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Buy smart. Check prices and specs is more than just a list. The impact
of test instruments in the easy of digital andlinear ICs and of auto-
way. From voltmeters to counters, mated testing on new test methods
the charts in this issue list more and instruments are also explored.
than 2500 instruments. Butthere For the full story, turn to p. TI.
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hp 740A—The Scope System that gives you
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hp 140A: PERFORMANCE IN ANY DIRECTION

20 MHz Wideband e High-Sensitivity, no
drift e 150 ps TDR e 12.4 GHz Samp-
ling e Variable Persistence and Storage

. q -—iu-J

Zero arift, calibrated offset, DC cou-
,0/60/, 50 #V/Cm The versatile hp 140A Scope System gives

you a choice of 17 plug-ins—five of them especially designed for high
sensitivity measurements. For example, the 1406A vertical plug-in
offers high 50 uv/cm sensitivity with no dc drift—plus precision cali-
brated dc offset for extreme magnification.

With the hp calibrated offset feature, the 1406A gives you all the ad-
vantages of a dc and ac voltmeter—four-digit readout, auto decimal
placement, better than 0.5% accuracy. As a dc voltmeter, the 1406A
offers you the additional advantages of no drift in the measurement
instrument, and the ability to observe and measure any ac riding on the
dc voltage. With these capabilities, you can make measurements never
before possible. For example, you can simultaneously display a 10 V dc
output at 50 uv/cm (giving a magnification of 200,000), measure signal
levels accurately to four digits, see short term dc drift in microvolts, and
view all ac ripple—an impossible measurement with a meter. (CRT dis-
play above is at 50 uv/cm at 8.500 dc offset.)

The hp 1406A plug-in operates in two modes: as a dc coupled, no
drift differential amplifier with 80 dB common mode rejection, or as a
single ended amplifier with no dc driftand large offset capability. Maxi-
mum sensitivity is 50 uv/cm. The 400 kHz bandwidth may be reduced
with a bandpass filter to 5, 25 or 100 kHz, eliminating high-frequency
noise in the unused bandwidth. There are five offset voltage ranges from
+0.1V to 1000 V.

Price of the 1406A is $850. Time bases start at $225. The 140A
mainframe is $595. The Variable Persistence and Storage 141A main-
frame, $1395.

Ask your hp Sales Engineer for brochure (Data Sheet 140A) with
specs on the 140A high-sensitivity dc & ac measurement systems.
Hewlett-Packard, Palo Alto, California, 94304. Phone 415 326-7000.

In Europe: 54 Route des Acacias, Geneva. 087,15 &

PACKARD

An extra measure of performance

HEWLETT, hp
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Metal Glaze resistur
offer .02% reliability

and low cost

IRC Metal Glaze resistors now offer you a combination
of proved reliability and economy that just can’t be
matched. You can upgrade your circuit designs and
still keep the lid on costs.

B RELIABILITY PROVEN DESIGN. A design so
conservatively rated that even at twice rated load,
performance still far exceeds applicable MIL
requirements.

B RELIABILITY PROVEN BY TESTS. After more
than 4 million unit hours of testing, estimated maxi-
mum failure rate is .02%,/1000 hours, full load @ 70°C,
at 60% confidence. Failure is defined asa R > + 49%,.

B RELIABILITY PROVEN IN USE. Millions used

in a wide range of applications. No in-circuit failure—
catastrophic or otherwise—has ever been reported.

Metal Glaze resistors offer other benefits, too: indestruc-
tible thick-film resistance element, plated-on copper

end cap, high-temperature soldered termination and a
smooth, tough molded body that resists solvents, cor-
rosion, and mechanical abuse.

For top resistor performance without any cost penalty,
specify IRC Type RG. Write for data, prices, and
sample. IRC, Inc., 401 N. Broad St., Phila., Pa. 19108.

CAPSULE SPECIFICATION
WATTAGE: % W @70°C 1% W @70°C
RESISTANCE: 510, thru 150K 100 thru 470K
TOLERANCES: +2%, +5% +2%, £5%
TEMP. COEF. + 200ppm/°C + 200ppm/°C
IRC TYPE: RGO7 RG20
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DATAPULSE
DATA GENERATOR
CLOCK SLOPE
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T FULSE GENERA

RECYCLE

KinGg me!

Outwit Your Data Simulation Problems

Crown the Datapulse Model 201 16-Bit Data Generator
with a pulse generator and solve your data simulation
problems economically.

For only $680.00, the 201 provides these superior
features: 16-bit cycle lengths, bit rates to 10 MHz
(from an external clock), NRZ outputs to 10V, variable
baseline offset to =10V, and continuous or command
recycle.

To king the 201 simply add a Datapulse 101 Pulse
Generator — $395.00 — or any other async-gated pulse
generator with the output characteristics you need.*
The result: a system capable of producing variable
parameter RZ formats — ideal for a host of simulation
tests on components, circuitry, memory elements, or
data transmission links — the perfect programmer for
developing time related sequential signals to command
systems operations.

Datapulse Model 110A for fully controllable fast pulses, etc.

Interconnect several 201's for longer serial words
or additional parallel channels. Then set up programs
for core testing, drive any gate array from zero to
+10V, produce true complimentary outputs to drive
adders, etc.

There’s one more thing about the 201. It's small.
Two units can be mounted in just 3% inches of rack
panel height.

If the 201 doesn’t solve all your data simulation
problems, pick up a copy of our catalog! We offer more
off-the-shelf digital test instrumentation than any other
manufacturer in the world, so if you don’t have our
catalog, do something about it!

Your move!

*Datapulse Model 111 for ultra-fast linear rise times; Datapulse model 108 for 50V outputs; @ : T : EU ‘- g E
®

‘D Datapulse Incorporated — A Subsidiary of Systron Donner Corporation, 10150 West Jefferson Blvd., Culver City, California 90230.
Telephone: (213) 836-6100, 871-0410. TWX: 910-340-6766. CABLE: Datapulse e Microwave Division : DeMornay-Bonardi.
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NEW! A FET operational amplifier that
solves tough application problems
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Measure Picoamp
Current Signals

With bias current drift of only
1.5pA/°C (i,) and noise of only
0.1pA the 147 can resolve signal
currents as low as one picoamp.
Voltage drift errors (e /R;) are neg-
ligible for R; greater than 10" ohms.
Flame detectors, phototubes, ion

Measure Microvolts
from Megohm Sources

Low bias current drift (i) gives only
microvolt errors when measuring
signals from megohm sources (R,).
FET circuit gives 10**Q and 3 pf in-
put impedance and with 300,000
CMR generates only .003% error.
Response is fast too — 10MHz and

Integrate Accurately
over Long Periods

Drift of 2pV/°C (e,) and 1pA/°C
(i) approaches chopper stabilized
amplifier performance for integrator
circuits. Gain is high too (A=10°)
giving 107 ohm equivalent leakage
resistance (ARy). Low bias current
allows small capacitors to be used

gauges, and semiconductor tests are 10V/usec. for a given accuracy.

typical applications.

SPECIFICATIONS

Open Loop Gain, min. 10°

Rated Output, min. +10V @ 10mA

Unity Bandwidth 10MHz

Full Power Response, min. 150kHz

Slewing Rate, min. 10V/usec

Common Mode Rejection 300,000

Input Impedance, C.M. 1029, 3pF

Voltage Noise 3uV, p-p, DC to 1Hz
Current Noise 0.1 pA, p-p, DC to THz

The Model 147 is aimed at solving more difficult applica-
tion problems where moderate performance, lower cost
operational amplifiers are just not adequate. With com-
mon mode rejection of 300,000 and voltage drift of 2uV/°C,
the 147 solves the limitations of present day FET amplifier
designs and sets new performance standards for FETs. Bias
current has also been improved — 5pA typical and 15pA
maximum at 25°C — reducing current drift to 1pA/°C.

The Model 147 approaches the performance of chopper
stabilized amplifiers and yet has lower price, smaller size,
lower noise and can achieve input impedance of 10"
ohms when connected non-inverting.

Model A | Model B | Model C
30pA 15pA 15pA
3pA/°C | 1.5pA/°C | 1.5pA/°C

Bias Current, max.*
Current Drift, max.*
Voltage Drift, max.
(+10 to 4+60°C) 15uV/°C
(—25°C to +85°C) 15uV/°C
Price (1-9) $110.

Write for 4-page brochure giving complete specs and
application notes on the Model 147 — We'll also send
information on other models for use where dollars count
more than performance.

5uV/°C
10uV/°C
$120.

2uVi°C
5uV/°C
$135.

*At 25°C, doubles each 10°C

ANALOG

ANALOG DEVICES, 221 FIFTH STREET, CAMBRIDGE, MASS. 02142
617/492-6000 — TWX 710/320-0326

DEVICES
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Inkless recording isn’t
a‘“record-breaking” technique.

It’s designed not to be.

The exclusive new inkless writing option
for the Hewlett-Packard 10" 7100 series or
the 5" 680 series strip-chart recorders won’t
“break” your records by tearing, smearing
or running out of ink when you’re not
around to notice it.

Instead, it takes the uncertainty out of strip-
chart use by offering reliable, long-term
recording—without interruption or con-
stant attention —with economical and
maintenance-free operation. This new low-

voltage electric writing method gives you
sharp and clear printing on unique electro-
sensitive paper—and with instant start-up.

Call your local HP field engineer or write
Hewlett-Packard, Palo Alto, Calif. 94304.
Europe: 54 Route des Acacias, Geneva.

11702‘

HEWLETT% PACKARD

GRAPHIC RECORDERS
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COMPARE
RCL's
1/2” ROTARY
SWITCHES

4 SERIES TO FIT
EVERY REQUIREMENT

PLUS

INDUSTRY’S
BEST DELIVERY!

* Shorting AND non-shorting poles may be
grouped on one deck in any combination.

* Up to 12 positions per deck shorting
or m non-shorting.

* Life expectancy 200,000 mechanical
operations.

Write For Free Engineering Catalog

CL

ELECTRONICS, INC.
700 South 21st Street, Irvington, N. J. 07111
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Semiconductor Report

NEW GERMANIUM DEVICES FOR HIGH PERFORMANCE DESIGNS

Ve

ke
MM5000-MM5002 - POWER GAIN AND
NOISE FIGURE TEST CIRCUIT

1.6 dB NF DEVICE
WITH TINY PRICE TAG
SOLVES RF FRONT END
NEEDS

A NF as low as 1.6 dB at an oper-
ating frequency of 200 MHz makes
the MM5000-02 germanium transis-
tors just about the quietest, low-cost
amplifier series you can design into
your sensitive, front-end RF circuits
. . . and with 100-up prices as low as
$2.00, the best value. Nothing sub-
dued about its performance — it fur-
nishes up to 24 dB minimum power
gain at 200 MHz, out-performing
virtually every other low-priced RF
unit you can call into play!

Superior performance in all HF
operations is ensured through a
collector-base time constant as low
as 3.5 ps (max) and collector-base
capacitance of 0.6 pF (max). These
dynamic performers also feature an

800 MHz minimum f;.
LOW NOISE | HIGH GAIN | PRICE
TYPE @ 200 MHz | @ 200 MHz | (100-UP)
MM5000 | 1.6 dB (max) | 24 dB (min) | $4.75
MM5001 | 2.0dB (max) | 22dB (min) | 2.80
MM5002 | 2.2 dB (max) | 20 dB (min) [ 2.00

Motorola’s exclusive Selective
Metal Etch ¥ process permits greater
freedom of geometry design and bet-
ter definition and closer spacing of
emitter/base areas to gain optimum
device performance.

Production quantities of the
TO-72 packaged (4-lead, TO-18)
units can be delivered immediately.

tTrademark Motorola Inc.
}Patents Pending
®MADT Is a trademark of Philco Corp.

ADE TRANSISTOR
STRUCTURE DOUBLES
YOUR “BRUTE POWER”

It’s almost like having two power
transistors for the price of one in de-
manding power conversion and high
voltage switching applications!

The advanced ADE 7 (alloy dif-
fused epitaxial) process upgrades
performance capabilities by incorpo-
rating these significant advantages:

CROSS-SECTIONAL VIEW OF " ADE " GERMANIUM TRANSISTOR
1) 2

L

NN A SN

(2222222222222 .22..c.22227

1 EPITAXIAL BASE LAYER: N* RESISTIVITY
2 INDIUM - ALUMINUM EMITTER CONTACT
3 WIDE PHYSICAL BASE WIDTH

e low resistivity diffused base for
high hpp

¢ aluminum doped emitter alloyed
into die for sustained hyy @ high
I,

¢ wide base width for good safe area

The diffused base structure mini-
mizes switching losses ordinarily re-
sulting from a wide base.

The first ADE transistors with
these advantages are the MP2200A-
2400A, 25 A switches, featuring peak
power capability approximately
twice that of present alloy units —
80 t0 120 V (min) @ 8 A — at vir-
tually the same prices. In addition,
high current gain (25 min. @ 8 A),
low saturation voltage (0.6 V @
25 A) and good switching (9 us t,,
@ 10 A, typ.) advantages rank them
as versatile, efficient, solid-state
servants in “brute power” designs.

ADE units are ready now in TO-41
or TO-3 cases . . . send for data!

Vee(sat)
Vee Ic Volts hee
Voits | Amps c | @1c| PRICE
TYPE (sus) (cont) | (max) | (min) | (100-UP)
MP2200A | 80 25 | $2.25
[MP23004 | 100 25 | o6 @ 2.45
[MP2400a | 120 8A | 260

SME DEVICES OFFER
“DROP IN” PERFORMANCE
IN MADT SOCKETS

WITH NO REDESIGN

Eight new Motorola germanium
mesa transistors — including two
popular JAN types — are available
in quantity to electrically and me-
chanically fit neatly into original
MADT®-type sockets without any
redesign. In fact, besides meeting ex-
act parameter-by-parameter specs of
the older, conventional units, the
inherent flexibility of the advanced
SME process (see column 1) makes
it possible for Motorola to closely
approximate key MADT parameter
distributions, ensuring both direct
replacement and immediate availa-
bility.

Power Gain
@ 200 MHz | NF f Price
Type Use (min) (max) | (max) (100-up)
2N502 VHF Ampl. 8dB 10 dB |500 MHz $2.15
2N502A VHF Ampl. 10dB 7 dB | 620 MHz 2.50
JAN 2N502A 2.75
2N502B VHF Ampl. 10 dB 7 dB |620 MHz 2.80
JAN 2N5028| 3.05
2N1499A HF Switch N.A. N.A. |100* MHz 1.05
2N1742 VHF Ampl. 14 dB 5.5 dB | 980 MHz 2.15
2N2048 HF Switch N.A. N.A. |150* MHz 1.32
*fr (min)

For complete data on these new
Motorola germanium developments,
or, for details on any of your present
or future germanium requirements
— write: Box 955, Phoenix, Arizona
85001. There’s no end to Motorola
germanium semiconductors!

MOTOROLA Semiconductors
~ whene the priceloss inqrediont & cane!
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Wednesday
morning,
October M

You're invited to a briefing on integrated
circuits. Don’t dress up. It’s at your house.




Fairchild has produced a half-hour color
television program, a briefing on inte-
grated circuits. It's not a big state-of-the-
art spectacular. In fact, it's pretty basic.

If this seems like an extraordinary move
for a technical company, we agree. It's
been an extraordinary decade.

BRIEFING OUTLINE
I. What is an Integrated Circuit?
A. What it looks like
B. What it does
C. How it compares to other circuits
Il. How an Integrated Circuit is made.
Circuit design
Masking
Etching
Diffusion
Metallization
Wafer testing
Scribing
Packaging
|. Testing the completed circuit
I11. Uses of Integrated Circuits.
A. Functions now available
B. Applications in industry
C. Applications in research

IETMOO®p

CITY CHANNEL TIME
Albuquerque KOB-4 7:00 AM
Baltimore WMAR-2 7:00 AM
Boston WNAC-7 6:30 AM
Chicago WBKB-7 6:30 AM
Cincinnati WKRC-12 7:00 AM
Cleveland WEWS-5 7:00 AM
Dallas-Fort Worth KTVT-11 6:30 AM
Dayton WHI0-7 7:00 AM
Denver KLZ-7 7:00 AM
Detroit WWJ-4 6:30 AM
Fort Wayne WANE-15 7:00 AM
Houston KHOU-11 7:00 AM
Huntsville WAAY-31 7:00 AM
Indianapolis WISH-8 7:00 AM
Kansas City KCMO-5 7:00 AM
Los Angeles KHJ-9 7:00 AM
Miami WCKT-7 6:30 AM
Milwaukee WITI-6 7:00 AM
Minneapolis-St. Paul WCCO-4 7:00 AM
New Orleans WVUE-12 7:00 AM
New York WPIX-11 6:30 AM
New York WPIX-11 7:00 AM
New York WPIX-11 7:30 AM
Orlando WDBO-6 6:30 AM
Philadelphia WFIL-6 7:00 AM
Phoenix KTAR-12 9:00 AM*
Rochester WHEC-10 7:00 AM
St. Louis KPLR-11 7:00 AM
San Diego KOGO-10 6:30 AM
San Francisco-Oakland KPIX-5 6:30 AM
Seattle-Tacoma KING-5 6:30 AM
Syracuse WHEN-5 7:00 AM
Utica WKTV-2 7:00 AM
Washington, D.C. WTTG-5 7:00 AM

*Sunday, October 15.

T AT TR
FAIRCHILD
LRGSR 25y ST R
SEMICONDUCTOR

A Division of Fairchild Camera and Instrument Corp.
313 Fairchild Drive, Mountain View, Calif. 94040

(415) 962-5011 / TWX: 910-379-6435




RESISTORS FOR PERSPICACIOUS DESIGN ENGINEERS

FILMISTOR”
PRECISION
METAL-FILM
RESISTORS

Extended-range Filmistor
Resistors now give you
dramatic space savings
in all wattage ratings —
1/20, 1/10, 1/8, 1/4, 1/2,

and 1 watt with ab-
solutely no sacrifice in
stability !

Filmistors offer extend-
ed resistance values in
size reductions previously
unobtainable. For exam-
ple, youcan get a 4.0MQ
resistor in the standard
1/4 watt size, which had
conventionally been lim-
ited to 1 MQ. Filmistor
Metal-Film Resistors are
now the ideal selection
for “‘tight-spot™ applica-
tions in high-impedance
circuits, field-effect tran-
sistor circuits, etc.

Other key features are
+19; resistance toler-
ance, low and controlled
temperature coefficients,
low inherent noise level,
negligible coefficient of
resistance, and rugged
molded case.

Filmistors surpass the
performance require-
ments of MIL-R-10509E.
Write for Engineering

Bulletin 7025D

ACRASIL®
PRECISION/POWER
WIREWOUND
RESISTORS

These silicone-encapsu-
lated resistors combine
the best features of both
precision and power wire-
wound types, giving them
unusual stability and re-
liability.

Acrasil Resistors are
available with tolerances
as close as .05%, in
power ratings from 1 to
10 watts. Resistance val-
ues range from 0.5 ohm
to 250,000 ohms.

Their tough silicone
coating, with closely
matched expansion co-
efficient, protects against
shock, vibration, mois-
ture, and fungus.

Acrasil Resistors meet
or exceed the require-
ments of MIL-R-26D.
Write for Engineering

Bulletin 7450A

BLUE JACKET
VITREOUS ENAMEL
PRECISION/POWER
WIREWOUND
RESISTORS

- _‘. -
AAAAAA -
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s

Axial-lead resistors avail-
able in ratings from 1 to
11 watts, with resistance
tolerances to +19,. Non-
inductive windings avail-
able to +29, tolerance.

All welded end-cap
construction securely an-
chors leads to resistor
body. Vitreous coating
and ceramic base have
closely matched expan-
sion coefficients.

Write for Engineering
Bulletins 7410D, 7411A

Tab-terminal Blue
Jacket Resistors can be
had in a wide selection
of ratings from 5 to 218
watts, with several ter-
minal styles to meet
specific needs.

Tab-terminal as well
as axial-lead Blue Jack-
ets can be furnished to
meet the requirements
of MIL-R-26D.

Write for Engineering
| Bulletins 7400B, 7401A

KOOLONM®
CERAMIC-SHELL
POWER WIREWOUND
RESISTORS

Koolohm Resistors are
furnished in axial-lead,
axial-tab, and radial-tab
styles, in a broad range
of ratings from 2 to 120
watts. Both standard and
non-inductive windings
are available.

Exclusive ceramic-in-
sulated resistance wire
permits *‘short-proof™
multilayer windings on a
special ceramic center
core for higher resistance
values. The tough non-
porous ceramic shell pro-
vides complete moisture
protection and electrical
insulation. Koolohms can
be mounted in direct
contact with chassis or
“live” components.
Write for Engineering
Builetins 7300C, 7310A

STACKOHM®
POWER
WIREWOUND
RESISTORS

Sprague Stackohm Re-
sistors are especially de-
signed for equipment
which requires power
wirewound resistors of
minimum height. Their
flat silhouette permits
stacking of resistor banks
in close quarters.

Aluminum thru-bars
with integral spacers act
as mounting means and
also conduct heat from
within the resistance ele-
ment. Resistance wind-
ings are welded to end
terminations for maxi-
mum reliability. An out-
standing vitreous coating
protects the assembly
against mechanical dam-
age and moisture. Ceram-
ic core, end terminations,
and vitreous enamel are
closely matched for co-
efficient of expansion.

Stackohm Resistors are
available in both 10-watt
and 20-watt ratings, and
can be furnished with
resistance tolerances as
close as +19. Resistance
values range from 1 ohm
to 6000 ohms.

Both 10- and 20-watt
types meet the stringent
requirements of MIL-R-
26D.

Write for Engineering
Bulletin 7430

Send your request to Technical Literature Service, Sprague Electric Co., 347 Marshall St.,
North Adams, Mass. 01247, indicating the engineering bulletins in which you are interested.
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‘Sprague’ and @ are registered trademarks of the Sprague Electric Co.
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LSA diodes are in the forefront as solid-state are not yet outmoded. GaAs devices are topic
microwave power sources; Gunn-effect units at Cornell conference on hf research. Page 17

Unmanned satellite may map Earth’s IR Attachment to TV set allows sound movies to be
horizon for space navigators. Page 22 watched on unused television channel. Page 36

Also in this section:

Sound-scanned semiconductor emits light at pn junctions. Page 26

Post Office investigates voice-operated sorting system. Page 33

News Scope, Page 13 . . . Washington Report, Page 29 . . . Editorial, Page 45
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A periodical periodical, designed
to further the sales of Microdot I
connectors and cables. Publi

entirely in the interest of

igh densi
paCkADi

BXpert
goes (oo far!

et’s face it. The reason our
I connectors lend themselves
so superbly to high density
packaging solutions is that they
are—in and of themselves—out-
standing examples of high density
packaging. That’s a long winded
way of saying that we make
smaller connectors than anybody.
And it takes some pretty far out
designers to jam 420 contacts on
one teeny square inch of connec-
tor surface (see Twist/Con).
One of these far out types—
Algonquin G. Squozen in our
design group—has a hobby. In his
spare time he dreams up all sorts
of high density packaging solu-
tions. Trouble is there isn’t always
a problem to fit the solution. A
classic example of Algon-
quin’s creative work is shown
on this page. Study it care-
fully because it will
help you to

WHOLE BASKET OF
GOURMET i
FOODS'!
(Everything
from imported
sardines and
paté de foie
gras to Beluga
caviar. Shipped
to you
direct from
Vendome's
Gourmet Foods
in Beverly Hills, Calif.)
Now that we've whetted your appe-
tite, a few well chosen words about the
entree —our connectors. You'll need to
know about these befo

g

[

I}

It all started like this: We eliminated
the contact spring member normally
found in socket contacts by creating a
breathing helical spring principle on
the pin contact. Smaller. More durable.
More economical. The result was the

Dear Microdot:

MICRODOT INC., 220 Pasadena Avenue, South Pasadena, California 91030

best family of rack/panel and strip
connectors on the market. Some of the
high density applications for TWIST/
CON include comnnections for IC’s,
interconnecting of printed circuit
boards, edge-on connections for p.c.
boards, and on modules with connec-
tors welded to hybrid circuits. Single
pins are being used for high density
line splices. TWIST/CON is usable
with 22 AWG to 30 AWG standard

wires. Next, we applied the
TWIST/CON principle to

LEPRA/CON—
WORLD’'S SMALLEST
FULL 50 OHM COAX

OD is Y3 inch and mated length is
about one inch. That makes it the
smallest. And the completely protected
contacts also make it the most reliable.
The size means you can use a much
smaller OD cable for even greater
_weight /size reduction in your
g package The price is as low as
IR $1.07 in nominal quantities.You
ican get straight plugs, jacks,
fbulkhead jacks, right angle
plugs, or printed circuit recep-
tacles. Screw-on or slide-on
versions in entire line. That's

the menu for today.

BIG WINNERS!

But everybody who enters receives a
photo of Squozen’s high density pack-
aging solution. Five lucky entrants will
receive the cases of gourmet foods. All
you have to do is (a) study the infor-
mation about our Twist/Con and
Lepra/Con connectors, and (b) write
an appropriate caption or problem
statement for the sardine can, working
in at least one of the two connectors
we've talked about. Contest closes
October 1, and is not valid anyplace
where it is considered illegal, immoral
—or fattening. o

MICRODOT INC.

ON READER-SERVICE CARD CIRCLE 9

I |
| |
I [CJ Enclosed find my entry in  Name l
your high density packaging |

: contest Title S |
| [ Enough of this foolishness Firm |
| Just send me literature on i
I (circle) TWIST/CON Address I
| LEPRA/CON I
| all your connectors City |
| [J! have a connector applica- State Zip Code |
| tion for high density packag- |
| ing. Getsomebody over here.  Telephone EXxt: |
I |
]
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U.S. plans 8 to 10 sites
in its missile defense

The Nike-X anti-ballistic missile
defense planned by the United States
calls for spotting eight to 10 missile
batteries across the country. The de-
cision, approved by Defense Secre-
tary Robert S. McNamara, follows
seven years of in-fighting involving
the Army, the Joint Chiefs of Staff,
and the three military service Secre-
taries; all supported the program
before Congress.

The proposed system will be lim-
ited, in that it will be designed to
provide defense against first-gener-
ation Red-Chinese ICBMs and
against the accidental launching of
a Soviet ICBM. During his an-
nouncement of the new system, Sec-
retary McNamara, in referring to
the Chinese threat of the early
1970’s, indicated that an attack by
the Chinese would be ‘“insane and
suicidal”. One could conceive, how-
ever, of conditions under which
that country might make a catas-
trophic miscalculation, he said.

Of late referred to as the “thin
Nike-X,” the defense will require
from four to five years to develop
and install at a cost of about $5 bil-
lion. It will employ a mix of Spartan
and Sprint ground-to-air weapons.
Financing is expected to be at near-
ly the billion-dollar level for the next
yvear, with nearly one-half this
amount allocated for the operational
system; the rest will go for con-
tinued research and development.
Some $730 million has been author-
ized for fiscal 1968, and over $150
million of the funds for 1967 remain
unspent.

The Spartan, traveling at Mach 4,
is designed to intercept an incoming
ICBM at a slant range of more than
400 nautical miles, when the missile
is above the atmosphere. The Sprint,
with higher but classified speed, is
designed to intercept ICBMs near
the terminal phase of their flight at
a slant range of about 75 nautical

miles, when their altitude is 18 to 22
miles. Both weapons are radio guid-
ed with inertial reference.

The entire Nike-X program is un-
der direction of the Army Missile
Command at Huntsville, Ala., and
the prime contractor is Western
Electric Co. MceDonell-Douglas is
developing Spartan and Martin-
Marietta is developing Sprint.

The total financing would break
down into $3.5 billion for protecting
United States cities and $1.5 billion
for defending U.S. ICBM complexes.

Spartan, a greatly improved ver-
sion of what was once called Nike-
Zeus, is scheduled for flight-testing
early next year, probably over the
Pacific from Kwajalein Atoll.
Sprint has been undergoing rigid
flight-testing at White Sands Mis-
sile Range in New Mexico.

Considerable pressure has been
applied by Congress for the Dept. of
Defense to install at least a minimal
anti-ballistic missile system. Con-
gressional reasoning has been based
not only on the need for a practical
anti-ballistic defense but also on the
desire for another high card to play
in international politics. The reason-
ing is based on the following: The
Soviet Union has for some time had
an acknowledged lead in operational
large-payload ICBMs, while the U.S.
has employed smaller, yet more,
ICBMs. However, the Russians, dur-
ing an extended high-altitude nu-
clear test series in 1961-62, exploded
many weapons that could be used
either as ICBMs or anti-ballistic
missiles. In faect, it is known that
on two occasions the Soviet launched
an ICBM, then intercepted it
with a nuclear blast, and then fired
a second missile—probably an
ICBM—through the blast zone to
study the over-all effects on both
missile and ground electronic sub-
systems. The U.S., as of this date,
has never tested nuclear weapons of
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such magnitude.

It is believed that both the Soviet
approach and the contemplated U.S.
approach will employ an area de-
fense that is largely dependent on
highly intense x-ray and other pulse
radiation effects of nuclear blasts to
incapacitate the electronic compo-
nents in incoming warheads (News
Scope, ED 11, May 24, 1967, p. 14).

With the “thin” anti-ballistic mis-
sile system, Army informants have
said that planned tests of multi-
functional-array radar on Kwajalein
Atoll will be scratched. The existing
parameter-array radar, a VHF
phased-array developed by General
Electric, will be used to support the
Spartan system in place of the mul-
ti-functional array. A scaled-down
version will be used to provide the
same accuracy, but it will track and
discriminate fewer targets.

What’s moon made of?
Surveyor 5 may tell

A three-legged, 616-pound space-
craft resting on a 20-degree slope
inside a small crater on the lunar
Sea of Tranquility may soon tell
man what the moon is made of.

The soft landing of Surveyor 5
earlier this month, despite inflight
problems, marked an important
shift in lunar exploration—from
picture-taking and trench digging
to a pioneering analysis of the
moon’s surface.

So far the spacecraft has trans-
mitted to earth more than 5000
clear pictures of itself and its sur-
roundings. Scientists consider the
quality of the pictures superior to

Alpha scattering experiment on Sur-
veyor 5 gets once over.
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the pictures returned by Surveyors
1 and 3.

What is significant about Survey-
or 5, however, is a small six-inch
square gold-plated metal box that,
on radio command from earth, was
lowered from the spacecraft to the
moon’s surface. Between picture-
taking sessions it has bombarded
the moon with atomic particles in
an attempt to determine the chemi-
cal constituents of the lunar surface
material.

The 5-1/4 pound unit contains six
Curium-242 radioactive sources
that emit streams of alpha particles
to bombard four square inches of
the lunar surface. The particles can
penetrate to a depth of about one-
thousandth of an inch. Two alpha
sensors detect the scattered alpha
particles reflected from atomic nu-
clei in the soil’s elements, and four
additional detectors measure the
energy of reflected protons. (Known
elements reflect alpha particles,
protons or both at different velo-
cities and comparison of the re-
sults against known values indi-
cates the chemical composition of
the soil.)

The instrument’s sensor meas-
ures the velocity of the reflections,
and the logic circuitry in the elec-
tronics package converts the data
into binary form for on board
processing and transmission to
earth. Surface composition will be
determined from a spectrum analy-
sis of the telemetered data.

Scientists believe that experi-
ments such as the soil analysis can
provide a clue to the history and
present stage of the moon’s develop-
ment. Of more immediate concern,
however, is the fact that the experi-
ment can aid scientists in deter-
mining how to build bases on the
moon. If lunar building material
can be used, less material will have
to be transported from earth.

The alpha scattering experiment
will be conducted again on Survey-
or 6, scheduled for flight this fall,
and on Surveyor 7, scheduled for
launching early next year. These
are the final two spacecraft in the
Surveyor series.
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Electronics to get
watchdog war role

The increasing role of electronics
in modern ground warfare has been
emphasized anew by the Govern-
ment’s announcement that it will
construct an anti-infiltration barrier
between North and South Vietnam.

The barrier, which would rely
heavily on sophisticated detection
devices, would alert U.S. and South
Vietnamese forces whenever the 15-
mile-wide demilitarized zone was
penetrated. There is considerable
skepticism in Congress that it will
work sufficiently well to warrant
the millions in cost. But electronic
companies are being asked, in se-
cret, to press the development of de-
tector devices. The Defense Dept.’s
Advanced Research Projects Agen-
cy has asked for $11.7-million for
work on advanced sensors alone.

Defense Secretary Robert S. Mec-
Namara, in announcing the barrier
plan, warned that he did not want
the enemy to know “what materials
we will use, where they might be
used or in what quantities.” So de-
tails are not being made public at
this time. However, there is specu-
lation that acoustic, seismic and in-
frared scanning systems are being
considered.

(Clues to military thinking about
detection devices in Vietnam were
presented by ELECTRONIC DESIGN in
an exclusive interview with the
Green Berets in the issue of Aug.
2, 1966—“Electronics Needed for
Guerrilla Warfare,” pp. 36-47. Me-
tallic detectors were among those
strongly urged, on the theory that
an attacker would be bound to carry
some type of metal on his person.)

Vietnam buildup creates
a million new jobs

Intensification of the Vietnam
War in the last two years has creat-
ed a million new jobs, according to
a report by the Dept. of Labor.

The sharp rise in employment
amounted to some 23 per cent of the
total increase of more than four
million jobs in the United States
economy since 1965, the report says.

Defense work now accounts for
5.2 per cent of the nation’s total ci-
vilian employment, up from 3.9 per
cent two years ago.

The report says that civilian jobs

in defense work rose from about
three million to 4.1 million in the

‘last two years, with the sharpest

increases in the weapons, aircraft
and communications industries.

In a companion report, the bu-
reau’s mobilization expert, Max
Rutzick, says that about 18 per cent
of all engineers in the nation are in
defense work, as are some 22 per
cent of electrical and electronie
technicians.

He attributes a rise of more than
141,000 jobs in the aircraft indus-
try to the Vietnam build-up, and he
says 10,000 other jobs have been
added in the communications equip-
ment field. ‘

A further expansion of war work
could create shortages of skilled
workers of ‘“considerable magni-
tude,” the report continues.

But “this should not be interpret-
ed to mean that one million jobs
would be lost if the conflict in Viet-
nam were to end,” says the Bureau
of Labor Statistics.

A switch of workers to the pro-
duction of civilian goods and the
timing of cuts in military expend-
itures would help cushion a drop in
war work, according to the report,
which was published in the Monthly
Labor Review.

Satellite traffic control
of ocean flights urged

The use of satellite to help traffic-
control centers keep constant track
of airliners flying the oceans of the
world has been suggested by a Pan
American World Airways’ chief elec-
tronic engineer.

As the engineer, Ben F. McLeod,
sees it, position reports from
hundreds of airliners would be ra-
dioed to the satellites automatically.
Navigation systems onboard the
planes would furnish the data.

At present the pilots must radio
their positions periodically by voice.
Ground-based radar is also used,
but only when the aircraft flies into
range—about 250 miles from land.

McLeod made his proposal earlier
this month in Milan, Italy, at a
technical symposium held by the
NATO Advisory Group for Aero-
space Research and Development.

The satellite capability already
exists, he noted, and many airliners
are equipped with dual Doppler or
inertial navigation systems.
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When
you hold a

MINIVERTER
in your hand

.. . You'll have a 16-channel multi-
plexer, sample-and-hold and 10-bit,
100 KHz analog-to-digital converter
for under $2,000.

Raytheon Computer’s new MINIVERTER packs
a multiplexer, sample-and-hold amplifier
and ADC into just ten IC modules. The
MINIVERTER (or the ADC) is as-
sembled and pre-wired, ready to
plug in and use. ® Two more new
analog IC modules make up a 10-
bit digital-to-analog converter. =
These instruments are built from
Raytheon’s standard M-Series IC
modules and there’s a whole
stockroom full of compatible
systems hardware. More than
40 analog and digital modules,
power supplies, three different
chassis—all so thoroughly

; engineered all you do is design
] }‘%* your logic. m Our literature
is almost as exciting as our
products. Write or call today.
Raytheon Computer, 2700 South
Fairview Street, Santa Ana, Cali-
fornia 92704. Phone: (714) 546-7160.

Test points in
module handles.

The MINIVERTER
comes in a compact
10-connector block.

Plug a 16-channel
MINIVERTER into an
MC-40 case and you've still
got plenty of room for expan-
sion and logic. For fast system
assembly, module connectors

These three cards make up the come in blocks of 10, 30 and

L ADC. An optlonal fourth card 40. Power and analog and
is a DC power supply that runs digital ground are available in
on + 5 volts and provides all module cases via laminated bus
necessary ADC power. bars. And you can have auto-

matic wire wrap if you want it.

ON READER-SERVICE CARD CIRCLE 10
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FROM PAR | Precision Instruments for Research & Development

TUNED AMPLIFIER / OSCILLATOR PONER
MODEL 110

Tuned Amplifier/Oscillator
is Six Instruments in One

® LOW-NOISE AMPLIFIER
® WAVE ANALYZER
® DISTORTION ANALYZER

The PAR Model 110 Tuned Amplifier/Oscillator is a
versatile high - gain, low - noise, low - distortion fre-
quency selective amplifier operating over the fre-
quency range of 1 Hz to 110 kHz with Q variable
from. 1 to 100 with no gain change. It provides four
outputs simultaneously: a second order (resonance)
bandpass; a second order band-reject (notch) pro-
viding rejection of the center frequency in excess of
100 dB; a second order allpass characterized by an
amplitude response which is flat with frequency and
a phase lag which increases monotonically with
frequency; and a flat output. Each of the 600 ohm
outputs is capable of providing 5 volts rms into a
5K ohm load. A front panel AC voltmeter permits
measurement of any one of the four outputs.

The instrument can function as a wave analyzer with
bandwidth adjustable from 1% to 100%; as a flat

® LOW-DISTORTION OSCILLATOR
® SENSITIVE AC VOLTMETER
® ALLPASS DELAY PHASE SHIFTER

or selective AC voltmeter with sensitivity ranging
from 10 microvolts to 5 volts rms full scale; as a
distortion analyzer to measure distortion levels as
low as 0.1% (as low as 0.001% when used in con-
junction with a second Model 110); as a low-noise
amplifier (typical noise figure of 1 dB) with voltage
gain ranging from 1 to 10% as a stable general-
purpose low-distortion oscillator providing up to 5
volts rms into 600 ohms, capable of being syn-
chronized by an external signal; and as an AC-DC
converter with ground-based output.

Price: $1195. Export price approximately 5% higher
(except Canada).

For additional information, write for Bulletin T-140
to Princeton Applied Research Corporation, Dept. E,
P.0. Box 565, Princeton, New Jersey 08540. Tele-
phone: (609) 924-6835.

P
%PRINCETON APPLIED RESEARCH CORP.
R

ON READER-SERVICE CARD CIRCLE 11
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NEWS

Solid-state microwave power growing up

Novel radar is shown as conference explores advances in LSA technology. But

advances with LSA and Gunn-effect oscillators

Neil Sclater
East Coast Editor

An experimental radar, made
from laboratory odds and ends and
using a chip of gallium arsenide
only 20-thousandths of an inch
thick as a microwave oscillator, was
placed at an open window in a
building on the Cornell University
campus. As engineers and scientists
watched, it detected moving auto-
mobiles a fifth of a mile away.

The test was conducted at a re-
cent Conference on High-Frequency
Generation and Amplification, held
at Ithaca, N. Y. A gallium-arsenide
diode able to produce 60 watts of X-
band power in the limited-space-
charge-accumulation (LSA) mode
was the power source in the radar.

The novel radar had been assem-
bled by the Microwave Solid State
Research Group at Cornell to dem-
onstrate the dramatic advances in
solid-state microwave generators.

The pulsed output power from
the radar at the conference was far
from the record 615 watts at about
8 GHz held by the Cornell research-
ers—the highest power level at-
tained so far from a solid-state de-
vice at X band. But the range on
the new experimental radar was
impressive, and it demonstrated
that the simple, small device could
have practical uses as a primary

Experimental X-band radar at Cornell uses a limited-
space-charge-accumulation-(LSA) diode to obtain 60 watts

microwave power source.

The conference explored the pos-
sibilities for using the LSA diode
oscillator for power in millimeter-
wave transmissions to and from
communications satellites, and it
also considered current plans to
adapt Gunn diodes to existing radar
systems as local oscillators.

Wide interest in research

Microwave engineers have been
optimistic about replacing power
tubes with smaller, lighter, solid-
state devices ever since J.B. Gunn
of the IBM Research Laboratory
discovered four years ago that a
simple crystal of gallium arsenide
could produce microwave oscilla-
tions.

Two years ago Dr. John Copeland
of Bell Telephone Laboratories, in
extending Gunn’s work, discovered
a phenomena related to the Gunn
domain—Ilimited-space-charge accu-
mulation—that could generate more
power at even higher frequencies.

Dr. Copeland evolved a theory for
LSA operation and predicted theo-
retical power and frequency limits.
Laboratories around the world are
anxious to exploit these significant
advances.

Bell Telephone Laboratories at
Murray Hill, N. J., and Cornell Uni-
versity have reported important

.»

the Radio Corporation of America
has been improving Gunn-effect de-
vices, and Britain’s Royal Radar
Establishment has reported suc-
cessful application of Gunn devices
as replacements for klystrons in ra-
dar systems. Improvements in ma-
terials were key factors in all these
advancements.

Transit time avoided

The LSA oscillator, unlike the
Gunn-effect device, is not power-
limited at high frequencies by an
effect called “transit time”—the
time it takes for space-charge
waves or domains to travel through
the device.

The LSA device is a bulk gallium-
arsenide diode that oscillates be-
cause it has negative resistance in a
high dc bias field when part of a
specially designed microwave reso-
nant circuit. The negative resist-
ance is used to convert de power di-
rectly to rf power. However, this
occurs only if the growth of the
space charge within the diode is
limited or dissipated.

The oscillating field in the LSA
mode swings above the threshold
field long enough to generate a neg-
ative resistance but not long enough
for the carriers to rearrange them-
selves into domains. When the field
swings below threshold, minor
space-charge irregularities are
smoothed before the next cycle.

==
i

@,

lower of the two arms) with the diode mount and antenna
horn. The receiver horn assembly (the upper of the two

of peak power. At left, Prof. Lester F. Eastman tunes the

arms) passes returned signals to an oscilloscope display.
diode mount. At right, the transmitter assembly (the

A traveling-wave tube amplified the returned signal.
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(diode power, continued)

Accumulation of space charge is
limited if the semiconductor dop-
ing-to-frequency relationship is held
within limits and if the effec-
tive load resistance in parallel with
the diode is greater than 10 times
the diode’s low voltage resistance.

According to Dr. Copeland, the
ratio of the diode doping level (im-
purity atoms per cubic centimeter)
to the operating frequency (in
hertz), n/f, must be a number be-
tween 2 x 10* and 2 x 10° with an
optimum value of about 6 x 10*.

If the voltage across the .LSA
diode becomes concentrated in a
high-field domain, it would swing
into Gunn-effect oscillations at a
lower frequency. Because of the
higher applied voltages, this could
lead to the destruction of the device
by high-field breakdown.

The active material thickness in
transit-time devices must be made
thinner if the frequency is to be in-
creased. This unfortunately in-
creases the device capacitance, caus-
ing the power-impedance product to
decrease.

Since no transit time phenomena
is involved, the power from the
LSA device is essentially independ-
ent of frequency. It can be as much
as 20 times thicker than a Gunn de-
vice of the same frequency and can
thus withstand relatively high ap-
plied voltages.

Efficiency limit predicted

Dr. Copeland told the Ithaca
conference that power-conversion
efficiencies of up to 20 per cent
could be achieved below 100 GHz
and that the drop-off would be rea-
sonable up to several hundred GHz.

The LSA GaAs bulk chip used in
the Cornell experimental radar was
pressure-mounted in a modified 1N-
23 ceramic crystal cartridge be-
tween a gold-plated brass post and
a bellows. This convenient package
gave electrical-mechanical contact
with the chip and provided for heat
dissipation. It was pulsed for 10 na-
noseconds, 60 times a second at 600
volts. The setup was assembled by
Prof. Lester F. Eastman of the en-
gineering faculty and W. Keith
Kennedy Jr., a doctoral candidate.

18

In a conference paper devoted
largely to the theory of LSA opera-
tion in long, bulk GaAs samples,
Kennedy reported that peak pulse
power of 615 watts at X band had
been attained with another device.

The work was supported by the
U.S. Air Force Rome Air Develop-
ment Center.

Communications uses foreseen

Bell Laboratories’ Dr. Copeland
pointed out - the potential advan-
tages of LSA in “short-haul and
medium-haul” communications satel-
lites. He said that within the next
10 years the demand for communi-
cations between cities like Chicago
and New York would make millime-

SLIDING
SHORT

ter-wave satellites desirable. These
would be economically and techni-
cally feasible only if carrier fre-
quencies of greater than 50 GHz
were used. The higher frequencies
permit the use of both wider band-
widths and a larger number of
channels.

LSA devices, Dr. Copeland said,
are the means to accomplish this
goal. Because of the short range
and the possibility of satellite re-
dundancy, the scientist said, atmos-
pheric attenuation would not pose a
serious threat to millimeter-wave
communication.

Bell Laboratories is already at
work on devices for this applica-
tion, Dr. Copeland reported. He said
that the laboratory had successfully

E-H TUNER
5

L et
/ggiéég Jr\\\\\\\
MOUNTING
PELEEY

An unpackaged LSA millimeter-wave oscillator is adjusted by Dr. John A. Cope-
land. The circuit produces 20 mw of cw power between 44 and 88 GHz. The
waveguide short and tuner load the circuit for maximum output. Frequency
is primarily determined by the tab-like stub.
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Semiconductor Report [

NEW MOTOROLA

STOP HIGH ENERGY
TRANSIENT DAMAGE WITH
NEW ZenGard*
SUPPRESSORS

Protect entire electronic systems
subject to damage or destruction
from random power surges up to 12
kW with the new line of MPZ5
series ZenGard transient suppressors!

Their compact size (each occupies
less than 2 cubic inches) belies their
impressive advantages over conven-
tional suppressors:

» predictable temperature sensitiv-
ity and relatively constant break-
down voltage over a —65° to
175°C operating range

¢ inherent parameter stability over
long-term use

¢ absolute non-existence of ringing

* low 50 A quiescent current

Sharp reaction time and clamping
V, (max)
V, (min)
as 1.25 mean significantly lower
overshoot voltages, consequently less
chance of component degradation
and burn out.

Economical, ZenGard transient
protection for virtually any high en-

factors ( see table) as low

Nom,
oc Oper. Max. Zener Volit.
Type Power Voit. PW=10ms
issipati Vov’ou
Voits

Vefmin) @ It
Volts

Vime) @ Iz

DEVICES

ergy application (1000 W units have
been supplied to hi-rel require-
ments) is made possible by the
Motorola-originated Multi-Cell {
technique of mounting individually
matched zener diodes on a common
heat sink. The same desirable, sharp,
controlled reverse breakdown char-
acteristics as Motorola’s other 250
mW to 50 W zener diodes are
ensured.
Evaluation units available now!
non-standard voltages, lower
clamping factors and higher power
units can be supplied to specific
needs!

FAST PHOTO SENSORS AID
LIGHT-ACTIVATED DESIGNS

A tiny photo detector — type
MRD200 — and a sensitive photo-
transistor — type MRD300 — now
provide opportunities to simplify
light-activated designs!

Functional and compact (only
0.060” diameter), the MRD200, two-
terminal unit serves where smalil size,
precise alignment and high density

Type Radiation Illumination Dark
Sensitivity Sensitivity Current
mA/mW/cm? A/ lum/ft2 i
(typ) (typ) (max)
MRD200 0.5 5.0
MRD300 1.6t 101 50
tBase open

FOR NEW DESIGN

IDEAS

arrays are required such as high-
speed tape and card readers and ro-
tating shaft information encoders.

It displays linear characteristics
over the dynamic range-ideal for
reading film sound tracks. Total t,,
and t, is only 6.5 us (max.) allow-
ing faster reading than any mechani-
cal contacts. And, its extremely
narrow field of view minimizes cross-
talk.

With equally fast rise and fall
time, the MRD300 utilizes a TO-18
case with external connections for
added control and excels in applica-
tions where high sensitivity is essen-
tial. It responds to modulation well
above the audio spectrum.

Both units operate from 1 V to
50 V power supplies and are compat-
ible with most transistor circuits.
Low leakage permits use in direct-
coupled designs for low-signal-level
operation.

Evaluate them now! . . . Send for
Introduction to Optoelectronics and
a new data sheet!

Use the reader service card for
complete data on these products or
write Motorola Semiconductor Prod-
ucts Inc., Box 955, Phoenix, Arizona
85001.

Xenon Flash Tube
General Electric
Type #FT-106

Multi-Output Fiber Optic
Albion Optical Co.
Type #671F

MRD-300 | MRD-300 |MRD-300 |MRD-300 MRD-300
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6 kV peak

MPZ5-16B & A 14
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20, 24 200A| 16@04A
40, 45, 50 100A] 32@0.2A
205, 225,250 20A | 180 @ 0.02A

MRD300 combined with 2N4198 ELF* SCR (600 V) gives total to, of 300 ns. Single light source
coupled by multiple-output fiber optic bundle transmits light to photo transistors. Fast t.. is

accompanied by gate isolation advantage.

*Trademark Motorola Inc.
1 Patents Pending

MOTOROLA Semiconductors
~ where the priceloss ingnedient & cane!
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NEWS

(diode power, continued)

incorporated ew LSA diodes into
an experimental 50.4-GHz, guided-
wave pulse code modulation trans-
mission system. Continuous-wave
power of 20 milliwatts has been
produced in the 44-to-83-GHz re-
gion—still the record at this high
frequency. The diodes have pro-
duced detectable power at 160 GHz.
A special half-wave stub is used in
the diodes’ package.

The success of semiconductor mi-
crowave power sources has inspired
two Cornell University professors
to form a company for producing
advanced prototypes. Cayuga Asso-
ciates at Ithaca, N. Y., founded by
Prof. Eastman and Prof. G. Conrad
Dalman, plan to custom-make diode
devices and develop improved ecir-
cuit techniques.

Professor Dalman who was
chairman of a Gunn-effect session at
the conference, said in an inter-
view that much higher power would
be achieved when large slabs of
more homogeneous materials be-
came available. A novel slab geome-
try and scaling relationship worked
out by Kennedy and Professor
Eastman shows that peak powers
as high as 400 kW at 10 GHz can
ultimately be achieved, Professor
Dalman reported.

Another Cornell researcher,

OUTPUT CONNECTOR

COPPER HEAT SINK

ROTATABLE
COUPLING
LOUPS

VARACTOR DIODE

Richard J. Gilbert, a graduate stu-
dent, has investigated optimum de-
vice and circuit parameters for
LSA operation, according to Pro-
fessor Dalman. The parameters in-
cluded the ratio of carrier density
to operating frequency, circuit load-
ing, applied fields and transient re-
sponse of the sample. Among other
things, the research verified com-
puter simulations performed by Dr.
Copeland.

Gunn power increasing

Despite the dramatic advances in
the LSA devices, work on Gunn de-
vices is continuing in many labora-
tories, the conference was told. Dr.
S. Y. Narayan of RCA’s Princeton,
N. J., laboratory reported improve-
ments in pulse power, efficiency and
growth techniques for epitaxial
GaAs Gunn diodes.

The RCA scientist said his labo-
ratory had operated Gunn-effect de-
vices with pulse power output up to
150 watts in the 1-to-2-GHz region
with efficiencies as high as 24.7 per
cent. These values, he said, repre-
sent the highest power x (frequen-
cy)? product and efficiency reported
for Gunn oscillators in non-LSA
modes.

Progress in making a Gunn-effect
device to replace reflex klystron lo-
cal oscillators was discussed by an
engineer from Britain’s Royal Ra-

GUNN DIODE

BALL BEARING
TUNER AND
TUNING KNOB

DIELECTRIC RODS

ALUMINA TUNING WASHER

NYLON SCREWS

Gunn-effect device, to be used as a klystron replacement, contains a Gunn
diode oscillator and a varactor diode for electronic tuning. This British device
is about 1-1/2 inches long and uses a dielectric washer for mechanical tuning.
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dar Establishment. Frank L. War-
ner of the group’s Malvern laborato-
ry said the device intended for use
in existing radar systems was both
mechanically and electronically tun-
able. Improved versions will be
operating in British military radars
within a year, he said.

A cavity, with standard connec-
tors includes both a commercial en-
capsulated GaAs diode as the power
source and a varactor diode for elec-
tronic tuning (see illustration).

Warner said that mechanical tun-
ing over a 20 per cent band has been
obtained by moving a low-loss di-
electric washer along the cavity.
Electronic tuning over a range of
400 MHz is achieved by varying the
bias voltage on the varactor diode,
which is mounted in a side arm and
loop-coupled into the main cavity.

The device, intended to replace
some reflex klystrons, is small and
light, and it has low operating volt-
age. Warner said, however, that it
suffered from poor short-term fre-
quency stability and that fm noise
was a problem over a frequency
range of less than 100 kHz away
from the carrier. But Warner said
that researchers at the British labo-
ratory were solving these problems
while improving the uniformity of
electronic tuning over the mechani-
cal-tuning range.

Dr. Peter Bulman of the British
laboratory described a 1-watt peak,
5-nanosecond pulsed radar with a
range discrimination of better than
3 feet at ranges as short as 10 feet.
The transmitter oscillator, an unen-
capsulated epitaxial Gunn diode,
was mounted across the waveguide
rather than a half wavelength
from a movable short. A sampling
oscilloscope in the receiver gave an
A scope display.

The Cornell conference attracted
more than 350 representatives from
industry, government and universi-
ty research. It was co-sponsored by
the Office of the Naval Research,
with the cooperation of the TEEE.
Other subjects among the 40 papers
included parametric devices, av-
alanche effects, and quantum and
optical effects.

The proceedings may be obtained
by writing to Dr. Herbert Carlin,
Director, School of Electrical Engi-
neering, Cornell Univerity, Ithaca,
N. Y. 14850. The price for members
of IEEE is $5 a copy, and for non-
members, $6. = =

ELECTRONIC DESIGN 20, September 27, 1967



Replace 80% of all
FET types with one!
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USING VHF/UHF FET

———i

]
I
]
1
1
1
i TO LOAD
]
I
1
1
1
]

TO SOURCE

—

is specified below as a VHF/UHF amplifier.
lot of this device you can select (1) gen

CHARACTERISTICS
Small Signal, Common Source @ 25°C T0=

Forward Transconductance RE (Ys,) (mm ) \ \Q\Q,L )ﬂ@ MHz ' I ) /
Input Capacitance, Cis may\(\ \ N\Z\ @Hz |
Output Capacitance, W\) \\ \ \X‘O\\>l.0 MHz

Forward Transfer

SUSCEPTANCE IM (Y,,) mhos

TRANSCONDUCTANCE RE (Y,,) mhos

Reverse Transm\k @Q \ O.W 1.0 MHz Adeilitanee vi. Frequency I/
Vos= +15v
! Vos=0 V.
40dB 400 MHz S ; /
[ ‘ |
e | i
Ne Q 2048 100 MHz i \ ‘ 3
Power in, (min. e et I 10 100 1000
(Neutr: 10.0 dB 400 MHz FREQUENCY MHz

ELECTRONICS
Semiconductor Department / 365 Middlefield Road, Mountain View California 94040 / Telephone: (415) 961-3300 / TWX: 910-379-6942

ON READER-SERVICE CARD CIRCLE 13
ELECTRONIC DESIGN 20, September 27, 1967 21




NEWS

Infrared horizon-mapping urged in space

Honeywell asks U.S. backing for project to help
astronauts determine their positions accurately

Charles D. LaFond
Chief, Washington News Bureau

A concept for an unmanned in-
frared-scanning satellite has been
offered to NASA by Honeywell, Inc.,
as a step toward solving a trouble-
some problem for both manned and
unmanned space missions—accu-
rate determination by the space-
craft of its position over the Earth.

