, ED 13, p. 106.

SAMPLE-AND-HOLD CIRCUIT: Capac-
itor improves sample-and-hold cir-
Ut R L IEDSEDES ~p24.2.

SCRs: Fire SCRs directly from inte-
grated: cireuits s il f il Sl i,
.......... IFDGEDSLY. 2p. s 1:10;

SHIFT REGISTER: Inexpensive NOR
gate makes shift-register stage
........... IFDSED: .10, p. “91;

SINE-WAVE GENERATOR: Generate
sine waves with sampling circuit. .
......... NASA, ED 4, p. 110.

SWITCHING: High voltages switched
with a single transistor . ...... ..

............ IED; ED 13, p- 98,
Marry relays and semiconductors
ART, ED 5, p. 84.
Power unbalance switch uses inte-
grated circuits IFD, ED 12, p. 96.
Sequence is easy with this expanda-
ble, wide-range circuit . .........
.......... IEDSED =1 pris] 1
Solid-state circuit switches ac load

......... NASA, ED 8, p. 110.
Switching solenoids with 759 power
efficiency . .NASA, ED 1, p. 137.
Variable-duty-cycle switching circuit
.......... DDYEDAS Fp.s26 1.
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.......... ART, ED 9, p. 230.

THERMISTORS: Ease resistor-ther-
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rect approach ART, ED 13, p. 70.
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THERMOCOUPLES: Check thermo-
couple during operation........
........ NASA, ED 12, p. 102.

TRANSCEIVERS: Rf voltage blocks
receiver during transmit........
........... IFD, ED 9, p. 244.

TRANSFORMERS: Coaxial cable on
toroid yields wide-band transformer
........ NASA, ED 13, p. 108.

TRIGGER CIRCUIT: Simple trigger
circuit controls flip-flop .........
........... IFD, ED'9, p. 243.
Two MOSFETs and resistors make
better Schmitt trigger..........
........... IFD, ED 10, p. 92.

VOLTAGE REGULATOR: FET stabi-
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age regulator IFD, ED 11, p. 112.
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........... IFD; ED 10, p:. 96.

VOLTAGE-SENSING circuit is temper-
ature-compensated ............
........... IFD, ED 10, p. 90.
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WAVE CONVERSION: Sine-to-square-
wave converter is self-powered
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WAVEGUIDES: Modified capacitive
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........... IFD, ED 9, p. 242.

Communications

AIRCRAFT: Four-way rise in radio
efficiency planned for jet........
.......... NEWS, ED 1, p. 34.

ANTENNAS: Nuclear-powered relay-
satellites station proved feasible. .
.......... NEWS, ED 4, p. 26.
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LASERS: New gains made in optical
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.......... NEWS, ED 2, p.. 211

MIXERS: Improve FM performance
with“FETs . - -ART; ED»5; p. 63.
Y-parameters simplify mixer design

........... ART, ED. 7, p-. 68!
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easily ...... NEWS, 'ED:.4, p. 33.
RECEIVERS: A-m receiver uses laser
[LQ e Al e NASA, ED 12, p. 104.

SATELLITES: 8-in-1 satellite launch-
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.......... NEWS, ED' 3, p. 13:

SPACE: A seven-way race begins in
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space communications. ...... ...
.......... NEWS, ED 1, p. 13.
Russian lunar TV simple but sharp
......... NEWS, ED 13, p. 20.

SYNTHESIZERS: Study the trade-offs
for synthesizers

TELEPHONY: Picturephone to use
silicon image sensor . ..........
.......... NEWS, ED 6, p. 54.

TELEVISION: French color-TV tube
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.......... NEWS, ED 2, p. 32.

Components
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er connector . .ART, ED 8, p. 95.
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late deliveries ................
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75% power efficiency . .........
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effects of head-on car crash ... ..
.......... NEWS SEBES) p. 21,
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HOLOGRAMS: Computer creates hol-
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roughs and lllinois U . ..........
.......... NEWS, ED\ 5, p.. 21,
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NEWS, 'ED: 5,5 p. 13.

LOGIC DEVICES: The logic element of
‘tomorrow’: cheap wire. ... ......
......... NEWS, ED 10, p. 24.

LOGIC SYSTEMS: Obtain complex
logic functions with simple diode
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28-volt IC logic to be used in air-
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MARKET: IBM confirms probe of
computer market . ............
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MEDICAL: Hospital computer system
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to help physicists probe nature. ..
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PROGRAMS: Computer programs
available from NASA ... ........
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U.S. computer programs are offered
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SPEECH SIGNALS: Computerized vo-
cal tract helps encode speech sig-
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CREDIT CARD may replace cash trad-
ing before 2000 .........:.%"s:
NEWS, ED 6, p. 14.
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ICs finding wider use in consumer
products . .NEWS, ED 12, p. 13!
Phonograph joins the trend to ICs
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