The scanner would map the
Earth’s infrared horizon for future
reference.

Before they can determine their
precise position or even the atti-
tude of the spacecraft, astronauts
must know where the true horizon
is. A sparse carbon-dioxide layer in
the rare-atmosphere shell about the
Earth produces a corona that makes
observation by the usual optical in-
struments far too inaccurate for
practical use. Infrared scanning in
the 14-to-16-micron portion of the

Infrared-scanning satellite (above)
that would map the earth’s infrared
horizon, could lead to improved navi-
gation and attitude control systems
for future space missions. It would
carry a measurement ‘‘package,”
such as shown on the right, contain-
ing an infrared radiometer and dual
star mappers and sun sensors for
attitude determination.

ila
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spectrum has been found to improve
discrimination of the horizon.

The Honeywell satellite, being
considered by NASA, would be
launched into a 270-mile-high polar
orbit for its mapping mission.
Called Orbital Scanner, the 725-
pound spin-stabilized satellite
would draw energy for a continu-
ous 70-watt demand from six large
solar panels, fanned out like 12-
foot-long flower petals.

Widespread use envisioned

Despite the austerity of the na-
tion’s present scientific satellite
effort, Honeywell, somewhat opti-
mistically, has started a campaign
for what could become a $10-million
effort. Honeywell researchers be-
lieve that the technological payoff
would far exceed the anticipated
cost.

The primary mapping mission
would be performed in 1972-73.

PRIMARY CRYOGEN

[SECUNDARV CRYOGEN

[ DETECTOR COOLING ROD

| suN seNsor (2 |

STARMAPPER (2]

Usable data would be available by
1974. This would be well within the
deadlines for the Apollo Applica-
tions Program, the upcoming Earth
Resources Orbiting Satellite, and
the large meteorological satellite
systems planned for the mid 1970s.

Although not mentioned by Hon-
eywell, there are other obvious ap-
plications for improved navigation
and attitude control in future mili-
tary space programs, the Manned
Orbiting Laboratory, reconnais-
sance-surveillance satellite systems,
and possibly satellite-inspection ve-
hicles.

The Air Force has already em-
barked on a similar effort called
Project Profile. MIT’s Instrumenta-
tion Laboratory is the prime sys-
tems contractor for development of
two orbital spacecraft (see “News
Scope,” ED 18, Sept. 1, 1967, p. 14).
Honeywell contends, however, that
its proposed vehicle and over-all
program are far more comprehen-
sive.

The need for accurate horizon-

RADIOMETER
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sensing is paramount, for if detec-
tors could determine the true ter-
restrial horizons fore and aft of a
spacecraft along its orbital path,
then the bisector of this angle
would be the true local vertical, or
the position over the Earth. The
need for complex on-board instru-
mentation would be eased.

While infrared horizon-scanning
has been found promising, experi-
ence has shown that the amount
and frequency of infrared radiation
that can penetrate the layer of car-
bon-dioxide above the Earth varies
with the location of the layer, time
of day and season.

As early as 1958, when the
first U.S. spacecraft encountered
difficulty in maintaining accurate
reference to local vertical, NASA’s
Langley Research Center at Hamp-
ton, Va., began an effort to im-
prove horizon-sensor performance.
By 1960 suborbital rocket probes
proved the need for new concepts,
not just improved detectors and
data correlation.

Radiometric studies obtained in
X-15 flights during 1964 and 1965
supported analytical studies, which
concluded that the most promising
spectral interval for use was the 14-
to-16-micron CO, absorption band.
Langley then began Project Scan-
ner, with Honeywell as the prime
contractor. The effort culminated in
two ballistic-trajectory probes in
August and December, 1966, in
which highly instrumented pay-
loads were hurled to an altitude of
400 miles.

Each of these flights lasted only
15 minutes, and they provided data
associated only with the northern
hemisphere and during only two
seasons of the year. So in March,
1966, Langley selected Honeywell to
perform a 15-month, $700,000 feasi-
bility study for a long-term, glo-
bal, 18-measurement program. The
presently proposed Orbital Scanner
concept evolved from this study,
completed last July.

Subcontractors stand by
Honeywell’s optimism is reflected
in the fact that it has suggested a
complete program team to design
and fabricate major instrumenta-
tion for an Orbital Scanner project.
The Company’s Systems and Re-
search Div. would serve as space-
craft developer and systems inte-
grator under this arrangement.

No small print

The Nytronics name on the package is all the insurance you
need, to know your sub-miniaturized ceramic capacitors
represent the highest standards of quality, stability, and
capacitance-to-size-ratio. Available in four complete lines:

NYT-CHIP — An ultra-stable chip capacitor with tinned
terminals, 0.170” x 0.065” x 0.070”, with capacitance range
of 4.7 pf through 220 pf, and 0.280” x 0.195” x 0.070” for
270 pf to 4700 pf. Temperature coefficient does not exceed
+40 ppm/°C over a temperature range of —55°C to
+125°C. Working voltage 200 volts D.C.

NYT-CAP — An ultra high stability ceramic capacitor
series packaged in a miniature molded epoxy tubular
package 0.1” diameter by 0.250” in length, with capacitance
range of 4.7 pf to 220 pf. The remainder of series in miniature,
molded epoxy case 0.350” long by 0.250” wide by 0.1”, with a
range of 270 pf to 4700 pf. Temperature coefficient does
not exceed +40 ppm/°C over a temperature range of —55°C
to 4+125°C. Working voltages 200 D.C.

DECI-CAP — A subminiature ceramic capacitor with an
epoxy molded envelope 0.100” diameter by 0.250” long,
axial leads, with capacitance range 4.7 pf to 27,000 pf,
tolerance +=10%. Unit designed to meet MIL-C-11015.

HY-CAP — Offers extremely high capacitance range
.01 mfd. to 2.5 mfd. in +20% tolerance. Voltage 100 WVDC,
no derating to 125°C. Designed to meet MIL-C-11015.

Write or call for more information. In addition to ceramic
capacitors, our inventory of other standardized high quality
components includes inductors, delay lines, and resistors.

N>TRONICS

...10r Precision Electronic Componente

550 Springfield Ave., Berkeley Heights, N.J. 07922 N (201) 464-9300 N TWX:710-984-7977
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(scanner, continued)

The hexagonal vehicle would
measure 54 inches in diameter by
36 inches in length. In flight, the
craft would roll about its longitudi-
nal axis, perpendicular to the orbi-
tal plane. A major constraint placed
on all subsystems design is the com-
plete avoidance of any moving
parts, with the exception of solar-
panel deployment.

A key mission element would be

launch time and orbital characteris-
tics: the spacecraft would be
launched at 3 p.m., nodal crossing,
into a near polar orbit, and would
then be sun-synchronous. This
would be expected to yield a radi-
ance profile based on near-maxi-
mum daily atmospheric tempera-
ture variations, and it would ensure
efficient solar panel operation aboard
the spacecraft.
Data Acquisition Network would be
used for range and range-rate
tracking (S band) and vhf commu-
nications. On-board telemetry and
data-handling subsystems would be
developed by RCA’s Astro-Elec-
tronics Div. Data would be stored
in a 500,000-bit memory and trans-
mitted after each revolution about
the earth by telemetry to NASA
stations at either the University of
Alaska or Rosman, N.C., for relay
to the Goddard Space Flight Center
in Greenbelt, Md. The data would
include radiometric measurements,
navigational star and sun positions,
and timing signals.

The IR radiometer, which would
peer through a 26-inch-diameter
viewport, would be built by the
Lockheed Missiles and Space Co.
The cadmium-doped germanium de-
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missions show need for greater horizon definition. Proposed infrared-scanning
satellite is intended to provide data needed to improve horizon-sensor per-

formance.

tectors would encompass a 0.01°
field of view and would operate in
the 15-micron range. A 20°K neon
cooler would be used with the detec-
tors. Except for the primary optics,
the radiometer design would em-
ploy dual redundancy.

For attitude determination, dual
star mappers and sun sensors would
be used to secure a pointing accu-
racy to 10 arc seconds with respect
to the Earth’s surface. Some 300
bodies in the celestial sphere would
be used for attitude reference. The
star telescopes would be protected
automatically from exposure to the
sun. The Control Data Corp. would
provide the complete system.

Honeywell’s Aerospace Div. would
build an attitude-control system em-
ploying redundant magnetic-torqu-
ing coils that would interact with

the Earth’s magnetic field. Al-
though the design is passive, opera-
tion could be redirected by ground
command.

Gulton Industries, Inc., would
provide the electrical power supply,
and the Spectrolab Div. of Textron
Electronics, Inc., would produce the
solar panels.

Designed for a minimum of one
yvear’s operation in space, Orbital
Scanner could provide the data nec-
essary to achieve a twentyfold im-
provement over present horizon-
sensing techniques, according to
Honeywell. The best accuracies now
obtained, its experts assert, are
around 0.25°.

By using the 15-micron CO, band
and data established in the IR map-
ping effort, astronauts could obtain
accuracies of 0.01° to 0.02°, = =

Red-hot arc furnaces tamed by computer

A Westinghouse process-control
computer has been adapted to cut
the electrical operating costs of arc
furnaces. It does it by keeping tabs
on demand and load factors.

The solid-state process-control
computer controls the maximum rate
at which electricity is used by the
furnaces and the total energy con-
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sumption by means of time-sharing.
The system also provides a heat log
or record of temperatures, alloy
composition control and other plant
management information.

The computer receives power me-
ter readings, transformer data and
operating panel settings from each
furnace being monitored and sends

control orders to the furnaces.
Westinghouse spokesmen say that
the control method is more ver-
satile than previous wired-logic sys-
tems. They say that their process
control computer can operate in an
ambient temperature of 120°F and
has filters to keep out the dust en-
countered in furnace shops. = =
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RE SERIES POWER SUPPLIES

HIGH PERFORMANCE — LOW COST POWER SUPPLY

ROWRMm . .. for system and laboratory applications

The Rowan RE series is designed for both precise laboratory and systems
applications. The units are convection cooled and use all silicon semi-conduc-
tors throughout. The RE series can be operated in either a constant voltage

mode or a constant current mode and features circuitry providing automatic
crossover to either mode.

RE 40 - 5ML
FEATURES:
e All silicon semi-conductors e Series master-slave operation
e Convection cooled e Remote sensing
e Automatic E/| crossover e Remote programming
e Constant voltage/constant current operation e Single knob voltage control with dual knob
resolution

RE SERIES SPECIFICATION TABLE

Meters Terminals
Output Regulation Ripple Ammeter F - front Size
Model volts amps|line or load %* | MV RMS Voltmeter R - rear 19" panel Weight Price
RE 40 — 5 0-40 5| 01or2MV 0.5 No R 3% H x 17% D 36# $290.00
RE 40 — 5M |0-40 5| .01or2MV 0.5 Yes R 3% H x 17% D 36# 315.00
RE 40 — SML | 0-40 5| .01or2MV 0.5 Yes F&R (3% H x17% D 36# 320.00
RE 60 — 25 |0-60 25 .01 or 2 MV 0.5 No R 3% H x17% D 364 290.00
RE 60 — 2.5M | 0- 60 25 .01 or 2 MV 0.5 Yes R 3% H x17% D 364 315.00
RE 60 — 2.5ML| 0 - 60 25 .01 or 2 MV 0.5 Yes F&R |[3% H x17% D 36# 320.00

*whichever is greater. Input for all models 105-125, 50-63 HZ

ELECTRONIC MEASUREMENTS

division of THE ROWAN CONTROLLER CD.I 2 CRESCENT PLACE I OCEANPORT, N.J. 07757
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Sound-scanned semiconductor emits light

Applied field excites electrons that couple with
lattice vibrations to produce glow at pn junctions

Richard N. Einhorn
News Editor

An engineer working at Bell
Telephone Laboratories, Murray
Hill, N. J., has demonstrated that
sound waves produced in piezoelec-
tric semiconductors can generate
light. His method may lead to a new
approach to flat-panel image dis-
play devices as well as to a new
class of light detectors.

The laboratory  development,
known as a solid-state acoustoelec-
tric light scanner, is claimed to
offer the following advantages by
its inventor, Basil W. Hakki:

® Energy lost in the process is
rapidly restored, regardless of the
number of light-emitting elements
used in series.

8 The effect is produced at room
temperature.

® [t operates over a convenient
range of voltages (10 to 400 in
Hakki’s experiments.

® Quantities of devices can be
produced with uniform properties.

Hakki explained his discovery as
follows :

FORWARD
CONDUCTION

REVERSE
BREAKDOWN

If a strong electrical field is ap-
plied to a semiconductor, it can ex-
cite drift electrons to a velocity
greater than the speed of sound in
that material. When this threshold
is breached, strong electron cou-
pling with phonons (lattice vibra-
tions at the velocity of sound) can
lead to the formation of an acoustic
domain (see Fig. 1). As this acous-
tic domain, or sound field, passes
under a pn junction, part of the
acoustic energy is transformed into
light. The light-emitting junction is
formed by depositing a layer of p-
cuprous sulfide on one surface.of
the n-cadmium sulfide strip.

Domain velocity is constant

A domain moves through the sem-
iconductor at a constant velocity
that is determined by the medium
itself. Vary the applied bias or the
carrier concentration, shine light on
the semiconductor, chill or warm it,
and the velocity still remains con-
stant—a desirable feature consider-
ing that manufactured items should
be uniform.

Sound propagates at different ve-
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1. Breaking the sound barrier in a pn semiconductor produces light. An elec-
trical field applied to cathode (at left) excites drift electrons to speed of sound.
Electrons couple strongly with lattice vibrations to produce acoustic domain.
As domain passes under each junction in turn, light is emitted.
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locities along the three axes of a
piezoelectric semiconductor. In cad-
mium sulfide (the material Hakki
used in his experiments) the veloc-
ity of a longitudinal wave is about
4.5 x' 105 emy/s; it 18 1.75. % 105
cm/s in the shear direction, which is
orthogonal to the longitudinal axis.
When the applied voltage is
sufficient to accelerate the drift
electrons above 1.75 x 105 cm/s, an
abrupt transition occurs, and the
drift electrons couple to the sound
domains in the shear mode through
an electromechanical coupling coeffi-
cient. The scanning speed of the
electrons is the same as the shear
sound velocity.

Hakki used a 660-volt trigger
pulse to form an acoustic domain at
the cathode of the semiconductor.
Once the domain is formed, it is
sustained at 200 volts during its
transit from cathode to anode by a
460-volt pulse.

The sound waves extract energy
from the electron stream, so the de-
vice acts as a sound amplifier. If the
gain is large enough, instability
will result. A bulk negative conduc-
tivity effect is present; once the do-
main is formed, the current drops.
The excess current is shunted
across the domain.

Hakki says that the domain-volt-
age can be anywhere between 10
and 400 volts (“a hefty source”).
As shown in Fig. 2, a great voltage
across a narrow domain creates a
high field intensity. The domain
voltage V, causes local breakdown
in the heterojunction.

In a semiconductor, the domain
voltage is equal to the anode voltage
minus the product of field intensity
and sample length. But this product
is a constant, so the domain voltage
increases with the voltage on the
sample. This reveals another good
feature: if the domain gives off en-
ergy to do a job, the applied voltage
will restore that energy. This ener-

.2y is constant regardless of the

number of elements, provided that
there is enough time for recovery.
The recovery time is finite. There-
fore the functional elements must
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be spaced far enough apart to per-
mit recovery, but close enough to
avoid needless delay.

This is what led Hakki to investi-
gate a scanning array of pn junc-
tions. A heterojunction (adjacent
layers of dissimilar materials) is
formed by coating n-cadmium
sulfide with p-cuprous sulfide.
Whenever the acoustic domain pass-
es under a junction, minority car-
riers are given off. The radiative
recombination of carriers gives off
red light. Light is emitted chiefly
because of reverse breakdown of the
junction, but Hakki predicts that
improvements in heterojunctions
will lead to efficient forward-
conduction luminescence.

The color obtained is due to the
hole injected into n-CdS. The com-
bination of holes and electrons
gives off 2.5 eV (the energy differ-
ence between the valence and con-
duction bands), which ordinarily
would produce green. But instead,
the hole falls into the copper level
of the cadmium sulfide and recom-
bines radiatively with a free elec-
tron. The two copper impurity lev-
els in the cadmium sulfide are 1.2
and 0.9 eV above the valence band.

The energy band is bent at the
junction between the n-type semi-
conductor and the p-type semicon-
ductor.® The transition from the
cuprous sulfide to the cadmium sul-
fide represents a drop in the poten-
tial barrier for holes and an increase
in the potential barrier for elec-
trons, since reverse conduction oc-
curs.

This suggests that either varying
the way in which the material is
produced (controlling the impuri-
ties) or varying the material itself
(substituting semiconductors) will
produce light of different colors.

Hakki allows approximately 100
ns spacing between elements. The
delay is short enough to permit the
eye to average or mix the primary
colors to produce secondary colors.
This is aided by two factors:
® There would be a decay time for
+ the light pulses, producing mixing
in the absolute physical sense.
® There would be aftereffects from
the visual inputs, so that the eye
would see the colors after the stim-
ulus was removed.

The device might be used as a
light detector by keeping the bias
voltage below the junction break-
down level. The addition of photo-

electrons would change the current
drawn by the circuit, and this cur-
rent change could be detected.

Homojunctions more efficient

When the device is used as an
emitter, the light output is pro-
duced in a spectrum that peak\s in
the infrared but includes useful
outputs in the visible region.

Hakki points out that hetero-
junctions do not emit light as
efficiently as homojunctions, such as
gallium arsenide in the infrared
region or gallium phosphide in the
visible region, but they are much
easier to fabricate. Cadmium sulfide
happens to “prefer” the n-state,
hence the selection of p-cuprous
sulfide to complete the heterojunc-
tion. Hakki says that up to now he
has been more interested in proving
the feasibility of the acoustoelectric
light scanner than in optimizing it.
His next step will consist of weigh-
ing the merits and demerits of oth-
er materials and then recom-
mending whether products should
be developed.

Operates at room temperature

One great advantage of hetero-
junctions such as n-cadmium sulfide
coated with p-cuprous sulfide is the
ease of operation at room tempera-
ture (300°K). Gallium arsenide
must be cooled to the temperature of
liquid nitrogen (77°K) if it is to
lase. Cryogenic cooling of his own
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2. Great voltage across a narrow do-
main creates high field intensity. Do-
main voltage can be 10 <V,<400
volts, ‘‘a hefty source.”
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heterojunctions offers no immedi-
ately significant advantages, Hakki
says.

Hakki says that a typical solid-
state acoustoelectric light scanner
might be between 0.2 and 0.4 cm
long, 400 microns wide, and between
12.5 and 100 microns thick. The
light-emitting junction would be
formed by depositing a layer (1 to
10 microns) of p-cuprous sulfide on
the top surface of the cadmium sul-
fide. This is accomplished by a chem-
ical process in which two cuprous
ions substitute for each cadmium
ion. The desired pattern of pn het-
erejunctions is obtained by means
of photoresist techniques.

Mechanical strength is gained by
sandwiching the semiconductor be-
tween two transparent glass plates
(not shown in Fig. 1). Ohmic con-
tacts are formed at the two ends of
the cadmium sulfide strip using an
indium-gallium mixture.

Earlier work at Bell described

Hakki says that his work is a
logical outgrowth ¢f experiments
conducted at Bell Telephone Labora-
tories about five years ago by Andy
Hutson. The latter was the first to
discover the sound amplification ef-
fect in piezoelectric semiconductors.
Hutson recognized that if an elec-
trical field in a semiconductor prop-
agates at the velocity of sound, the
resulting sound wave may be con-
sidered as a surface stream.

Large arrays of experimental sol-
id-state acoustoelectric light scan-
ners have been built by Bell Tele-
phone Laboratories. Hakki says he
will describe a square array of 20,-
000 light-emitting junctions on Oec-
tober 19 at the International Elec-
tron Devices Meeting, Washington,
D. C. The experimental matrix con-
sists of 141 rows by 141 columns in
a one-half-inch square. Integrated
switching circuits are planned for
this application, but have not been
built.

The advantage of the square ar-
ray is the same as that of computer
memory arrays: the peripheral elec-
tronics increases by the square root
of the number of elements. = =

Reference:

1. Frederick F. Morehead, Jr.,
“Light-Emitting Semiconductors,”
Scientific American, CCXVI, No. 5
(May, 1967), 108-122.
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30-60 day delivery...

s helPS ,VOU Our one microsecond ICM-40 memories are ready now

g 3 - to meet your tightest delivery schedule — 60 days or
meet tlght SCthUIes less on standard models with capacities of 4,096,
when vou use [/C 8,192, 16,384 and 32,768 words.
v
u L A g s If you've drawn a block marked ““core memory”
B STORE core memories recently, let us show you x-STORE speeds, capacities,

and fast delivery capability. You'll find that both our
ICM-40 and 1CM-47 (670 nanosecond full cycle time)
have been designed to offer a custom solution to your
memory problems. Write for our new brochure. It sums
up all the facts. Honeywell, Computer Control Division,
Old Connecticut Path, Framingham,

Massachusetts 01701.

Honeywell

\ac) COMPUTER CONTROL
DIVISION




Comsat aims to lead the field

On completion early in 1969, Comsat Corp.’s
new Clarksburg, Md., research laboratory will
begin operation under a $5 million annual
budget with nearly 350 personnel. Roughly one-
third of these will be scientists and engineers
engaged in advanced applied research for both
ground and satellite subsystems and techniques.
Comsat Corp. must lead in this technology and
“not be at the mercy” of its suppliers, said
Wilbur Pritchard, director of Comsat
Laboratories. The corporation must be a
sophisticated buyer, he declared, and in time the
new organizer will rival the competency of the
world-renowned Bell Telephone Laboratories,
despite Comsat’s greater specialization.

Early research by Comsat, Pritchard disclosed,
will be directed toward such problems as the
improvement of spectrum utilization through
data compression and the use of the millimeter
wave band. If the effective use of data
compression obviated a single satellite
launching, which costs $15-$17 million, the
entire research effort of several years would
pay for itself, he claimed. With present
spectrum space nearly exhausted and
bandwidth limitations a serious operational
factor, the 18-GHz and 35-GHz bands will be
studied for future use. (Present operating
bands are at 4 GHz and 6 GHz.) Above 8 to 10
GHz, he said, atmospheric attenuation becomes
an increasing problem but good windows do
exist. Among the first devices to be studied,
Pritchard stated, will be rf power emitters for
use at these very high frequencies.

The complete design of future satellites by
Comsat is not being considered, the laboratory
director declared.

‘This, gentlemen, is a fact of life’

Representative George P. Miller (D-Calif.),
Chairman of the House Science and
Astronautics Committee, recently gave some
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advice to an industry group, in describing

the House’s latest cut in NASA’s budget, from
a requested $5.1 billion to $4.6 billion. He

said that industry should be aware of this as a
clear enunciation of a political fact. It is a fact
of life, Miller said, that firms in aerospace
activity must live with. They must take it
seriously into consideration when planning
future operations.

Members of Congress on both sides of the aisle,
he stressed, are deeply concerned with current
national economic burdens. But, he said, “in no
sense should the actions by the House on the
authorization and appropriation bills be
interpreted as hostility to space exploration.”
Congressman Miller castigated NASA for its
apparent willingness to accept major program
delays in the belief that those same programs
can be picked up again at some indeterminate
date without massive financial penalty. No
program, said Congressman Miller, has ever
been put aside and then resumed later without
involving very heavy increases in expenditures.
Technology, he stated, cannot be put on the
shelf, because technology resides in the minds
of people, not things.

AF computer contract rebid

Like a rerun of an earlier episode, proposals
have again been submitted for an anticipated
$120 million commercial-computer buy by the
Air Force. The rebids supersede a contract
previously awarded by the Air Force to IBM in
the hotly contested program. Insiders, both in
government and in industry, still maintain that
IBM will be the ultimate winner.

The highly controversial procurement, the first
award for which was upset by the U.S. General
Accounting Office, is currently being sought by
the same contractors as made the original bids
—Honeywell, Inc., Burroughs Corp., and RCA.
The real problem, informants say, was centered
on IBM’s costing approach—while IBM offered
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more for its money over a five-year period, the
total price of its bid was higher than either of
its competitors’. IBM’s current proposal is
expected to approximate its former proposal
closely both in details of dollars and of benefits
provided on a long-term basis.

Exports finally exceed imports

For the first time in many years, U.S.
electronic exports during the first five months
of 1967 have exceeded imports with a record
total of $737 million, representing an increase
of 32.5% over $556 million during the same
period last year, according to the latest
Electronic Industries Association report.

- Imports actually increased some $300 million
during this same period.

Major gains were achieved by radiotelegraphic
and telephonic transmission and reception
instrumentation (increased 337%);
electrosurgical devices and parts (up 252%) ;
and television cameras and parts (up 167%).
Of major interest was the rise in military-
industrial electronics exports which jumped
more than 38% for a total of $517 million
during this same period. Electronic-component
exports surpassed the sales increase within the
U.S., with a 22% increase.

Lasers as tunnel diggers—again?

For the umpteenth time in as many years, the
proposal has been made to use “high-power
lasers” for drilling tunnels, on this occasion by
Alan F. Boyd, Secretary of Transportation.

Speaking recently before a group in Los
Angeles, the Transportation Secretary was
describing research needed to overcome the
shortcomings of U.S. mass transportation
systems. He indicated that radically different
means of providing transportation facilities are
within our grasp. As an example, he suggested
that one project could be investigation of the
use of laser beams to tunnel under cities
“rapidly and at dramatically lower cost than
present digging techniques.” He did not suggest
what laser would be used. Boyd commented that
such techniques might ultimately make possible
the use of high-speed, induction-driven

trains between cities with little interference

30

with surface life.

Continuing his blue-sky forecasting, Secretary
Boyd indicated that current research has
suggested that tracked air-cushion vehicles
capable of 200 mi/h could be built in the near
future, if the U. S. were able to concentrate
more resources on such developments. He
pointed out that less than 1% of the annual
Federal research budget is presently applied to
transportation and the majority of that input is
spent on aircraft and associated air movement
problems. He stated, moreover, that
transportation companies in general spend less
than 0.5% of their total revenues on research
(typical aerospace R&D in-house research
varies from 5% to 8% annually).

Pakistani satellite report erred

Let’s set the record straight. A recent Reuters
report in the national press that the Export-
Import Bank was to provide a $10-million loan
to the Pakistani government for a
communications satellite to be synchronously
orbited over the Indian Ocean was incorrect.
The announcement was attributed in the story
to the Pakistani Communications Secretary
M. H. Zuberi.

The facts are these. A letter of intent has been
filed by the government with Comsat Corp. here
for technical assistance to provide:

= A definition of specifications for use in a
proposal request for two Earth stations
compatible with the global Intelsat systems.

s Evaluations of such proposals to assist
Pakistan in selecting ultimate contractors.

The Export-Import Bank will lend the $10
million but has stipulated that the procurement
must be from U.S. firms. The program is
scheduled for completion late in 1968.

Soviet computer efforts snagged

Centralization of power is supposed to be a
dominant characteristic of dictatorships, but
the reverse situation is reported causing
difficulties in computer technology in the
Soviet Union. Instead of one supervisor to
direct the government’s research, the efforts
are said to be divided among many ministries.
The result, according to Russian sources: “a
fractured multitude of one-of-a-kind designs
and programing principles.” The reports,
culled and translated by Electro-Optical
Systems, Inc., of Pasadena, Calif., put the
Soviet five to 10 years behind the U. S. in
computer design and programing.
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To the 2> Nanosecond . . .

We now have a range of diodes to fit many more
applications. By virtue of this addition to the-line,
Solitron is now able to supply customers with a com-
plete range of switching devices which perform in any
step down to the superfast Schottky Barrier Diodes.
Make a note! We now offer, among others:
. Gold Bond Silicon Diodes: % nanosecond switching.
. Gold Bond Germanium Diodes:

FOR ENGINEERING ASSISTANCE TEL. 800-431-1850

shown twice actual size

. Planar Epitaxial Silicon Switching Diodes: Of rugged
double stud construction, assembled in sub-minia-
ture glass packages. The power rating is 500 mw,
giving greater power handling capacity in a smaller
package than ever before. The encapsulation tech-
nique ensures “‘no internal contamination”. Also
available in pill package. ;

Complete your diode purchasing with one phone call!

(THIS IS A LOCAL CALL FROM ANYWHERE IN THE U.S)

@0""0“ DEVICES, INC.

256 Oak Tree Road » Tappan, New York 10983 « Telephone: 914-359-5050

Leader In Thin and Thick Film Microcircuits, Power Rectifiers, Power Transistors, Hot Carrier Diodes, Zeners, High Voltage Rectifiers, T.C.
Reference Diodes, Voltage Variable Capacitors, Random/White Noise Components, and Hi-PAC ® Interconnection Systems.
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Wayne Kerr

B301B VHF
Admittance Bridge

AR
WAYNE KE| o
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HE aamiteancy Bricae 88
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+21..1-100me

... Balanced or Unbalanced
Measurements oOn antennas = cables

® Transmission Lines. Also, Input Impedances
of Amplifiers and Receivers
¥ Transistor Parameters 8 VSWR, etc.

Versatile describes the features and
performance of the new Wayne Kerr
B801B VHF Admittance Bridge.

Alone, the B801B provides +2% ac-
curate measurements of antennas,
cables and transmission lines, as well
as input impedances of amplifiers and
receivers over the frequency range
1-100 mc. It can also be used for
checking transistor parameters, VSWR,
and a wide variety of component meas-
urements, including shunt capacitance
of coils.

In conjunction with the Wayne Kerr
Q801 Adaptor, the B801B provides a
most convenient means for performing
both grounded-base and grounded-
emitterr measurements of all common
small-signal AC transistor parameters,
from 1-100 mc.

Of particular importance, two-terminal

balanced or unbalanced measurements
and three-terminal measurements are
easily performed, and thumb-wheel-ac-
tivated dials permit rapid bridge balance
and direct readout of admittance in terms
of conductance and positive or nega-
tive capacitance.

Weighing only 9 pounds, the B801B
is readily portable to remote locations
such as field antenna sites, cable runs,
and transmission lines.

B801B in conjunction with Wayne Kerr SR268
Combined Source and Detector, with single dial
tuned system to provide ganged tuning of source
and detector from 100kHz-100MHz simultaneously
in one operation.

For literature and detalled specifications, write:

Wayne Kerr corporarion

18AFrink Street, Montclair, N. J. 07042 e Phone (201) 746-2438
INNOVATIONS IN INSTRUMENTATION
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NEWS

Explosive pumping
of lasers studied

Scientists in the Soviet Union are
reported experimenting with rapid-
ly moving bodies, accelerated by
gunshot, as a possible method of
pumping medium power lasers.

According to M. S. Rabinovich of
the USSR Physics Institute, the
shot energy from a modern weapon
ranges from several kilojoules for
an ordinary rifle to several thou-
sand for an artillery piece. At a rep-
etition frequency of 10 through 30
shots per second, an efficiency of 1
per cent would yield -10 joules to 1
kilojoule, he said.

The mechanism of converting the
bullet energy into pump energy, ac-
cording to Rabinovich, may be pro-
vided either by the flash of light
produced by the compression wave
in front of the bullet, or by magne-
tohydrodynamic generation of elec-
tric energy by the bullet.

In the case involving a flash of
light, a bullet maintained at ap-
proximately 3 km/sec over a path
length of about one meter produces
a sufficiently intense pump flash,
especially if it moves through a jet
of gas having high emissivity, Ra-
binovich reports.

Energy provided by induction

In the magnetohydrodynamic
case, the electric energy is produced
by induction as the bullet moves
transversley to a strong magnetic
field. The necessary conducting cir-
cuit is provided by the gas that is
ionized by the moving body.

Rabinovich has observed that the
pulse power of several dozen mega-
watts can be produced at a velocity
of about 3 km/sec and a path length
of approximately 30 cm.

He concludes that the explosive-
pumping method can be used to con-
struct compact pump systems for
laboratory lasers without resorting
to capacitor banks.

The experiments were reported
in the September, 1967, issue of So-
viet Science in the News, published
by Electro-Optical Systems, Inc., of
Pasadena, Calif. = =
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we have used many millions of
Allen-Bradley hot molded resistors.

The uniformity of quality from one
shipment to the next is truly astounding.
There can be no question about the
reliability of these resistors.”

Wang Laboratories

Model 320 Wang Electronic Calculator
-with 320K keyboard for scientific
application. Readout provides 10-place
accuracy with floating decimal point,
and all calculations are displayed

in one millisecond. Normally the 320
calculator is placed in a desk drawer
rather than on the desk. It is shown
here next to the keyboard to indicate
compactness of the calculator.

s g SR S N

One of the printed circuit cards from the
Model 320 calculator. All resistors on this
card are Allen-Bradley Type CB % watt hot
molded resistors.

73-07-7E

To insure the extremely accurate
and high speed operation of the
300 Series Wang Electronic Calcu-
lators, all components are selected
with utmost care. Thus, it was only
natural that Allen-Bradley hot
molded resistors were chosen for this
most exacting application.

Composition resistors, not pro-
duced by the technique of hot mold-
ing used by Allen-Bradley—using
completely automatic machines—
cannot equal the quality and uni-
formity of production for which the
hot molded Allen-Bradley resistors
have a worldwide reputation. The
precise control during manufacture
results in such uniformity of one A-B
resistor to the next—million after
million—that long term resistor
performance can be accurately pre-
dicted. There is no record of any
Allen-Bradley hot molded resistor
having failed catastrophically.

Let the experience of the engineers
at Wang Laboratories become your

own experience. Allen-Bradley fixed
and variable hot molded resistors will
do exactly as well for you as they
have done for all other users. For
complete specifications, please write
for Technical Bulletin 5000: Allen-
Bradley Co., 222 W. Greenfield Ave.,
Milwaukee, Wis. 53204. In Canada:
Allen-Bradley Canada Limited.
Export Office: 630 Third Ave., New
York, N. Y., U.S.A. 10017.

TYPE BB 1/8 WATT

-HHR—

TYPECB 1/4 WATT

ame——
TYPE EB 1/2 WATT

gmm

TYPE GB 1 WaATT

=

TYPE HB 2 WATTS

HOT MOLDED FIXED RESISTORS are avail-
able in all standard resistance values and
tolerances, plus values above and below
standard limits. Shown actual size.

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS



.your answer to high packaging density
with discrete components

Faced with a severe space limitation for your electronics
equipment, the miniature Allen-Bradley Type BB is just
the “ticket.” Its extremely high packaging density (over
1,300,000 per cu. ft.*) enables a drastic size reduction—
with no sacrifice in reliability!

These tiny Type BB resistors are made by the identical
exclusive hot molding process as the larger Allen-Bradley
resistor. Using precision automatic machines—developed
and perfected by Allen-Bradley—the human element is
completely eliminated. The resulting uniformity from
one resistor to the next—million after million and year
after year—is so exact that long term resistor perfor-
mance can be accurately predicted. And during the
twenty-five years this exclusive hot molding process has
been in operation, no Allen-Bradley resistor is known to
have failed catastrophically.

71-05-7E

Allen-Bradley Type BB resistors are available in stan-
dard resistance values from 2.7 ohms to 100 megohms
with tolerances of ¥ 5%, * 109%, and * 209%,. Maxi-
mum rated wattage is 1§ watt at 70°C and can be de-
rated linearly to zero watts at 130°C. The maximum
continuous rated voltage is 150 volts RMS or DC. For
complete specifications on the Type BB resistor, please
write for Technical Bulletin B-5005. Allen-Bradley Co.,
222 W. Greenfield Ave., Milwaukee, Wis. 53204. In
Canada: Allen-Bradley Canada Limited. Export Office:
630 Third Ave., New York, N.Y., U.S.A. 10017.

*Theoretical packaging in cordwood arrangement.

actual size

of Allen-Bradley Type BB
hot molded resistors

. ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS



NEWS

Post Office looks to
voiced mail-sorting

In a bid to speed the massive vol-
ume of parcel post, the U.S. Post Of-
fice has contracted with RCA’s Ad-
vanced Technology Dept. in Camden,
N. J., to develop a voice-operated
sorting system (see “News Scope,”
ED 18, Sept. 1, 1967, p. 13).

To operate the system, a postal
employee would read the ZIP Code
number on a package into a head
microphone, and place the package
on a conveyor belt. Both hands
would be free for package-handling.

The spoken number would be in-
stantly flashed on a verifier screen
in front of the operator as an ac-
curacy check. The package would
move along the belt until it reaches
the bin assigned for that ZIP Cude
destination. There it would be au-
tomatically deposited.

An experimental Numeric Speech
Translating System, according to
RCA spokesman D. J Parker, is
capable of operating despite region-
al, ethnic and personal speech dif-
ferences among operators and is
sensitive enough to function in the
noisy environment of a busy post
office.

The translator employs circuitry
which functions similar to neurons
(nerve cells). These threshold-logic
elements perform both digital and
analog functions, Parker explained.

The equipment recognizes a con-
tinuous string of spoken digits by
examining the speech energy as a
function of both frequency and time.
The relative values of speech energy
in the various frequency bands and
the changes in these values with
time are abstracted from the micro-
phone input signal. These data are
then processed by several phoneme
recognition networks that employ
analog threshold-logic elements. (A
phoneme is the smallest unit of
speech essential for distinguishing
one utterance from another, such as

PRECISION PHASE METER ;.

4 AD-YU

ELECTRONICS,,INC.

249259 TERHUNE AVENUE, PASSAIC, N. J.
Phone (2B1) 472-5622 o CABLE: ADYU PASSAIC

TYPE

Most Popular Direct Reading Phase Meter

DY U sscmoes s $
FASSHC KLY H

SPECIFICA

FREQUENCY RANGE — Type 406, 8 cps to 100 ke; Type

406H, 8 cps to 500

FULL SCALE RANGE:
360 degrees.

ACCURACY: =0.25° relative, =0.3° or 2% absolute.
INPUT VOLTAGE: 0.05 volt to 90 volts without ad-

justment.

FEATURES:

Direct reading in degrees.

No amplitude adjustment of
either signal voltage.

No frequency adjustment from
1 cps to 500 ke

No ambiguity at zero reading.
Meter reading independent of

TI‘NS- the ratio of input signal

amplitudes.

USES:

Phase checking in production
lines.

ke; Type 406L, 1 cps to 100 ke.

0-12, 0-36, 0-90, and 0-180 up to

Plot phase curve for networks,
amplifiers, systems.

Measure fractional degree in
the vicinity of zero.

DIGITAL PHASE METER =

+0.03 Degree

77 AD-YU ELFCTRONICS. ING
s rey

L Bl

Type 524A3 wit

(bottom panel) can produce analog output to

drive recorder
Price $999.

Accuracy, 20 CPS to 500 KC

FEATURES:

Phase reading directly in
degrees in 5 digits (or 4
digits).

No amplitude adjust-
ment from 0.3v to 5Cv.
No frequency adjust-
ment up to 500 kc.
Analog output available
for recorder or program-
mable system.

USES:

Plot phase vs. frequency
curve of unknown net-
work.

Plot envelope delay
curve with RF sweep
oscillator.

A standard phase meter
with 5-digit readout.

h indicator. Computer alone

and d.c. digital voltmeter.

WORLD FAMOUS FOR PHASE AND TIME MEASUREMENT 0.001 CPS TO 18 6C

the “p” in pin as opposed to the “b”
in bin). Delivery of a feasibility
model is set for early 1968.

RCA officials declined to speculate
on other specific uses for their sys-
tem except to say that it most like-
ly could find application for any nu-
merically controlled machine, = =
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WIDEBAND PRIMARY
PHASE STANDARD, TYPE 209
50 CPS To 10 KC

VIDEO AND RF PHASE
METER, TYPE 422A
50 CPS To 10 MC

MICROWAVE PHASE AND
TIME DETECTOR,TYPE 206A
1 6C To 8.2 GC

DUAL-CHANNEL SYNCHRO-
NOUS FILTER, TYPE 1034
2 (PS To 20 KC
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NOW...
BEAMN LEAD DIODEN

in flip-chips,
axial-lead microdiodes
and mulfi-diode modules

You can now select from General Instrument’s line of Beam Lead diode products,
flip-chips, axial-lead microdiodes, and a complete line of multi-diode modules—
all providing the extreme reliability of the Beam Lead structure.

The Beam Lead Technology:

General Instrument’s Beam Lead devices consist of gold
bonding leads extending beyond the edges of the chip—
in cantilever form. Securely bonded to the silicon and its
passivating layer, Beam Leads make ohmic contact
through a highly stable and low resistance platinum alloy.
Beam Leaded devices are prepared on the slice in a batch
process, thereby lowering costs and providing the utmost
uniformity between Beam Lead interconnected devices.
Beam Lead technology creates a total chip/bond system
which is unusually rugged and yields extremely reliable
package bonds by a variety of techniques.

only from
seneral Insfroment

For information in Europe, write to: General Instrument Europe, Via Turati 28, Milano, Italy.
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Wirite for full information.

GENERAL INSTRUMENT CORPORATION - 85 GOUVERNEUR STREET NEWARK, NEW JERSEY
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now available in...

Chips and Chip Arrays—for use in flip-chip
bonding in a wide range of electrical param-
eters and circuit configurations. The can-
tilevered Beam Leads permit economic as-
sembly to substrates without the use of
eutectics, aluminum or thermal wire bond-
ing. No bonding energy need be transmitted
through the chip itself and, once formed,
the bond is visually available for inspection.
Discrete diode chips as well as diode arrays
containing two to eight air isolated junc-
tions are available.

Beam Lead Microdiodes—in a small plastic
axial-lead Microdiode which exceeds MIL
moisture specifications. The Microdiode
body measures only 40x40x80 mils. It has
half inch long gold plated Kovar ribbon
leads (5x20 mils). Life tests performed on
General Instrument’s Microdiode indicate
a typical Al less than 1.5xly (orig.) at PRV
and 25°C after 2000 hours at 150°C oper-
ating conditions.

Beam Lead Microdiode Strips—as modular
diode strips on 50 mil centers. The strip
may comprise from two to twenty diodes
in any combination of common anode,
common cathode or discrete interconnec-
tions. They can be easily used to form
large diode matrices for switching applica-
tions.

and in...

Beam Lead Diode Modules and Arrays—in
any circuit configuration and in plastic or
hermetic packages—both flat pack and dual
in-line. The extreme stability and long life
provided by Beam Lead bonding is assured.
The use of Beam Lead isolation between
junctions allows the production of switch-
ing and core driver modules with faster
response times than obtainable by the usual
monolithic approaches.

GENERAL

INSTRUMENT




NEWS

TV set plays prerecorded photographic film

Electron-beam scanning attachment extracts
sound and color images from 7-inch cartridges

The Columbia Broadcasting Sys-
tem has officially announced its de-
vice that permits a home viewer to
watch motion pictures on an unused
TV channel. In March, 1966 the
company denied its existence, but
talk persisted. Now advances in
home video tape recorders may have
softened the impact of the CBS an-
nouncement.

A spokesman for CBS Laborato-
ries, Stamford, Conn., explained the
“new’” system as a cartridge of spe-
cial film that is loaded into an at-
tachment, which feeds the antenna
terminals of a standard television
set. An electron beam scans the film
and converts the light variations
into audio and video, which modu-
late an rf carrier. Playback is iden-
tical to reception of a telesast.

Only plays back film

The playback unit is not a video
tape recorder. It operates only with
the specially processed film car-
tridges and it cannot record.

Playback of the film-cartridge re-
quires a breadbox-size unit that can
sit atop a TV set. It contains an
electro-optical scanner instead of a
light source for extracting the in-
formation stored on the film. The
output of the optical converter is
modulated rf. The film may be
viewed on any vhf-channel. A switch

on the unit can block incoming pro-
grams.

Operation of the unit is described
as simple: the round cartridge is
plopped onto a spindle. It is auto-
matically threaded, played, re-
wound and rejected, much like a
phonograph disk on a changer.

Film normally progresses through
the unit at 5 in./s, but the user
can stop it at will, so that he can
freeze any frame.

Dr. Peter Goldmark, President
and Director of Research, CBS Lab-
oratories, maintains that a great
deal more pictorial and sound infor-
mation—one hour of black-and-
white or one-half hour of color
viewing—can be stored in a 7-inch-
diameter by 1/2-inch-thick car-
tridge than on a comparable reel of
magnetic tape. Moreover, he says,
this can be done at a much lower
cost. One estimate is $7 to $14.

As explained by CBS, a film-
processing company would elec-
tronically transfer the information
on film or video tape onto a special
8.75-mm-wide, unperforated thin
film. This master film would be du-
plicated at high speed by multiple
printers. The final processed film
would be spooled onto the hubs of
the 7-inch cartridges. Dr. Goldmark
says that a 20-minute program can
be duplicated in half a minute. He
predicts that duplicating time can

RAW

FiLM
Sm
MAGNETIC MOTION PICTURE
TAPE FILM CARTRIDGE TAKE-UP
ELECTRONIC HIGH-SPEED MULTIPLE : ELECTRO-:
RECORDING 1 MULTIPLE FILM | OPTICAL :
q UNIT - DUPLICATION CARTRIDGES ITRANSDUCER!
RAW COMPLETED - : .
FILM MASTER
STOCK FILM
AUDIO & VIDEO
3 SIGNALS TO
. HOME TV SET

ANTENNA TERMINALS

Electron-beam scanning permits playback of monochrome or color motion
pictures on home TV sets. Variations in light intensity are converted into audio
and video signals that are coupled to the antenna terminals of a TV set.
Commercial prerecorded film is packed in 7-inch cartridges.

36

be halved in a year or two.

The convenience with which ac-
tion can be stopped suggests an im-
portant application for the device:
classroom or even home instruction.
A teacher can dwell on a problem
for as long as he desires.

Cost does not appear to be prohib-
itive. The playback unit can be
manufactured for about $280, says
a CBS spokesman. The price cited is
for small-scale production in Eng-
land. An expert on the television in-
dustry estimated that in quantity
costs could be held to about $150 in
the United States.

The same expert is less than en-
thusiastic about the future of the
CBS unit vis-a-vis video tape re-
corders using the Newell tape
transport (see “Low-cost tape
transport records 50 MHz,” ED 13,
June 21, 1967 p. 38). Retail prices
under $500 have been forecast for
Newell-licensed units in a few years
by various industry sources, but
some spokesmen are skeptical.

Some call it ‘reactionary’

Another expert likens the CBS
device to “an electronic buggy
whip” in that it uses photographic
film instead of magnetic tape. He
does admit, however, that despite
cost reductions magnetic tape will
still cost much more than the film
cartridges for some time to come.

He thinks that CBS will reserve
all rights on the film-duplicating
process in order to remain the sole
producer of the cartridges in the
United States. The foreign partners
of CBS are Imperial Chemical In-
dustries Ltd (England) and CIBA
Ltd (Switzerland).

Will the public accept passive
playback ? Arvin Industries, Colum-
bus, Ind., is readying for fall dem-
onstration an experimental color-
television console embodying a video
tape recorder that uses specially de-
veloped tape heads and electronics—
and, it is rumored, a Newell trans-
port. However, no product line is
likely to appear before 1969—the
CBS target date. m =
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IEEE DIELECTRIC TEMP.
BRAND-REX SLEEVING CHARACTERISTICS CLASS STRENGTH RANGE GRADES SPECS.
2 g NEMA VS 1,
TURBO® L S e B To7000 | —loscto | Al Type 1
Varnished Sleeving absorption; oil and acid resistant. volts StL0520 LULHE e
NEMA VS 1
TURBOGLAS® Strong; ﬂexillale; te:r,tmoisture B To 7|,tooo —-}gag: cto o A-%: 4 ?\F/melzswo :
i i and chemical resistant. volts ru C-: s
Varnished Glass Sleeving i ASTM Dogy2
3 2 £ 2 NEMA VS 1
® Abrasive resistant; highly flexible; ’
'\I'/!JRIBCO:TL:Fd Glass Sleevin retains dielectric strength under B Tovgi?soo :1%8%60 thlfl\.l-%:-l MITLIYR‘;I:;QO
inyl Coate S g severe handling. MIL-1-21557
. 3 NEMA VS 1
@ Tough; flexible; moisture, abra- ’
TURBOCRYL 4 sion and chemizal resistant. Com- F T°vo7"t%0° —}gg%O th:\u-lc-z MIEE% 1690
Acrylic Coated Glass Sleeving | patible with magnet wire coating. it ASTM D-372
® Chemically inert; oil, moisture,
EHRBOS% ted abrasion and peel resistant. 3 H To 7,000 —65°C to A-1 NETI\;l,Ae\‘l‘S L
Gllalgsonselee(\)/?nz Con;patihle with magnet wire volts 4200°C thru C-3 mi 3190
coating.
TURBO 117° Extremely tough; radiation NEMA VS 1,
Silicone Rubber Coated resistant; electrical properties H T‘:, gi?soo I;g;gcto i rAu'%:-s M|11-.)-’|‘3§ 1590
Glass Sleeving unaffected by bending or twisting. MIL-1-18057
BRAND-REX TUBING CHARACTERISTICS Ratlah COLORS SPECS.
TURBOTHERM 105° I L L-1os
High-temperature conventional vinyls may crack. Odorless, taste- —20° 10 4+105°C Clear and colors é?:g’é CD'922
VInyl tublng less. Recommended for potting application.
TURBOLEX 105® MIL-1-631
: Flame and fungus resistant; retains clarit; Grade c, Class 1
High-temperature through use of light.stable fangicides. —20°10+105°C | Clearand colors | category 1
vinyl tubing UL-105
TURBOLEX 85° For use where moderate heat and occasional ASTM D-922
General-purpose exposure to oil are encountered. Easily printed, —32° to 4-60°C Colors only
vinyl tubing retains legibility. Grade a
TURBOLEX 76A® MIL-1-621
Good dielectric and low temperature properties. Grades a & b
General-purpose and low Fungus-resistant, MoCarrosire. P —46° to 480°C Clear and colors Cracet
temperature vinyl tubing Category 1
TURBOLEX 40° Low temperature tubing for military applications
Low-temperature with ~xcellent high temperature characteristics. —55° t0 4-80°C Clear and colors MIL-1-22076
vinyl tubing Flam- and fungus resistant.
TURSQZANE 407 Flame retardant; fungus-resistant; noncorrosive; t((:)lisgolgc—%"
Low-temperature available in Types | and 111 in all sizes. " | Class I1: —67° Cleas gt | IR HTMG
vinyl tubing to 4+80°C
TURBOTEMP Chemically inert; moisture-resistant; —70° to 4+250°C Natural and colors | MIL-1-22129

Teflon TFE tubing

excellent dielectric.

Brand-Rex will cut, slice, split or punch
Turbo® tubing and sleeving as requested.

Now that you've fou
sleeving, cut out t

B
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...AND GET PREMIUM PERFORMANCE
WITH BEEDE'S NEW NON-CONTACTING
CONTROL METER RELAY

Beede has greatly simplified the design of the optical meter relay, sig-
nificantly reducing the number of parts incorporated in the unit.

In addition to the substantial price savings, this development provides
the increased accuracy of direct drive set pointers and a control meter
relay with high reliability.

Some of the features available:

@ Single or Double Set Point

® Taut Band Meter Sensitivities

® Front or Behind Panel Mounting

@ High Style ‘‘Centurion’’ Case Design

® Complete Package Switching 5 amps
or Optical Element only

Send for complete literature today.

BUY VALUE /7 BUY BEEDE

’

BEEDE

ELECTRICAL INSTRUMENT CO., INC.
PENACOOK, NEW HAMPSHIRE
Area Code: 603-753-6362
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NEWS

Ape’s panting gauged
to 300 picostrain

A single-crystal silicon strain
gauge, developed as a sensitive pres-
sure transducer, has been implanted
in the chest of a rhesus monkey to
measure respiration during subor-
bital flights. It has also been in-
serted through the veins into a
man’s heart to detect irregularities,
and used to measure fuel level in
space vehicles.

The 80-by-6-by-0.5-mil device is
adaptable to such applications as
angle sensors, torque arms, load
cells, pressure bays, traffic counters
and phonograph cartridges.

In an industrial counter, the
strain gauge can detect minute dif-
ferentials in paper thickness caused
by weight strain of stacking. It pro-
duces varying output signals from
the output electronics that are trans-
latable into an accurate sheet count.

The gauge has been tested down
to 300 picostrain (a picostrain is
10-'2 in./in. strain) by its manu-
facturer, Electro-Optical Systems,
Inc., of Pasadena, Calif. The com-
pany says the device has a theoreti-
cal detection limit of 100 picostrain.
It also reports a mean time between
failures of 100,000 hours.

The gauge can be compensated
for temperature over an operating
range of —100°F to +500°F. m m

Microminiature pressure gauge inside
monkey’s chest measures respiration.
Dimensions of device are 0.08 by
0.006 by 0.0005 inches.
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Oh, no! Not another “revolutionary new break-
through in electronic science.” Just what in the
world is a “Glo-Annunciator”?*

It may not be as important as the invention of the
transistor, but in it’s own way, in it's own applica-
tion, it’s a pretty revolutionary product.

The Switchcraft “Glo-Annunciator” is a miniature,
electromagnetically operated annunciator that ap-
pears to glow without the use of a lamp. A magnet-
indicator panel simply
slides back and forth be-
hind a display screen, al-
ternately exposing and
hiding the reflective indi-

cator as the device is actuated. The highly reflective
material appears to glow, just as though there was a
lamp behind it.

No power is needed to burn a lamp. In fact, the
only power needed is a pulse signal to activate the
slide magnet.

Sounds ingenious. But what does all this mean in
terms of improved electrical efficiency? An annun-
ciator board isn’t all that complicated.

Oh, no? Add up the power consumption on a big
board. And the heat. Not only from lamps. Buzzers
or ring-down devices also use a lot of power and
generate heat. What we have is a real cool device.
The pulse signal feeds the annunciator coil which
consumes only 0.7 watts at rated voltage. Even if
you had an application where the annunciator coil
must operate continuously, 0.7 watts is still a lot
less than required for many indicator lamps.

And for extended life, we use a highly efficient ce-
ramic magnet. Just for comparison, a ceramic magnet
has 5 to 6 times greater magnetic retention than
Alnico.

I'm used to lamps. At least with a lamp, when it’s
“on,” you know it. Can your reflective material
match the intensity of a lamp?

In the dark, no. It takes ambient light to reflect. But,
here’s one big advantage: the :
brighter the ambient light, the
less a lamp appears to glow, by
contrast. With our material, the
brighter the ambient light, the
brighter our reflected signal.
And here’s another big advan-

SWIT
GRAFT “FORUII

tage of the “Glo-Annunciator”. A lamp is either “on”
or “off”. When a lamp is out, how do you know it
isn't just burned out? Ours is a two-way signal. In
one position it can glow green, in the other it can
glow red . . . or many other combinations of colors.
It is a positive signal in either position, and nomen-
clature may be imprinted on the indicator.
“Burn-out” brings us to another point. Lamps are
relatively cheap, but how about the labor costs and
down-time to replace them?

You claim infinite life characteristics. Just how long
will the “Glo-Annunciator” continue to operate?
Practically forever. Here's why. The only moving
part is the ceramic magnet slider. No pins, no bear-
ings or latches to wear out. Secondly, the
coil can’'t wear out and will continue to
function electrically under the proper
operating conditions. Finally, unlike

lamps, the flourescent material just keeps on glow-
ing as long as there is light to reflect.

The simplified operation of the “Glo-Annunciator”
bears this out:

YOU AN SEE ONLY THIS
PORTION OF THE SLIDER
DISPLAY SCREEN DUE TO THE DISPLAY
\ SCREEM .
Fl6.1 S
T

PERMANENT MAGMET SLIDER
BEGINS TO MOVE UNDER
THE INFLUENCE OF INDUCED.
POLE CHANGES

REVERSED POLARITY
INDUCES REVERSED
MAGNETIC POLES.

COMPLETE COLOR CHANGE
NOW APPEARS 1N THE
DISPLAY SCREEN.

F16.3

MAGNET WILL NOT
CHANGE POSITION UNTIL.
POLARITY 1S AGAIN

REVERSED. [ l
e ~_ VOLTAGE MAY BE REMOVED AND
-+

THE INDICATOR WILL REMAIN IN
EITHER OF THE TINO TRANSFERRED.
POSITIONS.

PERMANENT MAGNET HAS
COMPLETED TRAVEL TO THE
TRANSFERRED POSITION

Sounds pretty exciting. How do I get complete de-
tails on mounting dimensions, circuit applications,
etc? By the way, I've got some comments on your

FORUM, too.
Good, just circle the Reader Service No. below. And,

drop us a line on your company letterhead with your
comments on any of our FORUM projects. We're
anxious to have a lively exchange of ideas.

Also, we'll print the most interesting comments in
our TECH-TOPICS engineering magazine, which
you'll receive every other month. TECH-TOPICS
features technical articles on switches and related
products. Ten-thousand engineers already receive
this Switchcraft publication and find the application
stories useful in solving similar switching problems.

B SN\ T TRy

5555 North Elston Avenue * Chicago, Illinois 60630
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Letters

Simplify power-supply short-circuit protection

Sir:

ELECTRONIC DESIGN’s March 1
issue shows a circuit in the Ideas
for Design section that uses 18 com-
ponents to provide short-circuit
protection [“Protect power supply
against overloading,” ED 5, p. 110].
This function may be combined
with the design of the regulator
without the addition of another
black box just for short-circuit
protection. The regulator in the
figure is designed for a predeter-
mined maximum load current and
simultaneously provides the speci-
fied regulation.

The conventional method of over-
load protection relies on an increase
in voltage across a precision series
resistor to turn off the power sup-
ply. Most overload protection cir-
cuits require several components
owing to their complexity.

A more simple and economical
method is to limit the output of the
series control transistor to the de-
sired short-circuit current. R, and
CR, are chosen for a constant cur-
rent, I,. This limits the collector
current of Q3 to I,. = B.l,, with
the output shorted and Q2 off. Q3 is

i c
) R2
64.9
Kl
IN750A Isc
4TV al
2N2906A
l Gs
! 2N2880
. o
Vge =38V x V +28v
OIpF s r°
H'—] ‘:RS ‘::g‘?k
:Ima b4
SR \l )
2205k Q2 c2 |+
2N6998 'Osoqdv N, i Vour
IN3016B SRS
68V 2715
4 )

Relay protects regulator circuit against short-circuit overloads.

then selected to have a rated collec-
tor dissipation of V,, I,.. Without
the output shorted, the maximum
collector dissipation is V. I,,,
which is less than the rated power
of @3. During normal operation
when V,,, is high, Q2 is driven
hard, allowing I, to be shunted
through Q2. A relay may be added
to disconnect the load when the out-

put is shorted, to avoid continuous
heating by Q3.

This same technique could be ap-
plied to other regulators by limiting
the current of the source rather
than implementing a complex detec-
tion/shut-off system downstream.

Nelson M. Nekomoto
Tasker Instrument Corp.
Van Nuys, Calif.

Three-phase generator
made with 2 flip-flops

Sirs

Regarding the circuits on p. 106
of the April 12 issue of ELEC-
TRONIC DESIGN [“Generation of
3 phase square waves simplified,”
ED 8] and p. 48 of the June 7 issue
[“Three phase generator may lock
in subsequence,” ED 12], I submit
another method.

[In the former, John L. Nichols
of Fairchild Semiconductor showed
how three DTuL 946 packages could
be used to generate three square-
wave signals phased 120° apart. In
the latter, Howard Hamer and Paul
Holtzman of RCA contended that
Nichols’s design would lock up in a
subsequence. They proposed two
circuits that would not lock up. Ni-
chols rebutted the RCA engineers’
claim that his circuit was flawed in
the Letters column of ED 15, July

40

19, p. 40—Ed.]

This method (see figure) uses
only two 945 flip-flops 2and half a
946 quad two-input gate. it will not
lock up into the one unused state.
The spare half of the 946 gate could
be used elsewhere.

E. G. Holm
Hughes Aircraft Co.
Culver City, Calif.

$A
945 945 ¢B
| ——4 S | 0
iF 1
O |k ¢
INPUT éC
1/4 946 1/4 946

Three-phase square-wave generator
can be realized with two flip-flops and
half a quad 2-input gate.

Information inputs
must be cleaned up

Sir:

I appreciated your editorial in
the 5 July issue of ELECTRONIC DE-
SIGN. [“It isn’t the retrieval, it’s
what you retrieve”]. The intent of
your comments clearly reflects a few
basic rules I learned in a technical-
report-writing course at the Uni-
versity of Michigan. We learned, for
example, to exercise care in choos-
ing a title for a report, because
eventually the paper would be cat-
aloged and retrieved. Moral: If the
job is done right the first time (a
good input) a lot of trouble will be
avoided in the future.

Presently, I am working for the
Navy as an electrical engineer and
see poorly written, misleading re-
ports every week. These “bad in-
puts” to the collection of informa-

(continued on p. 42)
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Ohmite makes just about every kind. But you won't find
axial-lead wirewounds anywhere that measure up to
Series 99 and Series 88 resistors. Why? One big reason
is their exclusive MOLDED jackets. MOLDING produces
a thick, dense coating that gives superior electrical
insulation (1,000 VAC minimum breakdown)...excep-
tional protection against abrasion and rough handling
...size and shape uniformity which works beautifully in
the mechanical feeds of automated assembly lines.
Uniformity also facilitates mounting in metal clips for a
heat-sink advantage of up to 100%. MOLDED Series 88

and 99 units are the most durable axial-lead resistors
available today. Get all the facts in the Ohmite ‘“Answer
Book,” Catalog 100. Ohmite Manufacturing Company,
3643 Howard St., Skokie, lllinois 60076. Phone: (312)
OR 5-2600.

[@]OHMITE

MANUFACTURING COMPANY

RHEOSTATS = POWER RESISTORS = PRECISION RESISTORS = VARIABLE TRANSFORMERS m RELAYS
TAP SWITCHES m TANTALUM CAPACITORS m SOLID STATE CONTROLS = R. F. CHOKES
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EXTREME STABILITY
OVER A WIDE

TEMPERATURE RANGE

Synthar

CAPACITORS
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As indicated in the curve above, the
total change in capacitance of Synthar
Capacitors over a wide range of oper-
ating temperatures (10°C—125°C) is
only +0.12%. This makes them suit-
able for use in all types of circuitry
requiring a high degree of capaci-
tance stability. Extremely high insula-
tion resistance, low dielectric absorp-
tion and low power factor, all are
outstanding characteristics of Synthar
Capacitors. They offer the perfor-
mance of costly laboratory built
capacitors at commercial prices.

SPECIFICATIONS
* Rated from —75°C to +125°C.
e Coefficient— +35PPM, from +20°C to

o Temperat
+125°C.
e Standard DC Working voltages—up to 600 VDC.
¢ AC Voltageratings available—up toradio frequency.
ol lation Resist At 25°C 3.5 x 10° Megohm
Mfd.
At 125°C 2 x 10 Megohm/
Mfd.
e Outstanding long time capacitance stability.

e Available in matched pairs—within +0.1% of each
other.

For complete performance characteristics
send for free catalog No. 1212.

INMPUSTRIAL

—

CONDENSER {CORPORATION

3243 No. California Ave.
Chicago, lllinois 60618
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LETTERS
(continued from p. 40)

tion pose a nearly meaningless,
heavy burden to our libraries. Let’s
press to clean up the present and
future “inputs.”

Carter S. Rose
San Francisco

Article and editorial
don't jibe, reader gibes
Sir:

I wonder whether the writer of
the fine editorial, “It isn’t the re-
trieval, it’s what you retrieve”
looked hard at the article, “Make IC
digital frequency comparators,” in
the same issue on pp. 62-64.

What can one retrieve from that
article? Well, there exist frequen-
cies. What frequencies? Clearly
these frequencies cannot be giga-
hertz. They must presumably be in
the range of IC clock circuits, say,
under 50 MHz. It is suggested that
one may compare these frequencies.
To what accuracy ? It is hard to say.
We are told that we will know
when they are “equal,” or when one
is “higher” or “lower” than the oth-
er. How much higher or lower?
How close to equal ? Reading the ar-
ticle enables one to surmise that it
must depend on the length of the
“short, sharp” pulses used. One cir-
cuit, however, uses square waves.
That one’s accuracy must vary with
the actual period of the square
waves, and also with their rise
times, and with the delay lines of
the flip-flops.

What information can one re-
trieve from all this? That you
preach more virtue than you man-
age to practice. This may often be
so. But I still applaud your editorial.

Myron Pleasure
Physicist
Jackson Heights, N. Y.

The author to the defense

Sir:

Myron Pleasure certainly makes
a valid point in saying that the fre-
quency range and the accuracy of
the systems have not been dis-
cussed.

Let me point out that the con-

tents of the article concern the sys-
tems as such, not so much their im-
plementation with actual devices. A
fairly comprehensive description of
the different possibilities for imple-
menting them would have been too
voluminous to be included in the one
article.

The upper frequency limit de-
pends on the logic elements used in
the construction. If one succeeds in
building logic elements that oper-
ate at frequencies in the gigahertz
range, the discriminator description
is still valid, as is the double pulse
elimination circuit.

My response to Pleasure’s in-
quiry about the circuit employing
square waves falls into the same
pattern. The rise time of the square
waves is determined by the charac-
teristics of the flip-flops. For exam-
ple, the DTuL 950 pulse-triggered
binary, which was used experimen-
tally, responds to the negative slope
of the input voltage if the slope is 1
V/ns. The rise time is immaterial.

The general condition that is nec-
essary for the other two systems,
which I should have included in the
article, is that the pulse width used
has to be equal to or shorter than
the response time of the flip-flops.
The accuracy is plainly =0%. Ei-
ther the frequencies are equal or
they are not. One can, however,
define an “indication response time”
as the time that elapses while the
circuit changes from one state to
the other. This time is equal to or
shorter than:

T =1/i=15);

where f, and f, are the input fre-
quencies. If both frequencies are,
for instance, 1 hertz apart and the
discriminator initially indicates f,
to be greater than f, when the op-
posite is true, it will take two sec-
onds in the worst case for the out-
put of the discriminator to give the
right answer. The actual time de-
pends on the initial starting point
of the disecrimination, so the smaller
the difference in frequencies, the
slower the change will occur. But if
the duty cycle of the square wave
that appears at the output remains
constant, then the frequencies are
equal, plus or minus 0.0 hertz or per
cent.

Hermann Ebenhoech
Consumer Application Engineer
Fairchild Semiconductor Div.
Mountain View, Calif.
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1 Hz to 100 MHz

E-Mode: =20 V at 100 MHz

I-Mode: =400 mA at 100 MHz

Tr: less than 2.5 ns to 1 sec.

Tf: less than 3 ns to 1 sec.

Width: 5 ns to 0.5 sec.

Delay: 10 ns to 0.5 sec.

Variable PRF, Amplitude, Tr,
Tf, Width, Delay

Single or double pulses with separately
variable width and delay for each pulse.
Sync pulse. Duty cycle to 100%. DC-offset
in either direction. Can be externally trig-
gered or gated. One-shot via front panel
pushbutton. All (silicon) solid-state. Rack
height 315",

Write or 'phone for technical data and/or
a demonstration.

Intercontinental Instruments, Inc. . . . an affiliate of Chronetics.

CHRONETICS

U.S.A.: 500 Nuber Avenue, Mt. Vernon, New York (914)699-4400 TWX 710 560 0014
Europe: 39 Rue Rothschild, Geneva, Switzerland (022) 318180 TELEX 22266
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Type X601PE Metallized Mylars
typify TRW's stature in advanced
metallized dielectrics.

They're smaller and lighter...
metallized! Tough and rugged...

...Stand tall

epoxy sealed! |deal for printed cir- Product information is available
cuits...save space! from TRW Capacitor Division, TRW

TRW offers many additional INC., Box 1000, Ogallala, Nebraska.
styles and dielectrics for demand- Phone (308) 284-3611. TWX: 910-
ing Military and Industrial needs. 620-0321.
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EDITORIAL

== Let’s help the Post Office
LY solve its problems

For years it has been a favorite pastime of politicians and the
public to decry the many shortcomings of the U.S. Post Office Dept.
Few such criticisms have ever suggested any realistic solutions.
Now, at last, the POD, under the guidance of Postmaster General
Lawrence F. O’Brien, has begun its own massive modernization
program.

The most significant aspects of this program are the establish-
ment of the Bureau for Research and Engineering in Washington,
D. C., the creation of the Postal Institute of Technology (to be
operational by the middle of next year) and general emphasis on a
systems approach to postal problems.

The bureau is rapidly expanding its staff, so that it will include
965 specialists by 1972. Their main function will be to analyze,
formulate and explain POD problems to industry. Their number
will include experts in automatic control, operations research, data-
handling, applied mathematics, communications and material-
handling. They will form a technologically self-sufficient postal
research organization, capable of holding a meaningful dialogue
with private industry.

The Postal Institute of Technology will train post office personnel
in every facet of postal technology and management, both on its
future campus and at a number of extensions elsewhere in the U.S.

The Post Office research programs have been viewed favorably by
Congress. The last R&D budget, one of the largest in POD history,
sailed through without a single penny cut.

How can electronics engineers and companies help?

Firsthand knowledge of post office problems is a prime prereq-
uisite. Dr. Leo S. Packer, director of the Bureau of Research and
Engineering, is eager to give and receive every assistance in this
direction. After obtaining the list of POD’s needs from the bureau
and comparing them with your company’s product lines and capa-
bilities, consider the possibility of submitting an unsolicited propos-
al to the POD.

The time for action is now. The POD is determined to modernize
its operations, exploiting all the resources of today’s technology.
Let’s stop crying about letters that take two weeks to arrive, and
start working with the post office to make sure that the last increase
in mailing rates will really be the last one.

PETER N. BUDZILOVICH
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The Tektronix Type 454 is an advanced new portable oscil-
loscope with DC-to-150 MHz bandwidth and 2.4-ns risetime
performance specified at the probe tip. The new P6047 10X
Attenuator Probes and the optional FET and current probes
are designed to solve your measurement problems.

The Type 454 has a dual-trace vertical, high-performance
triggering, 5-ns/div delayed sweep and solid state design. You
also can make 1 mV/div single-trace measurements and 5
mV/div X-Y measurements.

The dual-trace amplifiers provide the following capabilities
with or without the P6047 probes:

Deflection Factor* Risetime Bandwidth

20 mV to 10 V/div 24 ns DC to 150 MHz

10 mV/div 3.5 ns DC to 100 MHz
5 mV/div 5.9 ns DC to 60 MHz

Two P6047 Miniature 10X Attenuator Probes are included
with the Type 454. They have a 10 M) input resistance and 10.3
pF input capacitance and provide DC-to-150 MHz bandwidth
with 2.4-ns risetime performance when used with the Type 454.

The Optional P6045 FET Probe features unity gain with
10-MQ input resistance and 4-pF input capacitance. With the
Type 454 it provides a system risetime of 2.7 ns and a band-
width of DC to 130 MHz from 20 mV/div to 10 V/div without
signal attenuation. Probe power is obtained from a jack on the
front panel of the Type 454.

The Optional P6020 Current Probe is easy to use with its
clip-on feature and it provides up to 2.4-ns risetime and 150-
MHz bandwidth when used with the Type 454.

Type 454/P6020 Characteristics (454 at 20 mV/div)

*Front panel reading. With P6047 deflection factor is 10X panel reading.

The Type 454 can trigger to above 150 MHz internally, and pro-
vides 5 ns/div sweep speed in either normal or delayed sweep
operation. The calibrated sweep range is from 50 ns/div to
5 s/div, extending to 5 ns/div with the X10 magnifier. Calibrated
delay range is from 1 us to 50 seconds.

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

Deflection
P6020 Factor Risetime Bandwidth

1 mA/mV 20 mA/div 3ns 8.5kHz to 120 MHz

10 mA/mV | 200 mA/div 2.4 ns 935 Hz to 150 MHz
Type 454 (complete with 2-P6047 and accessories) . . . . . . . $2600
Rackmount Type R454 (complete with 2-P6047 and accessories) . $2685
Type P6045 FET Probe (010-0204-00) . . . . . . . . . . . . .. $ 275
Type P6020 with Passive Termination (015-0066-00) . . . . . . . $ 135

U.S. Sales Prices FOB Beaverton, Oregon

...part of the Tektronix commitment

to progress in the measurement sciences

ON READER-SERVICE CARD CIRCLE 29
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Technology

Courtesy of Cary Instruments, subsidiary of Varian Associates

The future direction of test instrumentation is but they are only part of the story. An analysis
keyed to integrated circuits and automation, of trends in the reference insert on p. T6.

Na'ER%"A

Distortion can be read in three ways that intermodulation products. The method used
range from approximation to evaluation of all should be what best suits the system. Page 56

Also in this section:

Binary-to-decimal conversion can be made faster with fewer logic blocks. Page 50
Dielectric constants of 12 common plastics are shown by a simple nomogram. Page 62

Ideas for Design. Pages 66 to 74.
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Here Are The Two
PNP Transistors You Would
Build For Your Own

Audio Amplifier Designs!
(and the 2N5086-87 are available in quantity)

aybe you can’t find transistors that have all the
features you want for a design. But the new
Motorola PNP 2N5086 and 2N5087 plastic packaged
devices for audio amplifier applications come about as
close as you can get to all-around versatility and per-

formance perfection . . . just like you would build for
yourself!
These devices offer such features as:
2N5086 2N5087
High Voltage (BVceo) 50 V (min) 50 V (min)
High, Stable Gain
(hee @ Ic = 100 4A) 150 (min) 250 (min)
Low Wideband Noise Figure
(lc = 20 uA, Ve = 5 Volts) 3 dB (max) 2 dB (max)
Low Current-Gain
Bandwidth Product (f,) 120 MHz (typ) 150 MHz (typ)
Prices (5,000-up) $0.35 $0.38

In addition, then, the 2N5086-87 transistors give
you good gain linearity at low currents . . . excellent
signal-to-noise ratio . . . good amplification of the
wanted signal . . . extra flexibility in your choice of
supply voltage . . . and less chance of parasitic oscilla-
tions — due to low f.

PLUS, you get additional benefits like low leakage
current for good bias stability (Iczo = 10 nA (max) at
10 V) ... rugged TO-92 UNIBLOC* plastic package

~whene the priceloss ingnediont is eane!

ON READER-SERVICE
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. . . and patented Annular device structure for extra
stability and reliability.

AVAILABILITY UNLIMITED! Production
quantities of both devices are available, immediately.
Contact your Motorola field representative or fran-
chised Motorola distributor to fill your order — with
no waiting. For detailed data, write Dept. TIC, Box
955, Phoenix, Arizona 85001.

*Trademark of Motorola Inc.

Excellent Noise Characteristics At Four Current Levels!
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MODEL 2005 PRECISION POWER SOURCE 0-20VDC, 0-500MA
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POWER DESIGNS INC , NEW YORK

MODEL 2005

0-20 VDC, 0-500 MA

The Model 2005
combines the accuracy of a
precision DC voltage calibrator
with a general purpose power
supply at a fraction of the

cost of equivalent instrumentation.

Povides

.0019%, plus 100 vV Stability / 8 Hours
100 uV Peak to Peak Ripple & Noise
.00059%, plus 500 uV Regulation
.0019%,/°C Temperature Coefficient

10 #V Resolution

® All the Added Features of a High Quality Power
Supply: Remote Sensing, Remote Programming,
Current Limiting, Etc.

Rack Panel Adapter RRB-12

: $325.00

FOB WESTBURY

WRITE FOR DETAILED SPECS.

POWER DESIGNS PACIFIC, INC. POWER DESIGNS, INC. P
3381 JUNIPERO SERRA « PALO ALTO, CALIFORNIA 1700 SHAMES DRIVE + WESTBURY., N.Y. %
415-321-6111 TW>X: 910-373-1251 516 EDgewocod 3-6200 TWX: 510-222-6561
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Test Instrument
Reference Issue

William Alvarez
Directory Editor

Maria Dekany
Technical Editor

ELECTRONIC DESIGN’s Test Instrument listing puts the whole spectrum of test
equipment at the design engineer’s fingertips.

The ten most widely used instrument groups are included in this Directory. In
each group the devices are listed according to a key parameter. For example, digital
voltmeters are listed by their maximum voltage ranges. In addition, at the end of
each group you'll find a list of manufacturers with a cross index that helps locate
instruments by their model number. For additional data, circle on the Reader Serv-
ice card the number assigned to the manufacturer in the cross index. The card,
located inside the back cover, is good for a whole year.

What Makes Test InstrumentsTick? . . . . . . . . .. ... .. . ..... T6
Multitesters. . . . . . . . . ... T14 Frequency Meters. . . . . . . . T84
CIDBe INGeX. & s 0t i 5 i T17 Crossindex =0 o o ki 186
Oscilloscopes . . . . . .. ... 0= T20 Waveguide Frequency Meters . . T88
Crassihadese L T N Cross IRGeI. 1o i % e el T96
Digital Voltmeters. . . . . . . . . Frequency Counters. . . . . . . T100
CROSSHINEeY -5 7 R S e Grossingex s W e B sue T104
Spectrum Analyzers. . . . . . . . Field Strength Meters . . . . . . T106
YOS NGNS, oo 5w e 2 Crosslndex . .\ .. < s T108
VS i o b i ek Slotted Lines . . . . . . . . .. T110
Crossindex .7, o v v wiw's & Crossindex . i la g T114

Data for this Test Instrument Directory were tabulated by Greg Guercio,
president of Technical Information Corp., Smithtown, N. Y. The com-
pany publishes directories on electronic test instruments. A complete
set of six volumes is available for $300.

ELEcTRONIC DESIGN 20, September 27, 1967
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Update Your
Test Instrument File

...in two simple steps (at no charge)

Step 1

Discard obsolete data sheets and catalogs

Step 2

Circle the appropriate numbers on the Reader Service card and receive
the latest data sheets, notes on new measurement techniques and test
procedures, price lists and catalogs from test instrument manufacturers.

Result

. . . a completely updated test instrument file.
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Our military switches
are sweeping
the country!

Quick now, what'’s the first thing you think of when you
think of Cutler-Hammer military switches?

We thought so: airborne equipment.

Not surprising. We created the first line of switches for
airborne use back in the roaring 20’s. Today, nearly every-
thing that flies—from helicopters to space vehicles—uses Cutler-
Hammer switches.

So what’s new? Just that designers are discovering that these
same switches work as well in ground support equipment, ship-
board electronics, and ordnance as they do in the air.

That’s because of the painstaking care we take in design and
manufacture. The exhaustive in-process inspection. And our
rigorous final testing.

The result? Unquestionable reliability, performance, and
long life—under extreme environmental conditions.

On your next project—ground, marine, or airborne—
specify Cutler-Hammer military switches. Call your

local stocking distributor, or write for new catalog
LL-291-K217.

SWitCh Aore than just switches:

prompt availability,
field help, innovation,
tO NO.] quality assurance too.

A few of the thousands of military switches available
from Cutler-Hammer: miniature, and standard-size
positive-action toggle switches (MIL-S-8834), Shallcross
rotary switches (MIL-S-3786).

CUTLER-HAMMER

Milwaukee, Wisconsin 53201



What makes test instruments tick ?

Automation and integrated circuits are the key concepts,
but they don’t solve all problems, as you'll find out here.

Test instrument designers are rallying to the aid of
engineers who are being overwhelmed by floods of
measured data. The test instruments of the future
will help them to collect meaningful data in the simp-
lest fashion and to extract as much information from
the data as possible.

The key concept is electronic data-processing. In-
struments will be designed to fit in with computers,
to provide data in a form suitable for in-line proces-
sing, and to operate under software program. In short,
equipment will be automated and programmable.

Increased complexity, however, must not bring in-
creased costs; the changes have to be made at reason-
able expense. This aim is well served by the growing
interchangeability between analog and digital tech-
niques, which affords an opportunity to take advan-
tage of inexpensive digital integrated circuits.

These trends are leading toward a completely new
class of test instrument—one that is wholly under
software control.

These advances will not be unaccompanied by
problems and are bound to affect the technical think-
ing and approach of both instrument design engi-
neers and users. As the engineer begins to control the
system from a keyboard or some other simple, conver-
sational input, large parts of earlier experimental cir-
cuit synthesis and component-optimizing work are
likely to be reduced to a few rapid measurements or
calculations based purely on his instructions.

Where do linear ICs fit in?

All these development hinge on adroit use of var-
ious integrated circuits—monolithic, hybrid, thick-
and thin-film types.

Integrated circuits first found a home in digital in-
struments, primarily because digital ICs are much
simpler, cheaper, more versatile and more readily
available than linear units. Nowadays, however,
some instrument manufacturers are developing dig-
ital and linear ICs for specific instruments, to im-
prove and expand on those instruments’ processing
abilities.

An exclusive interview with Robert Brunner, Corporate
Engineering Manager, Hewlett-Packard, Palo Alto, Calif.,
edited by Maria Dekany, Technical Editor.
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Even in the most typically digital of instruments,
DVMs and counters, a considerable amount of sig-
nal-conditioning must be performed with linear cir-
cuits. This is especially notable in the plug-in
models, which are the most popular types.

At present, linear circuits are hard to devise as dir-
ect replacements for established solid-state circuits.
Even though tremendous progress is reported with
linear ICs,' they are still costlier and less versatile
than digital types or their discrete counterparts.

The design of the Hewlett-Packard loudness ana-
lyzer® illustrates the point. It contains 20 third-
order filters, which use a total of 60 operational am-
plifiers. In these circuits, some cost or performance
shortcoming precluded the use of integrated opera-
tional amplifiers.

This situation may change in the future. The pres-
ent difficulty may be somewhat lessened, but not
overcome altogether, by use of hybrid circuits. Since
the number of units needed for signal-conditioning is
typically rather small, a special integrated or hybrid
circuit must yield a significant improvement in per-
formance over a discrete circuit to justify its devel-
opment cost.

Finally, thick- and thin-film hybrids may also find
a place in test instruments that use only a few digital
circuits, such as oscilloscopes, spectrum analyzers,
and sweep generators. The payoff will not be in cost,
but in the improvement of some vital parameter—for
example high-frequency capability due to the
smaller size of the circuit.

It is safe to predict, then, that the emergence of in-
struments with many integrated circuits will be
rapid where the instrument is primarily digital,
somewhat slower where it is analog.

The trend toward instruments that are simpler on
the outside, even if not on the inside, is enhanced by
ICs but is only marginally related to them. This sim-
plicity is required because man prefers it and the
computer virtually demands it.

Another aspect of this question of simplicity is the
form of the measured data. Why should an engineer
have to read volts and then translate them into appro-
priate physical units such as pounds, inches, or de-
grees of temperature? Certainly, modern instruments
should be expected to read out in appropriate units,
to simplify their use as separate instruments or as

ELecTRONIC DESIGN 20, September 27, 1967



See a frequency counter on a card; add the case and the
power supply and the counter is ready to operate up to

Subject loudness is plotted on the scope face while the
meter shows the absolute loudness. Hewlett-Packard's
loudness analyzer selects the proper spectrum with
comb filters and performs complex analog signal pro-
cessing to arrive at these data, which formerly had to be
calculated manually. But there are no linear integrated
circuits in the filter system.

ELECcTRONIC DESIGN 20, September 27, 1967
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12.5 MHz, according to Hewlett-Packard. It uses inte-
grated-circuit counter decades, buffers and nixie drivers.
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Noise signals are replacing impulse trains in many tests.
A typical noise signal from the Gaussian output of Hew-
lett-Packard's pseudo-random noise generator is shown
on the general-purpose oscilloscope (top trace). A multi-
channel analyzer monitors the noise pattern and plots its
probability density function, which verifies the Gaussian
nature of the noise (bottom trace).



part of a system. That this may take additional inter-
nal circuitry is not germane to the instrument’s ex-
ternal simplicity, so long as the circuitry requires no
special controls or other inputs. Here, too, ICs can
make these features economically feasible.

How large a part should computers have?

It has already been stated that the key concept is
electronic data-processing. The big debate is how
much of it should be done on a general-purpose com-
puter and how much should be built into the instru-
ment.’

There are many instances of complex computation
where the temptation is to take the output data as
they emerge from the measuring device and either
process them with an on-line computer or record
them for later off-line processing. In some cases

the computational process can best be done right-

inside the measuring instrument. There is no
clear choice but the desire for near-instantaneous
display of processed data would shift the balance in
favor of self-sufficient instruments.

To those who believe that the digital computer may
inherit the earth, the most useful instrument is a pro-
grammable, high-speed, high-accuracy, high resolu-
tion A/D converter with a large choice of signal-condi-
tioning front ends. This would allow a tremendous
range of measurements, all of which would be repre-
sented by raw digital data requiring processing by a
computer. Unfortunately, the accuracy, convenience
and range of the measurements would still be limited
by the capability of the analog input stages.

At the other end of the scale are self-sufficient in-
struments that comprise measuring circuits, compu-
tational facilities and display systems.

Hewlett-Packard’s loudness analyzer, for example,
has a cathode-ray tube and a meter display which
provides the desired information on loudness in sev-
eral forms, each of which previously required tedious
data-manipulating and -graphing processes. The in-
strument is designed as a purely analog, discrete-
component machine that processes the measured
data into meaningful display and output. The
analog approximation circuits are adequate and
their processing time constants are compatible with
subjective response to noise transients as well as
repetitive sounds. The information display is in real
time.

New instrumentation techniques

How does one predict new instrumentation tech-
niques? The simplest way is to examine the evolu-
tion of the methods in use today. It was, for instance,
the voltage tunability of backward-wave oscillators
that made swept-frequency testing at microwave fre-
quencies popular. Very high-frequency sampling
scopes and related fast pulse techniques led to time-
domain reflectometry. Sampling capability from dc
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through X band enabled convenient phase and am-
plitude measurements to be made at microwave fre-
quencies. Such precedents suggest that the develop-
ment of a new instrument or an improvement in the
versatility of an existing one may give rise to a new
class of testing methods.

Test engineers have long been interested in an in-
strument that allows them to switch conveniently
from the time domain to the frequency domain and
back. The exploding popularity of spectrum ana-
lyzers since the introduction of models with measur-
ing convenience and calibration accuracy, which
complements the time-domain oscilloscope, is a
clear indication of this. While the ability to view
signals and make measurements in either domain
does not #xactly represent a true transform capability,
the popularity of the devices suggest that further
development on spectrum analyzers is warranted.

Other signs of interest in true transform ability
include the preparation of computer programs that
provide the Fourier transform of time-varying data.
These programs are generally not fast enough yet for
real on-line touch and read capability using an A/D
converter, general-purpose computer and display.
But several hard-wired special-purpose machines
that provide essentially real-time transforms have
been built.

Pseudo-random noise as test signal

New instrument capabilities lead to new testing
techniques. From a mathematical viewpoint, noise
has been recognized for some time as a good test
signal. Its obvious application was for low-fre-
quency systems, where such signal techniques as
frequency response, square wave, and impulse
testing fall short for one reason or another. The
evolution of techniques to put it to use depended
on the development of a noise source that not only
had spectral and amplitude statistics typical of
noise but was also controlled and repetitive, so
that the ramdom nature of noise could be elimi-
nated.

The pseudo-random noise generator provides a
signal with just these qualities. Based on digital
techniques, it has a clock-driven logic system that
ensures an absolutely repetitive binary pattern.
Pattern length and clock rate are adjustable over
wide ranges but the spectral power density of the
output is absolutely defined. In addition to the bin-
ary pattern output, there is further internal digital
processing and conversion to analog. ,This pro-
duces an output with a Gaussian probability den-
sity function. The process also adjusts the power
density spectrum to be very nearly rectangular.
Absolute control, statistics, and repeatability of the
analog pattern are retained.

For low frequencies, an impulse train is often
suggested as a test signal, because its broad flat
spectrum exercises the item under test over a wide
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Digital ICs in a dual NAND-NOR gate configuration re-
place operational amplifiers in oscilloscopes of Measure-
ment Control Devices, Inc. (on blue card).

What'’s in the box? A portable test instrument, that can
function as a digital voltmeter, a digital time, frequency
or period counter, or as an ac converter. The modular
construction permits this flexibility, as Thomas
Laugesen points out to Art Hoyt, both from Electronic
Associates, Inc.

Printed-circuit cards help combine versatile systems
with off-the-shelf output devices. The upper card has
miniature switches to provide preset work-counting and
the lower unit has miniature patch board for format
flexibility.
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frequency range all at once. Moreover, the im-
pulse response contains complete information
about the system, so long as it is not driven out of
its linear range by the impulse. The technique’s
main limitation is its inability to put much broad-
band energy into the system, because it has to use
a low-duty-cycle impulse train. It must not be of an
amplitude great enough to drive the system be-
yond its linear range. Providing greater sensitivity
in the system-measuring instrument is generally
ruled out by inherent system noise.

As a test signal, noise has distinct advantages
over an impulse. Its only real limitations are the
need to control its randomness and the difficulty
of generating a known flat spectrum down to es-
sentially de.

Pseudo-random noise specifically overcomes
these problems. Because its autocorrelation func-
tion approximates an impulse, the system output
can be cross-correlated with the input signal to
yield the desired system impulse response. Noise
inherent in the system is suppressed in the meas-
urement result because it is not correlated with the
input noise. The continuous-wave nature of the
noise enables the system to be driven with appre-
ciable energy evenly distributed throughout the
spectrum of interest without danger of driving it
out of its linear range.

It is arguable that this is not true noise because
it repeats, but if the sequences last a bit longer
than the period of interest for a given measure-
ment, then the fact that they repeat later is of no
consequence. After all, consider the analogy be-
tween pseudo-random noise and an impulse train.
The length of the noise sequence controls the
density of lines in the frequency spectrum just as
does the impulse repetition rate. The band width of
the spectrum is controlled by the random-noise
clock rate while the bandwidth for an impulse is
dependent on the impulse width.

Once the response to an impulse input is known,
the engineer can anticipate the system’s responses
to other stimuli in either the time or the frequency
domain. This makes cross-correlated noise meas-
urement particularly appealing. It has been imple-
mented by recording both the input and output
noise, and then digitizing and performing the
cross-correlation in a general-purpose computer
on an off-line basis. Several hard-wired instru-
ments have also been built. The existence of the
pseudo-random noise generator will ultimately sim-
plify building either a correlation instrument or ar-
ranging a computer system for the purpose.

Computer-controlled design is wave of the future
The use of programmable signal sources for stim-

ulus, and programmable instruments for measuring
the response of a circuit or device under test, is best
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illustrated by military systems, such as GPATS
(General-Purpose Automatic Test System), which
routinely test a wide variety of airborne electronic
systems. But such systems will only become suitable
for R&D if the ability to change parameters, modify
test conditions, and vary computational procedures
to suit a wide variety of problems can be built into
them.

The shape of the future for designers is typified by
an experimental system in one of Hewlett-Packard’s
engineering laboratories. It is an instrument system,
controlled by a small computer, which greatly short-
ens design time on complex devices.

The system contains several elements. A network
analyzer is connected through precision rf hardware
to a mounting fixture, to which many different de-
vices may readily be connected in several configura-
tions. These devices may be passive or active,
simple or complex—usually they are high-frequency
transistors.

The interconnecting hardware is calibrated at
many frequencies. Errors have been determined and
recorded in vector form in the computer’s memory.
Dc sources and sweep oscillators are programed, so
swept measurement may be commanded by the com-
puter under many different conditions of bias and at
many dynamic levels. Only information corrected
according to the stored errors is retained for calcula-
tion, so the system combines the accuracy of tedious,
point-by-point, calibration-corrected measurements
with the speed of swept measurements.

For a quick look, the engineer might, for example,
ask to see an oscilloscope display of maximum avail-
able gain under optimum matching conditions over
a range of interest, perhaps up above X bands. A
series of closely-spaced dots quickly appear on an
ordinary laboratory oscilloscope. He may then ask
for a presentation of optimum matching conditions
for maximum gain. This will be a vector display,
giving both magnitude and phase angle for each fre-
quency. He may command the system to derive a full
set of s parameters on the device and to type them
out. These may be stored, if desired, and the engi-
neer may then have the computer convert them into
y, z, or h parameters by a three-character command.®

Much equipment is still needed

The focus hitherto has been on trends rather than
specific needs, successes, and problems. This is not
to imply that all sensing, generating, measuring,
memory, and readout techniques have been per-
fected.

There are still some specific requirements for
which answers are just beginning to evolve or are
still distant. More convenient and pleasing readout
devices are needed, along with better visual record-
ing media with improvements in speed, cost, and
quality. There is great need for good voltage-tunable
solid-state microwave signal sources that operate at
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Random notes from elsewhere

It is all but impossible to examine every new ad-
vance in instrumentation and measurement tech-
niques. So a couple of examples, which appeared to
represent a trend, a school of thought, were se-
lected:

= The application of digital integrated circuits in
place of linear ones. (For a special report on this
theme, see “Digital chips shift into analog ter-
ritory,” ED 18, Sept. 1, 1967, pp. 41-64.

m The sophisticated use of random events.

The uphill battle facing linear integrated circuits
is illustrated by the experience of Measurement
Control Devices, Inc. The company needed opera-
tional amplifiers in the vertical channel of one of its
oscilloscopes. But, says president Nathan Bylock,
digital integrated circuits proved to be a better solu-
tion. A dual RTL 914-type NAND-NOR gate was
connected as a dual transistor, to achieve the sym-
metry of a multiple device on a single chip. The dual
transistor was then connected as a differential am-
plifier, fed by the —6-volt source through a resistor
(see circuit diagram). The output is inverted by QL.
which is a gain-of-two amplifier. The total cost was
94 cents—12 per cent of the cost of a discrete-com-
ponent approach. The integrated circuits occupy
less space—11 per cent of what the discrete versions
would take—and have improved thermal stability.

‘Integrated operational amplifiers were consid-
ered and discarded, says Bylock. They cost twice as
much as their discrete counterparts and offered no
better performance than the digital gated approach.

As Bob Brunner pointed out previously, random
noise is becoming an accepted test signal, because
practical instruments are now available at reason-
able costs. The same is true of random sampling, ac-
cording to a Tektronix project engineer, Al Zim-
merman.

Random sampling needs no pretrigger

The principles of random sampling have been
known for years, but only recently have the proper
instruments become available.

The random sampler displays a repetitive wave-
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A 914-type dual RTL NAND-NOR gate is connected as a
dual transistor on a single chip. The other components
make the chip perform as an operational amplifier.

form much as a conventional sampling oscilloscope
does, but with one difference: no delay line or pre-
trigger is required for lead time in the display. This
confers a host of benefits:

mThe inherent distortions and rise-time limitation
of bulky signal delay lines are eliminated.

m [t is no longer necessary to work into the 50-charac-
teristic impedance of a delay line.

m Direct sampling probes may be used for conven-
ient high-impedance, in-circuit signal pickup.

m Triggers may occur prior to, coincident with, or
even after the displayed signal without sacrificing
lead time in the display.

mDisplay jitter caused by pretrigger-to-signal jit-
ter or by signal-period uncertainty is eliminated.
mSignals with no convenient source of pretrigger
can be observed.

low voltages and over ever-increasing bandwidths.

Although remarkably high accuracy has been
achieved in dc voltage generation and measurement,
there is room in ac measurement for considerable
improvement—about an order of magnitude.

The advantages of converting physical quantities
into digital signals that are more immune to noise
and capable of a higher degree of resolution than
transducers of the analog type are evident. For this,
a higher impedance probing capability is necessary
at higher frequencies and, if this capability requires
an active circuit, it will be equally important for the
need for wide dynamic range to be satisfied.

Finally, one area that demands considerable at-
tention is that of interface standards. There should

ELECTRONIC DESIGN 20, September 27, 1967

be some assurance that instruments, computers, and
peripherals can be conveniently programed and in-
terrogated and that the data involved can be passed
between elements of a system with some uniformity
of codes, impedance levels, and polarity. Not nearly
as much has been done in this regard as might be
deduced from the present proliferation of systems-
oriented instrumentation. = =
References:

1. R.K. Field, “The Tiny Exploding World of Linear Microcir-

cuits”’, ELectroNic DesiGN XV, No. 15 (July 19, 1967),
49-72.

2. “Loudness Analyzer Imitates the Ear’s Response”, ELEc-
TRONIC DESIGN , XV, No. 12, (June 7, 1967), 36.
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Multitesters

VOLTAGE RANGES CURRENT RANGES RESISTANCE RANGES Tone
Min. | Max. Min. | Max. Min. | Max. Meter C-écb. Price
Sensitivity Acc. Acc. Calib.in: | P-Port. | Approx
Manufacturer | Model Qv Vv kv No.| % mA A No. | % k) MQ No. VQLA R-Rack $
Hartmann Elavi J de | 0.1 60 0.6 |3 2.5 | none | none | none|none | none | none none VA P ina
ac | 0.1 60 0ié 13 255 \|i1500°] 30 3 2.5 (d)
Avo Ltd PA de | 0.1 1.5 ] 9 0.3 155 j 5 9 0.5 none | none none VA (¢ 555
ac | 0.1 3. 15 |8 075003 15 8 0.75 (ie)
M | Hartmann Multavi2 | dc | 0.333 6 0.6 5 ina 3 6 6 ina none | none none VA P 68
1 ac | 0.333 b 0.6 5 ina 8 é 6 ina (de)
Hartmann Multavi$ | de [ 0.333 0.06 | 0.6 6 ina ina ina ina |ina none | none none v P 20
ac | 0.333 6 0.6 5 ina 1.2 150 12 |ina (de)
Hartmann Elavi 1 dc | 0.333 0.06 | 0.6 |6 2.5 |3 30 5 2.5 ina 0.01 ina VO A P ina
ac | 0.333 6 Q-6 0155 2,5 | 300 | 30 4 2.5 (d)
Hartmann Elavi 11 dc | 0.333 0.06 | 0.6 6 2.5 |3 30 5 2.5 ina 0.05 ina VQLA B ina
ac | 0.333 6 0.6 |5 2.501]-300. 1-30 4 2.5 (d)
Hartmann Elavi 12 dc | 0.333 0.6 [0.6 |6 255 1|83 30 5 2:5" F0:058]"0-005 2 VLA B ina
ac | 0.333 6 0:6 |5 2.5 | 300 {30 4 2.5
Avo Ltd 40 dc [ 0.333 0.06 | 1.2 12: 6 12 8 1 1 1 4 VR A P 99
ac |0.333 |6 15258 2.25 | 6 12 8 2.25 (de)
M | Barnett 431-AN  |dc | 1 15 3 6 ina s B 7751 ] ) ina 10 1 3 VQ A P 25
2 ac | 1 15 3 6 ina none | none | none|none
Triplett 666-R de [ 10 5 5 3 10 1 3 3 3 3 3 VLA P 42
ac | 1 10 5 5 4 none | none | none|none (d)
Simpson 240-4 de |1 15 3 5 3 15 0.75| 3 3 3 0.3 2 VQRLA B 40
ac | 1 15 3 4 5 none | none | none|none (d)
Simpson 230-2 de | 1 10 1 4 3 10 0.25 | 3 2 1 0.1 2 VQRLA P 40
ac | 0.4 10 1 3 5 none | none | none|none (d)
Assoc-RE 205 de | 1 150 125 3 2 none | none | none|none |20 200 2 ina C 195
ac |1 150 0:75 |3 2.5 none | none | none|none (df)
Assoc-RE 210 de |1 150 | 0:75"|'3 2 none | none | none|none |2 200 2 ina € 175
ac |1 150 0.75 |3 2.5 | none | none | none|none (df)
M | Assoc-RE 208 de | 1 150 0.6 3 2 none | none | none|none |2 200 3 va C 190
3 ac |1 150 0.6 3 2.5 | none | none | none|none (df)
Assoc-RE 201 dc | 1 150" |06 |3 2 none | none | none|none |2 200 2 va (e 148
ac | 1 150 0.6 3 2,5 | none | none | none|none (df)
Assoc-RE 204 de |1 150 0.6 3 2 none | none | none|none |2 200 2 \%13 C 185
ac |1 150 0.6 3 2.5 | none | none | none|none (df)
Inst-Lab 102 de | 1 0.05 | 0.5 8 2 1 25 6 2 0.01 |1 2 VR A C R 195
ac |1 5 0.5 1'5 3 1 25 4 3 (d)
Assoc-RE 233 de |1 30 0.3 |3 2 none | none | none|none |2 200 2 va C 192
ac |1 150 0.6 3 2.5 | none | none | none|none (df)
Hartmann MultaviB |dc |1 6 0.6 |4 1 15 15 6 1 10 1 2 VQA P 235
ac |1 IS5 026 R ES S [ 6 5 155 (de)
M | Avo Ltd 7 de |1 0.05 | 1 J2 ] 1 10 10/ |1 10 40 5 VAL A P 99
4 ac |1 5 1 8 2.25 |5 10 8 2,25 (dehij)
Hartmann Multavi5 |dc |3.333 0.06 | 0.6 8 ina 0.3 |6 9 ina 0.01 | 60 ina ina P 80
ac |0.666 0.3 0.6 7 ina 1.5 6 8 ina (d)
Hartmann Multavi5L | de |3.333 0.006| 0.6 8 ina 0.3 -] 9 ina 0.01 | 60 ina ina P 108
ac | 0.666 0.3 0.6 74 ina 155 6 8 ina (d)
Hartmann MultaviP |dc |3.333 0.006| 0.6 8 ina 0.3 6 9 ina 0.01 | 60 ina ina ¥ 82
ac | 0.666 0.3 0.6 7 ina 5 6 8 ina (d)
Hartmann Elavi 2 dc |3.333 0.15 | 0.6 7 255 0.3 155 ] 2.5 1 0.1 2 ina p ina
ac |3.333 6 06 1S 2.5 |i0:3 155 |6 235
Physics 226211p |dc |3.333 0.012] 1.2 100 118 0,301 130 9 1 0.0001 10 4 VQ A P 113
ac |3.333 0.012] 1.2 100 1151.5 210581530 9 1.5 (d)
M | Simpson 355 de | 10 i 3 572 ] 3 none | none | none|none [0.12 |10 4 vQ P 47
5 ac |10 3 1.2 5 5 none | none | none |none (df)
Avo Ltd MM4 dc | 10 2.5 1 6 2:25/ 1041 1 5 2.25 |20 2 2 ina P 35
ac |1 10 1 5 2.75 | none | none | none |none (d)
Heath MM-1 dc |20 1l ] 7 ina 015|156 5 ina 2 20 3 VR A P 30
ac |5 =5 5 7 ina none | none | none |none (dk) (kit)
E-Measur 109A de |20 ) 3 5 ina 6 0.6 3 ina 20 20 3 VQA P 28
ac |10 12 3 5 ina 30 3 3 ina (h)

See reader-service card for valuable FREE reprints.
Circle as many numbers on the reader-service card as you like.

Get detailed data: use the reader-service card.
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Multitesters (continued)

VOLTAGE RANGES CURRENT RANGES RESISTANCE RANGES Type
Min. | Max. Min. | Max. Min. | Max. Meter [C-Cab. | Price
Sensitivity Acc. Acc. Calib.in. :|P-Port. | Approx
Manufacturer |  Model kQ/V v kV | No.| % mA A No. | % Kk M No. VQ A R-Rack $
RCA WV-38A | dc | 20 2:5 5 ) 3 0.05 | 10 6 3 2 20 3 VR A P 50
ac | 5 2.5 |5 6 5 none | none | none| N/A (d)
Simpson 262-2 dc | 20 1.6 4 7 3 0.08 | 16 7 3 0.5 50 é VR A P 75
ac [ESNE 3 0.8 5 5 none | none | none| N/A (dk)
M | Internat VOM-22 | dc | 20 5 1.5 5 3 0.5 0.5 4 3 2 2 4 VRLA P’ 40
6 ac | 15.5 15 Fo5 115 5 none | none | none|N/A (d)
Simpson 268 de | 20 3 1.2 ) 3 0.06 | 12 S 3 2 20 3 VR A P 65
ac |58 3 12 |6 5 none | none | none| N/A (dk)
Triplett 631 de | 20 3 122 5 3 0.06 | 12 6 3 1.5 150 4 VQA P 78
ac | 5 3 152 5 4 none | none | none|N/A (dk)
Triplett 310 de | 20 3 102 5 3 0.6 0.6 4 3 20 20 4 VLA P 42
ac | 5 3 1.2 | 5 5 none | none | none|N/A (d)
Hickok 455A dec | 20 3 L2 |6 3 0.05 | 10 6 3 5 100 4 VQA P 90
ac | 20 3 L I 5 none | none | none|N/A (d)
Simpson 160 dc | 20 2.5 1 8 3 0.05 | 0.5 5 3 3 30 5 VQA 2 ina
ac | § 2.5 1 S 4 none | none | none|N/A (k)
M | Triplett 310-C de | 20 3 0.6 5 3 0.6 0.6 4 3 20 20 4 VA 4 53
£ ac | 15 3 0.6 |5 5 none | none | none|N/A (d)
Connolly 651 dc | 20 2.5 1 é 2.25 110.05 |1 0 2:25102 20 3 VQA P 40
ac | 2 2:5 1 6 2.75 | none | none | none|N/A (dfh)
Triplett 630 dc | 20 3 ) 6 2 0.06 | 12 5 2 1 100 4 VR A P 58
ac |5 3 6 6 3 none | none | none| N/A (dk)
Triplett 630-PLK dec | 20 2.5 5 6 2 0.1 10 5 3 1 100 4 VO A P 89
(c) ac | 5 3 5 6 3 none | none | none|N/A (dk)
Triplett 630-PL dc | 20 2.5 5 6 2 0.1 10 5 3 1 100 4 VR A P 58
ac |5 3 5 ) 3 none | none | none|N/A (dk)
Simpson 260-5P de | 20 0:25 |5 7 2 0.05 | 10 é 2 2 20 3 VQRL A P 88
ac |5 2.5 5 é 3 none | none | none|N/A (dk)
M | Simpson 260-5 dc | 20 0.25 | 5 7 2 0.05 | 10 é 2 2 20 8 VO A P 58
8 ac |5 2.5 5 6 3 none | none | none|N/A (dk)
Triplett 630-L dec | 20 0.25'1'5 7 2 0.1 10 5 2 1 100 4 VO A P 60
ac | 5 3 5 é 3 none | none | none|N/A (dek)
Weston 980Mk2 dc | 20 1.6 4 7 2 0.08 |8 6 2 1 10 5 VO A P 57
ac |1 1.6 1.6 6 3 none | none | none|N/A (dfh)
Avo Ltd 9IMk2 dc | 20 3 3 7 2 0.05 | 10 7 1 2 20 3 VR A P 99
ac | 1 10 3 ) 2.25 | 10 10 4 2.25 (de)
Avo Ltd 8Mk111 de | 20 2:5 2.5 8 2 0.05 | 10 7 1 0.0025( 200 b VQ A P 99
ac |1 2.5 2.5 7 2.25 | 100 10 4 2025 (deh)
Weston 779-8 de | 20/1 2.5 1 ) 2 0.1 10 4 2 3 30 4 VO A P 207
ac |1 2.5 1 5 3 none | none | none | N/A (dfh)
M | Simpson 250 dc |20 0.05 | 1 8 2 0.05 |10 6 2 2 20 3 VR A 4 63
9 ac |5 2:3 1 é 3 none | none | none | N/A (dk)
Simpson 255/0531 | dc |20 0.05 | 1 8 2 0.05 | 0.5 D 2 2 20 3 VQL A P 90
ac |5 2.0 1 5 3 5000 | 250 4 ina (dk) 30
Simpson 263 dc | 20/10 0.15 | 6 18 1.5 0.075 | 15 12 1.5 0.5 50 é VQA P 88
ac | 10/5 2.5 =5 10 |3 none |[none | none |N/A (dk)
Triplett 800 dc | 20 0.12 | 6 14 1.5 0.06 |12 12 1.5 1 100 6 VQRA B 105
ac | 10 1.5 | 6 125053 none | none | none | N/A (dek)
Triplett 630-APL | dc | 20 2,5 5 6 1.5 0.1 10 5 135 1 100 4 VQRA P 68
ac |5 < 5 6 3 none | none | none [ N/A (dek)
Simpson 261 dc | 20 0.25 | 5 74 15 0.05 |10 6 1.5 0.002| 20 3 VRA P 68
ac |5 2.5 5 é 3 none | none | none|N/A (defh)
M | Triplett 630-APLK | dec | 20 025 |5 7 1.5 0.1 10 ina |1.5 1 100 4 VQRA P 100
10 (c) ac |5 3 5 6 3 none |none | none [ N/A (dek)
Triplett 630-A dc | 20 3 6 6 1.5 |0.06 |12 5 1oD 1 100 4 VR A P 68
ac |5 3 6 6 3 none | none | none |N/A (dek)
Simpson 270-3 dc |20 0.25 | 5 7 1.25 [ 0.05 |10 6 1251182 20 3 VLA P 70
ac |5 OUSEIES 6/ k2 none | none | none |N/A (dek)
Connolly 50 de |20 0.25 |.2°5 8 1 50 10 8 1 2 20 3 VQRA 4 80
ac |2 2:50 1255 117 2,2501.25 10 6 2,25 (df)

Multitester index starts on page T19.
Reader-service cards are good all year.

Reader-service numbers are given in the index.

ELECTRONIC DESIGN 20, September 27, 1967

(tables continued on page T16)

T15




Multitesters (continued)

VOLTAGE RANGES CURRENT RANGES RESISTANCE RANGES Tope
Min. |Max. Min. | Max. Min. |Max. Meter | C-Cab.| Price
Sensitivity Acc. Acc. Calib. in:[ P-Port. | Approx
Manufacturer [ Model kQ /v Vv kV | No.| % mA A No. | % kQ MQ No. VQRIA | R-Rack $
Hartmann Elavi 3 dc | 25 0.1 5 10 1:5: ] 01 5 8 1.5 0.001 |50 4 VR A P ina
ac |2 0.5 5 9 ) 0.5 5 7 1.5
Physics 226213p dc | 25 0.1 5 10 1 0.1 5 8 1 0.001 (50 4 VA P 113
ac |2 0.5 5 9 25 0.5 9 74 1.5 (dehi)
M | Hartmann Elavi HO |[dc |33 0.3, 0.6 |7 2.5 .| 0:03 | 0.6 |7 215 10 10 3 VR A P ina
11 ac | 10 6 0.6 5 2.5 0.3 é 7 2.5
Hartmann Multavi HO|de | 33 0.3 0.6 7 ina 0.03 | 0.6 7 ina 10 10 3 VLA P 105
ac | 10 0:3 10562 ]1S. ina 0:3 |6 7 ina (de)
Hartmann Elavi 4 dc | 100 0.1 5 9 1.5 0.01 |1 8 1.5 0.001 |500 5 VQLA P ina
ac | 20 10 1 4 2.5 none | none | none [none (i)
Physics 226214p de | 100 0.1 5 9 1.5 0.01 |1 8 1.5 0.001 [500 5 VO A R 113
ac | 20 0.1 5 4 2.5 none | none | none (dehi)
Simpson 269-2 dc | 100 1.6 4 8 2 0.016 |8 7/ 2 2 200 6 VA A P 90
ac |5 3 0.8 é 3 none | none | none [none (dk)
Yokogawa L-22 dec | 100 0.3 152 8 2 0.012 (1.2 6 2 2 20 3 VR A P 55
ac | 10 3 1.2 é 3 none | none | none |none (de)
M | Triplett 630-NS de | 200 0z05 12 14 1.5 0.005 | 12 13 125 1 100 6 VRLA P 105
12 ac | 20 0:05 1152 10 |3 none | none | none [none (defh)
Avo Ltd H1 108 dc | 1000 0.1 1 9 3 0.03 |3 ) 3 2 20 3 VQLA & 350
ac | ina 0.1 1 9 4 0.03 |3 6 4 (k)
Triplett 630-M dc | 1000 0.6 12 12 1.5 0.001 | 12 11 1.5 1 100 6 VA P 210
ac | 20 15 1.2 10 |3 none | none [ none |none (de)
Millivac MV-778 dc | 1000 0.001 |1 13 1 0.001 | 1 13:° 12 1000 |5000 16 VQ A C,R 395
(b) (def)
Avo Ltd CT471A dc | 120M 0.012 (1.2 1 2 0.012 1.2 11 2 0.012 |120 8 VO A C 825
ac | 10M 0.012 1.2 1 3 0.012 | 1.2 11 3 (de)
Heath IM-25 dc | ina 0.15 |1.5 9 ina 0.015| 1.5 1 ina 0.01. 1 7 VQA P 80
ac | ina 0:15' 115 2 ina 0.015] 1.5 1 ina (dk) (kit)
M | Triplett 600 de | ina 0.4 1.6 10 |3 none |none [ none |none | 1 100 6 va P 78
13 (c) ac | ina 4 0.8 7 3 none | none | none [none (d)
RCA WV-98C |dc | ina 0.01 1.5 |8 3 none | none | none [none | 0.0002|1000 7 vQ P 80
ac | ina 0.1 1.5 7 4 none | none | none [none (d)
RCA WV-77E de | ina 0.02 (1.2 7 3 none [ none | none |none | 0.0002 (1000 7 v P 50
ac | ina 0.1 1.2 7 5 none | none | none [none (d)
AUL TVOM 4 |dc |ina 015 {[1.5 9 3 0.1 1.5 9 3 0.001 |1 ) VQRA P ina
(c) ac | ina |l LB [ 5 none | none |none (dh)
AUL TVM 4 dec | ina 0,15 |1.5 9 3 0.15 | 1.5 3 3 0.001 |1 5 VR A P ina
ac | ina 15 1-5 7 5 none |none | none |none (dh)
Edwin CT471 dc | ina 0.012 |1.2 12 |3 0.012 | 1.2 12 |3 0.0001 | 1000 10 VLA R ina
ac | ina 0.012 |1.2 12 |3 0.012 | 1.2 12 |3 (de)
M |R&S URI dc |ina 0.02 1 8 2 2nA |1 18 |3 0.005 (1000 6 VQLA P ina
14 ac | ina 0.01 0.3 6 3 0.1 1 8 4 (dh)
E-Measur 103A dc |ina 6 3 5 2 6 214 3 1 1 2 VQA P 20
ac |ina 12 3 5 2 30 0.6 |3 2 (h)
E-Measur 102A dc |ina 6 3 5 2 [ 1.2 |4 2 1 1 2 VQRA P 16
ac | ina 12 3 5 2 30 0.6 3 2
Millivac MV-07C  |dc |ina 0.00001|1 178 P2 10pA [0.001]17 |2 none [none none VR A CIR 395
(def)
Aerometrics | MM100 dc |ina 0.0001 (1.5 15 1 1.5 0.5 18 1 0.0015 |50 16 VQLA P 450
(be) nA (de)
Millivac MV-864A |dc |ina 0.001 |1 15 1 100 1 15 12 1000 |100 9 VR A GR 495
(c) pA (def)
M | Rawson 5012AA dec | ina 0.002 |1 9 0.05| 0.2 1 5 0.05 | none |none none VA P 465
15 ac |ina 0.3 1 8 0.05| 10 3 6 0.05 (de)
Rawson 5012AD dc | ina 0.002 |1 9 0.05 | 0.2 1 5 0.05 | none |none none VA P 495
ac |ina 2 0.5 8 0.05| 2 0.5 8 0.05 (de)
Rawson 5012LC dc |ina 0.15 1.5 9 0.05] 0.15 | 1.5 9 0.05 | none |none none VA P -515
ac |ina D 1.5 () 0.05| 1.5 0.5 6 0.05 (de)
Rawson 5012AE dc |ina 0.002 |1 9 0.05| 0.2 1 S 0.05 | none |none none VA P 455
ac |ina 2 1 b 0.05] 2 1 6 0.05 (de)

(tables continued on page T'18)

Circle as many numbers on the reader-service card as you like.
See reader-service card for valuable FREE reprints.

Reader-service numbers are given in the index.
Get detailed data: use the reader-service card.
Multitester index starts on page T19.
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From Monsanto:
130,000,000
discrete frequencies

with almost perfect purity.

( {\ ( ) ( )

MONSANTO DIGITAL FREQUENCY SYNTHESIZER MODEL 3100A

¥

Computer-aided design and integrated-circuit
construction in this new Frequency Synthesizer
bring a new level of perfection to signal generation.
The new “4th generation” Model 3100A Digital
Frequency Synthesizer obsoletes just about every
current concept of general purpose signal sources.
Pick your frequency from 0.01 Hz to 1.3 MHz in
0.01 Hz steps. The result—signal purity you can
get only from Monsanto, with a sta-
bility of 1 part in 109/ day. Other re-
finements include: internally supplied
rapid or slow sweep and provision for

external sweep; dc coupled output permitting inter-
nally supplied offset; continuous control of output
level over a 90 dB range; provision for amplitude
modulation; and, in the remotely programmable
version, switching time of less than 20 microseconds.
Best of all, you can put this better way of signal
generation to work for you for only $3,950*. Call our
field engineering representative in your area for full
technical details, or contact usdirectly at:
Monsanto Electronics Technical Ctr.,620
Passaic Ave., W. Caldwell, N.J. 07006.
Ph. (201) 228-3800; TWX 710-734-4334.

*U. S. Price, FOB West Caldwell, N. J.

ELECTRONICS

ON READER-SERVICE CARD CIRCLE 75




Multitesters (continued)

VOLTAGE RANGES CURRENT RANGES RESISTANCE RANGES e
Min. |Max. Min. |Max. Min. |Max. Meter | C-Cab.| Price
Sensitivity Acc. Acc. Calibsin: | P=Port. | Approx
Manufacturer |  Model kN \' kv No.| % mA A No.| % kQ MQ No. VO A R-Rack $
Rawson 5012L8 de | (g) G5 .5 9 0.05| 0.15 |1.5 |9 0.05 | none |none none VA P 540
ac | (g) 0.5 |1.5 |8 |o.05] 15 5 6 |o0.05 (de)
Motorola S1063A dc |Zin = 0.1 1 9 3 0.001 0.3 12 5 0.0002 |50 é VRA P 285
(@) 10-11M ()
M | Motorola $10528 dc | Zin = 0.1 1 9 3 0.001 (0.3 12 5 0.0002 |50 6 VQA P 250
16 (c) 10-11M (d)
Dynamics 504 dc |Zin= 0.0001 (1 15 1 100 1 15 1 0.01 |100 8 VQA P 760
504R 10-100M nA ‘del) R 785
Leeds & N 5620 dc | Zin = QY5 0.5 4 5 0.005 [50 pA [ 6 ' 0.2 200 6 VLA P request
7.5x1011 i (de)
Keithley 601 dc |Zin= 0.001 [0.01 |9 1 0.1 0.3 28 | 2 0.1 107 25 VQA C 595
10-1014 pA (dm)
Keithley 6108 de |Zin= 0.001 [0.1 |11 |1 8.1 le.3 . [28]2 0.1 [10°14 | 25 VOQA C 565
M 10-1014 pA (dm)
17 | Keithley 600A dc |Zin = 0.01 |0.01 |7 2 0.1 0.3 28 2 0.1 10-14 | 25 VQA C 395
10-1014 pA (dm)
Circle as many numbers on the reader-service card as you like.
Get detailed data: use the reader-service card.
Reader-service cards are good all year.
Need a FREE copy of this directory? Circle number 255.
[ ]
Multitester Notes
a. Battery or line power. h. dB
b. Requires 105-125V ac, 60 Hz. i. Capacitance
c. Solid-state. jo Power
d. Linear k. dBm
e. Mirror l.  Null with zero center
f. Logarithmic m. Charge in coulombs
g. Internal resistance varies with range and function.
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Dual Op Amp Leads Parade Of Five
Money-Saving Integrated Circuits

Prices as low as $3.50 (100-up) have been an-
nounced for a series of five I/C Op Amps that are
now available in the Unibloc 14-pin dual in-line
plastic package. Heading the series is Motorola’s
new dual operational amplifier (MC1435P), a
single monolithic chip that contains two op amps
in one package and is capable of providing a theo-
retical open-loop voltage gain of more than
36,000,000!

Significantly, the 6,000 gain in each of the
MC1435’s two amplifiers will provide usable gain
for any practical application, without a need to
cascade. And, there’s gain to spare, for stability in
feedback configurations, with a minimum of ex-
ternal components.

Other low-cost linear circuits in the group in-
clude four different single-function op amps. All
five circuits operate over the 0 to +75°C tempera-
ture range; and, all are completely specified for
industrial and consumer applications. Here are
some highlight specifications to prove that
Motorola offers “The Most I/C Op Amp for the
Least Money:”

Open- Temp. Output Output
Drift Voltage Imgs ance,

Device Swing hms

Type (Typ) (Typ)

MC1435P i =*3 uv/°C *36V 1.7K

MC1430P iy *50V 25
MC1431P : *5.0V 25
MC1433P ] +8 uV/°C | £13.0V 100
MC1709C | 45,000 | =3 xV/°C | =14.0V 150

For details circle Reader Service # 121
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MECL 1l Dual R-S Flip-Flops Combine To Achieve
Two Gating Levels; 2 ns Prop. Delay Increase

Two new additions to the growing
MECL 1I line of integrated circuits
MC1014 and MC1015P, may be used as
positive-gated and negative-gated R-S
Flip-Flops, respectively. The two levels
of gating are accomplished with only 2 ns
increase in propagation delay. As a re-
sult, a single phase, clocked Master-Slave
type of shift register may be obtained as
shown.

The MC1014P, in addition to teaming
with MC1015P for shift register func-
tions, is also useful as a dual storage ele-
ment. It contains two dc Set-Reset
Flip-Flops with a positive clock input
provided for each flip-flop. The counter-
part, MC1015P, operates with a negative
clock input. Both circuits exhibit a typi-

cal propagation delay of 5.0 ns, operating
over the 0 to +75°C temperature range.
Both provide typical power dissipation of
125 mW at an operating frequency of
80 MHz. Minimum dc fan-out of 25 for
each output is guaranteed. Prices for the
MC1014P and MC1015P are $4.25
(1,000-up), in the 14-pin dual in-line
plastic package.

The MECL II family of logic inte-
grated circuits now includes 27
functional elements in the limited tem-
perature range MCI1000P series and a
comparable number in the full tempera-
ture range MC1200F series. All of these
circuits are fully compatible with the
MECL 300/350 series types.
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MDTL Presettable Decade Counters Feature 20 MHz Operation

A new series of MDTL circuits, types
MC938F, MC838F and MC838P, all of-
fer individual direct-sets for each stage as
well as a common reset and buffered in-
puts (a standard MDTL loading factor of
1). These monolithic ripple counters op-
erate in excess of 20 MHz at = 20% of
the nominal 5.0 V power supply.

The three new devices are composed
basically of four MC950 pulse-triggered
binaries. All have standard MDTL inputs
and use active pull-up devices in the out-
puts to increase capacitive drive capabil-
ities. Typical dc noise immunity is better

than 1.0 volt.

All three new circuits are fully com-
patible with the Motorola MC930/830
series MDTL and Motorola MC500/400
series MTTL.

Differential
“In” and “Qut”1/C

|deal For Wide-Band
Amplifier Applications

Motorola’s new MC1520, a monolithic
Op Amp integrated circuit, provides both
differential input and differential output
characteristics. Because of the latter ca-
pability, this new circuit exhibits an ex-
tremely good common-mode rejection
ratio of 90 dB (typ) — making it ideal
for use in instrumentation, communica-
tion and computer equipment.

The MC1520 also provides a high dif-
ferential gain of 74 dB (max) — numer-

MC1520 Differential In & Out Op-Amp
+V COMPENSATION
0

INPUT 1
o

OUTPUT 1

OUTPUT 2

INPUT 2

—V__ COMPENSATION

OPTIONS
A—INPUT TO GND; OUTPUT TO GND
B-USE BOTH INPUTS; OUTPUT TO GND
C—USE BOTH OUTPUTS; INPUT TO GND
D-USE BOTH OUTPUTS; USE BOTH INPUTS

Circuit | Package Temp. Range Price
Type (100-Up)
MC938F | 14-Pin
Ceramic |(—55 to +125°C) | $18.00
Flat Pack
MCB838F 14-Pin (0 to +75°C) 10.00
Ceramic
Flat Pack
MC838P 14-Pin (0 to +75°C) 6.70
Unibloc (1,000-up)
Plastic
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New linear |/C boasts differential outputs as
well as differential inputs . . . making it a
good universal operational amplifier.

ically 7,200 — and, as a result, is also
a good general purpose operational am-
plifier. It is particularly useful in wide-
band applications requiring large
output-voltage swings at high frequen-
cies, especially those calling for differen-
tial outputs. The MC1520’s gain of 7,200
compares with gains of less than 1,000
for comparable circuits.

Other outstanding typical characteris-
tics of the MC1520 are:

e Wide Closed-Loop Bandwidth — 10
MHz
e High Input Impedance — 2 MQ
e [ ow Output Impedance — 500
e Full Output Voltage Swing to Greater
than 1 MHz
Available in both the TO-99 10-pin
metal can and TO-91 ceramic flat pack,
the MC1520G is 100-up priced at
$10.00; and the MC1520F is $15.00
(100-up).
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One ounce of ZenGard
protects against
kW “‘spikes’’

Electrical Characteristics for MPZ5 Transient Suppressors (At Tc = 25°C):

| Maximum
o Lo Vo ciamping| Zghr Voltage | Minimum
nmum Vor(oc) Vor(rus) _cp" Vz @ lzr Vz % Iz
° MPZ5-168 | 10 25 | 20V] 500a | 16Voc | 0.4A0c
MPZ5-164 5 | 2av
New ZenGard Transient [z L
MPZ5.328 | 28 | 20 4 | 4sv| 100a | 32voc | 0.20c
s P . d MPZ5.320 56| sov
uppressors roviae Wpeo1808| 165 | 117 28 |395v| 20 [180vec [0.030c
R MPZ5-180A 39 | 250v
12 kW Surge Protection .. _ s

The MPZS series of ZenGard suppres-
sors are designed to protect transistors,
SCR’s, rectifiers and other sensitive com-
ponents in danger of destruction from
circuit transients above their ratings.
They can easily absorb up to 12 kW for
0.1 ms in applications as 14 V military
automotive ignition, 28 V aircraft equip-
ment and 110V ac line-operated
circuits. They are more-than-equal
replacements for mechanically or
electrically-limited selenium cells, silicon
carbide varistors, RC networks and
electro-mechanical relay systems.

Besides providing sharp, controlled re-
verse breakdown characteristics, the new
series exhibits clamping factors as low as
1.25 — a figure of merit which means

lower overshoot voltages and less chance
of component degradation and burn-out
— and is less temperature and age-
sensitive than conventional stacked cells.
Costs can also be reduced by allowing
the safe use of lower voltage-rated
rectifiers.

Weighing only 1 ounce and occupying
less than 2 cubic inches, the devices fea-
ture low leakage (50 pA max @ Vyg)
which affords negligible power losses.
They are oxide-passivated for top relia-
bility and performance and will operate
over a —65 to +175°C range.

Non-standard voltages, tight-tolerance
and higher power units (200 kW units
have been supplied) can be developed for
specific requirements.
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SME Transistors Replace “0ld-Workhorse” MADT Types

Eight new germanium SME (Selective
Metal Etch) mesa transistors — including
2 popular JAN types — are now available
in volume quantities to provide a leading
second-source for MADT® devices in
military and industrial communications
equipment.

The SME process, an exclusive
Motorola development, is considered a
breakthrough in germanium mesa
devices. Higher-frequency, lower-noise

Power Gain Veunn F (max)
Type Use @200 MHz | NF (max) | @ 1. = 10 mA
(min) (max)
2N502 VHF ampl ) 10 6 NA 500 MHz
2NS02A VHF ampl. 10 a8 7 d8 NA 620 MHz
JAN2NS02A
VHF ampi 10 4B 748 NA 620 MHz
IAN2N5028
2N1499A HF switch NA NA 0.20 Vot 100* MHz
2N1742 VHFampl | 1448 5548 NA 980 MHz
2N2048 WF switch NA NA Q1avor | 150° Mz

t; (min)

performance is obtainable due to com-
plete freedom of transistor geometry
and much better definition and closer
spacing of emitter/base areas to gain
optimum device performance.

In addition to meeting exact para-
meter-by-parameter specs, the inherent
flexibility of the advanced SME process
makes it possible to achieve nearly iden-
tical key MADT parameter distributions.
Thus the user can now count on second-
source direct replacement availability for
essentially all MADT-type sockets.

Motorola’s MADT replacement types
are furnished in the popular TO-5 case
(with “tab” removed) which meets all
EIA-specified dimensions of the older,
TO-9 package, including exact lead
configurations.
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Fast Photo Sensors Aid
Light-Activated Designs

A tiny photo detector—type MRD200
— and a sensitive photo-transistor —
type MRD300 — now provide opportu-
nities to simplify light-activated designs!

Functional and compact (only 0.060”
diameter), the MRD200, two-terminal
unit serves where small size and high
density positioning is required such as
high-speed tape and card readers and ro-
tating shaft information encoders.

It displays linear characteristics over
the dynamic range — ideal for reading
film sound tracks. Maximum t,,/t. is
only 6.5 us allowing faster reading than
any mechanical contacts. And, its ex-
tremely narrow field of view minimizes
cross-talk.

With equally fast rise/fall time, the
MRD300 utilizes a TO-18 case with ex-
ternal connections for added control and
excels in applications where high sensi-
tivity is essential. It responds to modula-
tion well above the audio spectrum
providing a useful means of data trans-
fer from laser light sources.

Both units operate from 1 to 50 Volt
power supplies and are compatible with
most transistor circuits. Low leakage per-
mits use in direct-coupled designs for
low-signal-level operation.

Radiation Illumination Dark
Sensitivity Sensitivi Current
mA/mW/cm? pA/lum/! uA
Type (typ) (typ) (max)
MRD200 0.5 5.0
MRD300 1.6% 10% 0.025
tBase open
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Low-cost MPT28/32/36
silicon plastic bilateral
triggers now make it pos-
sible to use all solid-state

o

3

New Bilateral Triggers Tri

ST control circuits.

gger New

Low-Cost Power Control Designs

Another layer of cost has been peeled
from already-economical, all-solid-state
power control circuitry with the intro-
duction of the MPT 28/MPT32/MPT36
series of silicon bilateral triggers.

These 28-, 32-, and 36-velt (nom)
devices are housed in the Unibloc plastic
package — well-known for its rugged,

Vert lert AVt lpulse
Trigger (nom) | (typ) (typ) (max)
Type Volts A Volts Amps
MPT28 28
MPT32 32 20 10 2
MPT36 36

-4 volts, both directions
1Both directions
void-free case integrity that has consist-
ently withstood 3,000-hour severe
environmental testing. The new series
furnishes symmetrical switching char-
acteristics, low 50 wA (max) switching
current, which reduces capacitor size
. and a large, 10-volt (typ) switch-
back voltage which allows higher energy
pulses-to-gate for faster “turn-on,” lower

switching losses and reliable thyristor
operation.

In addition, use of these lower voltage,
solid-state devices in place of short-
lived, high-breakover-voltage neon
triggering devices affords broader con-
duction angle control plus easier trig-
gering of less sensitive thyristors through
higher pulse current.

And exclusive Annular construction
ensures stable operation over a —40 to
+100°C operating temperature range.

How can you best use them in con-
sumer/industrial designs . . . at below-25¢
volume prices?

Tie this new bilateral trigger series
together with more than 270 different
thyristors now available from the
industry’s broadest up-to-35-Amp line
including these preferred 8-Amp Moto-
rola favorites: 50 to 400-volt TRIACS,
50 to 600-volt THERMOPAD plastic
SCR’s and the ever-popular, metal “can,”
25 to 600-volt ELF SCR’s.
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800 mA SCRs Spark New Economy

With prices pegged substantially below
40¢ in volume quantities, the 2N5060-63
SCR series is sure to be a boon to the
designer of low-level, power controls.

Housed in the rugged Unibloc plastic
package, these 30 to 150-volt units can
be plugged directly into existing TO-18
pin circles without confusing lead cross-
ing. Only 200 nA is necessary to trigger
these devices — making them ideal for
low-level sensing and triggering designs.

Low-power consumer/industrial/mili-
tary applications are virtually limitless:
military fuzes (squib-firing and safety
circuits), flame detectors, automatic
warning systems, lamp and relay drivers,

fractional H.P. motor controls, sensing,
detecting and process controls, vending
machines, touch switches, ring-counters,
shift registers, flip-flops, gate drivers for

design in economy power

Low-cost, Complementary
Chopper Designs With
New Plastic MOSFETS

Low-level, low-frequency complemen-
tary chopper designs at a low, low cost
. . . that’s the essence of the story about
Motorola’s new plastic-encapsulated
MOSFET types — MPF159-160. But
then, what more could one want?

Low-level (low-power) complementary
chopper applications? They’'ve been al-
most impossible to accomplish with bi-
polars because bipolars exhibit excessive
leakage. MPF159-160 boast an Iggg
value in the picoamp region. Low-cost?
The 100-up price for these devices in the
Unibloc plastic package (that meets MIL

standards) is just $2.75 — about one-
third the cost of comparable metal “can”
types.

The two new devices are both silicon,
type C, triode-connected field-effect tran-
sistors that utilize the MOS process.
MPF159 offers an R, “on” rating of 100
ohms, while the complementary
p-channel device, MPF160, provides 200
ohms of drain-source resistance in the
“on® condition. Both are 15-volt devices
that provide 200 mW of continuous
power dissipation.

Other ratings for the two devices are:

Max.
Characteristic Symbol | Rating Unit
Gate Reverse Current | less 100 pA
Zero-Gate Voltage loss 10.0 nA

Drain Current

Input Capacitance Ciss 3.0 |pF (MPF159)
4.0 |pF (MPF160)

Reverse Transfer Crss 1.0 pF (Both)

Capacitance
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~ . . . -
larger SCR’s,ad-infinitum! - B
The exclusive Anntllar con_structmn o
affords stable, reliable operation over Touc swivchss
a wide —65 to + 125°C operating tem- * W ases
perature range. . wron connois |
ther features are: 6-A peak surge R 90 S APPICHTION
rating, 1.7-V peak forward “on” voltage | e s
and 5 mA max. holding-current, at 25°C. e
BN o m!norsL
TYPE Ie Vexm/Vrxm PRICE
(AMPS) (VOLTS) (100-Up)
2N5060 z 5
2N5061 0.8 28 $§é When you think ‘‘low-level power control,”
2N5062 : 100 .64 think 2N5060-63 SCR's. They're naturals for
2N5063 150 .85 virtually all low-cost, high-volume designs.
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“Surmetic” First Plastic
Rectifier To Count Cadence
To MIL-S-19500/228D

Now — the most popular, industry-
accepted standard in plastic rectifiers —
the Surmetic — is the first of its kind to
meet rigid military requirements! . . . an
above-and-beyond “call to reliability
duty’ that you can expect in your
consumer/ industrial designs, too.

Motorola doesn’t have a special pro-
duction line for mil-type Surmetic recti-
fiers . . . Rather, identical devices for
both military acceptance as well as your
particular requirements are from the
same production runs — your assurance
that all quality designed into the Sur-
metic is available to all users.

You get these important design advan-
tages too:

e Improved HV avalanche characteristics
through advanced die fabrication

e Superior lead and seal capabilities
through double nail head construction

® Excellent reliability through
high-temperature passivation

And a minimum guard-band of 20%
on all voltages means that I will be
maintained at 120% of PIV — an auto-
matic safety factor which assures you
that units rated at 400 volts, for example,
are actually capable of 480 volts
operation!

The complete line of Surmetic recti-
fiers covers a reverse voltage range of 50
to 1000 volts. They are rated to carry a
full amp at 75°C and 30-amp surges.

Vem |lo @ 75°C|Ir |lrm (surce)| Prices
Type |(Volts)| (Amps) |(A)| (Amps) [(100-up)
JANTN3611| 200 1 5 30 $ .99
JANTN3612| 400 1 5 30 1.30
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Unibloc “Micro-T* Debut Spurs New ngh -Density Concepts

The advent of Motorola’s Micro-T
molded Unibloc plastic transistors now
provides the ultra-small devices you’ve
needed to make those high-density, mini-
aturized equipment design dreams come
true. Besides being roughly only one-
tenth the volume of standard plastic or
TO-18 transistors, the Micro-T’s leads
radiate from the center of its body, mak-
ing it particularly well suited to “drop in”
automatic strip-line PC board mounting.

The new Micro-T also lets you design
circuits having discrete device perform-
ance while achieving the component den-
sities and space reductions approaching
that of integrated circuits. In addition,
its unique structure allows for a wide
latitude of mounting flexibility and
circuit-layout design. For example, it
makes an ideal device for use in thick-
film and unitized circuit assemblies.

The first Micro-T transistors available
are Motorola PNP/ NPN complemen-
tary MMT3903-06 silicon Annular
switching and amplifier types. They fea-
ture a host of premium specs including
BV po's of as high as 40V min., C, of
only 4.0 pF max., current gain speced in
two ranges— 100 ;A to 1 mA, and 1 mA

; P.C. BOARD MOUNTING .

Micro-T Unibloc plastic transistors make high-
performance ultra-miniature designs econom-
ically practical.

to 10 mA — with saturation voltages as
low as 0.2 V at I, — 10 mA. They dissi-
pate a full 225 mW at T, — 25°C and
operate over a wide junction tempera-
ture of from —55 to +135°C.

PriCes are moderate roo — only $1.60
for the MMT3903 and MMT3905 and
$2.00 for the MMT3904 and MMT3906
— in 100-up quantities.
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Surmetic-20 Gives Body Blow To Zener DlodePnces

The new '2-watt Surmetic 20 zener
diodes now place reliable, economical,
voltage regulation within the reach of
every circuit designer.

Priced as low as 36¢ (10% tolerance,
5,000-up), the IN5221-81 units will re-
place more than 450 older, more costly
DO-7 devices from 2.4 to 200 volts . . .
and give an extra “capability cushion”
besides.

Surmetic—20% are conservatively
rated at 500mW under normal mounting
conditions. Production-line units have
demonstrated “no-failure” resistance to
greatly overstressed, 1-watt, 1,000-hour
testing. In addition, nanoampere reverse
leakage current ratings indicate cleanli-
ness of the passivated junctions and as-
sure low-power drain and sharper knees
in all applications.

As a result of flame and distortion-
proof silicone polymer packaging, a
200°C operating temperature and re-
peated defiance of 50-day moisture re-
sistance tests (5 times the exposure
period required in standard mil-type case
integrity tests), it can be designed with

Their low-cost makes it economically practical
to employ Surmetic-20 zener diodes in mul-
tiple arrays (‘‘strings’’) to provide greater de-
sign flexibility.

more confidence — and less heat sinking
— into virtually all high-temperature,
high-humidity environments.

Both demanding industrial and mili-
tary circuits which require solid-state
devices to be completely spec’d (Surme-
tic 205 are 100% oscilloscope-tested
and characterized at 4 critical points in-
cluding i,surge)) » OF NON-critical commer-
cial-type applications are a natural for
ultra-economical Surmetic —20 types.
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IFGESN@ NEW PRODUCT BRIEFS

ADE GERMANIUM POWER-SWITCHING TRANSISTORS
— Double “Brute-Power” Capability Over Alloy Types

It’s almost like having two power transistors for the price of one! Motorola’s
new Alloy-Diffused-Epitaxial (ADE) die structure boosts peak power-switching
capablllty to nearly twice that of conventional alloy units, yet carries a low price

The MP2200A-2400A switching transistors are ideal for core driver, power
conversion and HV switching applications where high power capability — 80 to
120 V min @ 8 A — is needed at low cost. In addition, high current/gain (25 min
@ 8 A), low saturation voltage (0.6 V @ 25 A) and good switching speed (9 us
ton @ 10 A typ) advantages rank them as efficient, solid-state servants in “brute-
power” designs. They are available in TO-41 or TO-3 all-aluminum cases.

Type Vce Ic VCE (sat) hee Price
Volts Amps Volts @ lIc (100-

(sus) (Cont) (max) (min) up)
MP2200A 80 25 $2.25
MP2300A 100 25 0.6 @ 2.45
MP2400A 120 8A 2.60
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TIGHT‘VOLTAGE'TOLERANCE REFERENCE DIODES Type Max Test Temperature Price

P

— Spec’d To =2% Limits, 0.0005% /°C; Yet Cost 30% Less! R hml::m h;: ,/c::)... i
Std. Types
You can now specify either a =0.2 V (“A” type, +2% )ora +04V (non- 1N2163,A 0.033 0, +25, +70 0.005 $ 2.50 syzv.en
suffix, +4%) tolerance over the nominal 9.4-volt rating for tight voltage range NZi6aA |~ 0.086 55,0425, 0.005 340|415
considerations in critical test equipment, meter, satellite and instrumentation de- ziesa | 015 = 5005 T
signs with Motorola’s 1N2163 reference diode series. And where economy is a SO e —
factor (where isn’t it!) you can realize savings up to 30% over published prices T L

for comparable units. These 750 mW units feature maximum voltage change ' : +75, e
spec’d over test temperature range and temperature coefficients guaranteed over INNESA | 002 | st e | sty
three operating temperatures. 1N2169,A 0.004 0, +25, 470 0.0005 12.75 | 18.80
’ 1N2170,A 0.009 —15?50+4l»22§) 0.0005 18.00 | 27.80
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SENSITIVE GATE SCR's
— Reduce Triggering Requirements to 1A Levels

=S

. . 0 O 9
Only 100 4A (@ Tc = 25°C) is needed to turn on the new 2N4212-16 series 5% CIRCUIT BREAKER
of SCR’s — a current level many orders of magnitude less than that needed by
conventional SCR’s and one that virtually eliminates the necessity for elaborate = é’fggg
pre-triggering (using transistors or high output triggers). This low-level sensing
capability also minimizes the complexity of amplifier stages needed to fire larger
power SCR’s. The 1.6 amp family is packaged in the space-saving, hermetic TO-5 SRy 2N4212-16
case and includes both premium and economy units. ST \MCR 906, I-4)
r
Type Vexm TeM (Surge) ~Maxat25°C Prices
Volts Amps let Iux (Rex = 1K) (100-up)
2N4212 25 $1.80
2N4213 50 2.00
£4214 100 15 100 A 3.0 uA 3.30
-0
2N4215 150 4.10
2N4216 200 5.40
MCR1806-1 25 1.05
R 15 1 mA 5.0 A L0 SCR Crowbar Over-Voltage
MCR1906-4 200 135 Protection for DC Operation
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UNIBLOC PLASTIC UNIJUNCTION TRANSISTORS
— Combine Low Price And High Performance . .. With Availability

You can select from two narrow-range eta spreads with the 2N4870-71 series
UIJT’s, reducing the necessity of tight tolerance resistor/capacitor selection and
two valley current characteristics, allowing wider latitude in sawtooth oscillator
and frequency divider circuit design. And, ultra-low leakage, resulting from the
Annular structure, reduces pulse-width variations. In addition, their low (2.5 V)
typical emitter saturation-voltage allows greater output to the following circuit
stage — particularly useful in triggering applications.

Use them in consumer/industrial applications such as timers, lamp dimmers/
flashers, sawtooth generators, motor-speed controls, fuse circuits, pulse generators,
multivibrators, oscillators . . . ad infinitum!

= Emitter Intrinsic Standoff
Peak Point s . :
Type Package Current il Batio (1%'3}':”
(Typ) (Typ) Min. | Max.
2N4870 T0-92 0.56 0.75 $ .64
UNIBLOC 1uA 0.05 pA
2N4871 PLASTIC 0.70 0.85 $ .68
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1-AMP PNP DARLINGTON AMPLIFIERS
— Provide High Current Gain Even at Cryogenic Temperatures

The designer is assured of a minimum gain of 15,000 at —55°C and
gains up to 60,000 at +25°C (typ) with two new PNP Darlington amplifiers—
making them highly suited for very-low-temperature designs—types 2N4974
and 2N4975. They operate over a wide dc current range from 1 #A to 1.0 A
with characteristics specified at 8 separate points over the complete operating
current range. Both units carry a high Py rating of 800 mW at 25°C.

Motorola’s patented annular semiconductor structure assures unusually
low leakage currents—Icro = 10 nA(max) at Veso = 30 V. They have a
maximum noise figure of only 6.0 dB at 1.0 mA and a typical fr of 275 MHz
at 20 mA. Typical gain specifications for these PNP Darlington amplifiers are:

TYPE -55°C +25°C
2N4974 15,000 60,000
2N4975 10,000 30,000
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HIGH-GAIN 2N4416 — VHF/UHF JFET
— Fits 8 Out Of Every 10 Sockets!

There’s little doubt that most designers will find this new n-channel JFET so
versatile that it will soon become the most useful device in the “designer’s tool box.”

Even though the 2N4416 is characterized as a VHF/UHF amplifier, it will
work equally well in low-noise, high-gain amplifiers from dc to above 400 MHz.
At 100 MHz, noise figure is specified at 2.0 dB and power gain is 18.0 dB at the
same frequency. In addition, the device features input capacitance of 4.0 pF at
1 MHz and transconductance of 4,000 xmhos at 400 MHz.

Motorola’s 2N4416 JFET is available now in the TO-72 (4-lead TO-18)
package, with isolated chip. The 100-up price is $3.35.
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GERMANIUM VHF AMPLIFIER TRANSISTORS
—Break 2 dB Noise-Figure Barrier — 1.6 dB max. at 200 MHz!

B e Low-noise, low-price and high power-gain make the MM5000 PNP VHF
¥ amplifier transistor series a natural choice for the value vs. performance con-
scious engineer. The units also feature an fr of 800 MHz min., and a col-
lector-base capacitance of only 0.6 pF max. They are fabricated using Motor-
ola’s exclusive Selective Metal Etch process, which permits greater freedom
of geometry design. The result . . . better definition and closer spacing of emitter/
base areas to provide optimum performance chracteristics. Case type: TO-72.

Type Low Noise @ 200 MHz | Power Gain @ 200 MHz Prices (100-up)
MM5000 1.6 dB max 24 dB min $4.75
TEO MM5001 2.0 dB max 22 dB min 2.80
MM5000-MM5002 - POWER GAIN AND MM5002 2.2 dB max 20 dB min 2.00

NOISE FIGURE TEST CIRCUIT
For details circle Reader Service # 140
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‘Pices @ NEW PRODUCT BRIEFS

NPN/PNP HIGH-VOLTAGE SILICON HIGH-FREQUENCY TRANSISTORS
— Offer An Outstanding Combination of Key Parameters

Combining leakage currents in the nanoamp range with low saturation volt-
ages and dc betas (hrg) up to 200 at Ic = 10 mA — all this at very high fr’s —
Motorola’s NPN 2N4924-27 and PNP 2N4928-31 complementary high-voltage
silicon Annular transistors provide the peak-efficiency parameters you need to
avoid expensive “overspecing” often encountered with devices of this type.

Packaged in the TO-39 case, they dissipate up to 5 watts at Tc = 25°C. Both
polarity types are available in production quantities to serve a broad scope of
high-voltage, high-frequency amplifier applications.

NPN 2N4924-27 and PNP 2N4928-31 Silicon Annular Transistors

1 v VCE (s fr @ 20 mA; 20 V (MHz)| Prices
Types @B‘,’EE,‘,’,A C::) @e | 1 nﬁ(m'alx.@m _W———P'E'p—) (100-up)
NPN PNP w) NPN PNP| (V) NPN PNP min/max | min/max |NPN | PNP

2N4924 | 2N4928| 100 0.1]0.5]| 50 0.25 0.5 100/500 | 100/1000 |$1.35 }$2.70
2N4925 | 2N4929| 150 0.1|05)| 75| 0.25 0.5 100/500 | 100/1000 | 1.65 | 3.30
2N4926 | 2N4930 200 0.1 | 1.0 (100 1.00 5.0 30/300* 20/200 1.95 | 3.95
2N4927 | 2N4931| 250 0.1 | 1.0 (150 1.00 5.0 30/300* 20/200 | 2.10 | 4.50

*fr@ lc =10 mA

For details, circle Reader Service # 141

HIGH-EFFICIENCY POWER VARACTOR MULTIPLIERS
— Boost Frequencies Eight Times in a Single Step!

With the advent of four new step-recovery power multipliers (varactors), the
microwave designer can say goodbye to the expensive prospect of two, three, and
sometimes four multiplication steps in order to reach regions as high as 6 GHz.
Motorola types MV1816B-17B . . . and their tighter tolerance “1” versions (with
superior thermal resistance) multiply a frequency 8 times — e.g. from 800 MHz
to 6400 MHz — in a single step, with a minimum 20-25% efficiency. Other sig-
nificant parameters for the MV1816B-17B are:

. Pin Eff. fin/fout fic C- @6V BVr @ 10 uA
Device Type W) % (min) (MH2) (°C/W max) 1 MHz (pF) (Volts, min)
MV1816B 20 23 2.4 - 3.6
MV1816B1 3 25 300/2400 15 27 33 5
MV1817B 20 35 0.8 - 1.2
MV1817B1 1 25 800/6400 25 09 - 11 35

These universal devices can be employed in a wide range of local oscillator
and transmitter designs requiring a variety of frequencies and multiplication steps.
Both types are available in “pill” and “pill/prongs” packages.

For details, circle Reader Service # 142
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CODE COMPANY MODEL NO. TION NO. CODE COMPANY MODEL NO. TION NO.
Aerometrics | Aerometrics MM100 MI15 256 | [Millivac Millivac Instrument Inc. MV-07C M14 272
Aerojet General Corp. 1100 Altamount Ave. MV-778B M12
PO Box 216 Box 997 MV-864A M15
San Ramon, Calif. 94583 Schenectady, N.Y. 12301
Assoc-Re Associated Research Inc. 201 M3 257 | [Motorola Motorola Communications & 510528 M16 273
3758 W. Belmont Ave. 204 M3 Electronics Inc. S1063A M16
Chicago, Ill. 60618 205 M3 Precision Frequency Products
208 M3 4501 Augusta Boulevard
210 M3 Chicago, Ill. 60651
233 M4
Physics Physics Research Labs Inc. 226211p M5 274
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Long Island City, N.Y.
RCA Radio Corp. of America WV-38A Mé 275
AVO Ltd. | AVO Ltd. 7 M4 259 Electronic Components WV-77E MI13
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430-438 Commerce St. 111 Lexington Ave.
Clarksville, Tenn. Passaic, N.J. 07056
Connolly Connolly & Co. Inc. 50 MI10 261 Simpson Simpson Electric Co. 160 M7 278
914 Rengstorff Ave. 651 M7 5200 W. Kinzie St. 230-2 M2
Mountain View, Calif. Chicago, Ill. 60644 240-4 M2
250 M9
Dynamics Dynamics Instrumentation Co | 504 M16 262 255/0531 M9
583 Monterey Pass Rd. 504R M16 260-5 M8
Monterey Park, Calif. 260-5P M8
261 M10
Edwin Edwin Industries Corp. CT471 M14 263 262-2 Mé
5858 E. Moloy Rd. 263 M9
Syracuse, N.Y. 13211 268 Mé
269-2 Mi2
E-Measur Electronic Measurements 102A M14 264 270-3 MI10
Corp. 103A M14 355 M5
625 Broadway 109A M5
New York, N.Y. Triplett Triplett Electrical Instr. Co. 310 Mé 279
286 Harmon Rd. 310-C M7
Hartmann Hartmann & Braun ELAVI 1 M1 265 Bluffton, Ohio 45817 600 M13
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150 Nassau St. ELAVI 3 MI11 630-A MI10
New York, N.Y. 10038 ELAVI 4 M1 630-APL M10
ELAVI 11 M1 630-APLK M10
ELAVI 12 M2 630-L M8
ELAVI HO MI1 630-M MI12
ELAVI J M1 630-NS MI12
MULTAVI 2 M1 630-PL M8
MULTAVI 5 M4 630-PLK M7
MULTAVI 5L M4 631 Mé
MULTAVI B M4 666R M2
MULTAVI HO M11 800 M9
MULTAVI P M4
MULTAVI S M1 Weston Weston Instr. & Electronics 779-8 M3 280
Div. Daystrom Inc. 980 Mk 2 M8
Heath Heath Company MM-1 M5 266 614 Frelinghausen Ave.
Sub. Daystrom Inc. 1M-25 Mi13 Newark, N.J.
Benton Harbor, Mich.
Yokogawa | Yokogawa Electric Works Inc. |L-22 M12 281
Hickok Hickok Electrical Instr. Co. | 455A M7 267 40 Worth Street
10555 Dupont Ave. New York, N.Y. 10013
Cleveland, Ohio 44108
Inst-Lab Instrument Labs Corp 102 M3 268
315 W. Walton Place
Chicago, Ill. 60610
Internat International Instruments Inc.| VOM-22 Mé 269
88 Marsh Hill Rd.
Orange, Conn.
Keithley Keithley Instruments Inc. 600A MI17 270
12415 Euclid Ave. 601 M16
Cleveland, Ohio 44106 6108 MI17
Leeds & N | Leeds & Northrup 5620 M16 271
4907 Stenton Ave.
Philadelphia, Pa.
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Design decisions belong

the hands of the systems designer.

DCL (Designers' Choice Logic) can start you on your way toward
design freedom again. With Signetics’ DCL you can optimize
your system’s performance without drawn-out calculations, ex-
pensive and time-consuming ground-plane designs or extensive
use of outboard components. DCL is the only family that can
offer all of these advantages:

WIDEST CHOICE OF FLIP-FLOPS — Four dual and two single
flip-flops provide optimum choices in logic design and speed/
power ratio. DCL offers the only dual low power RS/T binary in
the industry, four flexible J-K types, and a dual high speed “D”
type. The selection includes DC clocked, AC clocked, leading
edge-triggered and trailing edge triggered binaries.

FULLY COMPATIBLE LARGE ARRAYS—Monolithic arrays (con-
taining four binaries and thirteen gates) for counting and storage
applications.

THREE RANGES OF GATE SPEED/POWER TRADE-OFFS —
6ns/20mW, 10ns/15mW and 25ns/7mW.

FULLY COMPATIBLE INTERFACE ELEMENTS — Gates designed
to match DCL levels to system levels up to 30 volts.

DTL FLEXIBILITY AND TTL SPEEDS —DCL includes high noise
immunity DTL gates that are compatible with the high speed
TTL members of the family. These gates provide a variety of
AND-NOR functions to enhance design flexibility.

THE FIRST FULL MIL RANGE SILICONE DIP—AIl elements are
available for either MIL or industrial temperature ranges in sili-
cone DIPs or 14-lead glass/kovar flat paks.

TYPICAL CHARACTERISTICS

w —
g E s
58 < S0z 4z
95 £o 225 oo
TYPE %5 38 95% o<
NUMBER  DESCRIPTION f2 2P <28 83

8162 MONOSTABLE MULTIVIBRATOR

(delay from 80 ns to 2 seconds) 120 3571 656° % @0
8280 DECADE COUNTER/STORAGE REGISTER 8 25 MHz 25 1.0

8281 BINARY COUNTER/STORAGE REGISTER

8 25MHz 25 1.0

8415 DUAL 5-INPUT NAND GATE

____ (bare output collector) Sl - Mt [0 TN {0 M0 YRR Y
8416 DUAL 4-INPUT NAND GATE
(input expansion node) b AR T R N A

8417 DUAL 3-INPUT NAND GATE
(expansion node and optional outputresistor) 9 30 9.5 1.0

8424 DUAL, LOW POWER, RS/T BINARY
(trailing edge tnggered)

8440 DUAL AND-OR-INVERT GATE

9 11 MHz 155 1.0

(2 AND Gates wide) L8925 HH12.00 1.0
8455 DUAL 4- INPUT NANQGﬁA]’E DRIVER e P e e R )
8470 TRIPLE3-INPUTNANDGATE 9 25 70 1.0
8471 TRIPLE 3-INPUT NAND GATE

~___ (bare output collector) N DRSSO 700 10
8480 QUADRUPLE 2-INPUTNANDGATE 9 25 7.0 1.0
8481 QUADRUPLE 2-INPUT NAND GATE

(bare output collector) y 9 30 70.1.0
8731 QUADRUPLE 2-INPUT DIODE EXPANDER  — - = =
8806 DUAL 4-INPUTEXPANDER =~~~ - - - =
8808 8-INPUT NAND GATE L 2012 N3N N0
8816 DUAL 4-INPUT NAND GATE ] i - < R B AL

8825 SINGLE PHASE, AND Input J-K BINARY
(leading edge tnggered)

8826 DUAL HIGH SPEED J-K BINARY
(trailing edge triggered)
8827 DUAL HIGH-SPEED J-K BINARY
(full asynchronous entry,
trailing edge triggered)
8828 DUAL HIGH SPEED “D” TYPE BINARY
___(leading edge triggered)
8829 SINGLE PHASE AND INPUT J-K BINARY
(trailing edge triggered)

20 25MHz 90 1.0

10 30 MHz 40 1.0

10 30 MHz 40 1.0

20 25MHz 55 1.0

20 20MHz 90 1.0

8840 DUAL AND-OR-INVERT GATE

__(2 AND gates wide) a3 Lo 5 N )
8848 AND-OR-INVERT GATE

(4 AND gates wide) ~200 = 1010,30 10
8855 DUAL 4-INPUT POWER GATE B0 AAOEN 24 11 1D
ﬁ?ioiTRIPLE 3-INPUT NAND GATE I SR0N TO NS S 110
8880 QUADRUPLE 2-INPUT NAND GATE 20505100 UTS S SN0
8H16 DUAL 4-INPUT NAND GATE

(high-speed) i RSO N1 J )
8H70 TRIPLE 3-INPUT NAND GATE

(high-speed) SR e (S e et I
8H80 QUADRUPLE 2-INPUT NAND GATE

(high-speed) ; [N cal Bi..:20.° 150
8T18 DUAL 2-INPUT NAND INTERFACE GATE
____(high voltage to low voltage) ) 9 15.. 45 . 7.0
8T80 QUADRUPLE 2-INPUT NAND INTERFACE |
- 'GATE (low voltage to high voltage) P i R |3 24 ) B
8T90 HEX INVERTER INTERFACE ELEMENT

(low voltage to high voltage) g 1251 1 10:044.0

SIGNETICS
INTEGRATED
CIRCUITS

A SUBSIDIARY OF CORNING GLASS WORKS
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So does this DCL
sampler from Signetics.

Signetics wants you to find out for yourself just how versatile
you can be with DCL. So, we put a representative DCL selection
together in an evaluation sampler, complete with a 46-page
handbook and evaluator’s guide. Then we cut the price in half,
to make it even more attractive. The selection includes:

Normal

1-24

Type No. Description Quantity Price
N8280A Decade Counter 1 $24.00
N8281A Binary Counter 1 24.00
N8424A Dual Lo Power RS/T Binary Element 2at590ea 11.80
N8825A Single Phase AND Input J-K Binary Element 2at4.00ea 8.00
N8826A Dual Hi Speed J-K Binary Element 2at590ea 11.80
N8828A Dual Hi Speed D-Type Binary Element 2at565ea 11.30
N8416A Dual 4-Input Expandable DTL NAND Gate 1 225
N8480A Quad 2-Input Lo Power TTL NAND Gate 2at2.25ea 4.50
N8440A Dual AND-OR-INVERT Gate 1 2.25
N8455A Dual 4-Input NAND Driver 1 2.50

N8880A Quad 2-Input Hi Speed TTL NAND Gate 2at2.25ea 4.50
S ST YR A e e e S N e I SR 0y I S
17 $106.90

SPECIAL INTRODUCTORY PRICE . . . $45.00

YOU SAVE . . . $61.90
T P S A Y o a5 e A SN P P A SO W)

DCL evaluation samplers are now available at all Signetics’ dis-
tributors. Call or write right away, supply is limited.

# SIGNETICS TRADEMARK

SIGNETICS SALES OFFICES: Metropolitan New York (201) 992-3980; Upper New York State (315) 469-1072; Southwestern (214) 231-6344; Western Regional (213) 272-9421; Eastern Regional (617) 245-8200; Mid-Atlantic
(609) 858-2864; Southeastern (813) 726-3734; Midwestern Regional (312) 259-8300; Northwestern (408) 738-2710.

DISTRIBUTORS: Compar at all locations listed below. Semiconductor Specialists, Inc. (312) 279-1000; Terminal Hudson Electronics (212) 243-5200; Wesco Electronics (213) 684-0880; Wesco Electronics (405) 968-3475;
Hammond Electronics (305) 241-6601; Avnet Electronics Corp. of Massachusetts (617) 272-3060

DOMESTIC REPRESENTATIVES: Jack Pyle Company (415) 349-1266. Compar Corporation at the following locations: Alabama (205) 539-8476; Arizona (602) 947-4336; California (213) 245-1172; California (415) 697-6244;
Colorado (303) 781-0912; Connecticut (203) 288-9276; Florida (305) 855-3964; lllinois (312) 775-5300; Maryland (301) 484-5400; Massachusetts (617) 969-7140; Michigan (313) 476-5758; Minnesota (612) 922-7011;
Missouri (314) 428-5313; New Jersey (609) 429-1526; New Mexico (505) 265-1020; New York (518) 436-8536; New York (607) 723-8743; New York (716) 684-5731; New York (201) 471-6090; North Carolina (919) 724-0750;
Ohio (216) 333-4120; Ohio (513) 878-2631; Texas (214) EM 3-1526; Texas (713) 649-5756; Washington (206) 725-7800.

INTERNATIONAL SALES: France, Germany, Italy, Belgium, Holland, Luxemburg, Spain—Sovcor Electronique, 11, Chemin de Ronde, Le Vesinet, (S.-&0.) France, United Kingdom, Ireland, Sweden, Denmark, Norway, Switzerland,
Austria, Portugal — Electrosil Ltd., Lakeside Estate, Colnbrook-By-Pass Slough, Buckinghamshire, Great Britain. Australia — Corning, 1202 Plaza Building, Australia Square, Sydney, N.S.W. 27-4318. Canada — Corning Glass Works of
Canada, Ltd., Leaside Plant, Ontario, Canada (416) 421-150. Israel—Optronix, P.0. Box 195, Ramat-Gan, Israel 724.437. Japan—ASAHI Glass Co., Ltd., Corning Products Sales Dept. No. 2, 3-Chome Marunouchi, Chiyoda-ku, Tokyo, Japan,

ON READER-SERVICE CARD CIRCLE 76
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General Purpose Oscilloscopes

FREQUENCY SENSITIVITY SWEEP SPEED Type
Input Signal C-Cab Price
Channel Min. | Max. Resp. | Moax. Min. Imp. Delay | Max. Min. Trigger | R-Rack |Approx
Manufacturer |  Model (notes) Hz | MHz dB mV/em | V/em | MQ(pF) Hs Hs/cm s/cm Vip-p) | P-Port. $
H-P H41-1208 vert (s) 0.15 | 0.001 | ina 0.5 0.005 |1 (150) none |25mm/s 50mm/s | freerun| C, R 625
ITT KP704 vert 4 dec 0.005 | ina 20 - 100 k none |2.5mm/s | 500mm/s | none G, R 2650
(17 inch)
| KP404 vert 4 dc 0.005 | ina 20 - 100 k none |2.5mm/s | 500mm/s | none C, R 2550
(14 inch)
ITT KP704-8 vert 8 de 0.005 | ina 20 - 100 k none |2.5mm/s | 500mm/s | none G R 2950
(17 inch)
Texscan DU-17 (e) de 0.01 3 1 1 1 none |ina ina ina C 1375
S !
1 | Texscan DU-88M vert dc 0.015 | 3 1 (h) 1(h) |1 (30) A 5 y
horz de 0.001 | 3 100 (h) | ina 1 by il oS i < 572
Meas-Con 349 vert de 0.02 ina Iv(i) - 1 (100) none |none none yes € 200
ITT KS307 vert de 0.05 3 100 = 1
(23inch) | horz de [0.05 |3 |50 - |ook o %t b ol D
ITT KS407 vert de 0.05 3 100 - 1
(14inch) | horz de [0.05 |3 |10 - ook pans; 0.5 W ofiyes Sl R g
ITT KS707 vert de 0.05 3 100 - 1 none
(17 inch) horz dc 0.05 3 100 - 1 0.5 10us yes C, R 2650
ITT KM910S vert (s) dc 0.05 3 0.2 - 1 c 175
(9 inch) horz dc | 750Hz [ ina | 100 - 100 k ol nane e
ITT KM302 vert (s) de 0.05 3 100 10 1 C R 595
(23 inch) horz de | 0.05 |3 100 = 100 k fong ijinane LU e S 2
ITT KM30254 vert (s) de 0.05 3 1) - 1
(23inch) | horz de 005 [3 w0 |- |ook i gopo At oY hene LG TRC RN
ITT KM40254 vert (s) de 0.05 3 1(i) - 1
(4 inch) | horz d  [B005T 3 100 = o0k nonsifinone none St inons A8 [CART 12560
ITT KM402 vert de 0.05 3 100 10 1 b5 c R 2195
(14 inch) horz dc |0.05 |3 100 - 100 k ] st o i i
< >
21T KM702 vert (s) dc 0.05 3 100 10 1
(17 inch) | horz de |0.05 [3 |00 - |wok ens Jnane il o S B
ITT KM70254 vert (s) dc 0.05 3 1(i) - 1
(17 inch) | horz de |0.05 [3 |10 - |wook noner | none e o (| ot el eesd
ITT KM-708 vert (s) de(3) | 0.05 3 100 - 1 none |none none none G, R 6000
(17 inch)
H-P H40-1208 vert (s) dc 0.05 ina 100 1 1 (150) none |25mm/s 50mm/s | freerun| C, R 525
ITT KM910 vert (s) dc 0.05 3 100 - 100 k 2 R 950
(9 inch) horz dc | 750Hz | ina | 100 - 100 k ) s nene ons
Fairchild 304A vert 1 de 0.1 =1 . .
304AR D de 0.3 5 25 (i) 250(i) |2 (50) none |30 kHz 2 Hz yes C 550
horz 1 de 0.1 -1 . i
s 23 0.3 s 300 (i) | 30 (i) |2.2 (50) none [none none none R 575
Meas-Con 300 (f) de 0.1 -3 10 (h) - 0.5 (100) none |20kHz 10 Hz yes G R 160
Millen 909058 /90921| vert 15 0.125 | 2 500 50 0.5
fos 15 0.125 | 2 700 70 0.5 none |40 kHz 15 Hz yes R 234
Millen 90905/90921 | vert 15 0.125 | 2 750 50 0.5
i 15 0.125 | 2 900 20 0.5 none |40 kHz 15 Hz yes R 204
Millen 90902/90921 | vert 15 0.125 | 2 1100 50 0.5
L fae 15 0.125 | 2 1700 o 0.5 none |40 kHz 15 Hz yes R 149
3 | Millen 90903/90921 | vert 15 0202581 2 550 55 0.5
hoiz 15 0.125 | 2 710 7 0.5 none |40 kHz 15 Hz yes R 162
Benrus 1100/700 (f) de 0.15 3 0.1 20 2 (50) ina 1 5 (i) 0.5em | C 950
1100R /700 R 960
Benrus 1100/600 vert dc 0.15 3 0.1 20 2 (50) ina 1 5 (j) 0.5¢m | C 860
1100R/600 horz de 0.5 3 40 ina ina R 870
Benrus 1120/600 vert 1 (d1) de 0.15 3 0.1 20 2 (50) ina 1 5(j) 0.5em | C 955
1120R/600 vert 2 dc 05 3 40 ina ina R 965
Benrus 1120/700 y 4 (= 1045
11208,/700 (f de Q1525 3 0.1 20 2 (50) ina 1 5() 0.5¢m o 1055

Get detailed data: use the reader-service card.

See reader-service card for valuable FREE reprints.
Reader-service numbers are given in the index.
Oscilloscope index starts on page T36.
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General Purpose Oscilloscopes (continueq)

FREQUENCY SENSITIVITY SWEEP SPEED lype
Input Signal C-Cab Price
Channel Min. | Max. Resp. Max. Min. Imp. Delay | Max. Min. Trigger | R-Rack |Approx
Manufacturer |  Model (notes) Hz MHz dB mV/cm V/em| MQ(pF) us ps/em s/cm V(p-p)| P-Port $
Roberts 627BR vert de 0.15 1 22 (i) ina 2 (50) 7 : .
ol i 0.15 1 30 (i) e 2 (50) ina 30 kHz(j) | 2 Hz ina R 486
H-P 122A vert (d1) de 0.2 -3 10 10 1 (50) none |5 (j) 0.2 5 mm C 695
122AR horz de 0.2 -3 100 10 1 (100) R 695
Heath 10-21 (f) 2 0.2 +2 250 15 10 (20) none | 100 kHz 20 Hz yes C 50 (kit)
Heath 10-10 (f) de 0.2 2 120 12 3.6 (35) none |50 kHz 5 Hz yes (& 80 (kit)
Millen 90915 vert dc 0.2 3 120 1200 |5 (45)
horz e |02 |3 [wo 1700 |5 (45) a0 Koot S e T ve P 465
S
4| Waterman OCA-11A (f) de 0.2 ina 10 (h) 50 (h) |1 (30) none |30 kHz 3 Hz yes P 269
Waterman OCA-118 (f) de 0.2 ina 10 (h) 50 (h) |1 (60) none |1 (h) 10 (h) yes P 295
Waterman OCA-12A vert (d1) dc 0.2 ina 20 (h) 50 (h) |1 (60) none |ina ina yes P 295
Simpson 466 vert 15 0.25 é 30 3.3 0.1 (40) y
il 15 0.1 6 700 7.7 |ina none |80kHz(j) | 15 Hz yes (< 180
Millen 90923 vert dc 0.275 | 0.3 | 430 41 0.5
horz de |0.25 |20.3 [0.001 |40 |05 g S Lo i R I T 2
Gen-Atro K=-10-R vert de 0.3 3 1 197 2 (40) ol
o de FoR M i | 118 ina |2 (40) foneiiésd 0-066()fina S R e
Gen-Atro K-11-R (f) de 0.3 ina | 0.5- 150 |1 (225) none |1 1) lTem |R 620
Gen-Atro K-13-R (f) de 0.3 3 30 (i) ina 1 (ina) none |30 kHz 10 Hz 0.5 (< 640
H-P 1208 vert dc 0.45 -3 10 10 1 (50) none |5 (j) 0.2 5 mm C, R 495
horz de 0.3 -3 100 10 1 (100)
Tektronix 503 (f) de 0.45 -3 1 20 1 (47) none " |1 5 0.5 & 640
RM503 R 655
S
5 | Benrus 1100/100 (f) dc 0.5 3 40 0.04 |1 (100) none |[none none none (o] 550
1100R/100 R 560
Benrus 1100/200 vert de | 0.5 3 1 50 |2 @5) none |1 0.5(j) |0.2 5, 725
1100R/200 horz de 0.5 ina 40 50 0.25 R 735
Benrus 1100/300 (f de 0.5 3 1 50 2 (45) none |1 0.5(j) |0.2 C 735
1100R /300 R 795
Benrus 1120/100 (f) (d1) dc 0.5 3 40 0.04 [1 (100) none [none none none G 645
1120R/100 R 655
Benrus 1120/300 (f) (d1) de 0.5 3 1 50 2 (45) none |1 0.5(j) |0.2 < 890
1120R/300 R 900
Benrus 1120/200 vert 1 (d1) de 0.5 3 1 50 - C 820
11208/200 | vert 2 d BGEEW 3 |30 s (249 nene i A0 1925000 830
Fairchild 701 vert de 0.5 -3 10 100 1 (40) none (0.5 (j) 1 0.5v |.C,. R 495
horz de 0.35 -3 100 100 1 (50)
Fairchild 702 vert (d1) de 0.5 -3 10 100 1 (44) 5
horz de [0.35 |3 |10 100 |1 (4d) e AL e e |
Fairchild 704A (F)(n) de 0.5 -3 0.2 50 1 (50) none |0.2 (j) 15 0.5 C, R 850
Fairchild 708A vert (d2)(n) dc 0.5 -3 0.01 25 1 (50) 5
horz (0) e 0.5 3 20 1 1 (50) none [0.1 (j) é 0.5 C; R 995
5
6 | H-P. 130C (f) dc 0.5 =3 0.2 20 1 (45) none |1 (j) 5 0.5em| C, R 695
H-P 132A vert (d2) de 0.5 =3 0.1 20 1 (50) :
bk i 0.3 3 5 2 1 (50) none |1 (j) L] 0.5em| C, R 1395
Tektronix 567/6R1A/ vert (d1) (4) de 055 -3 10 10 1 (47) none |2 1 0.5 G 4450
3A2/3B2 R 4550
Gen-Atro K-12-R (f) dc 0.75 3 100 ina 1 (ina) none [none none ina (@4 ina
Fairchild 737A (f) (k) (s) de 1 -3 100 (h) | 0.5 (h)| 1 (45) none [none none none C; R 2995
Meas-Con 701 (F) (s) dc 1 -3 1(h) ina 1 (100) none |[none none none (& 595
Tektronix 502A vert (d2) (f) dc 1 -3 0.1 20 1 (47) e 5 0.2 (5 1050
RM502A horz de | 0.1 ina | 100 2 1 (70) : ; R 1150
Millen 90952 vert 10 1 3 400 120 2 none |2.4 0. 12ms yes (& 385
Honeywell 270 vert (up to 7 de 1.5 3 250 2.5 1 (200) none (300 kHz 100 Hz | yes R request
per day) rms rms
Grundig W2/13 vert 3 2.5 ina 100 30 1(36) none |1 0.01 yes (% 363
horz 2 0.5 ina 1500 ina 1 (36)
S
7 | Heath 10-12 vert 8 2.5 *] 28 2.8 3 (21) 3
R 1 Gl +3 320 5 30 @1) none [500 kHz 10 Hz yes & 77 (kit)
Grundig G3/13 vert de 3 ina 30 30 1(36) none |1 0.01 yes € 447
horz de 1 ina 1500 ina 1 (36)
Tektronix 310A vert de 4 3 10 (h) 50 (h) |1 (40) 1
horz de 0.5 ina 1500 ina ina pone S 0=5 M1 10.24{h) 10,2 P 8
Hickok 770A vert (d1) de 4 3 10 50 1 (40) none 0.2 (j) 1.5 0.5 C 635
horz de 0.6 3 75 (i) ina ina
Grundig W4/7 vert 5 4 ina 100 30 1(36) none |ina ina yes (5 199
horz 1 0.4 ina 700 ina 1 (36)

Circle as many numbers on the reader-service card as you like.
Reader-service cards are good all year.
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General Purpose Oscilloscopes (continued)

FREQUENCY SENSITIVITY SWEEP SPEED Type
In put Signal C-Cab | Price
Channel Min. | Max. | Resp.| Max. Min. Imp. Delay| Max. Min. Trigger | R-Rack |Approx
Manufacturer | Model (notes) Hz MHz dB mV/em | V/em| MS(pF) Hs ps/cm s/cm V(p-p) | P-Port, $
Hickok 675A vert- de 4.5 3 20 ina 5 g
o 1 0.45 3 250 45 (i) ina none | 100kHz(j) | 10 Hz sync c 395
Hickok 677 vert 53 4.5 3 35 (i) ina 3 (10) 4 .
2 : > 500kHz(j) | 10 Hz ina C 220
horz 5 0.35 3 ina ina ina nons I
= -
RCA CURESRY Ty ERE [ - el (;‘%O) none | 100kHz | 10Hz | yes |c 250
Waterman OCA-16A vert dc 5 ina 50 (h) ina 1 none | 0.1 (h) ina yes P request
Honeywell 275 vert de 5 3 700 2 100k (180) [ none | 1 MHz 100 Hz | yes R 2600
S 50 5 3 PP PP
8
Grundig MO5/7 vert dc 5 ina 30 10 1 (36)
horz de 2 ina 1000 ina 1(36) ponai|it 0.1 4 < 558
Cal =Inst 7000 vert dc 5 -1 100 (i) 10 (i) |1 (100) none | 1 MHz 10 Hz yes R 3150
Binary 5Mc2P (f) dc 5 3 100 100 1 (30) none | 1 1 yes E R 950
Aul 055 vert de 5 ina 50 (h) 20 (h) |1 (45)
horz dc | 0.45 |ina |500(h [ina |50k gong: | 1/ LEE LR R a8
Allied R KE-2100 vert de 5 -3 50 20 1 (40) none | 0.2 0.05 0.2 C 250
horz dc 0.8 +3 40 ina 1 (kit)
Allied R KG-630 vert 5 5 *3 20 (i) ina 2.9 (21) none | 600 kHz 15 Hz es C 80 (kit)
( Y
horz ina ina ina | ina ina 100 k
Simpson 458 vert 10 5 +2 55 55 3.3 (20) -
Tt 20 0.2 £ 175 1.5 " none | 250kHz(j) | 15 Hz yes C 390
Allied R KG-635 vert de 5.2 *1.5| 7 ina 3 (35) none | 400 kHz 10 Hz 0.15 € 110
horz 1 0.4 1.5 | 600 (i) | ina 7 (25) (kit)
Sencore PS127 vert 10 5.2 +] 170 (i) ina 27 (9) p
horz 10 0.65 3 ina ina ina nenss | 20U kHz iz i z 200
RCA WO-33A vert 5.5 [EbES 3 120 1.1 1 (50)
horz 20 |05 |3 | 100 ina  |ina nenecli Skt L To He O e HC o
S
9| Grundig TO6/7 vert dc é ina 30 10 1 (36)
horz d |8 ina | 1000 |ina |130) ik I 951 gt o 7!
Tektronix 321A vert de 6 -3 10 (h) 20 (h) |1 (35) 3
horz d | R B e A T I LR Rl £ w0
Roberts 622A vert 6 é +3 10 (i) ina 1 (50) 5 g
horz 1.5 B <3 | 75() |ina [o.1(25) | "o | 300KHz | W0Hz | ina  JC =0
Heath 10-14 vert dc 8 -3 0.05 ina 1(15) 0.25 | 1(j) 0.5 yes @ 259
(kit)
Tektronix 317 vert de 10 -3 10 (h) 50 (h) |1 (40) 5 (¢! 875
R317 horz de | 0.5 |-3 | 1400 ()| ina |01 B2} 0-2 ip L 2 Ol i e 950
Meas-Con 100 vert de 10 -3 50 (h) ina 1(75) g
10 10 -3 50 (h) e fa none | 500 kHz 0.5 Hz ina C 275
Gen-Atro K-14-R vert de 10 3 10 (h) 50 (h) |1 (ina) 0.025( 0.02 (j) 0.02 2 mm C, /R ina
|
horz de 0.5 ina ina ina ina
Amer-E| 725 vert dc 10 ina 10 (h) 50 1 (47) .
e e 0.5 500 (h) 5 - none | 0.02 (j) 0.2 +30 P, R ina
H-P 193A vert (w) 100 10.5 -3 ina ina ina ina (2) 2) es &, R 1350
4
H-P 191A vert (w) 100 10.5 -3 ina ina ina ina (1) (1) yes C 1475
S
10| Tektronix 422 vert (d1) de 15 -3 10 (h) 20 (h) |1 (30) 0.15 y
R422 vert 2 2 5 -3 1 (h) 2 (h) |1 (30) 0.15 0-5(h)(j) C-Si(h) O:t2n i 13¢5
Marconi TF2203 vert de 15 =3 50 20 1(28) none | 0.2 0.1 0.2 P 595
horz dc 4 -3 0.0015 | - ina 7)
Grundig MO15/10 vert de 15 ina 30 10 1(36)
horz de 2 ina 100 ina 1 (36) poney|i] 0.1 o = 12)0
Grundig 1016/13 vert de 15 ina 30 10 1(36)
horz de 2 ina 100 ina 1 (36) none | 0.1 0.3 Y c 1630
Grundig 102 vert dc 20 ina 30 10 1 (36) none
horz d |1 ina | 1000 |25 |18 sl ! YRR G
H-P 155A/1550A | vert (t) dc 25 =3 5 20 1 (50) yes 0.1 (j) 0.05 0.5em | C 2450(v)
2 25 -3
Tektronix 453 vert (d1) dc 50(5) | -3 20 (h) 10 (h) | 1 (20) yes 0.1 (h) 5 (h) 0.2 P 1950
vert (d1) dc 45 (5) | -3 10 (h) - 1(20) yes R 2035
vert (d1) dc 40 (5) | -3 5 (h) - 1 (20) yes ©) ©)
vert de 25 -3 1 (h) - 1 (20) yes
S horz dc 5 -3 5 (h) 10 (h) | 1 (20) yes
11| Fairchild 977A vert 2 de (v) 100 -3 |25 |25 [5090 0.04 | 0.2 0.01 0.2 (& 8200(r)
Tektronix 454 vert (d1) de 150(5) | -3 20 (h) 10 (h) |1 (20) yes 0.05 (h) 5 (h) 023755 (5P 2550
R454 vert (d1) dc 100 (5) | -3 10 (h) - 1 (20) yes R 2635
vert (d1) gc gg (5) -g ? gt) - } EZzgg yes (6) (6)
vert c = = yes
horz dc 2 -3 5 (h) 10 (h) |1 (20) es
EGG 707 vert de 2000 3 55 10 508 (ina) 5.06 0.005 5ns 55mV C 4090

See reader-service card for valuable FREE reprints.

Get detailed data: use the reader-service card.

Circle as many numbers on the reader-service card as you like.
Oscilloscope index starts on page T36.
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Sampling Oscilloscopes

FREQUENCY SENSITIVITY SWEEP SPEED
Rise Input Delay de Price
dec to | Resp.|Time| Max. Min. Imp. Noise | Line Offset Max. | Min. CRT, Approx
Manufacturer |  Model C?onne; GHz | B |ps [ mV/em | mV/em | Q(pF) mV ns ' ns/cm | ps/em Details $
notes
Tektronix 567/3576/ (e) (c) |0.875]|-3 [400 (2 200 (50) 2 p-p | yes 1 1 (k) 200 5 in.,3.5kV(i) | 5700
3T4/6R1A ¥
Tektronix RM567/3576/ | (e) (c) |0.875]|-3 400 (2 200 (50) 2 p-p | yes =] 1 (k) 200 5in.,3.5kV(i) | 5800
3T4/6R1A
Tektronix 564/3576/ (e) (c) |0.875]|-3 |400 |2 200 (5) 2 p-p | yes 1 1 (k) 200 5in.,3.5kV(h) | 3275
374
Tektronix RM564/3576/ | (e) (c) |0.875|-3 |[400 |2 200 (5) 2 p-p | yes =1 1 (k) 200 5in.,3.5kV(h) | 3360
314
Tektronix 561A/3576/ | (e) (c) |0.875]|-3 |400 |2 200 (50) 2 p-p | yes ] 1 (k) 200 5in.3.5kV 2900
314
S
12 | Tektronix RM561A/ (e) (c) 0.375 -3 |400 |2 200 (50) 2 p-p | yes *1 1 (k) 200 5in.,3.5kV 2950
3576/3T4
Tektronix 561A/3576/ | (e) (c) |0.875|-3 |[400 |2 200 (50) 2p-p |55 -1to +1]| 0.2 10 5 in.,3.5kV(f) | 2250
3T177A
Tektronix RM561A/ (e) (c) |0.875(-3 |400 |2 200 (50) 2p-p |55 =1to +1| 0.2 10 5 in.,3.5kV(f) | 2300
3576/3T177A ¢
Tektronix 564/3576/ (e) (c) |0.875|-3 [400 |2 200 (5) 2p-p |55 -1to +1| 0.2 10 5 in.,3.5kV(h) | 2625
3T77A :
Tektronix RM564/3576/ | (e) (c) |0.875|-3 |400 |2 200 (5) 2p-p | 55 -1to +1| 0.2 10 5in.,3.5kV(h) | 2710
3T77A 4
Tektronix 567/3576/ (e) (c) |0.875(-3 400 |2 200 (50) 2p-p |55 -1to +1| 0.2 10 5 in.,3.5kV(i) | 5050
3T77A/6R1A
Tektronix RM567/ (e) (c) |0.875|-3 400 |2 200 (50) 2p-p |55 =1to +1| 0.2 10 5 in.,3.5kV(i) | 5150
3576/3T77A/
6R1A
Tektronix 151 (plug=in) |vert (g) |1 -3 [350 |2 200 (50) 1 yes |1 0:1 50 (g) 1100
Tektronix 561A/353/ (e) (c) |1 -3 [350 |5 100 100k (2) | 2 none |*0.5 0.2 10 5 in.,3.5kV 2650
3T77A
Tektronix RM561A/ (e) (c) |1 =3 |350 |5 100 100k (2) | 2 none |*0.5 0.2 10 5in.,3.5kV 2700
s 3S3/3T77A
18 H-P 141A/1410A/ | vert (c) |1 =3 35 |1 200 100k (2) |1 ina ina 0.01 500 10 x 10 cm 4195
1424A 7.3kV, P31(h)
Tektronix 564/353/ (e) (¢) |1 =3+ |350' |5 100 100k (2) |2 none |+0.5 0.2 10 5 in.,3.5kV(h) | 3025
3T77A
Tektronix RM564/ (e) (c) |1 -3 [350 |5 100 100k (2) | 2 none |*0.5 0.2 10 5in.,3.5kV(h) | 3110
3S3/3177A
H-P 140A/1410A/ | vert (c) |1 -3 350 |1 200 100k (2) |1 ina ina 0.01 500 10 x 10 cm 3395
1424A 7.3kV, P31(f)
Tektronix 567/353/ (e) (c) |1 -3 |35 |5 100 100k (2) |2 none |¥0.5 0.2 10 5in.,3.5kV(i) | 5450
3T77A/6R1A
Tektronix RM567/353/ | (e) (c) |1 -3 |350 |5 100 100k 12) |2 none |*0.5 0.2 10 5 in.,3.5kV(i) | 5550
3T77A/6R1A
H-P 141A/1410A/ |vert (c) |1 =3 B5%0 I 200 100k (2) |1 ina ina 1 10 10 x 10 cm 4595
1425A 7.3kV, P31(h)
Tektronix 661/451/ (e) (e) |1 -3 [350 |2 200 (50) 1 yes =1 0.01 5s 5 in., 3kV(f' 3380
5T3
H-P 140A/1410A/ | vert (c) |1 -3 [B50 |1 200 100k (2) |1 ina ina 1 10 10 x 10 cm 3795
1425A 7.3kV, P31(f)
Tektronix 661/453/ (e) (e) |1 -3 [350 |2 200 100k (2) {1 none |*1 0.01 5s 5in., 3kV 4400
5T3
S ~
14 | Tektronix 567/353/ (e) (c) |1 =3 350 |5 100 100k (2) |2 none |¥0.5 1 (k) 200 5in.,3.5kV(i) | 6100
3T4/6R1A :
Tektronix RM567/353/ |(e) (c) |1 =3 1350 |5 100 100k (2) |2 none |*0.5 1 (k) 200 5in.,3.5kV(i) | 6200
3T4/6R1A
Tektronix 564/353/ (e) (c) |1 -3 350 |5 100 100k (2) (2 none |*0.5 1 (k) 200 5in.,3.5kV(h) | 3675
374
Tektronix RM564/353/ |(e) (c) |1 =3* 1850 |5 100 100k (2) |2 none [|*0.5 1 (k) 200 5 in.,3.5kV(h) | 3760
374
Tektronix 561A/353/ (e) (c) |1 -3 350 |5 100 100k {2) 2 none |*0.5 1 (k) 200 5 in.,3.5kV 3300
374

Get detailed data: use the reader-service card.

Circle as many numbers on the reader-service card as you like.

Reader-service cards are good all year.

Reader-service numbers are given in the index.
Need a FREE copy of this directory? Circle number 255.
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Sampling Oscilloscopes (continveq)

FREQUENCY SENSITIVITY SWEEP SPEED
Rise Input Delay dc Price
dec to | Resp.|Time| Max. Min. Imp. Noise| Line Offset Max. Min. CRT, Aporox
Manufacturer | Model (Chann)el GHz| dB | ps mV/em | mV/em [Q(pF) mV ns v ns/cm | us/cm Details $
notes
Tektronix RM561A/ (e) (e) |1 -3 1350 15 100 100k (2) [ 2 none [*0.5 1 (k) 200 5in.,3.5kV | 3400
353/3T4
Tektronix | 564/353/  [(e) () |1 -3 350 |5 100 100k (9|2 |[none [#0.5 | o0.02 [100 [5in.,3.5kv(h)| 3325
312
Tektronix | RM564/353/ |(e) (c) |1 -3 350 |5 100 100k (2) | 2 none [#0.5 [ 0.02 [100 |5in.,3.5kv(h) | 3410
312
Tektronix | 561A/353/ |(e) () |1 -3 |[ss0 |5 100 100k )[2 | nome [#0.5 |0.02 [100 |5in.,3.5kv | 2950
312
Tektronix | RM561A/353/[(e) () |1 -3 |[sso |5 100 100k ()[2 | nome [#0.05 |[0.02 [100 |5in.,3.5kv | 3000
3n2
s
15| Tektronix 152 (plug=in) [vert(g) | 3.9 -3 |90 |5 500 (50) 2 none | %2 10 1 (g) 1300
vert (j)
Tektronix 661/452A/ (ee) (cl) a9 -3 |90 |2 200 (50) 4 none |*1 0.01 5s 5in., 3kV 4400
513
H-P 140A/1411A/ [vert () | 12.4 | ina |() |1 200 ina ina [ina |im 1 10 10x10em | (m)
1425A 7.3kV, P31(f)
H-P 141A/1411A/ |vert (c) | 12.4 | ina [(1) |1 200 ina ina ina ina 1 10 10 x 10 cm (n)
1425A : 7.3kV, P31(h)
H-P 141A/1411A/ |vert (c) | 12.4 | ina |(1) |1 200 ina ina ina ina 0.01 500 10 x 10 cm (p)
1424A 7.3kV, P31(h)
-
General Purpose Oscilloscope Notes
dl. Dual-trace Ensfrumenf. w. Television scope.
d2. Dua|.-becm instrument. 1. Internal sweep: 2V: (2.5 ms/cm); £5% for X1,
e. Multi-channel scope. X10 and X25.
fe Ident'ic?l. vertical and horizontal amplifiers. 2H: (10us/cm); £3% for X1, X10;
h. Per tiwnsnon. £5%, X25.
) P.er inch. : H-Line select: (10ps/cm)-Line selec-
j- Time base expansion. tion for lines 16-21; variable line for
n. Selectable 5, 50 and 500 kHz bandwidth. allilines in the field:
q. Thry 30 MHz preamp. 2, Internal sweep: H-Line select: 0.125 H/cm.
r. Includes 2 vertical preamps and sweep plug-ins, 2V: (0.175 V/em); 5% X1, X5 and X25.
camera and film transport (35 mm). 2H: (0.125 H/cm); 3% X1, X5; 5%, X25.
s. Monitoring scope. 3. Horizontal axis: 15 kHz sawtooth waveform full screen.
t. Programmable. 4. Includes digital readout plug-in.
u. Option 01: Without programming capability 5. Indicated bandwidth is with X 10 probe, included.
$2150. 6. Bandwidths, 45, 40, 25 and 5 MHz, 1us-50s calibrated
v. Two high writing rate fiber optic CRT's - common sweep delay.
sweep. 7. TF2203 with rechargeable batteries $695.
] -
Sampling Oscilloscope Notes
c, Dual-trace instrument. k. Programmable.
e. ldentical vertical and horizontal amplifiers. m, Price 140A main frame $595; 1411A sampling
f. Other tube phosphors available. amplifier $700; 1425A sampling time base $1600,
g) Single-trace sampling plug-in fits 530, 540 and 1432A, 90 ps sampler $1000; 1430A dc-12.4
550 series main frames, also 580 series with GHz sampler $3000; 1431A dc to  12.4 GHz,
adapter. $3000.
h. Storage scope. n:Price 141A main frame $1395. Price of plug-ins
i. Includes digital readout plug=-in. same as note m.
i- Operates as a reflectometer, system rise time p: Price: 141A main frame $1395; 1411 sampling
of 140 ps, vertical scale calibrated in p (rho) amplifier $700; 1424A sampling time base $1200;
from 0.005 p/div. to 0.5 p/div., horizontal 1432A 90 ps sampler $1000; 1430A dc-12.4 GHz
scale calibrated in time from 10 m to 10 km full sampler $3000; 1431A dc to  12.4 GHz $3000.
scale. X1 to X100 magnifier. Lighted digital
readout of time or distance/division.
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Main Frame Oscilloscopes

FREQUENCY SENSITIVITY SWEEP SPEED
Price
Min. Max. Resp. Max. Min. Max. Min. Int Approx
Manufacturer| Model Channel Hz MHz dB mV /cm V/em ns/cm s/cm Calib | Mounting $
(notes)
Tektronix 567 (a) de 0.5 -3 (a) (a) (a) (a) yes C 3300
RM567 R 3400
Benrus RA850 ;::; :2 g'g ina (a) (a) (a) (a) ina C, R(g) 395
Bentus hASE ;::;(l) :: g'g ina (a) (a) (a) (a) ina C, R 295
Gen-Atro k270 ;Z:; () :z g :g (a) (a) (a) (a) yes C 1700
Gen-Atro K-105 vert de 6 -3 (b) (b) 100 0.1 yes (T, 696
horz dc 0.5 -3 500 5
S
16| Gen-Atro K-106 vert de é -3 (b) (b)
horz de 0.5 3 500 (h) 5 () e L yesi il G 2
Tektronix 565 vert (c) de 10 =3 (b) (b) G 1400
RM565 | horz de 0.35 |-3 100 30 g 2 vers IR 1500
Tektronix 536 (e) de 1 -3 (a) (a) (a) (a) yes C 1085
Tektronix 564 (a) (h) dc 15 -3 (a) (a) (a) (a) yes C 875
RM564 R 960
Gen-Atro GA-151 ‘;'::;(I) :z :5 g (@ (@ (@) (@) Vet c 795
Gen-Atro GA-255 ;::fz(ﬂ :‘c: :5 g @ @ (@ (@) yos c 1530
Gen-Atro K-115 vert de 15 3 (b) (b) 100 0.1 yes C 1275
Tektronix 561A (a) dc 15 -3 (a) (a) (a) (a) yes € 500
RM561A R 550
Tektronix 531A vert de 15 -3 (b) (b) 100 5 o (3] 995
RM531A | horz de 0.35 -3 200 20 ¥ R 1095
Tektronix 533A vert de 15 -3 (b) (b)
horz de 0.5 =3 100 10 100 2 pesi|LC 12>
S
17| Tektronix 535A vert de 15 -3 (b) (b) 100 5 es G 1400
RM535A | horz de 0.35 -3 200 20 Y R 1500
H-P 140A (a) de 20 -3 (a) (a) (a)(k) (a) yes C, R 595
H-P 141A (a) (h) de 20 -3 (a) (a) (a) (a) yes G, R 1395
Tektronix 551 vert (s) de 27 -3 (b) (b) G 1850
horz de 0.4 -3 200 50 10 : yes
Hickok 1805A vert de 30
I 0.24 () (b) (b) (b) (b) yes c 1340

(tables continued on page T28)

Plug-In and Main Frame Oscilloscope Notes

d.
e.
B
h.

Both horizontal and vertical amplifiers are
plug-ins. For complete specifications, see
plug-in tables.

Vertical amplifier is a plug=in. Specifications
are for main frame and built-in horizontal am~
plifier. See plug-in tables for vertical ampli-
fier specifications.

Multi-channel scope.

Other tube phosphors are available.

Identical vertical and horizontal amplifiers.
Two units fit info 5-1/4 inch rack.

Storage scope with split screen.

Single trace scope.

Dual trace scope.

ne.
q.

Fe

Time base is also delay generator.
Sweep switching.

Differential unit.

Uses 9571 vertical plug-in and any horizontal
plug-in.

Dual -beam.

Accepts two vertical plug-ins.

Higher sensitivity at reduced bandwidth.
CRT can be digitized and recorded.
Includes internal delay line.

Carrier amplifier: 10{ strain - 10, 000p
strain/division.

Automatic programmable unit.
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Main Frame Oscilloscopes (continued)

FREQUENCY SENSITIVITY SWEEP SPEED
Price
Min. Max. Resp. Max. Min. Max. Min. Int Approx
Manufacturer Model (Ehannt)al Hz MHz dB mV/cm V/em ns/cm s/cm Calib Mounting S
notes
i i . 1975
g g Y Bl 4 - @ @ @ (a) T
Teichonix 355 i 5 | @ () 000 | 5 W - 2650
Tektronix 5438 vert de 33 -3 (b) (b) 100 5 o C 1300
RM5438 horz de 0.5 -3 100 10 y R 1400
Tektronix 5458 vert dc 33 -3 (b) (b) 100 (k C 1550
RM5458 | horz de 0.35 | -3 200 20 o 3 pernit 1650
Tektronix 549 vert (h) dc 33 -3 (b) (b)
horz de 0.35 | -3 200 2 i 2 e i
S
18 | Marconi TF2200A | vert de 36 ina (b) (b) 50 2 ina C 1950
horz 2 2.4 ina 70 35
Fairchild 765MH vert (j) de 50 -3
ML | horz de 5 =i (@) @ (a) (a) i L i
ALy R o Bl Kot Sl oA R (@) @ @ - e 650
Fairchild 767H \}/‘::tz jz go :g el (@) (@) (@) i R 695
ook gl & e (@ () ®) @ o |€ 1325
H-P 180A vert de 50 -3 C 825
180AR horz de 5 -3 @ (a) (o) @) ye R 900
Tektronix 556 vert (t) dc 50 -3 (b) (b) 100 5 £ (& 3150
R556 horz dc 0.4 -3 100 10 b4 R 3250
Tektronix 547 vert de 50 -3 (b) (b) 100 5 & c 1875
RM547 horz de 0.4 -3 100 10 () (n) 14 R 1975
Tektronix 546 vert de 50 -3 (b) (b) K (&5 1750
RM546 | horz de 0.4 -3 100 10 W 2 yEs i e 1850
Tektronix 544 vert de 50 -3 (b) (b) 100 5 P € 1550
RM544 | horz de 0.4 -3 100 10 ” R 1650
S
19| Tektronix 585A vert de 85 -3 (b) (b) 50 2 e (& 1725
RM585A | horz dc 0.35 -3 200 15 Y R 1825
Tektronix 581A vert de 85 -3 (b) (b)
horz de 0.35 | -3 200 15 =9 5 i U e
Fakeitd il SRy e e @ (@) (@ (@ yes | ® 1060
Fairchild 766H/F ;/‘::; M :: ;oo :g @ @ @ @ S c 720
SR 3
Fairchild 767H/F ;::; :: ;00 - (@ (@) (@) (@) ves R 770
irehi 13 100
Fairchild 9570 \';::fz :::: ;w 5 (23 (r) o (r) © ) B R 1030
irchi 2 -3
2% FeReiii i ;z:; 2((1)) :z ;w -3 (a) (a) (a) (a) yes G, R 1600
Tektronix 647A vert de 100 -3 (3 1500
R47A | horz de 3 3 @ (a) © (a) re o lg 1625
Need a FREE copy of this directory? Circle number 255.
- = gu -
Vertical Amplifier Plug-Ins (Single Trace)
FREQUENCY SENSITIVITY
Input Common Main Frames Price
Min. Max. Resp. Max. Min. Impedance Mode for Approx
Manufacturer Model Hz MHz dB mV/cm V/em MQ (pF) Rej. Plug=In $
Tektronix 3C66 de 0.05 =3 (y) (y) AC Bridge no 561A, 564, 565 400
Tektronix Q de 0.06 -3 (y) (y) AC Bridge no 530, 540, 550, 580 325
Series
Tektronix E 0.06 0.06 -3 0.05 0.01 10 (50) yes 530, 540, 550 & 580 190
Hickok 1825 0.06 0.06 3 50 nV 0.025 ina yes 1805A 190
Benrus VA227 dc 0.1 ina 40 ina 0.04 (ina) no RA840B, RA850A 125
D)

21 | Benrus VA228 de 0.1 ina 10 ina 0.01 (ina) no RA840B, RAB50A 135
Benrus VA224 de 0.1 ina 100 ina 0.1 (ina) no RA840B, RA850A 120
Benrus VA2252 de 0.1 ina 400 ina 0.4 (ina) no RA8408, RA850A 110
Benrus VA224 de 0.1 ina 2y ina 1 (ina) no RA840B, RA850A 105
Benrus VA217 10 0.1 ina 4 ina 1 (ina) no RA840B, RAB50A 105

(tables continued on page T30)

See reader-service card for valuable FREE reprints.

T28 ELEcTRONIC DESIGN 20, September 27, 1967



EFFECTIVE OCTOBER 1, 1967

TS :Cermet Pot

in Wirewound or Carbon Price Range

less
than

each

(in production
quantities)

Only CTS, high volume automated producers of cermet controls, offers a line of 34" dia.,
2-watt cermet potentiometers at prices you would expect to pay for industrial wirewound
or carbon pots.

Series 550 combines long life, low noise, high overload capability, high stability and
wide resistance range in compact construction that exceeds MIL-R-23285 (a tighter
cermet version of MIL-R-94). Single, dual and concentric constructions.

Compare these specifications
(linear taper)
Optional
Characteristics
(no more than
Standard 10c extra
Characteristics per item)
Temperature Coefficient
Resistance TC TC
ohms PPM PPM
400 to 1.35KQ —50 to +200 —0 to +100
1.36KQ to 2.9KQ —100 to +300 —0 to +250
3KQ to 1.35 meg. —100 to +250 +100
1.36 meg. to 5 meg. +250 +150
ENR +2% +1%
. Rotational Life 50,000 cycles 100,000 cycles
Series 550 +5% A R +10% A R
" oA Resistance Range 50 ohms through 25 to 49 ohms
2-watt 34" dia. 1 megohm or 1 megohm
to 5 megohms
Cermet Variable Independent +5% +39%
Resistor HaSariy

o Most models available through CTS distributors.

For help in your application, call on CTS, the world’s
largest producer of variable resistors.

ON READER-SERVICE CARD CIRCLE 77
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Vertical Amplifier Plug-Ins (Single Trace) (continueq)

FREQUENCY SENSITIVITY
Input Common Main Frames Price
Min. Max. Resp. Max. Min. Impedance Mode for Aoprox
Manufacturer Model Hz MHz B mV/em V/em M& (pF) Rej. Plug=In S
Benrus VA216 10 0.1 ina 10 ina 0.5 (ina) no RA840B, RAB50A 90
Benrus VA212 10 (s 151 | ina 400 ina 1 (ina) no RA840B, RA850-A 65
Tektronix 2A63 dc 0.3 -3 1 20 1(47) yes 561A, 564, 565 150
Tektronix 2A61 0.06 0.3 -3 0.01 0.02 10 (50) yes 561A, 564, 565 385
H-P 1407A dc 0.4 -3 0.1 20 1 (90) yes 140A, 141A 625
S
22 | H-P 1406A de 0.4 -3 0.05 20 1 (100) yes 140A, 141A 850
H-P 1400A de 0.4 -30 0.1 20 1 (45) yes 140A, 141A 250
H-P 1403A 0.1 0.4 -3 0.01 0.1 1 (60) yes 140A, 141A 475
H-P 1401A de 0.45 -3 5 10 1 (45) yes 140A, 141A 425
Tektronix 1A7 de 0.5 -3 0.01 10 1(47) yes 530, 540, 550, 580 425
Series
Gen-Atro 80-C de 0.5 =3 2 ina 1 (40) yes K-480 348
Benrus VA214 10 0.5 ina 100 ina 1 (ina) no RAB40B, RA850A 80
Benrus VA215 10 05 ina 40 ina 1 (ina) no RA840B, RAB50A 85
Benrus VA213 10 0.5 ina 400 ina 0.5 (ina) no RA840B, RA850A 75
Benrus VA211 10 0.5 ina 2v ina 1 (ina) no RAB40B, RAB50A 45
S | Fairchild 74-12 de 0.85 -3 1 25 1(37) yes 765MH, 766H, 767H, 145
23 765MH/F, 766H/F,
767H/F, 777, 9570
Tektronix 2A60 dc 1 -3 50 50 1 (47) no 561A, 564, 565 105
Fairchild 74-15 de 1 -3 20 200 1(33) no 765MH, 766H, 767H, 89
765MH/F, 766H/F,
767H/F, 777, 9570
Gen-Atro 80-B de 1 -3 10 ina 1 (40) no K -480 282
Tektronix 1A6 de 2 -3 1 50 1(33) yes 530, 540, 550, 580 230
Series
Tektronix D de (v) 2 -3 50 50 1(47) yes 530, 540, 550, 580 170
Series
Hickok 1824 350 kHz| 2 ina 1 50 ina yes 1805A 150
Tektronix 3A8 (OP AMP) | dec 3.5 -3 20 10 1(47) no 561A, 564, 565 600
Tektronix 3A75 de 4 -3 50 20 1 (47) no 561A, 564, 565 175
Fairchild 76-08 de (x) 5 =3 0.5 50 1(23) yes 765MH, 766H, 767H, 650
- 765MH/F, 766H/F,
767H/F, 777
S
24 | Fairchild 74-19 de 5 =3 50 60 1 (40) no 765MH, 766H, 767H, 175
765MH/F, 766H/F,
767H/F, 777, 9570
Gen-Atro 80-A de 5 -3 50 ina 1 (40) no K-480 242
Gen-Atro MX2996 de -] -3 0.1 50 1(47) no K-106 ina
Tektronix 3A7 de (u) 10 -3 50 50 1(20) yes 561A, 564, 565 635
Tektronix z de 13 =3 50 25 1(24) yes 530, 540, 550, 580 525
Series
Tektronix 3A5 de (z)(uv) 15 -3 10 50 1(24) no 561A, 564 760
Tektronix H de 15 -3 5 20 1 (47) no 530, 540, 550, 580 185
Series
Gen-Atro GA-15 dc 15 3 10 20 1(47) no GA-151, GA-255 228
Gen-Atro ST-106 de (h) 15 ina 10 20 1 (47) no K-105, K-106, K-115, 395
s K-270, K-480
25 | Hickok 1827 dc 20 ina 50 20 ina yes 1805A 180
Hickok 1822 de 20 ina 5 50 ina no 1805A 130
Tektronix B de (u) 20 -3 50 20 1 (47) no 530, 540, 550, 580 145
Series
Tektronix G de 20 -3 50 20 1(47) yes 530, 540, 550, 580 190
Series
H-P 1752A de 22 -3 5 20 1(35) yes 175A 225
Tektronix w de (v) 23 -3 50 50 1(20) yes 530, 540, 550, 580 550
Series

Get detailed data: use the reader-service card.

Circle as many numbers on the reader-service card as you like.
See reader-service card for valuable FREE reprints.
Reader-service numbers are given in the index.

Need a FREE copy of this directory? Circle number 255.
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Vertical Amplifier Plug-Ins (Single Trace) (continued)

FREQUENCY SENSITIVITY
Input Common Main Frames Price
Min. Max. Resp. Max. Min. Impedance Mode for Approx
Manufacturer Model Hz MHz dB mV/cm V/em MQ (pF) Rej. Plug=In $
Fairchild 76-01A dc 25 -3 5 25 1 (40) no 765MH, 766H, 765MH/F | 315
766H/F, 767H/F, 777
Fairchild 79-02A de (x) 25 -3 1 50 1(14) no 765MH, 766H, 767H, 930
765MH/F, 766H/F,
767H/F, 777
Tektronix 0 (OP AMP) dc 25 -3 50 20 1 (47) no 530, 540, 550, 580 525
Series
Hickok 1832 de (u) 30 ina 50 50 ina no 1805A 178
Tektronix fs de (u) 30 -3 50 20 1(20) no 530, 540,~550, 580 210
Series
S
26 Hickok 1831 de 30 ina 50 50 ina no 1805A 126
Tektronix K de 30 -3 50 20 1(20) no 530, 540, 550, 580 145
Series
Marconi TM6457A de 34 ina 50 50 1 (30) yes TF2200A 495
Tektronix 1A5 de (q) 50 -3 o 20 1 (20) yes 530, 540, 550, 580 550
de 45 -3 2 N/A 1 (20) yes Series
de 40 -3 1 N/A 1 (20) yes
Marconi TM6455A de 55 ina 50 115150 1(30) no TF2200A 220
S | Tektronix 10A1 de (u) 55 -3 5 20 1 (20) yes 647A, R647A 900
27 | Tektronix 86 de (v) 85 -3 100 20 1(15) no 581A, 585A 350
Fairchild 76-05 de (x) 100 -3 5000 8 508 no 765MH, 766H, 767H, 225
765MH/F, 766H/F,
767H/F, 777
Reader-service cards are good all year.
Reader-service numbers are given in the index.
i lifier Plug-I Dual T
Vertical Amplifier Plug-Ins (Dual Trace)
FREQUENCY SENSITIVITY
Input Common Main Frames Price
de to Resp. Max. Min. Imp. Mode for Approx
Manufacturer Model MHz dB mV/cm V/em MQ (pF) Rej. Plug- In $
Gen-Atro 70-E 0.05 -3 0.05 0.05 2 (25) no K-270 ina
Gen-Atro 70-D 0.25 -3 05 0.5 2 (25) no K=-270 245
H-P 1401A 0.45 -3 1 10 1 (45) yes 140A, 141A 425
Gen-Atro 70-C 0.5 -3 2 2 2 (25) no K-270 235
Tektronix 3A2 0.5 -3 10 10 1 (47) no 561A, 564, 565, 567, 568 500
S
28 | Tektronix 3A3 0.5 -3 0.1 10 1(47) yes 561A, 564, 565, 567, 568 790
Tektronix 3A72 0.65 -3 10 20 1(47) no 561A, 564, 565, 567, 568 275
Tektronix 3A74 (4 Trace) 2 =3 20 10 1(47) no 561A, 564, 565, 567 590
Gen-Atro 70-A 5 -3 50 50 2 (25) no K-270 215
H-P 1405A 5 =3 5 10 1(43) yes 140A, 141A 325
Gen-Atro DT-106 é ina 50/div 50/div 1 (47) no K-105, K-106, K-115, K-270 590
Tektronix 3A6 10 (x) -3 10 10 1(47) no 561A, 564, 565, 567 525
Tektronix 3A1 10 -3 10 10 1(47) no 561A, 564, 565, 567 490
Gen-Atro GAl6 15 -3 50/div 20/div 1 (47) no GA-151, GA-255 514
Fairchild 76-06 (4 Trace) 20 -3 20 20 1(37) no 765MH, 766H, 767H, 695
1 =3 2 2 1(37) no 765MH/F, 766H/F,
: 767H/F, 777
2| Hop 1402A 20 -3 5 10 1(43) yes 140A, 141A 575
Tektronix M 20 -3 20 10 1 (47) no 530, 540, 550, 580 525
Tektronix C-A 24 -3 50 20 1 (20) no 530, 540, 550, 580 260
Hickok 1823A 24 -3 50 20 1(20) no 1805 220
Fairchild 76-02A 25 -3 5 25 1 (40) no 765MH, 766H, 767H, 475
765MH/F, 766MH/F, 777

Circle as many numbers on the reader-service card as you like.
Reader-service cards are good all year.
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Vertical Amplifier Plug-Ins (Dual Trace) (continveq)

FREQUENCY SENSITIVITY
Input Common Main Frames Price
dc to Resp. Max. Min. Imp. Mode for Approx
Manufacturer Model MHz dB mV/em V/em M (pF) Rej. Plug-In $
Marconi TM6456A 33 ina 50 50 1(27) no TF2200A 395
H-P 1754A 40 -3 50 20 1(22) no 175A 595
Tektronix 1A4 (4 Trace) 50 -3 10 20 1(20) yes 530, 540, 550, 580 750
Tektronix 1A2 50 -3 50 20 1(15) yes 530, 540, 550, 580 325
H=P 17508 50 -3 50 20 1(23) yes 175A 325
H-P 1755A 50 -3 1 5 1(22) yes 175A 575
Fairchild 76-08 50 (x) -3 50 50 1(23) ¥yes 765MH, 766H, 767H, 650
25 -3 5 5 1(23) yes 765MH/F, 766H/F,
s 767H/F, 777
S0 extoni Ll ;g 23 3 . & 1(15) yes 530, 540, 550, 580 600
Tektronix 82 85 -3 100 50 1(15) no 581A, 585A 650
Fairchild 79-02A 100 -3 100 50 1(14) no 765MH, 766H, 767H, 930
50 -3 10 5 1(14) no 765MH/F, 766H/F,
767H/F, 777
Tektronix 10A2A 100 -3 10 20 1 (20) yes 647A, R647A 775

Circle as many numbers on the reader-service card as you like.

Horizontal Amplifier Plug-Ins

FREQUENCY SENSITIVITY
Input Main Frames Price
Min. Max. Resp- Max. Min. Imp. for Approx
Manufacturer Model Hz kHz dB mV/ecm V/em MQ(pF) Plug-In $
Benrus HA312 10 100 ina 400 ina 1 RA840B, RA850 65
Benrus HA316 10 100 ina 10 ina 0.5 RA840B, RA850 90
Benrus HA317 10 100 ina 4 ina 0.5 RAB40B, RA850 95
Benrus HA324 de 100 ina 2000 ina 1 RA840B, RA850 105
Benrus HA325 de 100 ina 400 ina 0.4 RA840B, RA850 110
S,
31| Benrus HA326 de 100 ina 100 ina 0.1 RA840B, RA850 120
Benrus HA327 de 100 ina 40 ina 0.01 RA840B, RA850 120
Benrus HA328 dc 100 ina 10 ina 0.01 RA840B, RA850 135
Benrus HA311 10 500 ina 2000 ina 1 RAB40B, RA850 45
Benrus HA313 10 500 ina 400 ina 0.5 RA840B, RA850 75
Benrus HA314 10 500 ina 100 ina 1 RAB40B, RA850 80
Benrus HA315 10 500 ina 40 ina 1 RAB40B, RA850 85
Fairchild 74-12 de 850 -3 1 25 1(37) 765MH, 766H, 767H, 145
S 765MH/F, 766H/F,
32 767H/F, 777, 9570
Fairchild 74-15 dc 1000 -3 20 200 1(33) 765MH, 766H, 767H, 89
765MH/F, 766H/F,
767H/F, 777, 9570
Fairchild 7419 de 5000 =3 50 60 1 (40) 765MH, 766H, 767H, 175
765MH/F, 766H/F,
767H/F, 777, 9570

Get detailed data: use the reader-service card.
Need a FREE copy of this directory? Circle number 255.

Horizontal Amplifier Plug-Ins (Time Base)

SWEEP SPEED TRIGGER
Main Frames Price
Max. Min. Acc. Input Output for Approx

Manufacturer Model Hs/cm s/cm % Defl. Y Plug-In $
Benrus SC411 0.12 em/s 0.6 cm/s ina yes yes RA840B, RAB50 145
Benrus SC415 0.12 cm/s 75 cm/s ina yes yes RAB40B, RA850 180
Benrus SC412 0.3 cm/s 3 cm/s ina yes yes RAB40B, RA850 140
Benrus SC413 3cm/s 15 cm/s ina yes yes RA840B, RA850 135
Benrus SC414 15 cm/s 75 cm/s ina yes yes RA840B, RA850 135

S

33 | Benrus SC442 10/div 10 ms/div ina none none RA850 145
Benrus SC462 10/div 10 ms/div ina 0.3 cm none RA840B 135
Benrus SC437 10/div 55/div ina none none RA850 125
Benrus SC457 10/div 55/div ina 0.3 cm none RA840B 125
Benrus SC456 55/div 333 ms/div ina 0.3 cm none RA840B 125

(tables continued on page T34)
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A brief case for
TWT Amplifiers

Frequency range from 0.5
through 12.4 GHz. Power out-

puts up to 10 watts. Front

panel connection for grid and
helix modulation, and best of
all .. .our own built-in Travel-
ing Wave Tubes. For more
details, write Microwave Asso-
ciates today, leaders in TWT's
and TWT Amplifiers since
1951,

MICROWAVE ASSOCIATES

Burlington, Massachusetts

Offices: Burlington, Mass.; 9911 Inglewood Ave., Inglewood, Cal.;
Subsidiaries: Microwave Associates (West) Inc., Sunnyvale, Cal.
Microwave Associates, Ltd., Luton, Beds, England.
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T34

Horizontal Amplifier Plug-Ins (Time Base) (continued)

SWEEP SPEED TRIGGER
Main Frames Price
Max. Min. Acc. Input Output for Approx
Manufacturer Model Hs/cm s/cm % Defl. \Y Plug-In s
Benrus SC436 55/div 333 ms/div ina none none RA850 125
Benrus SC455 278/div 1.66 ms/div ina 0.3 cm none RA8408 125
Benrus SC435 278/div 1.66 ms/div ina none none RA850 125
Benrus SC454 1.66 ms/div 10 ms/div ina 0.3 cm none RAB40B 125
Benrus SC434 1.66 ms/div 10 ms/div ina none none RA850 125
S
34| Benrus SC433 8 ms/div 0.04 s/div ina none none RA850 125
Benrus SC453 8 ms/div 0.04 s/div ina 0.3 cm none RAB40B 125
Benrus SC441 166 ms/div 1 s/div ina none none RA850 135
Benrus SC461 166 ms/div 1 s/div ina 0.3 cm none RA840B 135
Benrus SC432 0.04 s/div 0.2 s/div ina none none RA850 115
Benrus SC452 0.04 s/div 0.2 s/div ina 0.3 cm none RA840B 125
Benrus SC431 0.2 s/div 1s/div ina none none RA850 125
Benrus SC451 0.2 s/div 1s/div ina 0.3 cm none RA840B 125
Fairchild 74-13C 0.1 5 3 0.5¢cm 2.5 (gate) 765MH, 766H, 767H, 750
0.01 0.5 5 765MH/F, 766H/F, 767H/F,
777, 9570
Fairchild 74-17A 0.05 55 3 0.3 cm 14 (gate) 765MH, 766H, 767H, 890
0.005 (k) 0.5 5 765MH/F, 766H/F, 767H/F,
3 777, 9570
& Fairchild 74-03A 0.05 5 3 0.3 cm 4 (gate) 765MH, 766H, 767H, 395
0.005 0.5 5 765MH/F, 766H/F, 767H/F,
777, 9570
Gen-Atro GA-24 0.1 (k) 0.1 3 0.5¢em +10 GA-151, GA-155 225
Gen-Atro 80-A 1 5 5 2 mm 0.2-35 K-480 469
Gen-Atro 70A 1 1 3 2 mm gate K-270 395
H-P 1423A 0.2 5 3 0.5¢em none 140A, 141A 450
H-P 1420A 0.5 5 +3 0.5¢cm none 140A, 141A 325
H-P 1422A 1 5 +3 0.5cm none 140A, 141A 225
Tektronix 1181 0.1 2 3 2-10mm +14 (gate) 647A, R647A 650
S | Tektronix 385 0.1(2) 5 3 5 mm none 561A, 564 890
36 | Tektronix 2867 1 5 9 4 mm none 561A, 564 210
Tektronix i 0. 2/div 2/div 3 0.2v +20 (gate) 536 240
Tektronix 384 0. 2/div 5/div 3 2 mm +20 (gate) 561A, 564, 567 400

Reader-service numbers are given in the index.
Reader-service cards are good all year.

Need a FREE copy of this directory? Circle number 255.

Horizontal Amplifier Plug-Ins (Delay)

DELAY TIME SWEEP SPEED TRIGGER
Main Frames Price
Min. Max. | Acc. Max. Min. | Acc. Jitter Input Output for Approx
Manufacturer Model | ps s % ps/em | s/cm % parts Defl. Y Plug=In $
Gen-Atro GA-25 | 1 1 3 0.1 0.1 3 1/10K 0.5cm +10 (gate) | GA-255 595
Gen-Atro GA-26 |1 10 3 0.2 1 3 1/10K 0.5¢cm +10 (gate) | GA-151 559
Tektronix 383 0.5 10 1 055 1 3 1/20K 4 mm none 561A, 564 585
Tektronix 3B1 0.5 10 uncal | 0.5 1 3 1/20K 4 mm none 561A, 564 535
H-P 1421A 0.5 10 £] 0.2 1 3 1/50K 0.5cm +4 140A, 141A 625
S | H-P 17818 0.5 10 ] 2 1 +3 1/50K 2 mm +10 175A 325
37 | Tektronix 382 5 10550 1 2/div  |1/div | 3 1/20K 2 mm +15 (gate) | 561A, 564, 567, 568 650
Fairchild 74-13A | 0.25 50 1 0.1 5 3 +1/40K 0.5 cm 2.5 (gate) | 765MH, 766H, 767H, 750
0.01 0.5 5 0.5V 765MH/F, 766H/F,
767H/F, 777, 9570
Fairchild 74-17A | 0.25 50 1 0.05 5 3 +1/40K 0.3 cm 14 (gate) 765MH, 766H, 767H, 890
0.005 [0.5 5 0.25v 765MH/F, 766H/F,
767H/F, 777, 9570
Tektronix 11B2A 1 50 25 0.1 i 3 1/20 3 mm gate 647A, R64TA 850

See reader-service card for valuable FREE reprints.

Get detailed data: use the reader-service card.
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trouble-free
selection...

1Y,% ACCURACY
MODEL 2750

22 BUILT-IN RANGES
MODEL 604

Simpson MULTICOROER 604

B4 AR

10 CHANNEL EVENT
MODEL 2755

SINGLE RANGE—4 SPEED
MODEL 603

We build them only one way. Trouble-Free . . . with Simpson’s
inkless system for a clear record every time . . . with quick and easy
paper changing . . . with ruggedness and portability. All our magna-
tude recorders use Taut Band movements to prevent shock and
vibration damage. And speed changes can be made on all models
while the chart is in motion, with the flip of a switch. High-quality
construction throughout. Choose the recorder you need from the
chart. All are Reliable. Convenient. Trouble-Free.

write for
further
information

SPECIFICATIONS 603 604 2750 2755
Accuracy of DC models: +2.5%FS +2.59%FS on all +1.5%, any model (Event channels
recording AC models: +4.0%FS ranges only)

Number of ranges
built-in 1 22 1 =l
Ranges available from | DC uA:0- 0/100/250 DC pA: 0-50/250* DC uA: O- 10/25/50/100/500 —
stock. DC mA: O- 1/5/50/500 |DC mA: 0-1/5/25 |DC mA:0-1/10/10
DC A: 0-5 AC A: 0-5 DCA:0-.1/.25/1 |[DCA:0-1/5/10
DC mV: 0-50 AC mA: 0-.2 |AC pA: 0-250/500
DC V:0-15/50/150 DCV:0-.1/.5/2.5/10/ | AC mA: 1/10/100
AC V: 0-5/150/300, 25/100/250/500 |ACA:0-5 DC mV ‘
100-130 ACV:0-10/25/100/ |DC V: 0- /5/10/15/25/50/ [
250/500 100/150 /250/5 ‘
|{ACV:0-10/15/25/50/100/
150/250 /500
Number of event
channels built-in 1 none Houe 10
Event indicator volfage @ 120 volts/60Hz. — -~ gozp()ti\é(r)ulatls:/gl(l)\}/‘gb)
Built-in chart speeds 3/12/24/36" per hr. 1/3/12" per hr. 20/120 mm per hour

T4/1/2/3" per hr.** - 30/180; €0/360; 100/600; 300718005~
30/60/90" per hr.*** 600/3600 mm per hr.

Clamp rate 2 seconds 2 seconds J3 seconds Continuous

Optional speeds

| 3" wide, pressure

Chart Paper 2%/4¢" wide, pressure sensitive

| sensmve
Motor drive Self-starting, synchronous. 120 volts @ 60 Hz.
Bk $90.00-$120.00 $200.00 [$138.00-$167.00 $175.00
Al From Electronics Parts Distributors | FROM YOUR SIMPSON REPRESENTATIVE

*Note: 604 has all ranges listed built-in one unit.
**Gearbox not interchangeable. Stocked in both low and high speed ranges.
***With interchangeable Gearboxes.

ELECTRIC COMPANY

5200 W. Kinzie Street, Chicago, lllinois 60644 . Phone: (312) 379-1121
Export Dept: 400 W. Madison Street, Chicago, lllinois 60606, Cable, Simelco
IN CANADA: Bach-Simpson Ltd., London, Ontario
IN INDIA: Ruttonsha-Simpson Private Ltd., International House, Bombay-Agra Road, Vikhroli, Bombay
ON READER-SERVICE CARD CIRCLE 79
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If You're Still Using -
AVTV.M. Oscilloscope

ey Cross Index

Go Solid-S
o Solid-State!
e . LOCA- SERVICE]
CODE COMPANY MODEL NO. TION [ NO.
AUL AUL Inc los5 8 282
24-13 Bridge Plaza N.
Long Island City, N.Y.
Allied-R | Allied Radio Corp. KG-630 59 283
100 N. Western Ave. KG-635 59
Chicago, Il KG-2100 s8
Amer-El American Electronic Labs Inc [725 510 284
Box 552H
Lansdale, Pa. 19446
Benrus Benrus Technical Products Div.|]1100/100 S5 285
30 Cherry Ave. 1100/200 S5
Waterbury, Conn. 06720 1100/300 s5
1100/600 53
1100/700 53
1100R,/100 S5
1100R/200 S5
1100R /300 55
1100R/600 53
1100R /700 3
1120/100 55
1120/200 S6
1120/300 s5
1120/600 53
1120/700 53
1120R/100 55
These New Heathkit® Solid-State Meters i &
Feature State-Of-The-Art Performance 1120R /600 53
At Prices You Can Afford e R -
e Modern, stable, long-life solid-state circuitry HA 312 531
e New low-voltage ranges to accurately analyze modern tran= HA 313 s31
sistor circuits HA 314 532
ies 3 . 5 HA 315 532
e Full capability to go “"out on the job” . .. instant selection of HA 3,Z Sg]
internal battery power or 120 /240 v. 50-60 Hz AC operation HA 317 31
e Exceptional accuracy . .. 3% on DC volts, plus a large, easy- HA 324 S31
to-read 6'° meter face HA 325 S31
e High impedance F.E.T. input for minimum circuit loading HA ;;6 S31
HA 327 531
New! Deluxe Solid-State Volt-Ohm Meter HA 328 s31
Features 8 DC and 8 AC voltage ranges from 0.5 v to 1500 v full Zi af_‘gB 2:6
scale; 7 ohmmeter ranges (10 ohms center scale) x1, x10, x100, e 3j] 533
x1k, x10k, x100k, & x1 megohm; 11 megohm input on DC ranges; s 412 533
1 megohm on AC ranges; internal battery or 120/240 v 50-60 Hz SC 413 533
AC power for portable or “in shop” use; large readable-across-the- SC 414 533
bench 6” meter; separate switches for individual functions; single SC 415 533
test probe for all measurements; modern, stable solid-state circuit- SC 431 S35
board construction. by =
s 433
Kit TM-16, 10/1b8. .« 2o onii i s wins serneiatoy it Loy e, AR $44.95 i o
New! Deluxe Solid-State Volt-Ohm-Milliammeter s gii
All silicon transistors plus FET’s. Features 9 AC and 9 DC voltage SC 437 533
ranges from 150 mV to 1500 volts full scale; 7 ohmmeter ranges SC 441 534
(10 ohms center scale) x1, x10, x100, x1k, x10k, x100k, & x1 meg- zg Z“f zgg
ohm; 11 current ranges from 15 uA to 1.5 Amperes full scale; e 4;2 che
11 megohm input on DC voltage ranges; 10 megohm input on AC <C 453 s34
voltage ranges; internal battery power or 120/240 v 50-60 Hz AC SC 454 S34
power for maximum versatility; easily readable 6” meter face; SC 455 534
+ 39 accuracy on DC volts; +4% on DC current; + 5% accuracy SC 456 S33
on AC voltage and current; separate range switches “human engi- SC 457 533
neered” for efficiency in actual use; modern circuit board con- gg jg; zgg
struction; all solid-state components; easy to assemble. VA 211 <23
I EMI=2B, 00 1b8:, S0 s isr e shisoem afois wh @ik o aeuims o aialiniiegloc wielsts/scalals $80.00 VA 212 522
Wired IMW-28, 10 IbS.. . i ccavaanescissescasienssslsunsaosnssese $115.00 VA 213 523
VA 214 523
F——————————— = VA 215 523
| HEATH COMPANY, | Magdl R
Benton Harbor, Mich. 49022 Dept. 520-26 VA 217 521
I In Canada, Daystrom Ltd. I VA 224 521
| O Please send my FREE 1968 Heathkit Catalog I s 2
| { 3 i VA 226 521
| O Enclosed is $ plus postage. | VA 227 s21
| Please send model(s) I ViA 224 321
| Name A ethond abd | Binary Binary Electronics of Calif.  [5SMc2P S8 286
| I 1429 N. State College Blvd.
Address | Ancheim, Calif. 92805
I City ——— —State - - Zip
| Prices & Specifications subject to change without notice. TE-165 |
=
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Oscilloscope

Cross IndeXx (continued)

TABLE |READER
LOCA- [SERVICE
CODE COMPANY MODEL NO. TION NO.

Cal-Inst California Instrument Corp. 7000 S8 287
3511 Midway Drive
San Diego, Calif. 92110

EGG Edgerton Germeshausen & 707 S11 288

Grier
160 Brookline Ave.
Boston, Mass.

Fairchild Fairchild Instruments 74-03A $35 289
475 Ellis St. 74-12 523
Mountain View, Calif. 74-12 $32

74-13A S37
74-13C S35
74-15 $23
74-15 532
74-17A S35
74-17A S37
74-19 524
74-19 $32
76-01A 526
76-02A 529
76-05 S27
76-06 (4 trace) S29
76-08 524
76-08 S30
79-02A S26
79-02A $30
304A S3

304AR S3

701 Sé6

702 Sé6

704A Sé

708A Sé6

737A Sé6

765 MH (MIL) S18
765 MH/F (MIL) S19
766 H S18
766 H/F S19
767 H S18
767 H/F S19
777 $20
977 A Sh1
9570 520

Gen-Atro General Atronics Corp. 70-A S28 290
Electronic Tube Div. 70-A S35
1200 E. Mermaid Ave. 70-C 528
Philadelphia, Pa. 70-D 528

70-E 528
80-A 524
80-A S35
80-8 S23
80-C S23
DT-106 S29
GA-15 $25
GA-16 $29
GA-24 S35
GA-25. S37
GA-26 S37
GA-151 S16
GA-255 S17
K=10-R S5
K=-11-R S5
K-12-R S6
K-13-R S5
K-14-R S10
K-105 S16
K-106 S16
K-115 S17
K-270 S16
MX-2996 524
ST-106

Grundig Grundig (Epic) G3/13 S7 291
150 Nassau St. 1016/13 S10
New York, N.Y. 1020/13 S10

MO 5/7 S8
MO 15/10 S10
TO ¢/7 59
w2/13 S7
w4/7 S7

Heath Heath Company 10-10 54 266
Sub. Daystrom Inc. 10-12 S7
Benton Harbor, Mich. 10-14 S9

10-21 S4
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OSCILLATORS

<1 Hz to 7 KHz
TUNING FORKS

The answer to your low frequency
oscillator requirements is an Accutron-
ics tuning fork oscillator. “Worst Case”
designed for the utmost in reliability
the Accutronics tuning fork oscillator
can be used for both discreet and I.C.
applications. For immediate technical
information call collect Area 312-232-
2600.

O O

JG Series

PRICE: $113.50 to $157.50

FREQUENCY: 50 Hz to 7 KHz
FREQUENCY TOLERANCE: #+0.01% or better over temperature
range

FREQUENCY ACCURACY: +0.005% or better at 25°C

TEMPERATURE RANGE: 0°C to +60°C

OUTPUT POWER: >>15V p/p square wave with <5u sec. rise
time>3V rms sine wave with <5% total
harmonic distortion

NOTE: The above outputs are typical with a 26 volt

dc input and 10K load

VOLTAGE SUPPLY: 3V to 30V dc as specified

DIMENSIONS: 172 x 3V2 x 38"

JC Series

PRICE: $55.00 to $110.00

FREQUENCY: <1 Hz to 7KHz as specified
FREQUENCY TOLERANCE: #0.05% or better over temperature
range

FREQUENCY ACCURACY: =0.025% or better at 25°C

TEMPERATURE RANGE: 0°C to 60°C

OUTPUT POWER: >15V p/p square wave with <5u sec. rise
time >3V rms sine wave with <5% total
harmonic distortion

NOTE: The above outputs are typical with a 26 volt

dc input and 10K load

VOLTAGE SUPPLY: 3V to 30V dc as specified

DIMENSIONS: 12 x 112 x 3"

CRYSTAL OSCILLATORS

Accutronics also manufactures a complete line of crystal oscil-
lators from 7 KHz to 125 MHz.

accutronics, inc.

628 North St., Geneva, lllinois
Area 312, 232-2600.
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or STOCK
- BLOWERS
Call Ripley!

Designing, development and production
~ of precise air-moving units to fit your per-
formance requirements and your budget.
~ Stocked units available from 4 to 145
CFM for immediate delivery. For fast ac-
tion, call Sales Dept., (203) 346-6678..

COMPANY, INC.
MID,DI.E'I’OWN; CONNECTICUT

ON READER-SERVICE CARD CIRCLE 82
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Oscilloscope

Cross IndeXx (continueq)

TABLE |READER
LOCA - [SERVICH
CODE COMPANY MODEL NO. TION NO.
H-P Hewlett-Packard Co. 1208 S5 Contact
1501 Page Mill Road 122A S4 Local
Palo Alto, Calif. 122AR S4 Rep.
130C S6
132A Sé6
140A S17
140A/1410A/1424A 513
140A/1410A/1425A S14
140A/1411A/1424A S15
140A/1411A/1425A S15
141A S17
141A/1410A/1425A S13
141A/1410A/1425A S14
141A/1411A/1424A s15
141A/1411A/1425A S15
155A/1550A s1
175A S18
180A S18
180AR S18
191A S10
193A S10
1400A S22
1401A $22
1401A S28
1402A 529
1403A 522
1405A S28
1406A 5§22
1407A 522
1420A S36
1421A S37
1422A $36
1423A S35
17508 S30
1752A $25
1754A S30
1755A S30
17818 $37
H40-1208 S2
H41-1208 S1
Hickok Hickok Electrical Instr.Co. | 675A S8 292
10555 Dupont Ave. 677 S8
Cleveland, Ohio 44108 770A S7
1805A S17
1822 $25
1823A S29
1824 S24
1825 521
1827 $25
1831 S26
1832 S26
Honeywell | Honeywell 270 S7 293
Test Instrument Div. 275 S8
4800 E. Dry Creek Rd.
Denver, Colo.
ITT ITT Industrial Products Div. | KM302 (23 inch) S2 294
15191 Bledsoe St. KM30254 (23 inch) S2
San Fernando, Calif. 91342 | KM402 (14 inch) S2
KM40254 (14 inch) S2
KM702 (17 inch) 52
KM70254 (17 inch) S2
KM708 (17 inch) 52
KM910 (9 inch) S2
KM910S (2 inch) 52
KP404 (14 inch) S1
KP704 (17 inch) S1
KP704-8 (17 inch) S1
KS307 (23 inch) S1
KS407 (14 inch) S1
KS707 (17 inch) S1
Marconi Marconi Instruments TF2200A S18 295
Div. English Electric Corp. | TF2201 Si8
111 Cedar Lane TF2203 S10
Englewood, N.J. 07631 TMé6455A 526
TM6456A $30
TM6457A 526
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Oscilloscope

Cross Index (continued)

TABLE [READER
LOCA - |SERVICE]|
CODE COMPANY MODEL NO. TION NO.
Meas-Con | Measurement Control Devices | 100 S10 296
2445 Emerald St. 300 S3
Philadephia, Pa. 349 S1
701 S7
Millen James Millen Mfg. Co. Inc. 90902/90921 S3 297
150 Exchange St. 90903/90921 S3
Malden, Mass. 02148 90905/90921 53
909058/90921 S3
90915 S4
90923 S4
90952 S
RCA Radio Corp. of America WO-33A S9 298
Electronic Components WO-91A S8
Harrison, N.J. 07029 y
Roberts Robertson Instrument Co. 622A S9 299
1760 West First 627BR S4
Azusa, Calif.
Sencore Sencore PS127 59 311
42 S. Westgate Drive
Addison, Ill.
Simpson Simpson Electric Co. 458 S9 312
5200 W. Kinzie St. 466 S4
Chicago, Ill. 60644
Tektronix Tektronix Inc. 1A1 $30 313
Box 5000 1A2 S30
Beaverton, Oregon 97005 1A4 (4 trace) S30
1A5 526
1A6 S23
1A7 S22
151 (plug=in) S13
152 (plug=in) S15
2A60 $23
2A61 S22
2A63 $22
2867 S36
3A1 S29
3A2 528
3A3 528
3A5 $25
3A6 S29
3A7 S24
3A8 (op amp) S24
3A72 S28
3A74 (4 trace) S28
3A75 524
3B1 S37
382 S37
383 $37
384 $36
385 $36
3C66 s21
10A1 S27
10A2A $30
1181 $36
11B2A S37
82 S30
86 S27
310A S7
317 S9
321A S9
422 S10
453 S11
454 S11
502A S7
503 S5
531A S17
533A S17
535A S17
536 516
5438 S18
544 S19
5458 S18
546 S19
547 S19
549 S18
551 517
555 S18
556 S19
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Have
ALL-MIL

will modify

To A/N system
requirements

for:

* Mechanical Interface
Electrical Interface
Human Factors
Form Factors
Exterior Finish
Why compromise your All-
MIL A/N system by using a
commercial ‘scope?

All-MIL (to MIL-E-16400),
fully transistorized ETC

’scopes are now available in
standard rack and portable
(18 Ibs.) bench models—in 6
to 10 MHz bandwidth—com-
plete with accessories and
plug-ins for non-obsolescence.

Wider bandwidths and un-
usual form factors and per-
formance characteristics are
available on a customized
basis.

In Preplanning Your Next
System Design, Why Not—
Leave the Display Work to
Us?

Call or write for free con-
sultation on YOUR ’scope
problem.

GENERAL

TRONICS

GENERAL

ATRONICS

ELECTRONIC INSTRUMENT DIVISION
PHILADELPHIA «  PENNSYLVANIA 19118
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NEW Compact Portable Potentiometer
with Solid State Detector
... Ten Times Greater
Sensitivity 0 i
o Extremely rugged.
Detector will cross ll‘ldex (continued)
withstand 50g shock
» Cannot be damaged TABLE |READER
: LOCA- [SERVICE
by large overloads CODE COMPANY MODEL NO. TION | NO.
* Will retain Talironh: 561A 17| a3
sensitivity and 561A/353/312 S15
% 561A/353/3T4 S14
zero set in any 561A/353/3T77A s13
L 561A/3576/3T4 S12
position ¢ Dual 561A/3576/3T77A s12
£ 3 564 s16
1heo.stat control .ft?r 564/353/3T2 2
precise standardizing e 26322321;7 s 214
6 13
Ranges 0-11 and 0-111 564/3576/3T4 s12
MV with 10 step decade and 22;/3576/3T77A g:i
: : : 567 516
.shdewn*e * Also available 5758 STERIA e
in volt and temperature 567/353/3T77A/6R1A S13
: 567/3576/3T4/6R 1A s12
calibrated models. 567/3576/3T77A/6R 1A 13
567/6R1A/3A2/382 s6
y 581A 519
Write for BULLETIN 60-36-2ED : 585A s19
: 647A $20
661/451/5T3 S14
B‘ [] U l [ . 661/452A/5T3 s15
~ Electrical and Speed Measuring Instruments ;6‘/ 433/5T3 g;g
Nustwons” PLYMOUTH MEETING, PENNSYLVANIA 19462 A 529
Phone 215/646-9200 D 524
L E $21
ON READER-SERVICE CARD CIRCLE 84 S ggg
K $26
b 526
M 529
O (op amp) 526
® Q 521
R317 59
R422 S10
R453 s
R454 s
R647A 520
olt-Ammeters :
RM503 s5
RM531A $17
o RM535A s17
Up to 88 overlapping ranges s
RM544 s19
RM5458 s18
e Accuracies to 0.25% full scale RM546 519
e Built-in “self-calibration” el £
e Measure AC, DC or AC/DC RM561A 517
RM561A/353/3T2 S15
voltages and current RM361A/353/374 e
e Portable or edgewise panel RMS561A/353/3T77A s13
: RM561A/3576,/3T4 s13
designs RM561A/3576/3T77A $12
e Two-year warranty RM564 516
RM564/353/3T2 S15
RM564/353/3T4 S14
RM564/353/3T77A s13
Now choose from a wide variety of types, ranges and sen- mgiiﬁiiﬁfﬂ?n i
sitivities of SENSITIVE RESEARCH indicating instruments. RM565 S16
They provide highest available accuracies — all NBS-trace- RM567 S16
able. Friction-free movements have diamond-tipped pivots and RM567/§5§/§“/ 6R1A S14
spring-mounted sapphire jewels, providing optimum rugged- mgz;%;é AZ%;’:{;A b
ization and freedom from catastrophic failure due to shock or RM567/3576/3T77A/6R1A | 513
vibration. RM585A S19
T $36
w 525
Z $24
=g= Write for our new
SEHSIt’ve short-form catalog today. Texscan ;e]:x;ccn b(.',orp. DU:17 S1 314
3 oweba Lane DU-88M S1
ReseaPC" 8 Liaderark sULHE INCERCOMPANY Indianapolis, Ind.
EMPIRE e EMC
GERTSCH s l N G E R Waterman Waterman Instrument Corp. OCA-11A S4 315
S e PANORAMIC INSTRUMENTATION 1919 E. Boston Ave. OCA-118 S4
4 Philadelphia, Pa. 19125 OCA-12A s4
THE SINGER COMPANY, METRICS DiViSION OCA-16A S8
915 Pembroke St.. Bridgeport, Conn. 06608. U. S. A. * PHONE {203) 366-3201
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LOOKING FOR MORE RETURN ON YOUR DVM DOLLAR?

Hewlett-Packard gives you more capability per measurement
dollar with the widest choice of DVM's in the industry! Choose
from 3, 4, 5, and 6-digit instruments with a variety of accuracies,
sensitivities, functions and prices.

Looking

4 IS 9.9 s for Economy?

There's the three-digit hp 3430A for measurements within
+=(0.1% + 1 digit) and a sensitivity of 100 uV, with up to 60%
overranging capability indicated by a fourth digit. Low price of

only $595.
Looking for

o, 9.99 | Plug-In Capability?

It’s yours with the four-digit hp 3440A. Six plug-ins give ac volts,
dc volts, dc current and ohms. Basic dc accuracy is =0.05% of
reading =1 digit. The 3440A has BCD printer output and rear
terminals in parallel. Price: hp 3440A, $1160; plug-ins, $40 to
$575. For bench use, get lower-priced hp 3439A (no BCD out-

puts), $950.
+ Looking for
'. L ¥y 9 Accuracy and Speed?

For laboratory precision and systems speed, try the five-digit
(plus a sixth digit for 20% overranging) hp 3460B. It has
+0.004% of reading +0.002% full scale accuracy. The 3460B

has 10uV sensitivity and makes automatic and remote-controlled
dc measurements at up to 15 readings per second. The guarded
3460B has high common mode rejection, and >100 input re-
sistance at balance on the 1 V and 10 V ranges (minimum 10
M(2). On the 100V and 1000V ranges, input resistance is 10 M{2.
Price: hp 3460B, $3600; hp 3459A, (no BCD outputs), $2975.
Looking for Highest

+
I.' voReYy Accuracy and Sensitivity?

hp HO4-3460A gives resolution of 1 partin 1.2 x 108, sensitivity
of 1 uV, accuracy of =0.005% of reading or =0.0005% of full
scale . . . with six-digit readout and seventh digit for 20% over-
ranging. The guarded HO4-3460A has 160 dB effective common
mode rejection at dc, and uses integration to reduce effect of
superimposed noise. Automatic, manual or remote operation is
possible. Instrument has BCD printer output. Price: hp HO4-
3460A, $4600.

For full details on the hp DVM that fits your needs—contact your
nearest hp field engineer. Or, write to Hewlett-Packard, Palo Alto,
California 94304. In Europe: 54 Route des Acacias, Geneva.
097/17

HEWLETT (hp) PACKARD

ON READER-SERVICE CARD CIRCLE 195
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Simpson
2060

i

{

i

SERIES 3

OHM - MILLAMMETER  ,, yance . aoo 12 o8
Onms PR vOLI 30V GANGE  ADD 78 OB

{

|

|

.0000.C  3,000AC 250 V RANGE . ADD 40 DB

i
................ 2
.
O \
80 ,UA;PS +I0;>
100 MA.
ZERO OHMS
10 MA.

AMPS.

IMA,

Rxi
RxI00
Rx10,000

RANGES and [ |
SPECIFICATIONS 160 230 240 250 255 260-5 | 260-5M | 260-5P | 261 270-3
DC Volts 0-0.25/1.0/2.5/10/ 0-10/50/250/1000 | 0-15/75/300/750/  0-0.05/0.25/2.5/10/ | 0-0.05/0.25/1/2.5/ 0-0.25/2.5/10/50/250,/1000/5000
50,/250/500/1000 3000 50/250/500,/1000 10/50/250/1000
AC Volts 0-2.5/10/50/2507 0-10/250/1000 0-15/150/750/3000 0-2.5/10/50/250/ 0-2.5/10/50/250/ 0-2.5/10/50,/250,/1000/5000
500/1000 500/1000 1000
DC Microamperes | 0-50 (250 mV drop) NONE NONE 0-50 (Both 50 and 250 mV drop) 0-50 (250 mV drop)
DC Milliamperes 0-1/10/100/500 0-10/50/250 0-15/150/750 0-1/10/100/500 (50 mV drop) 0-1/10/100/500 (250 mV drop)
| (250 mV drop) (150 mV drop) (150 mV drop)
DC Amperes NONE NONE NONE 0-10 (50 mV drop) | NONE 0-10 (250 mV drop)
AC Amperes NONE NONE NONE NONE* 0-5/25/100/250 (w/ | NONE* | NONE* |NONE* | NONE* NONE*
adapter No. 0531)
DB Scale (“0"” = —20 to +10/—8 to NONE NONE —20 to +10/—8 to | NONE —20to —10/ -8 to —22/—6 to —36/—20 to —50
1 mw into 600) +22/+6 to +36/ +22/+6 to +36/
+20 to +50 +20 to +50
Output Ranges NONE NONE NONE NONE NONE 0.1 ufd in series with all AC
3 voltage ranges through 250 volts.
Resistance Ranges | RX1 (30 © ctr.)/RX10/ | RX1 (12 € center)/ | RX1 (30 © center)/ RX1 (12 © center)/RX100,RX10K
RX100/RX1K/RX10K | RX100 RX100
Temperature Range | NONE NONE NONE NONE* +100°F. to +1050°F. | NONE* | NONE* | NONE* | NONE* NONE*
Accuracy +3% DC, +4% AC +2% DC, +3% AC +1.5% DC, =+1.25%0DC,
(% of Full Scale) +3% AC +2% AC
Iemperalqre) NO NO NO NO NO NO NO NO | NO | YES
Meter Movement YES NO NO YES YES YES YES \;ES ‘ YES [ YES
Protection
Resettable Tester |NO NO NO NO NO NO NO YES [ NO NO
Circuit Protection
Mirror Scale [NO NO NO NO NO NO YES NO | YES YES
Scale Length 2.9 inches 2.36 inches 4.2 inches
Dimensions 4%6” x 3%6” x 134" 3” x 5%” x 2%” 5%” x 7" x 3%"
Net Weight 12 oz. 1% Ibs. 3% lbs.
Price $50.00 $40.00 $40.00 $63.00 $90.00 $58.00 | $60.00 |$88.00 ‘ $68.00 ‘ $70.00
Movement Type 1 Self Shielding Annular | Self Shielding Annular—Pivot and Jewel Self Shielding Annular—Taut Band Self Shielding Annular—Pivot and Jewel Self Shield-
| —Taut Band ing Annular
—Taut Band
Sensitivity |20,000 ©/V DC, 1000 £2/V DC, 1000 ©/V AC 20,000 ©/V DC, 5000 2/V AC

5000 ©2/V AC

*Temperature, AC current, and other ranges can be added with exclusive Simpson Add-A-Tester adapters.

makes other specialized VOMs, adapters and accessories,

OWM)’M too! And if we can’t fill your needs from stock . . . we’ll

build it! Send your specifications, or write for test equipment
brochure 2076.
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Simpson
doesn’t
have
3

forget it!

Simpson is the one place to look when you need a
VOM. We pioneered the multitester®, and today we
offer the widest selection. All with Simpson’s ‘““‘Stay
Accurate’ dependability.

See your Electronic Parts Distributor.

262-3 263 267 268 269-2 355 2700
0-1.6/8/40/160/400/ | 0-0.15/0.3/0.75/1.5/3/6/7.5/15/30/60/15/ 0-0.25/2.5/10/50/ 0-3/12/60/300,/600/ 0-1.6/8/40/160/400/ | 0-3/12/60/300/1200 | 0-1/10/100/1000
1600/4000 | 150/300/600,/750,/1500,/3000/6000 250/500,/1000 1200 800,/1600,/4000 |
0-3/8/40/160/400/ | 0-2.5/5/1.5/15/30/60/150/300/750/1500 0-2.5/10/50/250/ 0-3/12/60/300/600 0-3/8/40/160/400/ 0-3/12/60/300/1200 0-1/10/100/1000%
800 500/1000 1200 800
0-80/160 0-75/150 (150 and 300 mV drops) 0-50 (250 mV drop) 0-60 (264 mV drop) 0-16/160 NONE NONE
(267 mV drop) (215 mV drop)
0-1.6/16/160 0-0.75/1.5/7.5/15/75/150/750 0-1/10/100/500 0-1.2/12/120 0-1.6/16/160 NONE 0-1/10/100%
(267 mV drop) (150 and 300 mV drops) (250 mV drop) (264 mV drop) (215 mV drop)
0-1.6/8 (267 mV drop) | 0-1.5/7.5/15 (150 and 300 mV drops) 0-10 (250 mV drop) 0-12 (264 mV drop) 0-1.6/8 (215mV drop) | NONE NONE
NONE NONE NONE NONE NONE NONE NONE
—12 to +11/ —20to +10/ —14to +16/—-10.5t0 +19.5/| —20to 410/ —12to0 +11/ —12to +11/ NONE NONE
—3.5t0 +19.5/ —4.5to +25.5/+1.5 to +31.5/+7.5 to —8 to +22/ —1to +22/ —3.5t0 +19.5/
+10.5 to +33.5/ +37.5/+15.5 to +45.5/+21.5 to +51.5/ +6to 436/ +13 to 436/ +10.5 to +33.5/
+22.5 to +45.5 +29.5 to +59.5/+45.5 to +75.7 +20 to +50 +27 to +50 +22.5 to +45.5
0.1 ufd through 0.1 ufd in series with all AC voltage ranges through 300 volts 0.1 ufd through NONE NONE
160 volts 160 volts
RX1 (4.5 Q center)/RX10/RX100/RX1K/RX10K/RX100K RX1 (12 © center)/RX100/RX10K RX1 (12 Q center)/ RX1 (120 €2 center)/ RXI1K (0-1K Q)/
RX10/RX100/RX1K/ | RX10/RX100/RX1K RX100K/RX10Meg/
RX10K/RX100K RX100Megt
NONE NONE NONE NONE NONE NONE NONE
+3% DC, +4% AC +1.5% DC, +2.5% AC +3% DC, +5% AC +2% DC, +3% AC +3% DC, +5% AC %8\95% =+1 digit,
NO NO NO NO NO NO YES
NO | YES NO NO YES NO YES (digital)
NO NO NO NO NO NO NO (not needed)
NO NO NO NO NO NO DIGITAL READOUT
s 6.2 inches 2.24 inches | 4 digits
6” x T%” x 3" 24" x 4%" x 1” 8%” x 117 x 4”
4 Ibs. 8 oz 8 Ibs.
$75.00 $88.00 $65.00 $65.00 $90.00 $47.00 Under $550.00 for
basic unit
Self Shielding Annular—Pivot and Jewel Digital; Integrated
Circuits
20,000 ©/V DC, 20,000 and 10,000 £2/V DC, 20,000 ©2/V DC, 5000 ©2/V AC 100,000 ©/V DC, 10,000 2/V AC-DC 10 Meg ©, DC
5000 Q/V AC 10,000 and 5000 2/V AC 5000 ©2/V AC

$With optional plug-in adapters.
SIMPSON ELECTRIC COMPANY

5200 W. Kinzie Street, Chicago, lllinois 60644 . Phone: (312) 379-1121
Export Dept: 400 W. Madison Street, Chicago, lllinois 60606, Cable, Simelco

INSTRUMENTS THAT STAY ACCURATE

# IN CANADA: Bach-Simpson Ltd., London, Ontario

IN INDIA: DIVISION

Ruttonsha-Simpson Private Ltd., International House, Bombay-Agra Road, Vikhroli, Bombay

ON READER-SERVICE CARD CIRCLE 87

ELECTRONIC DESIGN 20, September 27, 1967 T43



Digital Voltmeters (dc)

VoltegsiRanges Speed Input Output Price
Minimum | Maximum |Accuracy | readings | Impedance Misc. | Approx.
Manufacturer Model No. mV Vv % per sec MQ Signal Printer | Mounting | Features | $
Un=Syst 451 1 0.01 0.01 0.1 4 0.05 BCD iextra | C X 430
Un-Syst 452 1 0.02 0.02 0.1 5 0.05. BCD iextra| C X 440
Un=Syst 454 1 0.02 0.04 0.1 v 0.05 BCD iextra| C 8 445
NLS 6001 1 0.01 0.0999 |0.1 1 10 none none R nu 1840
Trymetrics 4100-105 1 +0.1 0.1 0.05 2 10 extra extra C,R Ha) 905
D1
Trymetrics 4000-105 1 +0.1 0.1 0.05 2 10 extra extra C,R ) 805
Un=Syst 401 1 0.1 0.1 0.1 4 0.05 BCD iextra | C % 325
Un-Syst 402 1 0.2 0.2 0.1 5 0.05 BCD iextra| C X 385
Un-Syst 404 1 0.2 0.4 0.1 7 0.05 BCD iextra| C X 390
Trymetrics 4000-104 1 0.1 1 0.01 2 10 extra extra C,R (a) 690
Trymetrics 4100-105 1 0.1 1 0.01 2 10 extra extra (o278 (a) 790
NLS 4808 3 1 9.999 0.01 ina 1000 none none R u 885
Trymetrics 4100-103 1 0.1 10 0.01 10 10 extra extra C,R t(a) 740
Trymetrics 4000-103 1 0.1 10 0.01 10 10 extra extra | C,R (a) 640
Dynamics 6539 1 0.1 1 0.012 30,000 | 1000 BCD yes R 3200
D2
Adage V16-AD 3 0.1 100 0.01 1400 0.001/v |BCD yes R (a) 5600
Adage VR12-AD 3 1 100 +0.05 8000 0.001/V |BCD dec R (a) 5600
Adage V12-AD 3 1 100 +0.05 8000 0.01/V BCD dec R (a) 5600
NLS 15 3 1000 100 0.01 15,000 |625Q/V | BCD ina R v 4985
Par CS-3.1 4 1 999 +1 dig 1 10 10 line | defi (o () 995
North Hills | DSV.1 4 1 999 0.1 20 100k-10 [ none none C u 495
H-P 3440A/3444A | 5 0.01 999.9 £0.05 5-1/5 10.2 4 line defghi | C o(a) 1735
NLS X-2/4/0PC 5 0.01 999.9 +0. 02 ina ina BCD yes C acy 1430
NLS X-2/4/AC3/
OPC 5 0.01 999.9 +0.02 ina ina BCD yes C alu 1880
Trymetrics 4100-500M 5 0.1 999.9 0.01 2 10 extra extra | C,R t(a) 980
D3
Trymetrics 4000-500M - 0.1 999.9 0.01 2 10 extra extra C,R (a) 880
Trymetrics 4100-500A ) 0.1 999.9 0.01 2 10 extra extra C,R t(a) 7120
Trymetrics 4000-500A 5 0.1 999.9 0.01 2 10 extra extra | C,R (a) 1020
Trymetrics 4000-400A 4 0.1 999.9 0.01 2 10 extra extra C,R (a) 820
Trymetrics 4100-400A 4 0.1 999.9 0.01 2 10 extra extra | C,R t(a) 920
Trymetrics 4000-400M 4 0.1 999.9 0.01 2 10 extra extra C,R ta) 735
Trymetrics 4100-400M 4 0.1 999.9 0.01 2 10 extra extra C,R t(a) 835
Trymetrics 4100-300M 3 0.1 999.9 0.01 2 10 extra extra C.R t(a) 760
Trymetrics 4100-300A 3 0.1 999.9 0.01 2 10 extra extra C,R t(a) 835
Trymetrics 4000-300A 3 +0.1 999.9 0.01 2 10 extra extra C,R (a) 735
D4
Trymetrics 4000-300M 3 0.1 999.9 0.0 2 10 extra extra | C,R (a) 670
Trymetrics 4100/430A 4 0.1 999.9 0.01 2 10 extra extra C.R It(a) 990
Trymetrics 4000/430M 4 0.1 999.9 0.01 2 10 extra extra R I(a) 890
Trymetrics 4240 4 0.1 999.9 0.01 10 10 ina ina C,R (a) 595
Trymetrics 4243 4 0.1 999.9 0.0 ina 10 ina ina C,R | (a) 795
Micro=Inst 5600 4 0.1 999.9 0.05 ina 10-1 none none C,R j(a) 1195
Cohu 510 4 0.1 999.9 0.01 ina 10 extra i C,R kz request
Weston 4000 4 0.1 999.9 +1 dig 9.9 1G-10 extra defghi | C,R t(a) 2000
NLS 3010 4 0.1 999.9 +] dig 1/1.9 10 dei defhi | R knu 3585
NLS 2019 4 0.1 999.9 +1 dig 1/0.33 |10 yes defhi | R klnu 5390
D5
Trymetrics 4230 3 1 999.9 0.01 10 10 ina ina C,R (a) 549
3M 4102 3 1 999.9 +] dig ina 1G-10 exira extra C,R cv 4295
3M 4100 3 1 999.9 +1 dig ina 1G-10 extra extra | C,R v 3495
H-P 3440A/3442A | 3 1 999.9 0. 05 5-1/5 10.2 4 line defghi | C opla) 1160
H-P 3440A/3441A | 3 1 999.9 £0.05 5-1/5 10.2 4 line defghi | C ofa) 1200

Circle as many numbers on the reader-service card as you like.
Get detailed data: use the reader-service card.

Reader-service numbers are given in the index.

See reader-service card for valuable FREE reprints.

DVM index starts on page T52.
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Digital Voltmeters (dc) (continueq)

Voltage Ranges Spasd fapdt QOutput Price
Minimum | Maximum | Accuracy | readings | Impedance Misc. | Approx.
Manufacturer Model No. mV v % per sec MQ Signal Printer | Mounting | Features $
R&S UGZ/BN1100 | 3 1 999.9 0.05 ina 10 contacts | i E u 2605
NLS RS2 3 1 999.9. 0.01 ina 10 dec i R knu 3685
NLS 91D4 3 1 999.9 0.01 ina 10 ina ina R v 2985
NLS 4814 3 1 999.9 0.01 1 10 contacts | defghi | R ju 1560
NLS 5005 3 1 999.9 0.01 1.3 10 none none R Y 985
Dé
NLS 4206 3 1 999.9 +0. 02 20 10 dec i R u 1785
NLS 4401 3 1 999.9 0.01 200 10 dec efghi |R nu 6185
NLS 4409 ] 1 999.9 0.01 200 10 dec efghi |R jnou 6185
NLS 4810 3 1 999.9 0.02 11/3 10 none none R jnu 925
NLS X-2/4/AC3 3 1 999.9 +0.02 ina ina BCD yes C aju 1430
H-P 3439A/3442A | 3 1 999.9 +0.05 2,3 10.2 4 line defghi | C o(a) 1085
H-P 3439A/3441A | 3 1 999.9 £0.05 2,3 10.2 4 line defghi | C o(a) 990
NLS X-2/4 3 1 999.9 £0. 02 ina ina BCD yes G au 980
Cohu 412(MIL-E~
4158A) 3 1 999.9 0.01 4 10 dec i R iqv 10, 000
Behl-Invar MIL-V-72 3 999.9 0.01 ina 10 none none & (a) 3500
D7
Behl-Invar MIL-VR-2100 | 3 1 999.9 0.01 1/2 10 . none none C (a) 4450
Honeywell 85 4 0.01 999.99 |0.004 ina 10G-10 10 line | defghi | C,R klot(a) | request
Honeywell 881 4 0.01 999.99 |0.002 20 10 10 line | efghi R cko (a) 5175
Honeywell 883 4 0.01 999.99 |0.002 20 10 10 line | efghi |[R klo(a) 6400
Cohu 533-2210 5 0.01 999.99 | 0.005 ina 1G-10 BCD i C,R mz 2195
Cohu 531-1000 5 0.01 999.99 |0.005 ina 1G-10 BCD i C,R kz 1495
Cohu 533-2810 7 0.012 999.99 |0.005 ina 1G-10 BCD i C,R cmrz 2750
Cohu 533-2310 7/ 0.012 999.99 |0.005 ina 1G-10 BCD i C,R mrz 2295
M 5100M07 5 0.1 999.99 |0.002 ina 10G-10 extra extra | C,R kv 4895
3M 5100M02 5 0.1 999.99 |0.002 ina 10G-10 extra extra C,R cv 5795
D8
3M 5100 5 0.1 999.99 |0.002 ina 10G-10 extra extra C.R v 4845
Cimron 7650 Multi-
meter 3 0.1 999.99 |0.001 ina 1G-10 10 line yes C;R kl(a) 4290
Cimron 7630 Multi-
meter 3 0.1 999.99 |0.001 ina 1G-10 none none C.R kl(a) 4040
Cimron 7650 3 0.1 999.99 0.001 ina 1G-10 10 line yes C,R k(a) 2990
Cimron 7630 3 0.1 999.99 |0.001 ina 1G-10 none none C,R k(a) 2740
Cimron E9500B-355 3 0.1 999.99 |0.001 ina 10G-10 10 line | yes C,R ks(a) 7750
Cimron E9300B-355 3 0.1 999.99 |0.001 ina 10G-10 none none C,R ks(a) 7165
Cimron P95008 3 0.1 999.99 |0.001 ina 10G-10 10 line | yes C,R k(a) 3990
Cimron P9400B 3 0.1 999.99 |0.001 ina 10G-10 10 line | yes C,R (a) 3840
Cimron P93008 3 0.1 999.99 |0.001 ina 10G-10 none none C,R k(a) 3340
D9
Cimron P9200B 3 0.1 999.99 |0.001 ina 10G-10 none none C,R (a) 3190
Honeywell 880 4 0.1 999.99 |0.01 ina 1G-10 10 line | efghi [R ko(a) 4500
Honeywell 882 4 0.1 999.99 |0.01 ina 1G-10 10 line | efghi R mo(a) 4550
NLS X=1 3 0.1 999.99 |0.005 50 10G BCD yes C,R u 2450
NLS 3130 3 0.1 999.99 10.01 1/2.3 1000-10  |contacts | defghi | R jku 4290
NLS 3020 3 0.1 999.99 |0.01 1/2.3 1000-10  |contacts | defghi | R jku 3985
NLS 2021 3 0.1 999.99 |0.01 1/1.1 10 dec defhi | R klu 5690
H-P 2401C 5 0.001 1000 request ina 10 BCD idirect | R (a) 3950
Data-Tec DVX-315A/
DT-615 3 0.001 1000 0.003 5 1000 BCD idirect | C,R a(a) 3940
Systron 6413 5 0.001 1000 0.025 5 10 BCD i CR (a) 1875
D10
Systron 1033/1936 6 0.001 1000 6.025 5 10 BCD i C,R (a) 1870
Fairchild 7100A 5 0.01 1000 0.01 20 1G BCD yes C,R akl(b) 2075
H-P 3439A/3444A | 5 0.01 999.9 +0, 05 2,3 10.2 4 line defghi | C ofa) 1525
Fairchild 7200 4 0.01 1000 0.005 100 1G yes yes C,R ac(a) 3500
Weston 1420 6 0 1000 £] dig 10 5G-10 BCD defghi | C a(a) 1500

Get detailed data: use the reader-service card.
See reader-service card for valuable FREE reprints.

Reader-service numbers are given in the index.
Circle as many numbers on the reader-service card as you like.
Need a FREE copy of this directory? Circle number 255.
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Digital Voltmeters (dc) (continueq)

Voltage Ranges Soead T Qutput Price
Minimum | Maximum |Accuracy | readings [ Impedance Misc. Approx.
Manufacturer Model No. mV \' % per sec MQ Signal Printer | Mounfing | Features $
Data-Tec DT-323 5 0.01 1000 0.01 5 1000 BCD idirect | C,R ak(a) 1445
Data-Tec DVX-315A 4 0.01 1000 0.003 5 1000 BCD idirect | C,R a(a) 2750
Fairchild 7000 4 0.1 1000 0.01 2-5 1G BCD yes C,R ac(a) 1150
Monsanto 2000 4 0.1 1000 0.01 2 10 BCD defghi | C,R at(a) 1975
Weston 1423 6 0.1 1000 0.02 ina 10G-10 BCD defghi | C,R a(a) 1950
D11
Vidar 500 5 0.1 1000 0.1 30. 10-0. 1 BCD defghi | C,R ab(b) 985
Systron 1235-1 4 0.1 1000 0.1 8.3 1 BCD i R j(a) request
Systron 1234 - 0.1 1000 0.01 300 10 BCD i R (a) 2000
Roback 305 5 0.1 1000 0.1 250 10-1 BCD yes (e (b) 445
Roback 304 5 0.1 1000 0.1 4 10-1 none none (@ (b) 375
EAIl 6001 4 0.1 1000 0.01 1000 10 dec efghi C,R ov 3450
EAIl 6200/6201 8 0.1 1000 0.1 6 10 none none C,R (a) 580
Behl-Invar 152500 5 0.1 1000 0.005 5 10 10 line | i R jkp(a) 3690
Cohu 541-1000 S 0.1 1000 0.01 18 10 BCD i C,R az 1495
Cohu 543-2810 7 0.1 1000 0.01 155 10 BCD i C,R alrz 2750
D12
Cohu 543-2310 7 0.1 1000 0.01 1:5 10 BCD i CiR alrz 2295
Cohu 543-2210 5 0.1 1000 0.01 1.5 10 BCD i C,R ajrz 2195
Cohu 5028 4 0.1 1000 0.01 1/4 10 contacts| yes R Iv 4245
Cohu 507D 4 0.1 1000 0.01 1/4 10 contacts| yes R iv 3835
Cohu 5018 4 0.1 1000 0.01 1/4 10 contacts| yes R % 2995
Data-Tec DVX-315A 4 0.1 1000 0.01 50 1000 BCD idirect | C,R ala) 2750
Electrolab 100 4 1 1000 0.1 3 10 none none C t 495
Technology DM5000 5 1 1000 0.1 ina 10 none none C ab(a) 950
Simpson 1m 4 1 1000 0.1 ina 11 none none € v 500
Fairchild 7050 3 1 1000 0.1 é 1G none none C,R ac(a) 299
D13
Ballantine 355 4 1 1000 0.25 ina 2 none none C jx 620
Ballantine 353 4 1 1000 0.02 ina 10 none none C x 490
Cal -Inst 8004 3 1 1000 0.03 ina 10 extra extra C v 725
Cal-Inst 8002 3 1 1000 0.03 ina 10 extra extra G cv 775
Cal =Inst 8001 3 1 1000 0.03 ina 10 extra extra | C iv 795
Cal=Inst 8000 3 1 1000 0.03 ina 10 extra extra C iv 845
Cal-Inst 8104 5 1 1000 0.03 ina 10-1 extra extra (o4 v request
Cal -Inst 8101 5 1 1000 0.03 ina 10-1 extra extra C iv request
Un=Syst 201 4 1 1000 0.1 1/4 2.2 BCD iextra | C x 350
Systron 1234-4 4 1 1000 0.01 1000 10 BCD i R i(a) request
D14
Roback 35 4 1 1000 +1 dig 400 10 dec defghi | R co(b) 875
Roback 34 4 1 1000 +1 dig 0.2-3 10-1 yes yes C c(b) 695
Behl-Invar DV-271 3 1 1000 0.01 2 10 none i R ik(a) 1395
Data-Tec DT-322 3 i 1000 0.01 5: 10 BCD idirect | C,R ak(a) 1225
Data-Tec DT-321 3 1 1000 0.01 5 10 none none C,R ala) 995
H-P 3439A/3443A | 5 100 1000 +0.05 2.3 10.2 4 line defghi | C o(a) 1400
H-P 3430A 5 100 1000 0.1 ina 10 ina ina C t(a) 595
H-P 3440A/3443A | 5 100 1000 +0,05 5-1/5 10.2 4 line defghi | C ofa) 1610
CMC 810/835A 5 100 1000 £0. 1 ina 0.1-1 BCD P R av 2635
CMC 800A/835A 5 100 1000 £0. 1 ina 0.1-1 BCD P € av 3095
D15
Roback 33 3 10 1000 0.1 0.2-3 10-1 yes yes (& c(b) 595
Dana 5600/11 6 10 1000 +0. 005 30 10G BCD yes R m(a) 4475
Hickok DMS3200/
DP100 5 99.9 1000 0.1 2 10 10 line | pextra| C,R be(a) 495
H-P 2402A 5 100 1000 0.01 40 10 4 line defghi | C a(a) 4800
H-P HO4-3460A 4 1\% 1000 +0. 005 ina 10 4 line |- defghi | C ot(a) 4250

(tables continued on page T48)

Circle as many numbers on the reader-service card as you like.
See reader-service card for valuable FREE reprints.
Reader-service numbers are given in the index.
Reader-service cards are good all year.

DVM index starts on page T52.

Need a FREE copy of this directory? Circle number 255.

T46 ELeEcTRONIC DESIGN 20, September 27, 1967



Today $1495 buys you immediate delivery of our new 540
Series Integrating Digital Voltmeter.

Stability: within specs for six months. No zero adjust. It auto-
matically corrects for zero offset as a part of each computation.

Reliability: at least an order of magnitude better than our
competitors’ most reliable IDVM.

How come? Because 909, of the design is done with integrated
circuits. No vacuum tubes or mechanical chop-
pers. No wonder it delivers specs like these:

Accuracy: 0.019% of reading =1 digit in four
ranges from 1.5000 to 1000.0 volts dc. Auto-
matic and manual ranging via illuminated, inter-

ELECTRONICS,INC

SAN DIEGO [DIVISION

locking pushbuttons, with automatic polarity selection. Input
impedance: 10 megohms on all ranges. Normal mode rejection:

=>80dB at 60-Hz without the use of an input filter. Speed: 1.5

readings per second.

For $2750you can getimmediate delivery on the 540 Integrat-
ing Digital Multimeter. It measures dc millivolts, dc volts, ac
volts, dc current, and resistance.

Prices FOB San Diego. Additional export charge.
Full details are available from your nearest Cohu
engineering representative, or from Ken Walker,
Manager, Instruments and Systems. Telephone:
714-277-6700. Box 623, San Diego, Calif. 92112.

While everyhody else is still talking about using integrated
circuits to deS|gn the most stable and reliable [y ever...

Cohu ships it.
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Digital Voltmeters (dc) (continueq)

Voltage Ranges Speed input Output Price
Minimum | Maximum| Accuracy | readings | Impedance Misc. Approx.
Manufacturer Model No. mV " % per sec MQ Signal Printer | Mounting | Features
H-P 34608 4 1\ 1000 +0.004 15 10 BCD idirect | C,R (=) 3600
Dana 5600 3 1A% 1000 +0. 005 30 10G BCD yes R m(a) 3675
H-P 3459A 3 [0)% 1000 +0, 008 1.7-1/5 | 10 4 line defghi | C o (a) 2850
Cimron 6600 3 1 1099.9 |0.01 2-20 1G-10 10 line | yes C,R kop (a) 1490
Cimron 4651 3 0.1 1099.99 |0.001 ina 10G-10.1| 10 line | yes C,R mop(a) | 4740
D16
Cimron 4631 3 01 1099.99 |0.001 ina 10G-10. 1 | none none Ce R m(a) 4590
Cimron 4652 3 0.1 1099.99 | 0.001 ina 10G-10.1 | 10 line | yes G;R kop (a) 4540
Cimron 4632 3 0.1 1099.99 | 0.001 ina 10G-10. 1 | none none R k(a) 4390
Dana 5700/11A % 1 1100 0, 004 50 10G BCD yes R k(a) 4750
Dana 5400/020 5 110 1100 £0.01 80 1000 BCD defghi | R k(a) 1995
Dana 5500/112 5 110 1100 +0. 005 2 10G BCD defghi | R k(a) 2850
Dana 5700 4 1A% 1100 +0. 004 50 10G BCD yes R k(a) 3950
Dana 5400/005 3 1V 1100 £0,01 80 1000 BCD defghi | R ta) 1695
Dana 5400/010 3 11V 1100 £0,01 80 1000 BCD defghi | R k(a) 1795
NLS 2917 5 0.001 1200 0.01 1,10,100 | 1G-1 dec i R au 3720
D17
Vidar 520 6 0.005 1200 0.01 100 1G-10 BCD defghi | C,R ab(b) 3925
EAI 6000 4 0.1 1200 +0.01 1000 10 dec efghi C,R ov 2950
EAI 6101 4 0.1 1200 0.01 1000 10 dec efghi | C,R cov 4350
Janus 401 4 1 1300 0.1 8 10 BCD defghi | C au 396
Janus 400 4 1 1300 0.1 8 100k-10 [ BCD defghi | C au 350
Janus 403 4 0.1 1300 0.05 1 100k-10 | BCD defghi | C au 450
D18 | Janus 404 4 0.1 1300 0.05 3 10 BCD defghi | C au 496
Un=-Syst 202 4 2 2000 0.1 1/5 2.2 BCD iextra | C X 365
NLS X=3 6 0.01 10,000 0.1 3 100 analog none P u 695

Circle as many numbers on the reader-service card as you like.
Get detailed data: use the reader-service card.

Reader-service numbers are given in the index.

See reader-service card for valuable FREE reprints.

DVM index starts on page T52.
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Digital Voltmeters (ac)

Frequency Voltage Ranges Spead ot ” Price
Minimum | Maximum | Minimum | Maximum | Accuracy Readout | readings | Impedance it Misc. Approx.
Manufacturer Model Hz kHz mV \% % No.| Type | per sec MQ Type Printer | Mounting| Features $
Cohu 412 60 1 1 999.9 0.1 3 v 1/4 1 contacts | i R iq 10, 000
NLS 4401 de 10 1 999.9 0.1 3 u ina 10 dec defhi C,R i 6185
NLS 3024 30 10 1 0999.9 |0.1 3 u 3 10 dec defghi | C,R m 4350
NLS 3026 30 10 1 0999:9 101 3 u 3 10 none none C,R m 4920
NLS 3134 30 10 1 999.9 0.1 4 u 3 10 dec defhi C,R m 4990
D20
NLS 3135 30 10 1 0999.9 |0.1 3 u 3 10 dec defhi C,R m 5500
NLS 4408 30 10 1 999.9 0.1 3 u 3 10 dec defhi C,R in 7400
NLS 3023 30 10 1 999.9 0.1 4 u 3 10 dec defghi | C,R m 4900
NLS 2022 30 10 1 0999.9 |01 3 u 3 10 dec defhi C,R in 6970
NLS 9128 30 10 1 999.9 0.1 3 u 3 10 dec defhi CR m 4850
NLS 4820 30 10 1 999.9 0.1 3 u 3 10 dec defhi C7R m . 2490
NLS 92126 30 10 1 999.9 0.1 3 u 3 10 Jec defghi | C,R i 5075
NLS 9127 30 10 1 999.9 0.1 3 u 3 10 none none C,R i 4450
NLS 4129 30 10 1 999.9 0.1 3 u 3 10 dec defghi | C,R m 5150
NLS RS2/1258 30 10 1 999.9 0.1 3 u 3 10 dec i C,R m 4615
D21
NLS 2020 30 10 1 999.9 0.1 4 v 3 10 dec defhi C,R in 6720
Cohu 507D /4528 30 10 1 999.9 0.1 4 v 1/4 1 contacts | i R - 5085
Cohu 5028 30 10 1 999.9 0.1 3 v 1/4 10 contacts | i R | 4245
Honeywell 882 30 10 0.1 999.9 +0. 1 4 nixie ina 10,1 10 line | defghi | C,R mo 4550
Honeywell 883 30 10 0.1 999.9 +0.02 4 nixie |ina 10,1 10 line | defghi | R cmo 6400
Cimron P92008,/6980B 30 10 0,1 999.99 | +0.02 3 nixie ina S none none C,R | 5015
Cimron P93008 /69808 30 10 0.1 999.99 | 0.02 3 nixie ina 5 none none C,R cm 5265
Cimron P9400B /69808 30 10 0.1 999.99 | +0.02 3 nixie ina 5 BCD defghi | C,R | 5765
Cimron P95008 /69808 30 10 0.1 999.99 | +0.02 3 nixie [ina 5 BCD defghi | C,R cm 5915
Cimron P92008B /67008 30 10 0.1 999.99 | £0.02 3 nixie ina 5 none none C,R i 3945
D22
Cimron P93008 /67008 30 10 0.1 999.99 +0. 02 3 nixie ina 5 none none CoR m 4090
Cimron P94008 /67008 30 10 0.1 999.99 | £0.02 3 nixie ina 5 BCD defghi | C,R i 4590
Cimron P95008 /67008 30 10 0.1 999.99 | +0.02 3 nixie ina 5 BCD defghi | C,R m 4740
Cimron P92008,/67108 30 10 0.1 999.99 [ +0.02 3 nixie |ina 5; none none C,R i 4180
Cimron P9300B,/6710B 30 10 0.1 999.99 | +0.02 3 nixie ina 5 none none CeR m 4330
Cimron P94008 /67108 30 10 0.1 999.99 | +0.02 3 nixie ina 5 BCD defghi | C,R i 4830
Cimron P95008 /67108 30 10 0.1 999.99 | £0.02 3 nixie ina 5 BCD defghi | C,R m 4980
Cimron P9200B/67018 30 10 0.01 999.99 | £0.02 4 nixie ina 10, 1 none none GR i 4180
Cimron P9300B/67018 30 10 0.01 999.99 | £0.02 4 nixie ina 10,1 none none E;R m 4330
Cimron P94008/67018 30 10 0.01 999.99 | £0.02 4 nixie ina 10,1 BCD defghi | C,R i 4830
D23
Cimron P95008/67018 30 10 0.01 999.99 | 0.02 4 nixie ina 10,1 BCD defghi | C,R m 4980
Fairchild 7100A-DM-03A| 30 10 0.1 1000 +0.05 4 amperex| ina k) extra extra | C,R aj 2575
Behl-Invar 152500 35 10 0.1 500 0.07 3 u 3 1 decimal | i C,R o 4710
Cimron E93008 /6770~ 30 15 0.1 999.99 | +0.02 3 nixie ina 1 none none C,R m 8139
943
Cimron E95008 /6770~ 30 15 0.1 999.99 | +0.02 3 nixie ina 1 BCD defghi | C,R m 8724
943
NLS X-1/5/AC/1 50 10 0.01 500,000 0.1 4 u ina 10 BCD defghi | C,R i 3250
NLS X-1/5/0AC/1 | 50 10 0.01 500,000 |0.1 4 u ina 10 BCD defghi | C,R i 3850
NLS X-2/4/AC3 50 10 0.1 500 Dol 4 nixie ina 1 extra extra C,R ajt 1430
NLS X-2/4/AC3/ 50 10 0.1 500 Q2] 4 nixie ina 1 extra extra C,R ait 1880
OPC
3M 4101 50 10 1 999.9 0.1 3 v ina 10,1 extra extra C,R i 4195
D24
3M 4103 50 10 1 999.9 05 3 v ina 10,1 extra extra C,R i 4995
NLS 3317 50 10 1 999.9 0.1 4 u 3 1 dec defghi | C,R i 4740
NLS 3316 50 10 1 999.9 0.1 4 u 3 1 none none C,R i 4190
NLS 3320 50 10 1 999.9 0.1 4 u 3 1 dec defghi | C,R | 5190
NLS 3326 50 10 1 0999.9 | 0.1 %) u X 1 none none C,R i 4490
NLS 3330 50 10 1 0999.9 0.1 3 u 3 1 dec defghi | C,R | 5490
D25 | NLS 3327 50 10 1 0999.9 | 0.1 3 u 3 1 dec defghi | C,R i 5040
NLS 4924 50 10 1 0999.9 0.1 3 u 3 1 dec defhi C,R i 4250
NLS 4922 50 10 1 0999.9 0.1 3 u 3 1 dec defhi G, R i 3950
NLS 92109 50 10 1 999.9 0.1 3 u 3 1 dec defhi C,R i 4635

(tables continued on page T50)

Reader-service cards are good all year

Circle as many numbers on the reader-service card as you like.
Reader-service numbers are given in the index.

See reader-service card for valuable FREE reprints.

Need a FREE copy of this directory? Circle number 255.
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Digital Voltmeters (ac) (continueq)

Frequency Voltage Ranges Gyt ARt Output Price
Minimum | Maximum | Minimum | Maximum | Accuracy Readout | readings | Impedance Misc. Approx.
Manufacturer Model Hz kHz mV \' % No.| Type | per sec MQ Type Printer | Mounting | Features
NLS 9110 50 10 1 999.9 0.1 3 u 3 1 dec defhi | C,R i 5335
NLS 9119 50 10 1 0999.9 0.1 3 u 3 1 dec defhi | C,R i 5300
D25 | NLS 9124 50 10 1 999.9 0.1 3 u 3 1 none none C.R m 4375
cont | NLS 9120 50 10 1 0999.9 0.1 3 u 3 1 dec defhi | C,R i 5990
NLS 5005/1100 50 10 1 999.9 0.05 3 u 2 10 none none C,R i 2235
NLS 4206/1100 50 10 1 999.9 0.05 3 u 2 10 dec i C,R i 3035
NLS 2917/1100 50 10 1 999.9 0.05 3 u L2 10 dec ¥ C,R i 4970
NLS 3307 50 10 1 999.9 0.1 3 v 3 1 dec defghi | C,R i 4690
NLS 3250 50 10 1 999.9 0.1 3 u 3 1 none none C,R i 3250
NLS 3254 50 10 1 999.9 0.1 3 u 3 1 none none C,R i 3640
D26
NLS 3252 50 10 1 999.9 0.1 3 u 3 1 none none C,R m 3345
NLS 3237 50 10 1 999.9 0.1 3 u 3 1 dec defghi | C,R m 3970
NLS 3239 50 10 1 999.9 0.1 3 u 3 1 none none C,R i 3100
NLS 3305 50 10 1 999.9 0.1 3 u 3 1 dec defghi | C,R i 3990
NLS 3248 50 10 1 999.9 0.1 3 v 3 1 none none C,R i 3245
NLS 2023 50 10 1 999.99 10.02 3 u 3 1 dec defghi | C,R 7070
Data-Tec DVX-315A/ 50 10 10 1000 0.03 4 nixie |5 1 BCD i CR a 3945
DT 1404
Data-Tec DT-325 50 10 1 1000 0.5 3 nixie |5 1 BCD i R - 2355
EPSCO DVP1-803 20 20 1 1000 33 4 v 0.20 2 dec i C,R o 475
Cimron 7630 30 20 0.1 999.99 |£0.02 3 nixie ina 1 none none C.R cm 4040
D27
Cimron 7650 30 20 0.1 999.99 |+0.02 3 nixie ina 1 BCD defghi | C,R cm 4290
Cimron 4632/6775 30 20 0.1 999.99 |£0.02 3 nixie ina 1 none none C,R m 4815
Cimron 4652/6775 30 20 0.1 999.99 |+0.02 3 nixie ina 1 10 line defghi | C,R mo 4965
Cimron 6600/6770 30 20 0.1 999.99 |+0.05 3 nixie ina 1 none none CyR jw 1915
Cimron 6600/6770 30 20 0.1 999.99 [+0.05 3 nixie |ina 1 BCD defghi | C,R i ina
Cimron P95008 /67608 30 20 1Vrms 999.99 0.1 3 nixie ina 5 BCD defghi | C,R m 5480
Cimron P92008B,/6760B 30 20 1Vrms 999.99 |20, 1 3 nixie |ina 5 none none G,R i 4680
Cimron P9300B,/6760B 30 20 1Vrms 999.99 |*0.1 3 nixie ina 5 none none C,R m 4830
Cimron P9400B/6760B 30 20 1Vrms 999.99 |#0.1 3 nixie ina 5 BCD defghi | C,R i 5330
3M 5100-M01 50 20 0.1 999.9 +0.05 4 v ina 1 extra extra [C,R i 5445
D28
Un-Syst 201/900 50 20 1 000 [#0.3 |4 |y 4 %0 BCD avail |cC i 725
Cohu 533-2210 50 20 1 1000.0 0.3 3 z ina 1 BCD i C,R m 2195
Cohu 533-2810 50 20 1 1000.0 0.3 3 z ina 1 BCD i R kir 2750
Cohu 543-2810 50 20 1 1000.0 0.3 3 z ina 1 BCD i C,R alr 2750
Cohu 543-2210 50 20 1 1000.0 ]0.3 3 z ina 1 BCD i C,R aj 2195
Un-Syst 202/900 50 20 2 1000 +0.3 4 y 4 2.2 BCD avail | C i 700
Un-Syst 204/900 50 20 4 1000 +0.3 4 y 4 2.2 BCD avail | C i 730
Dana 5600/20 50 20 v 1000 0.1 4 nixie [2 1 BCD ina R - 4575
Dana 5700/26 50 20 1.1V 1100 0.09 4 nixie 15 1 BCD ina R - 4850
Ballantine 350 50 20 100 11999 & [0:25 4 nixie ina 2 none none C/R - 720
D29
Trymetrics 4000-430M 50 20 0.1 999.9 0.1- 4 nixie ina ina none none C,R i 890
0.25
Trymetrics 4100-430M 50 20 0.1 999.9 0.1- 4 nixie ina ina none none C,R it 990
0.25
Trymetrics 4243 50 20 0.1 999.9 0.1- 4 nixie ina ina none none C it 795
0.25
Systron 1235-1 5 100 1 750 +0.5 4 nixie [8.3 1 BCD i C,R a request
EAI 6200/6203 20 100 1 300 0.2 4 nixie 6 1 none none C,R i 830
Fairchild 7200/DM-10 30 100 0.01 1000 0. 05 4 nixie ina 5 yes yes C,R ajw 4495
Cal -Inst 8000 30 100 1 1000 0.9 3 v ina 10 extra extra G i 845
D30 | Cal-Inst 8001 30 100 1 1000 0.9 3 v ina 10 extra extra |C i 795
Cal =Inst 8101 30 100 1 1000 0.9 5 u ina 10,1 extra extra |C i 1095
NLS X-2/4/AC4 50 100 0.1 500 0.1 4 nixie ina 1 extra extra C,R ajt 1580

Circle as many numbers on the reader-service card as you like.
Get detailed data: use the reader-service card.

Reader-service cards are good all year.

See reader-service card for valuable FREE reprints.

Need a FREE copy of this directory? Circle number 255.

Remove Electronic Measuring Instruments Brochure for your file
T50 If missing, circle ber 89 on Reader-Service Card »




Digital Voltmeters (ac) (continueq)

Frequency Voltage Ranges Specd Inpot Output Price
Minimum | Maximum | Minimum | Maximum | Accuracy Readout | readings | Impedance Misc. Approx.
Manufacturer Model Hz kHz mV \ % No. Type per sec MQ Type Printer | Mounting | Features $
NLS X-2/4/AC4/ 50 100 0.1 500 +0, 3+ 4 nixie ina 1 extra extra C,R ait 2030
OPC : 0. 1fs
D30 | NLS X-1/5/AC/2 50 100 0.01 500.000 [0.1 4 u ina 10 BCD defghi | C,R i 4150
cont| NLS X-1/5/AC/2 50 100 0.01 500.000 [0.1 A dlie ina 10 BCD defghi' | 'G,R i 3550
H-P 2401C/24108 50 100 100 750 0.05 ) nixie > 1 BCD i C,R i 6100
H-P 34408,/24108 50 100 100 750 0.2 ) nixie 9 10 BCD i S i 5850
Micro-Inst 5600 50 100 1 999 0.5 é nixie ina 10-10k none none ' 33 it 1195
H-P 3440A/3445A 50 100 10V 999.9 +0. 1 3 nixie 5 10.2 4 |ine defghi | C in 1685
H-P 3439A/3445A 50 100 10V 999.9 0. 1 3 nixie 3 10.2 4 line defghi | C in 1475
Honeywell 85 50 100 0.01 999.99 |0.02- 4 nixie |ina 1 10 line | defghi | C,R cmo request
0.1
Fairchild 7000-02 50 100 0.1 1000 0.1-1 4 nixie ina 1 extra extra (R aj 1400
D31
Honeywell 623 50 100 0.01 1000 0.04-1 3 u ina 1 10 line defghi | C,R i 1345
Dana 5600/25 50 100 v 1000 0.1 4 nixie 2 1 BCD ina R - 4875
Dana 5100/24 50 100 1.1V 1100 0.09 4 nixie 15 1 BCD ina R - 5150
Dana 5400/020/27 50 100 11V 1100 0.1 3 nixie 3 1 BCD ina R - 2490
Dana 5500/130/28 | 50 100 1V 1100 0.1 3 | nixie |3 1 BED [ ina |R = 3445
H-P 3440A/3443A/ 10 10,000 1 300 +5 3 nixie 2 10 4 line defghi | 3 in 2135
D32 3400A
NLS X-3 20 1GHz 10 300 3 3 nixie 3 10 analog none P 695
- -
AC and DC Digital Voltmeter Notes
a. Integrating digital voltmeter.
b. Also measures frequency, period and interval.
c. DC/ohmmeter.
d. Clary printer.
e. Flexowriter.
f. Electric typewriter.
g. Card punch.
h. Tape.
i. Digital recorder.
j- Ac/dc meter.
k. Dc/ratio.
I. Ac/dc/ohmmeter.
m. Ac/dc/ratiometer.
n. FOB destination.
o. AlsoBCD.
p. Contacts.
q. 5-10 units.
r. Also current.
s. Built to environmental requirements of MIL-T-21200.
t. Incorporates a storage register for absolute display stability.
u. In-line plastic plates.
v. In-line, single plane projection.
w. Of reading + or —0.02% fs, 30Hz to 10kHz. Accuracy
varies with range, check factory.
x. In-line, mechanical number wheel.
y. Vertical neon decades, counter type.
z. Glow-discharge tubes.
(@) Burroughs nixie tube.
(b) Amperex tube.
<€ Remove Ballantine Electronic Measuring Instruments brochure for your file.
If missing, circle number 89 on Reader-Service Card T51




Now!
CX0’s

from

Bulova!

Stability:
+0.5 PPM!

Now you can get Temperature
Compensated Crystal Oscillators from
Bulova, with all the quality and
dependability that have made Bulova
the leader in frequency control
products. Our new Model TCXO-5 is
just four-cubic-inches, consumes only
50 mW, and employs a computer-
selected-and-optimized compensation
network designed to maintain
frequency stability over wide
temperature ranges without the need
for an oven (£0.5 PPM from —40°C
to +70°C). Perfect for aerospace

and military applications where
power, space and weight restrictions
are severe.

SPECIFICATIONS
Frequency
Range: 2MHz to 5MHz
Frequency
Stability: £0.5 PPM from
—40°C to +70°C
Output: Sine Wave, 1VP-P into a
1000 OHM Resistive Load
Input: 50 mW
Size: Just 4 cu. in.
Weight: Only 5 oz.

Other frequencies, output wave
shapes, output levels and load
impedances can also be supplied.

Write today for more information
about Bulova's new TCXO-5, or
assistance with any Crystal Oscillator
problem. Address: ED-27.

Try
Bulova
First!

FREQUENCY CONTROL PRODUCTS

ELECTRONICS DIVISION
OF BULOVA WATCH COMPANY, INC.

61-20 WOODSIDE AVENUE
WOODSIDE, N.Y. 11377, (212) DE 5-6000

ON READER-SERVICE CARD CIRCLE 90
T52

Digital Voltmeter

Cross

IndeXx

TABLE |READER
LOCA- |SERVICE
CODE COMPANY MODEL NO. TION NO.
ADAGE Adage Inc. V12-AD D2 316
1079 Commonwealth Ave. V16-AD D2
Boston, Massachusetts VR12-AD D2
BALLAN- |Ballantine Labs Inc. 350 D 29 317
TINE Box 97 353 D 13
Boonton, New Jersey 355 D 13
BEHL- Behlman-Invar Electronics DV-271 D 14 318
INVAR Corp. 1S 2500 D 12
1723 Cloverfield Boulevard 1S 2500 D 23
Santa Monica, California MIL-V-72 D7
MIL-VR-2100 | D7
CAL-INST | California Instruments Corp. | 8000 D 14 319
3511 Midway Drive 8000 D 30
San Diego, Calif. 92110 8001 D13
8001 D 30
8002 D 13
8004 D 13
8101 D 14
8101 D 30
8104 D 14
CIMRON | Cimron Division 4631 16 320
1152 Morena Boulevard 4632 16
San Diego, Calif. 92110 4632/6775 27
4651 16
4652 16
4652/6775 27
6600 16
6600/6770 27
7630 8
7630 27
7650 8
7650 27
E9300B-355 9
E93008,/6770~
943 23
E9500B-355 9
E95008 /6770~
943 24
P92008 9

P92008 /67008
P9200B,/67018
P2200B,/67 108
P9200B /67608
P92008B,/6980B
P93008

P9300B,/6700B
P93008B,/6701B

P9300B,/6710B 22
P93008B/6760B 28
P9300B /69808 22
P9400B 9

P9400B /67008
P94008,/6701B
P9400B /67108
P9400B /67608
P94008 /69808
P95008

P95008,/67008
P95008,/67018
P95008 /67108
P95008 /67608
P9500B/6980B

23
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Digital Voltmeter
Cross Index (continved)

LET'S GET TECH

TABLE | READER
LOCA- | SERVICE
CODE COMPANY MODEL NO. TION NO.
COHU Cohu Electronies Inc. 412 D 20 321
5725 Kearny Villa Road 412(MIL-E- D7
San Diego, Calif. 92112 4158A)
5018 D 12
5028 D 12
5028 D 21
507D D 12
507D/4528 D 21
510 D5
531-1000 D8
533-2210 D7
533-2210 D 28
533-2310 D8
533-2810 D8
533-2810 D 28
541-1000 D12
543-2210 D12
543-2210 D 28
543-2310 D12
543-2810 D12
543-2810 D 28
CMC Computer Measurements Co. | 800A/835A 15 322
Div. Pacific Ind. Inc. 810/835A D15
12970 Bradley Avenue
San Fernando, Calif.91342
DANA Dana Labs Inc. 5100/24 D 31 323
Irvine 5400,005 D17
California 5400/010 1B 80 7
5400/020 D 16
5400/020/27 | D 31
5500/112 D17
5500/130/28 D 31
5600 D 16
5600/11 D15
5600/20 D 29
5600/25 D 31
5700 D 17
5700/11A D 16
5700/26 D 29
DATA- Data Technology Corp. DT-321 D 14 324
TEC 2370 Charleston Road DT-322 D 14
Mountain View, Calif. DT-323 D11
DT-325 D 27
DVX-315A D11
DVX-315A D13
DVX-315A/
DT-615 e
DVX-315A/
DT-1404 D37
DYNAM- | Dynamics Instrumenta- 6539 D2 325
ICS tion Co.
583 Monterey Pass Road
Monterey Park, California
EPSCO Epsco Inc. DVM-803 D27 326
Data System Prods. Div.
411 Providence Highway
Westwood, Massachusetts
ELECTRO- | Electrolab Inc. 100 D13 327
LAB 18271 Parthenia Street
Northridge, Calif. 91324

ELECTRONIC DESIGN 20, September 27, 1967
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POWER SUPPLIES

COMPLIANCE EXTENSION
(for Current Regulators)

When a power supply is connec-
ted to control output current, the
load is called “compliance voltage.”

Sometimes, when a current regula-
tor has insufficient compliance volt-
age range for a particular load, two
units can be connected together as a
means of relief. This is called appro-
priately enough, ‘“compliance ex-
tension.”

AAA

ReCOUPLING
------ Pariy : pilmh g s o S i b -7, ]
i i |
. | ! SLAVE |
e Sy e

bl >
| CURRENT | ! i §
IREGULATOR! | i
i Do :
1= = A
far o By S g B I

e

COMPLIANCE EXTENSION

In this circuit, the slaved power
supply repeats the compliance volt-
age of the master supply current
regulator itself, usually one-for-one,
or in any ratio that may be desired.
By then placing the supplies in se-
ries, the voltages are made to add
across the load.

The repeater power supply may be
diagrammed as one in which the con-
ventional fixed (zener) reference has
been replaced by the terminal volt-
age of the current regulator.

This connection is one of many
master/slave circuits (complemen-
tary connection, parallel operation,
series boost, voltage correction, etc.),
that may be found in Chapter 7 of
the Kepco Power Supply Handbook.

For your personal copy of this
handy Handbook, write on your
company letterhead to:

HANDBOOK, Dept.1B
G.P.O. BOX 67 - FLUSHING, N.Y. 11352

ON READER-SERVICE CARD CIRCLE 91
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Thel2
cranks
from

Pleasant
Avenue.

A dozen mild-mannered men who love
children, dogs and apple pie. Until they
come to work at Pleasant Avenue at
0300GMT. Then they take off their jack-
ets and turn into SUPER-CRITICS! Qutright
cranks!

They make sure that if any Trygon
power supply isn't made exactly the way
it's supposed to be made, it becomes our
problem; not yours.

Thanks to the Cranks, for example, you
can order any of the Trygon Half-Rack
Series with complete confidence. These
compact units offer power in ranges up
to 160 volts, 10 amps with Constant
Voltage/Constant Current/0.01% regula-
tion/0.5mv ripple/0.05% stability (with
even 0.01% optional) and such niceties
as Trygon developed and patented over-
voltage protection if you want it. (We
think you should want it.)

Check into Trygon's half-rack series.
It's been awarded the Scowl of Approval
by the Twelve Cranks of Pleasant Avenue.

TRYGON HALF RACK SERIES
CONSTANT VOLTAGE/CONSTANT CURRENT
Overvoltage  Hi

Standard Protection Stabilit;
Model Volts Amps  Model (ov) Option (.
HR20-1.5 020 [0-15 | $167 $90 $125
HR40-750 0-40 | 0-0 75| 167 90 125
HR20-58 0-20 | 05 325 95 125
HR20-108 0-20 |0-10 389 95 125
HR40-38 0-40 |0-3 320 95 125
HR40-58 0-40 |05 9 95 125
HR40-7 58 0-40 (075 425 95 125
HR60-2 58 060 [0-2.5 349 95 125
HR60-58 0-60 [0-5 415 125 125
HR160-28 0-160{ 0-2 495 125 125
SHR20-3A 0-20 |03 225 95 125
SHR40-1 5A 040 |0-15 225 95 125
SHR60-1A 0-60 |0-1 235 95 125
SHR160-5008 | 0-160{0-0.5 295 —_ 125

Most models shightly higher priced in Europe

111 Pleasant Avenue, Roosevelt, L.I., N.Y. 11575 |

" e
Trygon Power Supplies
Trygon GmbH 8 Munchen 60, Haidelweg 20, Germany

ON READER-SERVICE CARD CIRCLE 92
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Digital Voltmeter
Cross Index (continved)

TABLE | READER
LOCA- | SERVICE
CODE COMPANY MODEL NO. TION NO.
EAI Electronic Associates Inc. 6000 DRI7 328
Long Branch Avenue 6001 D 12
Long Branch, New Jersey 6101 D17
6200/6201 D 12
6200/6203 D 29
FAIR= Fairchild Instrument 7000 D11 329
CHILD 475 Ellis Street 7000-02 D 31
Mountain View, California 7050 D13
7100A D 10
7100A-DM-
03A D 23
7200 D 10
7200/DM-10  |D 30
H-P Hewlett-Packard Co. 2401C D 10 Contact
1501 Page Mill Road 2401C/24108  [D 30 Local
Palo Alto, California 2402A D 15 Rep.
3430A D 15
3439A/3441A |D 7
3439A/3442A |D 7
3439A/3443A |D15
3439A/3444A |D 10
3439A/3445A |D 31
3440A/3441A [D 5
3440A/3442A |D 5
3440A/3443A |D 15
3440A/3443A/
3400A P28
3440A/3444A |D 3
3440A/3445A |D 31
3459A D 16
34608 D 16
3460B,/2410B D 30
HO04-3460A D 15
HICKOK | Hickok Electrical Instr. Co. DMS3200/ D15 330
10555 DuPont Avenue DP100
Cleveland, Ohio 44108
HONEY~- | Honeywell 85 D7 331
WELL Test Instrument Div. 85 D 31
4800 East Dry Creek Road 623 D 31
Denver, Colorado 880 D9
881 D7
882 D9
882 D 21
883 D7
883 D 21
JANUS Janus Control Corp. 400 D17 332
Div. Tyco Labs Inc. 401 D 17
296 Newton Street 403 D 18
Waltham, Mass. 02154 404 D 18
3M 3M Co. 4100 D ‘5 333
Instrument Department 4101 D 24
300 South Lewis Road 4102 D5
Camarillo, Calif. 93010 4103 D 24
5100 D8
5100-M01 D 28
5100-M02 D8
5100-M07 D8
MICRO- | Micro Instrument Co. 5600 D5 334
INST 13100 Crenshaw Boulevard 5600 D 31
Gardena, California
MON - Monsanto Electronics 2000 D1 335
SANTO Technical Center
620 Passaic Avenue
West Caldwell, N. J. 07006
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Digital Voltmeter
Cross Index (continuea)

TABLE |[READER
LOCA- [SERVICE
CODE COMPANY MODEL NO. TION NO.
NLS Non-Linear Systems Inc. i) D2 336
Del Mar Airport 2019 D5
Box 728 2020 D 21
Del Mar, California 92014 | 2021 D 10
2022 D 20
2023 D 27
2917 D17
2917/1100 D 26
3010 D5
3020 D10
3023 D 20
3024 D 20
3026 D 20
3130 D9
3134 D 20
3135 D 20
3237 D 26
3239 D 26
3248 D 26
3250 D 26
3252 D 26
3254 D 26
3305 D 26
3307 D 26
3316 D 24
3317 D 24
3320 D 24
3326 D 24
3327 D 25
3330 D25
4206 Dé
4206/1100 D 26
4401 Dé
4401 D 20
4408 D 20
4409 D6
4808 D2
4810 Dé
4814 Dé
4820 D 21
4922 D 25
4924 D 25
5005 Dé
5005/1100 D25
6001 D1
9104 Dé
2109 D25
9110 D 25
2119 D25
9120 D25
9124 D 25
9126 D 21
9127 D 21
9128 D 20
9129 D 21
RS2 D é
RS2/1258 D 21
X-1 D9
X-1/5/AC/1 | D 24
X-1/5/0AC/1| D 24
X-1/5/AC/2 | D 30
X-2/4 D7
X-2/4/AC3 D6
X-2/4/AC3 D 24
X-2/4/AC3/
orC be
X-2/4/AC3/
oPC D 24
X-2/4/AC4 | D 30
X-2/4/AC4/
OPC D 30
X-2/4/0PC D3
X-3 D 19
X-3 D 32

ELECTRONIC DESIGN 20, September 27, 1967

13 VMIODELS

5 -g“

WIDEST VOLT/AMPERE
CHOICE IN LOW COST
LABORATORY SUPPLIES

ALL-TRANSISTOR MODELS

DC OUTPUT PRICE
it VOLTS | AMPS | (metered)
ABC 2—1M 0-2 |01 $125.00
ABC75-2M | 0-75 |0-2 167.00
ABC 10-0.75M | 0—10 | 0-0.75 | 125.00
ABC 15_1M 0-15 |01 167.00
ABC 18_05M | 0-18 | 0-05 125.00
ABC30-03M | 0-30 |0-03 125.00
ABC 40-05M | 0—40 |0-05 167.00
ABC 100-0.2M | 0—100 | 0-0.2 188.00
HYBRID MODELS

ABC 200M 0-200 | 0-0.1 210.00
ABC 425M 0-425 |0-0.05 | 210.00
ABC 1000M 0-1000 | 0-0.02 | 295.00
ABC 1500M 0-1500 | 0-0.01 295.00
ABC 2500M 0-2500 | 0—-0.002 365.00

® 0.05% REGULATION and STABILITY

® TEMPERATURE COMPENSATED ZENER

REFERENCE
= TEN-TURN VOLTAGE CONTROL
® CURRENT LIMITED, CONVERTIBLE
FOR CURRENT REGULATION
= OPERATIONALLY PROGRAMMABLE

(Accepts modulation commands)

WRITE FOR
NEW CATALOG
CONTAINING COMPLETE
SPECIFICATIONS

AND

APPLICATIONS NOTES

131-38 SANFORD AVE. e FLUSHING, N.Y. 11352
(212) 461-7000 o TWX #710-582-2631

ON READER-SERVICE CARD CIRCLE 93
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Digital Voltmeter

&
Cross Index (continuea)
TABLE | READER
LOCA- | SERVICE
CODE COMPANY MODEL NO. [ TION NO.
NORTH North Hills Electronics Inc.| DSV.1 D3 337
HILLS Glen Cove
New York
PAR Princeton Applied CS=3.1 D2 338
Research Corp.
Box 565
Princeton, N.J. 08540
[ |
ROBACK | Roback Corp. 33 D15 339
Huntington Valley 34 D 14
Pennsylvania 35 D 14
304 D 11
305 D11
R&S Rohde & Schwarz Sales Co. UGZ/BN1100| D 6 340
111 Lexington Avenue
( Passaic, New Jersey 07056
{ SIMPSON)| Simpson Electric Co. m D13 341
5200 West Kinzie Street
Chicago, Illinois 60644
SYSTRONY| Systron-Donner Corp. 1033/1936 D 10 342
888 Galindo Street 1234 D1l
Concord, Calif. 94520 1234-4 D 14
1235-1 D1
1235-1 D 29
6413 D 10
TECH- Technology Inc. DM5000 D13 343
NOLOGY| 7400 Colonel Glenn Hwy.
¢ RUGGED  HIGHLY ACCURATE Dayton, Ohio 45431
e MEET YOUR PANEL REQUIREMENTS
R Trymetrics Corp. 4000-103 D2 344
METRICS | 204 Babylon Turnpike 4000-104 D1
The Clifton Precise Angle Indicator Roosevelt, New York 4000-105 D1
reproduces and displays accurately 2888'338’:/\ gi
in digital read.out any angular dis- 4000-400A D3
placement as signalled by a remotely 4000-400M D4
located synchro transmitter. It is an 4000-430M D4
extremely useful piece of test equip- 388832832\” g §9
ment for pomputer groups and sys- 4000-500M D3
tems engineers and as a laboratory 4100-103 D2
tool for developmental experimen- 4100-105 D1
tation and substantiation. 4100-105 D2
Utilizing Clift h 4100-300A D 4
ilizing Clifton synchros, power 4100-300M D 4
supply, servo amplifier and stainless 4100-400A D3
steel gears throughout, it is proving 4100-400M D4
to be reliable, accurate and rugged, 3:28_2% 339
even'l‘mder adverse environmental 4100-500A D3
conditions. 4100-500M D3
The Angle Indicator has a remov- 4230 D5
able face and thus may easily be jgig gj
modified to meet your own panel 4243 D 29
requirements. Rigid shock proof
construction is used throughout, UN=-SYST | United Systems Corp. 201 D 14 345
and the entire unit may be con- ;'8 ,‘“’°°d(')‘:‘>j Road gg;/saoo g ?g
3 ayton, io
veniently rack mounted. 202/900 D 29
204/900 D 29
401 D1
402 D1
404 D1
Write for our free Cat- 451 D1
alog describing Clifton 452 D1
Test Equipment to 5050 454 D1
State Road, Drexel
Hill, Pa. 19026, or call VIDAR | Vidar Corp. 500 DIl 346
215 622-1000. 77 Ortega Avenue 520 D17
Mountain View
California 94041
WESTON | Weston Inst. & Electronics 1420 D10 347
l Div. Daystrom Inc. 1423 D1
614 Frelinghuysen Avenue | 4000 D5
DIVISION OF LITTON INDUSTRIES Newark, New Jersey

ON READER-SERVICE CARD CIRCLE 94 ON READER-SERVICE CARD CIRCLE 95 >
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Here's just part of the full Honeywell line, which includes: @117 Visicorder direct-recording oscillographs in 6”, 8", and 12" models; @ 2 Model 1806 fiber-
optics CRT Visicorder oscillographs; @ 26 magnetic tape systems, including the 7600 Series in 10%" and 15" reel versions; ® 84 amplifiers and other signal-condi-

We build 847

instruments to be sure we
have the exact | you need.
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tioning units; @78 analog recording systems; @46 electronic medical systems; @14 oscilloscopes; @37 digital multimeters; )29 differential voltmeters;
@ 179 precision laboratory standards and test instruments; (3128 data loggers; @9 analysis systems; @61 EMI products; )37 X-Y graphic recorders.

Your Honeywell sales engineer can zero in on the precise
solution to your instrumentation problems. Quickly and
efficiently. You won't have to settle for “almost” what
you need because the Honeywell sales engineer isn't
handicapped by a limited line. He can choose from 847
basic instruments whose combinations and permuta-
tions approach the infinite.

The solution might be a Visicorder recordmg oscillo-
graph. Or one of our modular magnetic tape systems. Or
an X-Y recorder, a digital multimeter, or a portable po-
tentiometer. But whether it's a single instrument or a
complete data system,you can be sure the solution will
be the right one, carefully thought out with your future
requirements considered as well as your current needs.

Local service and nationwide metrology facilities back
up your Honeywell instrument or system. And, we can
even provide factory training courses for your operating
personnel. For the full story on how Honeywell can help
you, call your local sales engineer or write: Honeywell,

Test Instruments Division,
Denver, Colorado 80217. Honeywell

Honeywell engineers
sell solutions

ON READER-SERVICE CARD CIRCLE 96
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Spectrum Analyzers

F l CTE I 7 Type
requency < Voltage Sensitivity Sweep {pout C b | Price
Minimum | Maximum | Accuracy Minimum [ Maximum | Accuracy |Width IRa'e Imped R Rack | Approx.
Manufacturer Model Hz MHz % dBm(pV) " mV % kHz Hz kQ P Port $
Rantec EA-100 de 70Hz +0. 5Hz ina ina ina ina ina ina 50 R ina
N-Ross PSA-016 0.5 0.002 ina ina ina 2/cm ina 0.01- |10~ 1000 C,R 950
0.6 120sec
N -Ross PSA-026 0.5 0.002 ina ina ina 2/cm ina 0.01- |2-200 (000 kr 1100
0.6 sec
N-Ross PSA-036 0.5 0.002 ina ina ina 2/cm ina 0.01- |2-200 {1000 ar 1100
0.6 sec
Panoram LF-28 0.5 0.0025 1 (1 mv) 100 10 £5 0.002- [30sec- [5000 C,R 4950
0.5 16 hrs
Al
Quan-Tec 304 1 0.005 +] ina 100 0.03 +5 0.005-5|18-18k|100 R 2480
sec
Quan-Tec 304 1 0.005 +] ina 100 0.03 +5 0.005-5|18-18k|100 C 2450
sec
Probescp §S-5 1 0.0053 2 (500) 500 5 +1dB 0.02- |1.3sec|1000 G 2550
0.6
Kay 6051A 85 0.008 +2 dB ina ina ina ina N/A 2.4 10.2,0:8; "|C 2950
10
Kay 6061A 85 0.008 +2 dB ina ina ina ina 0.045- |2.4 [0.05, C 3130
0.3 sec 0.6, 10
Gulton OCF-1 10 0.01 2.5 ina 20 20 ina ina 2-64 |1000 2C ina
Spectran 40-0.6 15 0.012 ina (250) 30 30 ina 0.02 real 50 R 8800m
time
Kay 675 5 0.015 ina ina ina 3 ina 0.002- |0.8- |1800 C 3130
0.6 2.4
sec
Spectran 480-0.6 0.6 0.015 ina (250) 30 30 ina 0.02 real 50 R 42, 500m
time
Spectran 240-0.6 0.6 0.015 ina (250) 30 30 ina 0.02 real 50 R 26,500m
time
A2
Spectran 100-0. 6 0.6 0.015 ina (250) 30 30 ina 0.05 real 50 R 14, 350m
time
Kay 7029A 5 0.016 +2dB ina ina ina ina N/A Yo 2, 10.05, C 3950
2.4, [0.6,10
4.8,
3 38.4
Spectran 40-1.3 3 0.016 ina (250) 30 30 ina 0.04 real 50 R 8450m
time
Spectran 100-1.3 3 0.016 ina (250) 30 30 ina 0.04 real |50 R 12,800m
time
Spectran 240-1.3 3 0.016 ina (250) 30 30 ina 0.04 real 50 R 22,700m
time
Spectran 480-1.3 3 0.016 ina (250) 30 30 ina 0.04 real 50 R 34,800m
time
R-S FNA BN48301 30 0.02 ] (100nV) 100 0.001 25 0.01- |20 100 c 6800
(£10Hz) 0.2 sec (40pF)
B&K Inst 2107 20 0.02 1 ina 1000 0.1 £0.5dB |full ina 2200 C 1680
range
N-Ross PSA-011 10 0.02 ina ina ina 85pv/ ina 0.1-6 |10-50 [1000 cr 650
cm sec
N-Ross PSA-021 10 0.02 ina ina ina 85uv/ ina 0.1-6 [2-10 [1000 kr 800
cm sec
A3
N-Ross PSA-031 10 0.02 ina ina ina 85uV/ ina 0.1-6 |[5-50 1000 ar 800
cm sec
Panoram LP-1aZM 20 0.0225 +2 (50mV) 500 0.5 +10 0.2-5 |1 sec- |250 CIR 2200
(£10Hz) 16 hrs
Panoram SY-1-54-2 5 0.0225 +2 (50mV) 500 035 +10 0.02-5 |1 sec~ [250 G/R 4635
(£10Hz) 16 hrs
Probescp $S-20 é 0.023 +2 (50) 500 0.5 +] dB 0.1-6 |2sec |50 R 1875
Probescp $S-20L 6 0.023 ina (50) 500 0.5 +10 0.1-6 |2 sec/ |50 C,R 1950
sweep
Polarad 2736 10 0.03 ina (10 ina ina ina full ina 100 R 2300
range
Spectran 40-3.6 8 0.03 ina (250) 30 30 ina 0.12 real 50 R 6940m
Ad time
1 Spectran 100-3. 6 8 0.03 ina (250) 30 30 ina 0.12 real |50 R 8800m
time
Spectran 240-3.6 8 0.03 ina (250) 30 30 ina 0.12 real |50 R 12,230m
time
Spectran 480-3.6 8 0.03 ina (250) 30 30 ina 0.12 real |50 R 17,250m
time

Circle as many numbers on the reader-service card as you like.
Get detailed data: use the reader-service card.
See reader-service card for valuable FREE reprints.
Spectrum analyzer index starts on page T66.
ELecTrONIC DESIGN 20, September 27, 1967



Spectr um Analyzers (continued)

sie e Type
Frequency Voltage Sensitivity Sweep Input G calt [N Price
Minimum | Maximum | Accuracy Minimum | Maximum | Accuracy | Width lRafe Impedance | R Rack | Approx.
Manufacturer Model Hz MHz 9 dBm(pV) v mV % kHz Hz kQ P Port $
Gulton OR-WA/1 < 0.03 +2 ina 36 36 ina 0.001- |10- 1000 R ina
0.5 2400
sec
A4 Panoram TA-2/AL-2 20 0.035 1 -90 3 0.002 1 0.2-20h |1 100 S 3000
cont | Panoram TA-2/AR-1 20 0.035 1 -90 3 0.002 1 0.2-20 |1 100 C 2750
Gulton OCF-3 5 0.04 ina ina 100 50 ina ina ina 100 R ina
Honeywell 9300 Series 2 0.04 £10Hz ina 10 100 0.1 full ina 100 C ina
range
B&K Inst 2112 22 0.045 1 ino 1000 0.1 +0.5d8 | full 0.2- |2200 c 2495
range |720
Quan-Tec 305 10 0.05 0.5 ina 1000 0.03 +5 ina 0.5- |1000 R 2580
500
sec
Quan-Tec 305 10 0.05 0.5 ina 1000 0.03 +5 ina 0.5~ |1000 (& 2550
500
sec
Probescp §5-50-S 0 0.05 ina ina 500 500 +1dB 50, 5, 1g 50 C,R 3335
1,0.5
Spectran 40-5 10 0.06 ina- (250) 30 30 ina 0.16 real |50 R 6800m
time
A5
Spectran 100-5 10 0.06 ina (250) 30 30 ina 0.16 real 50 R 8510m
time
Spectran 240-5 10 0.06 ina (250) 30 30 ina 0.16 real 50 R 11, 530m
time
Spectran 480-5 10 0.06 ina (250) 30 30 ina 0.16 real |50 R 15,850m
time
Spectran 40-15 30 0.075 ina (250) 30 30 ina 0.5 real |50 R 6800m
time
Spectran 100-15 30 0.075 ina (250) 30 30 ina 0.5 real |50 R 8510m
time
Spectran 240-15 30 0.075 ina (250) 30 30 ina 0.5 real |50 R 11, 530m
time
Spectran 480-15 30 0.075 ina (250) 30 30 ina 0.5 real |50 R 15,850m
time
Spectran 40-12 25 0.075 ina (250) 30 30 ina 0.400 |real |50 R 6800m
time
Spectran 100-12 25 0.075 ina (250) 30 30 ina 0.400 |real 50 R 8510m
time
Spectran 240-12 25 0.075 ina (250) 30 30 ina 0.400 |real 50 R 11,530m
time
Ab
Spectran 480-12 25 0.075 ina (250) 30 30 ina 0.4 real 50 R 15,850m
time
Spectran 40-10 20 0.075 ina (250) 30 30 ina 0.320 |real |50 R 6800m
time
Spectran 100-10 20 0.075 ina (250) 30 30 ina 0.320 |real 50 R 8510m
time
Spectran 240-10 20 0.075 ina (250) 30 30 ina 0.320 |real 50 R 11, 530m
time
Spectran 480-10 20 0.075 ina (250) 30 30 ina 0.320 |real 50 R 15,850m
time
Panoram TMI-1b 350 0.085 +5(x3Hz) |(200) 10 2 +10 0.1-20 |1 50 R 4100
LFE 190A 500 0.09 ina ina 0.1 0.001 +2dB 0.07-1 |ina ina C ina
Spectran 40-25 50 0.1 ina (250) 30 30 ina 0.8 real 50 R 6800m
time
Spectran 100-25 50 0.1 ina (250) 30 30 ina 0.8 real 50 R 8510m
time
Spectran 240-25 50 0.1 ina (250) 30 30 ina 0.5 real |50 R 11,530m
time
A7
Spectran 480-25 50 0.1 ina (250) 30 30 ina 0.8 real |50 R 15,850m
time
N-Ross PSA-012(c) 30 0.1 ina ina ina 85pV/ ina 0.5-30 |10~ 1000 cr 650
cm 50sec
N-Ross PSA-022(k) 30 0.1 ina ina ina 85uV/ ina 0.5-30 |2-10 |1000 kr 800
cm sec
N-Ross PSA-032(a) 30 0.1 ina ina ina 85uVv/ ina 0.5-30 |5-50 |1000 ar 800
cm sec
Spectran 40-50 100 0.11 ina (250) 30 30 ina 1.6 real |50 R 6800m
time

Reader-service cards are good all year.

Reader-service numbers are given in the index.
Need a FREE copy of this directory? Circle number 255.

ELEcTRONIC DESIGN 20, September 27, 1967
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Spectrum Analyzers (continueq)

Tvpe
Frequency Voltage Sensitivity Sweep et C Cab Piice
Minimum | Maximum | Accuracy Minimum | Maximum |Accuracy| Width |Rate |Impedance |R Rack | Approx.
Manufacturer Model Hz MHz % dBm(uV) \" mV % kHz Hz kQ P Port $
Spectran 100-50 100 0.11 ina (250) 30 30 ina 1.6 real |50 R 8510m
time
Spectran 240-50 100 0.1 ina (250) 30 30 ina 1.6 real 50 R 11,530m
time
Spectran 480-50 100 0.1 ina (250) 30 30 ina 1.6 real |50 R 15,850m
time
Probescp $S-100 13.5 0.11 2 (50) 500 0.5 *] 0.2-20 |1 50 iR 1840
Panoram TMI-1b/120 350 0.12 +5(x30Hz) ((200) 10 2 =10 0.1-5 |1 50 R 4100
A8
Panoram TMI-4/120 350 0.12 +5(x30Hz) ((200) 10 2 £10 0.1-5 |1 50 R 3450
Probescp TA-100L 350 0.12 5 (50) 500 0.5 +1dB 0.35- |1 50 R 2225
120
Panoram TMI-23 25 0.12 5 (500) 500 0.5 £10 0.1-20 (1 0.050 R 4325
Probescp LL-120 11 0.12 ina ina 500 0.5 £10 0.2-22 | 1 55 C.R 3750
Probescp TA-120L 1 0.12 2 (50) 500 0.5 ] dB 0.1-22 |1 50 R 1775
Probescp TA-1200 11 0.132 ina ina 500 0.5 ina 0.1-24 | 1-30 (5 C,R 1875
Spectran 40-100 200 s A T ina (250) 30 30 ina 3.2 real 50 R 7000
time
Spectran 100-100 200 0.16 ina (250) 30 30 ina 3.2 real 50 R 8930
time
Spectran 240-100 200 0.16 ina (250) 30 30 ina 3.2 real |50 R 12,530
time
Spectran 480-100 200 0.16 ina (250) 30 30 ina 3.2 real |50 R 17,850
time
A9
Spectran 480-125 250 0.2 ina (250) 30 30 ina Bed real 50 R 18, 400
time
Panoram TMI-4/200 25 0.2 +5(x30Hz) |(200) 10 2 £10 0.1-5 |1 50 R 3800
Panoram TMI-23/200 25 0.2 5 (500) 500 0.5 +10 0.1-20 | 1 0.050 R 6770
Allison 540 2:5 0.2 &5 140 dB 300 0.001 +1dB ina 10 10-100 C,R 3000~
8000
Probescp TA-165L 350 0.215 ina ina 500 0. 5fs ina ' full 1 50 C,R 2325
range
Probescp LL-190 350 0.215 ina ina 500 0.5 +1dB full 1 55 C,R 3995
range
Probescp TA-190L 11 0.215 ina ina 500 0.5 ina 0.1-50 |1 50 C,R 1875
Probescp $S-300 25 0.335 ina ina 500 0.5 $5 0.5-70 | 1 55 C,R 1860
N-Ross PSA-033(a) 150 0.5 ina ina ina 85uV/ ina 2.5- 5-50 | 1000 ar 800
cm 150 sec
N-Ross PSA-023(k) 150 0.5 ina ina ina 85uV/ ina 2.5- 2-10 | 1000 kr 800
cm 150 sec
A10
N-Ross PSA-013(c) 150 0.5 ina ina ina 85uv/ ina 2.5- 10-50 | 1000 cr 650
cm 150 sec
Probescp LCA-1 100 0.6 2 (20) 250 0.2 +5 1-200 |30 55 C.R 2025
sec
Panoram SB-15a 100 0.6 2(+100Hz) ((20) 200 0.2 +0.5dB | 1-200 | 1-60g|55(25pF) | C,R 2200
Probescp $5-500 75 0.6 2 (25) 250 0.25 +]dB 2-200 [0.33 |50 C,R 1875
sec
Panoram TA-2/UR-3 100 0.7 1 -90 3 0.002 1 0-400 | 1-60 |100 C 3250
Tektronix 1L5 - 50 1 +5 N/A 2V/cm 10pV/ 3 10Hz- | N/A | 1000 cr 1000d
cm IMHz
Tektronix 3L5 50 1 15 N/A 2V/em 10pv/ 3 10Hz- | N/A | 1000 cr 1100
cm IMHz
N -Ross PSA-014(c) 1000 2 ina ina ina 85uV/ ina 10-600 | 10-50 | 1000 cr 850
cm sec
N-Ross PSA-024(k) 1000 2 ; ina ina ina 85uV/ ina 10-600 | 10-55 | 1000 kr 1000
cm sec
N-Ross PSA-034(a) 1000 2 ina ina ina 85uv/ ina 10-600 | 5-50 | 1000 ar 1000
cm sec
ATl
FED-SCI UA-7B 1 10 ina ina ina ina ina ina real |50 C ina
time
Panoram SPA-3d 20 15 2(+300Hz) ((2) 1.4 0.025 £15 0-3000 | 1-60g]0.072 C,R 3325
Panoram TA-2/VR-4 1000 25 1 -90 3 0.002 1 0-5000 [ 1-60 |0.05 S 4250
N -Ross PSA-205 1000 25 ina -90 ina ina ina full 5-30 |0.05, r 1400d
range | sec 0.075
N-Ross PSA-235 1000 25 ina -90 ina ina ina full 5-30 |0.05, r 1500d
range | sec 0.075

(tables continued on page T64)

Circle as many numbers on the reader-service card as you like.

Get detailed data: use the reader-service card.
Reader-service numbers are given in the index.

Reader-service cards are good all year.
Need a FREE copy of this directory? Circle number 255.

Spectrum analyzer index starts on page T66.
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In quartz oscillators,

what more
for than high

could you ask
stability,

great spectral " purity and
fast @ warm-up?

@i 1058 GUARTZ OBCILLATOR
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How about phase-locking,
small size
and lowest price?

That’s right. The new Hewlett-Packard 105A/B
Quartz Oscillators combine all these features
to create the best buy for your precision quartz
oscillator requirement. Short-term stability is
better than one part in 10! rms for 1-sec av-
eraging time. Output typically reaches 1x 107
of final frequency in 30 minutes; aging rate of
5x10-19/24 hours after full warm-up.

S/N exceeds 90 dB. Rated output is 1 V rms

into 502. Outputs are 5 MHz, 1 MHz, 100 kHz
sine wave and 1 MHz or 100 kHz clock drive.
Height is only 3!2"; 105A weighs only 16 Ibs.

Price: 105A, $1500; 105B (8-hour standby
battery supply), $1800.

Call your local HP field engineer or write
Hewlett-Packard, Palo Alto, California 94304;
Europe: 54 Route des Acacias, Geneva.

HEWLETT W PACKARD

FREQUENCY

STANDARDS

ON READER-SERVICE CARD CIRCLE 97

ELECTRONIC DESIGN 20, September 27, 1967

T63



Spectrum Analyzers (continued)

Type
Frequency Voltage  Sensitivity Sweep input C Cab | Price
Minimum | Maximum | Accuracy Minimum |Maximum | Accuracy | Width |Rate [Impedance |R Rack | Approx.
Manufacturer Model Hz MHz % dBm(uV) ) mV % kHz Hz kQ P Port $
Panoram SPA-3/25a 200 25 2(x300Hz) [(2) 1.4 0.025 +15 0-3000 | 1-60g|0.072 C,R 3600
Panoram SA-8b2/T-1000 30MHz |30 10 (150) 0.1 0.15 f 0- 1-60g |0.05 (of 1570
10, 000
Panoram SA-3/T-2000NC  [30MHz |30 10 (10 0.001 0.01 f 0-2000 | 30 0.05 (o5 580
sec
Tektronix 1L10(c) 1MHz 36 ina -100 N/A N/A ina 10Hz/ | N/A |0.05 cr 1150
2kHz/
div
Tektronix 3L10 1MHz 36 ina -100 N/A N/A ina 10Hz- |N/A |0.05 cr 1260
2kHz/
div
Al2
N-Ross PSA-201 0.6 36 ina -106 ina ina ina 10Hz- | 10-50 |0.05 cr 1600
’ 10kHz | sec
N-Ross PSA-221 0.6 36 ina -106 ina ina ina 10Hz- | 8-15 |0.05 ke 2060
10kHz | sec
N=-Ross PSA-231 0.6 36 ina -106 ina ina ina 10Hz- | 8-15 |0.05 ar 1700
10kHz | sec
Probescp MD-50B 2MHz 40 1 m ina 0.02 10 0-100 | 1-30 (0.05 R 3575
Panoram SSB-3b 2MHz 40 1 m 3 0.02 5 0-100 |[0.1- (0.05 c 4400
30
Polarad 2836 10 40 +1 ina 0.001 0.1 ina 0.15- | 1-30 |0.05 c 4800p
30
Polarad 2936 10 40 +1] ina 0.001 0.1 ina 0.15- | 1-30 [0.05 6 5700p
30
Panoram SSB-50 10 40 +3 m ina ina ina 0-100 |[0.1- |[0.05, C,R ina
30g |0.6
Wiltek PAN-5F 50MHz 100 0.5 ina 0.005 0.5 ina S5M, 22 0.05 CyR 15,000
10M,
50M
N-Ross PSA-200 0.5 100 ina -106 ina ina ina 10Hz- | 10-50 | 0.05 cr 800
10kHz | sec
A13
N-Ross PSA-230 0.5 100 ina -106 ina ina ina 10Hz- | 8-15 |0.05 ar 900
10kHz | sec
Wiltek PAN-1F 100MHz | 150 0.5 ina 0.005 0.5 ina 5000 22 0.05 C,R 15,000
N-Ross PSA-311 1MHz 300 ina -90 ina ina ina full 1-30 |0.05 er 1300d
range | sec
N-Ross PSA-321 1MHz 300 ina -90 ina ina ina full 1-30 (0.05 kr 1400d
range | sec
N-Ross PSA-331 1MHz 300 ina -90 ina ina ina full 1-30 (0.05 ar 1400d
range | sec
N-Ross PSA-315 400MHz | 550 ina -90 ina ina ina full 1-30 (0.05 cr 1400d
range | sec
N-Ross PSA-325 400MHz | 550 ina -90 ina ina ina full 1-30 |0.05 kr 1500d
range | sec
N-Ross PSA-335 400MHz | 550 ina -90 ina ina ina full 1-30 |0.05 ar 1500d
range | sec
Wiltek PAN-6 30MHz | 600 1 -107 0.005 0.001 ina 0Mm, |22 0.05 c 25,000
100M,
570M
Wiltek PAN-7 500MHz | 1000 1 -107 0.005 0.001 ina 10M, |22 0.05 (o ina
100M,
500M
Al4
Polarad TSA-W/STU-1B 10MHz 1000 ] -85 to ina ina ina 200- 1-30 |0.05 < 4335
-90 5000
Panoram SB-12b/T-100 450,000 | 1000 1 m 3 0.02 +0.548 [0-100 |0.1- [0.05 GIR 2150
3¢
ELD PN1010 120MHz | 1200 ina -38 to N/A N/A ina 1200 20-70 |10.05 r 2195
-45 MHz
ELD DU-501/TU-VL501|120MHz | 1200 ina -38 to N/A N/A ina 1200 20-70 |0.05 & 4975
-45 MHz
LFE 30651 2.7GHz | 3300 1 120 ina ina ina ina 5,25 |ina R 13,737
Tektronix 1L20 10MHz | 4200 ina -90 to N/A N/A ina 1kHz, |N/A ]0.05 cr 1925
-110 10MHz
/em
Polarad TSA/STU-28 10MHz | 4560 £} -85 to ina ina ina 400~ 1-30 |0.05 C 4290
-95 25,000
Polarad TSA-W/STU-2BW |10MHz | 4560 £] -85 to ina ina ina 200~ 1-30 |0.05 € 4685
. -95 5000
A15 | ELD PN1012 500MHz | 5000 ina -42 to N/A N/A ina 5GHz | 20-70 |0.05 r 1995
-55
LFE 306C1 5GHz 6500 1 120 ina ina ina ina 5,25 |ina R 13,867

Reader-service numbers are given in the index.
Get detailed data: use the reader-service card.
Reader-service cards are good all year.

Need a FREE copy of this directory? Circle number 255.
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Spectrum Analyzers (continued)

P Type
Frequency Voltage Sensitivity Sweep put C Cab | Price
Minimum |Maximum | Accuracy Minimum | Maximum | Accuracy [Width |Rate |[Impedance | R Rack | Approx.
Manufacturer Model Hz MHz % dBm(uV) \' mV % kHz Hz kQ P Port $
LFE 306X1 8.2GHz |9600 1 (120) ina ina ina ina 5,25 |ina R 13,982
NE-ENGR 11-20-S 8.47GHz | 9630 +5MHz -80 to ina ina ina 1.5- 10-30 |ina R 2125
-50 20,000
Tektronix 1L30(c) 925MHz |10, 500 ina =75 to N/A N/A ina 1kHz- [N/A |0.05 cr 1925
Al5 -105 10MHz
cont /em
ELD DU-501/TU- 1200MHz | 12, 000 ina -45 to N/A N/A ina 12GHz |20-70 |0.05 C 4975
LX501 -58
ELD PN1011 1200MHz | 12, 000 ina -45 to N/A N/A ina 12GHz |20-70 |0.05 r 1995
-58
N-Ross PSA-510 10MHz | 15,000 +5MHz =95 to ina ina ina 0-1GHz|1-30 |0.05 acr 1250d
=75
N -Ross PSA-530 10MHz 15, 000 +5MHz =95 to ina ina ina 0.1GHz|1-30 |0.05 acr 1350d
-75
Polarad TSA/STU-3B 4.37GHz | 22,000 £] -77 to ina ina ina 400- 1-30 |0.05 (& 4590
-90 25M
Polarad TSA-W/STU- 4.37GHz |22, 000 *1 -77 to ina ina ina 200~ 1-30 |0.05 C 4985
3BW -90 5M
Polarad TSA/STU-4B 21GHz  |38,000 £] =57 to ina ina ina 500- 1-30 [0.05 (5, 5040
75 100M
Als
Polarad TSA-W/STU- 21GHz |33,000 +] -57 to ina ina ina 200~ 1-30 [0.05 (& 5435
48W 75 5M
H-P 85518/8518 10MHz |40, 000 +] -65 to ina ina ina 0-2G  |3ms- |ina C,R 9950
-100 1s/cm
Panoram SPA-100 10MHz. |40, 000 +] =90 to ina ina ina 0-70M |lps= [ina G 5470d
-75 1s/
div
Tektronix 491 10MHz |40, 000 ina -70 to N/A N/A ina 1kHz, |N/A |0.05 € 4450d
-110 10MHz
/div b
Tektronix R491 10MHz |40, 000 ina -70 to N/A N/A ina 1kHz, [ina 0.05 R 4500
-100 10MHz
/div b
Polarad SA-84 10MHz |40, 880 +] -40 to ina ina ina 10- 1-30 |ina C 5000
-90 10M
Polarad SA-84T 10MHz |40, 880 +] =55 to ina ina ina 500- 1-30 |ina () 5850
-105 5M
Polarad SA-84W 10MHz |40, 880 *1] =70 to ina ina ina 10- 1-30 (0.05 (3 6290
-95 10M
Polarad 2882 10MHz |42, 240 *1 =55 to ina ina ina 10- 0.1- C,R 6300
-100 100M |33
sec
Panoram SPA-10 10MHz | 43,000 +] =50 to ina ina ina 200- 1-60 [0.05 C 4500
+IMHz -105 80M
A7
Polarad TSA/STU-5B 33GHz |44,000 +] =50 to ina ina ina 400- 1-30 |0.05 € 5040
-65 25M
Polarad TSA-W/STU- 33GHz |44,000 & -50 to ina ina ina 200- 1-30 |0.05 C 5435
5BW -65 5M
Polarad SA-84WA 10MHz |63, 680 *1 -45 to ina ina ina 10- 1-30 |ina C 6490
-115 10M
Polarad SA-84WAB 10MHz |63, 680 *] -45 to ina ina ina 10- 1-30 |ina C 66651
-115 10M
Panoram SPA-12 10MHz |73, 000 1 -40 to ina 0.001 3dB 0-80 1-60 |0.05 C,R 6400
=115 MHz
Polarad 29928 10MHz | 91,000 +] -40 to ina ina ina 10 ina ina C,R 9250
-95
A18 | Polarad SA-84WC 10MHz  |91,040 %] -40 to ina ina inu 10- 1-30 |[ina C 6790
-115 10M
Polarad SA-84WCB 10MHz  |91,040 x] -40 to ina ina ina 10- 1-30 |ina 5 6965i
-115 10M

Spectrum Analyzer Notes

a. Any Hewlett-Packard 140A/141A oscilloscope.

b. Internal sawtooth.

c. Any Tektronix oscilloscope using letter series
plug-in units and 530, 540, 550 and 580 series
with type 81 adapter.

d. Solid state.

f. Depends on receiver.

9
h.
i
k
|

Sweeps per second.
Also log 25Hz-25kHz.

Depends on signal generator.

Any Tektronix 560 series osci!loscope.
. Has phase lock.
m. Family has a varying number of filters.
.

. Plug=in unit.
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30kHz to 30MHz

Oscillator
&
Selective Level Meter

Frequency - ganging
synchronized measurement of

lransmission characleristies available

S.L.M ML42A

& e
& T ¥ R

=
0SC MG 44A

The MG44A and ML42A are specifically
designed to measure transmission charact-
eristics of 75 0 unbalanced line, system,
and their associated equipments. The
MGA44A has incorporated the use of a
frequency synthesis technique which assures
exceptionally stable, accurate output
frequencies, thereby, achieving .versatile
precise measurements . In addition, it is
capable of performing frequency sweep,
amplitude modulation , etc. The ML42A
offers the highest possible accuracy which
can be retained over a broad range of
measurement by providing an optimum
circuit switchable according to the type of
instrumentation such as measuring of a
distortion factor, low level ,and level which
requires a remarkably high accuracy. By
combining the MG44A and ML42A,
frequency-gonging operations are automa-
tically accomplished to provide a straight -
forward means of achieving highly efficient
performance over a wide range of
measurement retaining perfect coincidence
between frequencies selected by the
ML42A and output frequencies derived
from the MG44A.
Prices each $ 1,896 (f.0.b.) Yokohama

® Calalog information available upon request

4-12-20, Minamiazabu, Minato-ku, Tokyo
cable address. ANRITDENKI TOKYO

ON READER-SERVICE CARD CIRCLE 98

T66

Spectrum Analyzer
Cross Index

TABLE |[READER
LOCA- |SERVICE
CODE COMPANY MODEL NO. | TION NO.
ALLISON [ Allison Labs Inc. 540 A9 348
11301 Ocean Avenue
La Habra, California 09631
B&K INST | B & K Instruments Inc. 2107 A3 349
5111 West 164th Street 2112 A5
Cleveland, Ohio 44124
ELD Electro/Data Inc. DU-501/TU- A 15 350
3121 Benton Street LX501
Garland, Texas 75040 DU-501/TU- A 14
VL501
PN 1010 A 14
PN 1011 A 15
PN 1012 A 15
FED-SCI Federal Scientific Corp. UA-7B A1l 351
615 West 131st Street
New York, N.Y. 10027
GULTON | Gulton Industries Inc. OCF-1 A2 352
Metuchen OCF=3 A4
New Jersey OR-WA/1 A4
H-P Hewlett-Packard Co. 8551B/851B A 16 Contact
1501 Page Mill Road Local
Palo Alto, California Rep.
HONEY- | Honeywell 9300 Series A4 353
WELL Test Instr. Div.
4800 E. Dry Creek Road
Denver, Colorado
KAY Kay Electric Co. 675 A2 354
Maple Avenue 6051A Al
Pine Brook, N. J. 07058 6061A Al
7029A A2
LFE LFE Electronics 190A A7 355
Instrument Division 306C1 A 15
985 Commonwealth Avenue 30651 A 14
Boston, Massachusetts 306X 1 A 15
N-ROSS Nelson-Ross Electronics, PSA-011 A3 356
Inc. PSA-012 A7
5-05 Burns Avenue PSA-013 A 10
Hicksville, New York 11801 [ PSA-014 All
PSA-016 Al
PSA-021 A3
PSA-022 A7
PSA-023 A 10
PSA-024 Al
PSA-026 Al
PSA-031 A3
PSA-032 A7
PSA-033 A 10
PSA-034 Al
PSA-036 Al
PSA-200 A 13
PSA-201 A 12
PSA-205 Al
PSA-221 A2
PSA-230 A 13
PSA-231 A 12
PSA-235 All
PSA-311 A 13
PSA-315 A 14
PSA-321 A 13
PSA-325 A 14
PSA-331 A 13
PSA-335 A 14
PSA-510 A 16
PSA-530 A 16
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FAST, EFFICIENT
OPTOELECTRONIC
SOURCES,
DETECTORS...

GaAs source, PIN photodiode
Rugged, compact

Proven reliability

Economy priced

...from HPA

Get optimum performance and design flexi-
bility in the HPA 4107 gallium arsenide infrared
source and the fast 4205 photodiode. Both are
in identical compact pill packages.

The 4107 delivers a narrow, high-intensity
beam when forward biased. The 4205 is a fast
detector, DC to 1 GHz, with high sensitivity,
stability, and low noise characteristics. To-
gether, these solid-state devices offer unex-
celled performance for a broad range of high-
speed applications. Quantity price discounts.

For information call your local HP field engi-
neer or write HP Associates, 620 Page Mill
Road, Palo Alto, California 94304.

Specifications 4107
Total Output Modulation
Power P Rise Time Price
100 W 100 nsec L 211.09_239)
Specifications 4205
Response at | Sensitive |Speed of Dark
77008 Area Response | Current Price
1.5 uA/ 2 $16.00(1-9)
mW /cm? 3.0x10* cm? | <1 nsec {150 pA(max) 13.60(10-99)

HEWLETT
PACKARD hp yp

ASSOCIATES

ON READER-SERVICE CARD CIRCLE 101
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80 C ¢
¢ o e,

For the men

who call the signals

You may be aware that CEC offers the most complete and efficient line of dc and
ac signal conditioning equipment. However, we believe that it may be equally
important to you to know the reasons why. Namely...

[ Each unit is created to do a specific job at a realistic price.
[ This wide range of instruments assures a compatible match with virtually any

transducer device being used today.

[ CEC users are assured the advantage of single-source responsibility from

event to readout.

Now, by the numbers (counting off from
bottom left to right)...

1-168 DC Amplifier. New from CEC, this
solid-state, low level/high level, wideband,
differential amplifier is specifically de-
signed to drive high frequency light beam
galvanaometers. All components and cir-
cuitry are contained within a single plug-in
module. From one to eight 1-168 DC
Amplifiers can be mounted in CEC’s
1-028 or 1-046 mounting cases. Further-
more, the 1-168 is compatible with all
other CEC amplifiers for economy and
convenience.

8-113 Universal Signal Conditioning
Module, also new from CEC, represents
an advance in strain gage balance and
calibration service. Available in two types,
8-113-1 is a basic universal unit which
permits the selection of the circuit and
components that will attain the measure-
ment capability desired. 8-113-2 is a bal-
ance and calibrate unit which requires
only the addition of bridge completion
resistors to complete the circuit desired
from 100 to 1000 ohms.

1-162A Galvanometer Driver Amplifier
is a solid-state, low-gain, wideband power
amplifier for driving high frequency light
beam galvanometers.

1-163 DC Amplifier can match and de-
flect all CEC galvanometers to full scale
rated deflection, plus properly damp and
drive any other available recording galvo.
1-165 DC Amplifier is a differential, high-
gain, wideband instrument featuring four
terminals to provide isolation between
input and output and circuitry and ground,
thus offering greater application versatility
than a single-ended galvo driver.

3-140 Voltage Supply—a solid-state, pre-
cision power source specifically designed

for excitation of strain gage transducers
and other devices requiring a dc excitation
voltage.

1-118 3 KHz Carrier Amplifier is a com-
pletely self-contained four-channel carrier
amplifier designed to amplify the output
of strain gages and other transducers.
8-108 Bridge Balance provides coupling
between as many as eight strain gages or
resistive-bridge-type pickups and any suit-
able recording or indicating device.
1-127 20 KHz Carrier Amplifier raises
the level of small signals produced by re-
sistance-bridge or variable-reluctance-type
transducers to a level suitable for opera-
tion of companion CEC galvanometers.
System D is a multi-channel, dual-
purpose system incorporating both linear-
integrating and carrier amplifiers. Conse-
quently, any single oscillograph record can
indicate strain, pressure, acceleration,
vibration and other physical phenomena.

APPLICATIONS

Aerospace, industry and medicine. ..
wherever there is a need to acquire, meas-
ure and display dynamic or static data.
For complete information about any or all
of these signal conditioning instruments,
call your nearest CEC Field Office, or
write Consolidated Electrodynamics,
Pasadena, California 91109. A subsidiary
of Bell & Howell. Bulletin Kit #308-X4.

CEC / DATAGRAPH PRODUCTS

BELLe HOWELL
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Spectrum Analyzer
Cross Index (continued)

CODE COMPANY

NE-ENGR [Northeastern Engineering
Div. of LaPointe
Industries Inc.

130 Silver Street
Manchester, N. H.

PANORAM |Panoramic Instruments
Singer Co., Metrics Div.
915 Pembroke Street
Bridgeport, Conn. 06608

Polarad Electronic
Instrument Div.

34-02 Queens Boulevard
Long Island City

New York 11101

POLARAD

PROBESCP |Probescope Co.
211 Robbins Lane
Syosset, New York
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Spectrum Analyzer

Cross Index (continued) basic measuring tools from
TABLE [READER i
LOCA- |SERVICE HEWI.ETT
MODEL NO. | TION NO.
11-20-5 A 15 357 PAC KARD
LF-28B Al 358
LP-1aZM A3
SA-3/T- A 12
2000NC
SA-8bz/T- A2
1000
SB-12b/T-100 ! A 14
SB-15a A 10
SPA-3/25a A 12 :
Ao | A Field-proven hp 3400A RMS Voltmeter
SPA-10 A7
SPA-12O ﬁ 17 Measure true rms value, 100 .v to 300 v, 10 Hz to 10 MHz
gz;\-_;k? & 1(2’ Accuracy is =19, full scale
SSB-50 A 13 High crest factor for accurate pulse, noise measurement
g:; 2 g DC output 1 v at full scale
TA-2/AL-2 A4 High maximum input, 1000 v peak
TA-2/AR-1 A4
TA-2/UR-3 A 10 : 4
TA-2/VR-4 | A Use it to:
TMI-Tb A7 Measure level of noise with a crest factor of 100
¥m:lb];§0 : S Measure rms value of pulse trains
TMI-4/200 A9 Measure true rms current, using hp 456A Current Probe
I’\I\:\‘::gg o ‘2 2 Make frequency response tests
¢ Convert ac to dc for recorder or DVM operation
2736 A4 359
2836 A 13 The Hewlett-Packard 3400A RMS both rms volts and db, the latter per-
ggiz ﬁ g Voltmeter measures the actual root mitting measurement — 72 to +52
e Xixa mean square of ac voltages which dbm. Price 3400A, $525; Option 01
SA-84 A 17 are sinusoidal or nonsinusoidal and (db scale uppermost for better res-
SA-84T A 17 have crest factors (ratio of peak to olution), $550.
SA-84W AT rms) as high as 10 at full-scale de- Call your Hewlett-Packard field
SA-84WA A7 flection and as high as 100 at 109% engineerforcomplete specifications
SA-84WAB 2 :; of full scale. Overload protection to on the 3400A. Or, write Hewlett-
gﬁjgjylga A 30 db or 1000 v peak, whichever is Packard, Palo Alto, Calif. 94304,
TSA/STU-2B | A 15 less,oneachrange. Inputresistance Tel. (415) 326-7000. Europe: 54
TSA/STU-3B | A 16 10 megohms. Scale calibrated in Route des Acacias, Geneva.
TSA/STU-4B | A 16 1044R
TSA/STU-5B | A 17
TSA-W/STU- | A 14
IR HEWLETT hp PACKARD
/ An extra measure of quality
2BW
TSA-W/STU- | A 16
Ry SR by G ) R (1 e Bl TR e o SN R A e
TSA-W/STU- | A 16
4BW
TSA-W/STU- | A 17
5BW
LCA-1 A 10 360
LL-120 A8
LL-190 A 10
MD-508 A 12
$5-5 Al
$5-20 A3
$5-20L A3
55-50-S A5
$5-100 A8
$5-300 A 10
$5-500 A 10
TA-100L A8

ELECTRONIC DESIGN 20, September 27, 1967
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NOW A\IAILABLE!\

ATTENTION CLARY MODEL AN16
SYSTEMS Alpha'—l\.lumer*ic Strip Printer

for Digital Systems

ENGINEERS — with all of these features:
COMPACT only 78 cubic inches
SOLID STATE integrated circuitry
HIGH RELIABILITY

ONLY 14 MOVING PARTS

SPEED, 1500 characters per minute
up to 25 characters per second

WEIGHT, less than 4 pounds

CHARACTER SELECTION 64 characters,
alpha-numeric

[®] PAPER TAPE 3,” wide pressure
sensitive

¢ d [®] TAPE CAPACITY 75 feet
» [¢] INPUT CODE 6 bit parallel B.C.D.
[¢] TAPE TAKE-UP, Spooler available as

accessory
c; :: : ,,,

CLARY CORPORATION
MILITARY PRODUCTS DIVISION
320 West Clary Avenue - San Gabriel, California 91776

(o] (o] [e] [o] [o] [o] [e]

Phone (213) 287-6111 - TELEX 674604

ON READER-SERVICE CARD CIRCLE 102

advanced design

PRECISION ANGLE INDIGATOR

MODEL NO. 2166 R

for servo follow-up and positioning

ACCURATE DESIGNED TO MIL. SPEC.

RUGGED MULTI MODE INPUT

VERSATILE ALL SOLID STATE COMPONENTS

LOW COST EXCELLENT DELIVERY

SEND FOR LITERATURE

Occo Manufacturing Corp.

8 Romanelli Avenue, South Hackensack, New Jersey

PHONE (Code 201) 342-8984

ON READER-SERVICE CARD CIRCLE 103

Spectrum Analyzer
Cross Index (continued)

CODE COMPANY

PROBESCP
(cont)

QUAN- | Quan-Tech Labs Inc.
TEC 45 South Jefferson Road
Whippany, New Jersey

RANTEC |Rantec Corporation
24003 Ventura Boulevard
Calabasas, Calif. 91302

R-S Rohde & Schwarz Sales Co.
111 Lexington Avenue
Passaic, New Jersey 07056

Spectran Electronics Corp.
146 Main Street
Manard, Massachusetts 01754

SPECTRAN

TEKTRON-| Tektronix Inc.
IX Box 500
Beaverton, Oregon 97005

WILTEK Wiltek Inc.
59 Danbury Road
Wilton, Connecticut
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Spectrum Analyzer
Cross Index (continued)

TABLE | READER
LOCA- | SERVICE

MODEL NO. TION NO.
TA-120L A8

TA-165L A9

TA-190L A 10
TA-1200 A9

304 Al 361
305 A5

EA-100 Al 362
FNA BN48301 A3 343
40-0.6 A2 364
40-1.3 A2

40-3.6 A4

40-5 A5

40-10 A6

40-12 A b

40-15 AS

40-25 A7

40-50 A7

40-100 A9

100-0. 6 A2

100-1.3 A2

100-3.6 A4

100-5 A5

100-10 Aéb

100-12 A6

100-15 A5

100-25 A7

100-50 A8

100-100 A9 364
240-0.6 A2

240-1.3 A2

240-3.6 A 4

240-5 A5

240-10 Aéb

240-12 Aéb

240-15 Aéb

240-25 A7

240-50 A8

240-100 A9

480-0.6 A2

480-1.3 A3

480-3.6 A4

480-5 A5

480-10 Aéb

480-12 Aéb

480-15 Aé

480-25 A7

480-50 A8

480-100 A9

480-125 A9

L5 Al 365
1L10 Al2

1L20 A 15

1L30 AlS

315 All

3L10 A 12

491 A 16

R491 A 16
PAN-1F A 13 366
PAN-5F A 13

PAN-6 A4

PAN-7 A 14

ELECTRONIC DESIGN
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This was the result of
an IMC reducing plan.

’m

I

FEET
INCH

Moves more than 11,000 times
its own volume of air each minute.

For spot cooling of miniaturized
equipment.

Cools micro-circuits, transistor
heat sinks, airborne computers and
instrumentation . . . de-fogs radomes
and optical equipment.

Delivers 6.5 cubic feet of cooling
air per minute, yet this precision
engineered vaneaxial fan weighs
only 1 ounce and measures just 1
inch on a side.

Meets demanding environmental,

performance, and reliability specifi-
cations, operating efficiently for 1000
hours at 125° C, much longer at
lower temperature ranges.

Standardized, for low cost and
easy mounting, IMCube fans are
readily placed throughout a system,
whether it's already completed, or
still in design stage.

IMCube fans with cylindrical hous-
ing optionally available.

IMC Magnetics Corp., Eastern Division, 570 Main St., Westbury, N.Y. 11591
Phone (516) 334-7070 or TWX 510 222-4469
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Vacuum Tube Voltmeters (dc)

Type
Volts Meter Ohms C-Cab Price
Minimum | Maximum | Ranges Minimum | Maximum | R-Rack Misc. Approx.
Manufacturer Model mV v No. Scale | Calibration Amplifier P-Port. Features
Applied 70 (100 nv) |0.003 10 1in. V, 0-ctr yes none none C,R t 880
Keithley 148 (10nv) 0.1 : 18 1in V, U=ctr yes none none (& t 1375
Keithley 149 (100 nv) |0.1 13 1in. V, 0-ctr yes none none R t 895
Wilk L-6 0.001 0.2 17 1in. By, mV none none none C t 675
Vi
H-P 425A 0,01 %] 11 1in. O-ctr yes none none C t 500
H-P 425AR £0.01 %] 1 1in. O-ctr yes none none R t 505
Keithley 1508 0.3 1 14 1in V,0-cir yes none none (A rt 825
Keithley 600A 10 10 7 1in. ina yes 10K 10T P bt 425
Keithley 2008 8 +20 8 1in. V, 0-ctr yes none none P bt 440
R-S UVG BN12061 100 30 14 1in. V, O-ctr yes none none C t 900
1B 300 1 30 10 1in. V,0-ctr none none none P t 175
Decker 410-1 +300 +100 é 1in. V, 0-ctr yes none none 4 t 375
Keithley 6108 1 100 11 1in. VQA yes 100 100T R ft 565
Keithley 621 100 100 7 1in. VQA yes 100K T (4 t 425
V2
J-Omega 35A 0 110 1 1in. v none none none C,R t 885
Triplett 631 1200 120 4 1in. \ none 1.5K 150M g bt 78
log
Trio 105-1 1000 300 1 1in. V,0-1 yes ina ina R t 85
Trio 105-2 500 300 1 1in. V,0-ctr yes ina ina R t 85
Trio 105-3 1000 300 5 1in. V01 yes ina ina R t 100
Trio 105-4 1000 300 6 1in. V, 0-ctr yes ina ina R t 100
Trio 106-1 1000 300 1 1in. V,0-| yes ina ina R t 140
Trio 106-2 500 300 1 1in. V, O0-ctr yes ina ina R t 140
Trio 106-3 1000 300 6 1in. Vv, 0-1 yes ina ina R t 150
Trio 106-4 1000 300 6 1in. V, O-ctr yes ina ina R t 150
V3
Trio 107-1 10 300 10 1in. V, O-ctr yes ina ina R t 450
Trio 305-1 1000 300 1 Tino | V,0=ctr yes ina ina R t 225
Trio 305-2 500 300 1 1in. v, 0-1 yes ina ina R t 225
Trio 110-1 3 300 11 1in. Vv none none none 1/2R t 285
Keithley 662 +500 +500 4 1in. V, O-ctr yes none none (2 t 1075
Fluke 8018 £10 +500 8 1in. V,0-ctr yes none none G t 485
Fluke 8018 +10 +500 8 1in. V,0-ctr yes none none R t 505
Fluke 821A %1 +500 & 1in. V,0-ctr yes none none C t 795
Fluke 821A %] +500 9 1in. V, 0-ctr yes none none R t 815
Fluke 825A 1 500 9 1in. V, 0-ctr yes none none @ t 590
V4
Fluke 825A 1 500 2 1in. V, 0-ctr yes none none R t 610
Keithley 630 300 500 4 1in. v ina none none (& 1615
Keithley 660A 500 500 4 1in. V, 0-ctr yes none none & t 450
Keithley 662 500 500 4 1in. V,0-ctr yes none none C t 1075
Trio 310-1 100 500 12 1in. \ yes ina ina R t 250
expend
Ballant 365 0.01 1000 g log V,A,dB yes none none C t 620
Dynamics 502 0. 1 +1000 15 1in. V, 0-ctr yes none none . bft 575
Dynamics 502R £0. 1 +1000 15 1in. V, O0=ctr yes none none R bft 600
Dynamics 503 +0. 1 +1000 15 1in. V,A, O-ctr none none none 65 bft 625
Dynamics 503R +0. 1 +1000 15 1in. V,A, O-ctr yes none none R bft 650
Dynamics 504 +0.1 +1000 15 1in. \, A, O-ctr yes 10 M B bft 760
V5
Dynamics 504R £0. 1 +1000 15 1in. V,A,O-ctr yes 10 M R bft 785
Dynamics 505 £] £1000 13 1in. V,0-ctr yes none none C t 550
Dynamics 505R 2 +1000 13 1in. V,0-ctr yes none none R t 575
Metronix PM-502A 10 1000 1 1in. " ina none none P fkt ina
Metronix PM-502A-C 10 1000 11 1in. V, 0-ctr ina none none P fkt ina

Circle as many numbers on the reader-service card as you like.
See reader-service card for valuable FREE reprints.
Reader-service cards are good all year.

Need a FREE copy of this directory? Circle number 255.

VTVM index starts on page T82.
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Vacuum Tube Voltmeters (dc) (continuea)

Type
Volts Meter Ohms C-Cab Price
Minimum [ Maximum | Ranges Minimum [ Maximum [ R-Rack Misc. Approx.
Manufacturer Model mV \' No. Scale Calibration Amplifier P-Port. Features S
Metronix PM-301A 10 1000 11 1in. v ina none none P kt
Metronix PM-301A-C 10 1000 11 1in. V,0-ctr ina none none P kt ina
Metronix PM-504A 0.1 1000 15 1in. Vv ina none none P flt ina
Metronix PM-504A-C 0.1 1000 15 1in. V, 0-ctr ina none none P fkt ina
Metronix PM-503A 1000 13 1in. \% ina none none P fkt ina
Vé
Metronix PM-503A-C 10 1000 3 1in. V, O-ctr ina none none P k> ina
Millivac MV-127B-L 0.1 1000 15 1in. \ ina none none C t ina
Millivac MV-127B-M 0.1 1000 15 1in. \ ina none none C t ina
Millivac MV-852A 0.01 1000 17 1in. V=-0-ctr yes none none G R ft ina
Millivac MV-952A 0.01 1000 17 1in. V, O-ctr yes none none C,R frt ina
Fluke 895A 0] 1000 8 RS V, O-ctr ina none none (& f 1095
Medistor A-75 0.01 1000 ) 1in. V,O0-ctr yes none none (2 bft 690
Medistor A-60C 0.003 1000 9 1in. V, 0-ctr yes none none C,R bft 495
log
Medistor A161RB 0.003 1000 5 1in. V, 0-ctr yes none none R bft 595
log
Millivac MV-17C 1 1000 13 1in. V, O-ctr, none none none (64 t 325
log 0-|
V7
Millivac MV=-17C 1 1000 13 1in. V,0-ctr, none none none R t 350
log 0-1
Millivac MV-127BL 0.25 1000 14 1in. V, 0-ctr yes none none (&5 t 395
Millivac MV-127BM 0.25 1000 14 1in. V,O-ctr yes none none R t 420
Millivac MV-07C 0.01 1000 17 1in. V,0-ctr yes none none C t 550
Medistor A-71B 0.001 1000 5 1in. V, 0-ctr yes none none CiR 1695
Medistor A-71C 0.001 1000 5 NiEDYe V, O-ctr yes none none C,R t 2000
H-P 412A 1 1000 13 1in. VLA yes 1 100M e t 400
H-P 412AR 1 1000 13 Tin. VLA yes 1 100M R t 405
H-P 413A 1 1000 13 1in. V, O-ctr, yes none none = t 350
null
H-P 413AR 1 1000 13 1in. V, O-ctr, yes none none R t 355
null
V8
H-P 7408 0.001 1000 10 1in. V-0-ctr yes none none (5 ft 2350
1B 600 100 1000 5 1in. V, O-ctr none none none C ft 450
Fluke 871A 1 1000 7 1in. V,0-ctr yes none none C ft 565
Fluke 871AB 1 1000 7 1in. V, 0-ctr yes none none (o bft 695
Fluke 881A 0.1 1000 8 1in. V, O0-ctr yes none none © ft 825
Fluke 881AB 0.1 1000 8 1in. V, O-ctr yes none none (& bft 955
Fluke 885A 0.1 1000 8 1in. V, O-ctr yes none none € ft 965
Fluke 885AB 0.1 1000 8 HIRTEF: V,O0-ctr yes none none (ot bft 1095
Ballant 365-5/2 0.01 1000 9 log V,c,dB yes none none R t 640
Boonton 95A 0.001 1000 17 1in. O-ctr yes none none C v 550
V9
Boonton 95A 0.001 1000 17 1in. O-ctr yes none none R t 575
Medistor A-61 0.003 3000 9 1in. V,0-ctr yes none none R ft 595
Sweeney 1170ETVM 200 50,000 7 1in. \% none none none P bft 260

Reader-service numbers are given in the index.

Reader-service cards are good all year.

Circle as many numbers on the reader-service card as you like.
Need a FREE copy of this directory? Circle number 255.
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Vacuum Tube Voltmeters (ac)

Type
Frequency Volts Meter Ohms C-Cab Price
Minimum Maximum [Minimum | Maximum [Ranges Minimum | Maximum | R-Rack Misc. |Approx.
Manufacturer Model Hz kHz mV Y No. |Scale | Calibration | Amplifier P-Port. | Features S
Simpson 303 (de) (ac) 1200 1200 5 Time | V,Q none 1K 1G P s 85
log
Ballant 303 1 0.006 300pV 350 12 1in. | ina yes none none C fru 320
log
GR 1230-A (dc) 0.010  |+30 £10 ) lin. [V,Q yes 300K 10T € 525
Ballant 323 10 0.020 300pV 330 12 1in. | V,dB ina none none (& fru 520
log
Infrared 601 1 1 (10pV) 1 9 1iins. |V, dB none none none Gk s 1775
log
V10
Trio 302-1 380 2 10 300 1 1in. |V,0-ctr yes ina ina R y 275
Trio 141-1 50 2 10 300 1 1in. | V,0-ctr yes ina ina R y 185
Trio 144-1 50 2 10 300 1 1in. [V,0-ctr yes ina ina R y 125
Trio 143-1 50 2 10 300 10 1in. [V,0-ctr yes ina ina R y 300
Trio 149-1 50 2 1 300 12 1in. | V,0-ctr yes ina ina R y 225
Fluke 883AB 50 5} 0.1 1000 8 1in. | V,0-ctr ina none none (& bf 1375
Fluke 883A 30(&dc) 5 0.1 1000 8 1in. | V,0=ctr ina none none (& f 1215
Fluke 887A 20 5 0.1 1000 8 1in. | V,0-ctr ina none none o} fk 1375
Fluke 887AB 20 5 0.1 1000 8 1in. | V,0=ctr ina none none {Gy fkr 1535
Ind-Test 300PB 60 10 1 300 12 1in. | V,0-ctr, none none none P fx 1200
deg
Vil
Gertsch PAV-1A 50 10 1 300 12 1in. | V,0-ctr ina none none C s 1160
Gertsch PAV-1AR 50 10 1 300 12 1in. | V,0=ctr ina none none R s 1095
Gertsch PAV-2A 50 10 1 300 2 1in. | V,0-ctr ina none none (@ s 1350
Gertsch PAV-2AR 50 10 1 300 2 1in. | V,0-ctr ina none none R s 1285
Fluke 8038 20 10 10 500 9 1in. | V,0-ctr none none none o 875
Fluke 8038 20 10 ’ 10 500 9 1in. | V,0=ctr none none none R 895
Fluke 873A 20 10 0.001 1000 6 1in. [V, null yes none none (el fks 875
Fluke 873AB 20 10 0.1 1000 7 1in. | V,0-ctr ina none none C flr 1035
Infrared 600 10 10 (10pv) 1 9 1in. | V,0-ctr none none none C,R 1675
Ballant 350 50 20 100 1199.9 |4dec. |ina V, null none none none G fu 1200
V12
Gertsch PAV-3AR 50 20 1 300 12 1in. | V,0-ctr ina none none c s 1720
B&K Inst 2410 20 20 10 1000 11 1in.,| V,db yes none none c u 210
log
Instr-EL 253-54 20 20 0.15 500 12 1in.,| V,rms yes none none C,R s 350
log
Instr-EL 253-S5 20 20 0.15 500 12 1in.,|V,rms yes none none C,R s 375
log
B&K Inst 2417 2 20 10 1000 11 1in., |V, dB yes none none (& u 445
fog
Ind-Test 300A h5: 30 1 300 12 1in. | V,0-ctr, none none none R X 1400
deg
Ind-Test 3008 15 30 1 300 12 1in. |V,0=ctr, none none none R x 1675
deg
Ballant 316 0.01 30 20 200 4 1in.,| p-p,dB none none none & w 375
log
Ballant 316-5/2 0.01 30 20 200 4 1in.,| p-p,dB none none none C w 395
log
B&K Inst 2603A 2 40 0.1 1000 11 1in.,| V,dB yes none none € suw 745
log
Vi3
B&K Inst 26038 2 40 (005 1000 1 1in.,| V,dB yes none none c SUW 830
log
B&K Inst 2603C 2 40 0.1 1000 11 1in.,|V,dB yes none none R suw 830
log
Trio 309-1 50 50 10 500 15 1in.,| V,rms yes ina ina R s 325
expan
Trio 102-1 20 50 10 300 1 lin. | V,rms yes ina ina R s 160
Trio 103-1 20 50 10 300 10 1in. [V, rms yes ina ina R s 275

(tables continued on page T76)

Circle as many numbers on the reader-service card as you like.
Reader-service cards are good all year.

Reader-service numbers are given in the index.

See reader-service card for valuable FREE reprints.

Need a FREE copy of this directory? Circle number 255.
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Model 75D
Capacltance Brldge —1MHz

A new capacitance bridge directly replacing the Boonton

RF MICROWATTMETER

Stable

Model 41A

RF Microwattmeter
Exceptionally stable microwave power meter providing reliable measurements over a
70 dB range with one power detector. Use of full wave diode detector overcomes limita-
tions of stability, sensitivity and overload of thermal types. No zero balancing except for
fractional microwatt measurements. Can be calibrated from low frequency rf source.

dc output.

Power Range: 0.01 yW (—50 dBm) fs to 10 mW (410 dBm) fs
Power Sensitivity: 0.001 4 W (—60 dBm)

Frequency Range: 0.1 MHz to 7 GHz

Basic Accuracy: +0.5 dB

Drift: Less than 0.001 yW per hour

VSWR:1.3t0 3 GHz;1.5t0 7 GHz

Overload Limit: Input of 300 mW cw does not cause damage
Price:

41A:$695.00; rack mounting Model 41AR, $720.00

75A and 75B series. Embodies a phase sensitive detector
which provides capacitance measurements independent

SENSITIVE RF VOLTMETERS

of conductance. Amplitude sensitive detector is included
for conventional capacitance/loss studies. 3-terminal
arrangement permits remote measurements without
errors resulting from cable capacitance to ground. 2-
terminal measurements also possible. Provision for
measurement of equivalent inductance. Low test signal
level. Internal or external dc bias.

Capacitance Measurement: 0 to 1000 pF; accuracy,
+0.25%; resolution, 0.00005 pF with phase sensitive
detector; 0.0005 pF with amplitude sensitive detector
Conductance Measurement: 0 to 1000 umhos; ac-
curacy, +5%; resolution, 0.01 ymho

Inductance Measurement: 25 yH to o ; basic ac-

tance.

Sensitive RF Voltmeters

The 91 Series RF Voltmeters provide reliable, reproducible voltage
measurements from the low radio frequencies to the gigahertz region
over a wide range of amplitudes. The versatility of these instruments
plus their accuracy and convenience of operation have established
them as standards of performance for the industry. The primary differ-
ences between the Models 91DA, 91H and 91C are indicated in the
specification table below. All three models are characterized by low
noise, excellent stability, and input impedance, and low input capaci-

curacy, +0.25%

Test Signal: 1 MHz, crystal controlled ; level adjustable
from 1 mV to 300 mV

Dual External DC Bias: Hl to GND and /or LO to GND ;
differential 400 V, max

Voltage Range:

Model 91DA Model 91H

Model 91C

TmVfsto3Vfs* TmVfsto3Vfs*
(*to 300 V with Model 91-7C 100:1 Voltage Divider)

3mVfsto3Vfs*®

Internal DC Bias: HIto LO; —6Vto +150V

Price: $1,595.00

Voltage Sensitivity: 300 pV 100 pV 1 mV
Power Sensitivity, (50 0): 0.0018 uW 0.0002 W 0.02 yW
Basic Accuracy: +2%, fs +3%, fs +5%, fs

Frequency Range:

20 KHz to 1200 MHz, with uncalibrated response to 4000 MHz

VSWR:

Less than 1.2 to 1200 MHz for all Models

Model 35A

Waveform Response:

True rms up to 0.03V (to 3 V with accessory 100:1 Voltage Divider)
gradually approaching peak-to-peak (calibrated in rms) above

Q Bridge—100 KHz to 50 MHz

Dramatically new, non-resonant 3-terminal bridge. Pro-
vides direct reading measurements of capacitance up to
large values and Q over wide ranges with continuously

this level
DC Output yes yes no
dB Range 80 dB 80 dB 70 dB
Price: $650.00** $5695.00"* $495.00**
$750.001

adjustable test frequency. Low test signal levels. No
external work coils. Internal or external dc bias.
Capacitance Measurement: 20 to 1,000 pF (100
KHz to 50 MHz); 2 to 10,000 pF (100 KHz to 10 MHz) ;
indirectly 0.005 to 20 pF; basic accuracy 0.5%

Q Measurements: 5 to 10,000; basic accuracy, 5% for
Q’s up to 30, (10 + Q/500)% for Q's up to 10,000
Test Signal: Frequency continuously adjustable from
100 KHz to 50 MHz; levels < 50 mV ;

continuously adjustable

Dual External DC Bias: HI to GND and/or LO to
GND ; differential +200 V

Internal DC Bias: Hl to LO; 0to 150 V

Price: $3,000.00

**Includes 91-12E RF Probe, 91-13B RF Probe Tip, and 91-8B 50 ohm Adapter

tWith complete Accessory
91-13B RF Probe Tip, 91

Kit, consisting of 91-12E RF Probe

-6C Unterminated BNC Adapter, 91-7C 100:1 Voltage Divider,

91-8B 50 ohm Adapter, 91-14A Tee Adapter, 91-15A 50 ohm Termination,
all in 91-18A Accessory Storage Box.

Accessories for

91-4C
91-6C
91-7C
91-88

91-12E
91-13B
91-14A
91-15A
91-16A
91-18A

available

RF Probe Ti

RF Voltmeters:

N KHZX0 250 M ZIRIODE 55 St rie o Jo s o o bt s (3 5 pukco o3 0 SR o
Undeterminated BNC Adapter
100:1 Voltage Divider (50 KHz to 700 MHz)
50 @ BNC Adapter (20 KHz to 600 MHz) (other impedances also

Type N “Tee” Adapter (20 KHzt0o 1200 MHz) . . . . .....coiiniininnnnn
50 @ Type N Termination (20 KHzto 1200 MHz) ... ........covvunn..
Unterminated Type N Adapter. . .. ...c.vitininnnneninnneesannnnans
ACCOSEOTY SIOCEGD BOX . 11 o 5 S BNG & dui sl eTon e n SRS ¥re 48 s R TREaTo NS B en

DC VOLTAGE INSTRUMENTATION

Model 71A
Capacitance/Inductance Meter—
1MHz

Quick, convenient, direct reading, 3-terminal measure-
ments of capacitance or 2-terminal measurements of
inductance. Internally supplied 1 MHz test signal. Oper-
ates with low test signal level, permitting semi-conductor
tests. Linear meter scales. Provision for dc bias. Linear dc
output proportional to capacitance or inductance reading
for display on dvm, x-y plotter, for data logging, or, with
suitable voltage comparator, for go/no go testing.

Capacitance Measurement: 0 to 1000 pFin 7 ranges;
accuracy, +(0.5% fs +0.5% reading) ; resolution, 0.25%fs
Inductance Measurement: 0 to 1000 u#H in 7 ranges;

accuracy, +(0.5% fs + 0.5% reading) resolution 0.25% fs operation. =g Voltage Range: 10 uV to 1000 V end scale;
Test Signal: Frequency 1 MHz; level, 15 mV rms for _Voltage Sensitivity: 1 4V to 100 V end scale Accuracy, +3%; sensitivity, 1 uV
capacitance measurements, < 1 mV for inductance in 8 ranges Current Range: 1 pAto 1 A es; Accuracy, +4%;

measurements

Q Range: Specified accuracies apply for test specimens
having Q’s of 3 or more ; lower with readjustment

DC Bias: Externally supplied up to 4200 V

DC Analog Output: 0to 100 mV or 300 mV fs depend-
ing on range numerics; also > 1V fs for loads > 10 MQ;
linearity, 0.1% of reading ; response time, 10 ms

Price: $795.00; rack-mounting version with built-in
standard, Model 71AR, $870.00

ROUTE 287 AT SMITH RD., P

Model 56A
Sensitive DC
Null Detector

Electronic galvanometer providing
exceptionally high sensitivity and
high input impedance. Especially
valuable as indicator in conjunction
with Wheatstone Bridge. Zero-center
scale. 60 dB scale compression in
Hunt Mode virtually eliminates range
switching when measuring speci-
mens of unknown value. Provision
for remote mode switching. Ampli-
fier output available at front panel
terminals. Either floating or grounded

Current Sensitivity: 0.1 pA to 10 yA, es
Input Resistance: 10 M, all ranges
OperatingModes: Hunt (60 dB meter scale
compression) ; Calibrate (linear meter scale)
Amplifier Output Capability: -1 mA into -
1000 @

Amplifier Gain: —40 to +100 dB

Price: $495.00 (rack mounted Model 56AR,
$520.00)

RSIPPANY,

070

Model 95A
Sensitive DC
Microvolt/Picoammeter

Unusually broad range of dc voltage
and current measurements covered
in 42 ranges. Front panel range and
function switching uniquely simple
and convenient. Zero-center meter.
Fast response. Exceptionally stable
amplifier output at front panel. Am-
plifier output gain and reference level
adjustable without interaction with
meter. Either floating or grounded
operation for voltage; floating for
current.

sensitivity, 0.1 pA
Voltmeter Input Resistance: 10 M, all ranges
Amplifier Output: +1 V es across 1000 Q

Amplifier Gain: 100,000 max.
Price: $5650.00 (rack mounted Model 95A-R,
$575.00)

54 - TEL.:
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Vacuum Tube Voltmeters (ac) (continveq)

Frequency Volts Meter |
Minimum Maximum| Minimum | Maximum | Ranges Minimum
Manufacturer Model Hz kHz mV \ No. |[Scale | Calibration | Amplifier
Trio 104-1 20 50 10 300 | 1in. |V, rms yes ina
Instr-EL 247 10 50 0.05 500 13 1in.,|V,rms,dB yes none
log
Instr-EL 247 10 50 0.05 500 13 1in.,|rms,dB yes none
log
Instr-EL 2478 10 50 0.05 15 10 1in.,|V,rms yes none
log
Instr=EL 2478 10 50 0.05 15 10 1in.,|V,rms yes none
£ log
Vi4
Dytron 240 10 50 1 300 12 Tiins ||V;0-cte ina none
Dytron 240 10 50 1 300 12 1in. [V,0-ctr ina none
Dytron 241 10 50 1 300 12 1in. |V, 0-ctr none none
Houston HLVC-150 (de) 50 1 316 3 log \% none none
Houston HLVC-1508 (de) 50 1 316 3 log Vv none none
Houston HLVC-150R [ (dc) 50 1 316 3 log \ none none
Dytron 242 20 60 1 300 12 ina V,0-cti yes none
Trio 109-1 20 80 1 300 12 1in. |V,rms yes ina
Dytron 211 100 100 1 30 12 lin. [V, 0=ctr yes none
Simpson 311 30 100 1500 1500 7 1in.,|V,0 none 1K
log
V15
H-P 7418 20(&dc) 100 1 1000 % 1in. |V,0=ctr yes none
Acton 365-A 20 100 1 300 12 1in. |V,deg none none
Simpson 312 15 100 ac 500 1500 7 1in. |rms,p-p, yes 1K
dc 1500 | 1500 8 aug
Millivac MV=-45A 10 100 0.01 1000 17 Tine |V yes none
Millivac MV-45A 10 100 0.01 1000 17 lin. |V yes none
Fluke 803D 5 100 1 500 10 1in. |V,0-ctr yes ina
Fluke 803D 5 100 1 500 10 1in. |V,0=ctr yes ina
Fluke 823A 5 100 1 500 10 1in. |V,0-ctr yes ina
Fluke 823A 5 100 1 500 10 1in. |V,0-ctr yes ina
Muirhead D-930-C 5 100 1 300 6 1 in. | O-chr ina none
Vié
Dynamics 501 (dc) 100 0.001 +1000 13 1in.,|V,0-ctr, yes none
dB 04
Dynamics 501R (de) 100 0.001 +1000 13 1in.,|V,0-ctr, yes none
dB 0
Millivac MV -45AS 10 150 0.01 1000 17 Iine [V yes none
Millivac MV-45AS 10 150 0.01 1000 17 lin. |V yes none
Ballant 302C 2 150 0.1 1000 7 1in.,|V,dB yes none
log
Ballant 302C-S/2 2 150 0.1 1000 8 1in.,|V,dB yes none
log
Ballant 300E 30 200 0.3 300 13 1in.,|V,dB yes none
log
Ballant 300E-S/2 30 200 0.3 300 é 1in.,|V,dB yes none
log
B&K Inst 2604A 10 200 0.1 1000 11 1in.,|V,db yes none
log
B&K Inst 26048 10 200 0.1 1000 11 1in.,|V,dB yes none
log
V17
B&K Inst 2604C 10 200 Ol 1000 11 1in.,|V,dB yes none
x log
B&K Inst 2409 2 200 10 1000 11 1in.,|V,dB yes none
log
B&K Inst 2416 2 200 10 1000 ‘11 1in.,|V,dB yes none
log
Metronix PM-311A 20 250 10 300 10 lin. |V,dB yes none
Metronix PM-311A-1 20 250 10 300 10 1in. |V,dB yes none

See reader-service card for valuable FREE reprints.
Reader-service numbers are given in the index.
Reader-service cards are good all year.
Get detailed data: use the reader-service card.
Need a FREE copy of this directory? Circle number 255.

VTVM index starts on page T82.
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Vacuum Tube Vo

Frequency
Minimum Ma>
Manufacturer Model (Hz) (k
RCA WV-77E 40(&dc) 500!
Marconi TF2600 10 500
Ballant 3108 10 600
Ballant 3108-S/2 10 600
Ballant 314A 10 600
v23
Ballant 314A-5/2 10 600
Fluke 910A 10 700
Fluke 910A 10 700!
Radiomtr RV31 20 10, |
R-S UVF BN12015 | 10 10,
H-P 3400A 10 =
Ballant 317 10 L
Ballant 317-5/2 10 T3
R-S URI B 1050 30(&dc) 20,
Jennings J-1003 10 20,
V24
R-S USVH BN1521 | 10, 000 30,
Ballant 393 25 30,
Micro=In 52018 (de) 50,
Micro=In 5202 (de) 50,
Radiomtr RV23 20 100,
Hickok 209C 10(&dc) 200,
Meas'mts 162 20(&dc) 350
Meas'mts 162-R 20(&dc) 350
R-S USWV BN 1522130 400
R-S USVVBN1522 |30 480
V25
H-P 4108 20(&dc) 700
H-P 410BR 20(&dc) 700
H-P 410C 20(8&dc) 700
Radiomtr RVI3 10(&dc) 700
R-S URU BN1080 [ 10(&dc) 800
H-P 411A 500, 000 1,00
H-P 411AR 500, 000 1,0
Ballant 340 100, 000 1,00
Ballant 340-5/2 100, 000 1,00
Ballant 345 20(&dc) 1,00
V26
Ballant 345-5/2 20(&dc) 1,0
Boonton 91DA 20,000 1,2
Boonton 91DAR 20,000 1,2
Millivac MV-388 10, 000 1.2
Millivac MV-38B 10, 000 1,2

Reader-service cards are good al
See reader-service card for value
Need a FREE copy of this director
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Even though Fluke differential voltmeters feature dc accuracies high as 0.0025%, ac accuracies
of 0.05%, and 100 microvolts full scale sensitivity, they are so well designed that use is both simple and
easy. Solid state bench top models are adaptable for half- or full-rack mounting... Many are offered
in both line and rechargeable battery operated versions. Vacuum-tube models are available in
cabinet or full-rack configurations. There are many accessories, too. All the fine features of
Fluke differential voltmeters should surprise no one familiar with the Fluke line.
For uncommon standards laboratory performance in portable instrumentation has
always been and continues to be standard.

For particulars, write Fluke, Box 7428, Seattle, Washington 98133.
Phone: (206) 774-2211. TWX: (910) 449-2850. In Europe address Fluke
International Corporation, P.O. Box 5053, Ledeboerstraat 27,
Tilburg, Holland. Telex: 844-50237.

Count ’em. It’s the world’s largest, most
sophisticated line of differential voltmeters.
And what a line! You can buy a solid

state dc, ac/dc, or true rms voltmeter.

Or our vacuum tube version. You’d think

Fluke invented the differential voltmeter.
(Well, we did.)

MODEL INPUT VOLTAGE
8018 0-500 VDC

825A 0-500 VDC

821A 0-500 VDC
871A*  0-1100 VDC
881A* 0-1100 VDC
885A* 0-1100 VDC
895A* 0-1100 VDC
803B 0-500V AC or DC
803D  0-500V AC or DC
823A  0-500V AC or DC
873A*  0-1100V AC or DC
883A*  0-1100V AC or DC
887A*  0-1100V AC or DC
931A*  0-1100V AC
*Solid State

ACCURACY INPUT MAX. METER
% OF INPUT IMPEDANCE RESOLUTION
=+0.05% 50 uV
=+0.02% Infinite at null 5uV
+0.01% 50V
=*+0.02% Infinite at null 10 uv
50.005% to =11V 10 Meg 1uv
=£0.0025% above = 14V 1uv
#:0.0025% Infinite at null 1uy

to ==1100V
AC/DC DIFFERENTIAL VOLTMETERS

20.05% DC, £0.2% AC ) sinite atnullpe S0V

=0.02% DC. =0.1% AC % JAmEe g+ au 5V

30.01% DC. +0.1% AC  )1Meg,35-50pfAC 5y

=0.02% DC

#+0.005% DC, +0.1% AC
#+0.0025% DC, =0.05% AC

*+0.05% AC

DC DIFFERENTIAL VOLTMETERS

Meg above 11 VDC 1 uV
1 Meg, 40 pf AC 1uv

TRUE RMS DIFFERENTIAL VOLTMETER

, +0.2% AC glnfiniteatnullto 10 10 uv

1 Meg, 8 pf with
BNC Input of dial
1 Meg, 5 pf with setting
probe

PRICE
485.00
590.00
795.00
565.00
825.00
$ 965.00
$1,195.00

875.00
1,055.00
1,215.00

1,215.00

875.00 %
1,375.00

20 ppm  $ 895.00

NOTES

% ~+$20 for rack models

+$130.00 for
rechargeable
battery pack

+$20 for rack models

+-$160.00 for
rechargeable
battery pack

-+$ 50.00 for
permanent probe

-+$100.00 for recharge-
able battery pack .

FLUKE
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Vacuum Tube Voltmeters (ac) (contineq)

Type
Frequency Volts Meter Ohms C-Cab Price
Minimum Maximum |Minimum | Maximum [Ranges Minimum | Maximum | R-Rack Misc. [Approx.
Manufacturer Model Hz kHz mV \% No. |[Scale| Calibration | Amplifier P-Port. Features
Millivac MV -928A 10, 000 1,200,000 |1 3 8 1in. | V,0=ctr, yes none none C frx ina
dB
Metronix PM-520A 10, 000 1,200,000 |3 3 7 1in. | V,0=ctr, yes none none P fkx ina
dB
Marconi 2604 20(&dc) 1,500,000 |ac 25 300 7 1in.,| n,V,Q none 500 500M [ s 395
i |dc 10 1000 8 log
Boonton 91C 10, 000 1,200,000 (1 3 74 1in.,| V,dB none none none € uw 495
log
Boonton ?1H 10, 000 1,200,000 (0.3 3 8 1in.,| V,dB none none none c uw 595
log
V27
Millivac MV -288 10, 000 1,200,000 (1 3 8 1in.,| V,dB yes none none R uw 575
log
Millivac MV -28B 10, 000 1,200,000 (1 3 8 1in.,| V,dB yes none none @ uw 550
log
Millivac MV-828A 10, 000 1,200,000 |1 3 8 1in. | V,0-ctr, yes none none (e fx ina
dB
GR 1806-A 20(&dc) 1,500,000 1500 1500 4 log V,Q none 200M 1G C w 595
R-S URV BN10913| 10,000 1,600,000 |2 10 7 1in.,|V none none none e s 1170
log

See reader-service card for valuable FREE reprints.
Reader-service numbers are given in the index.
Reader-service cards are good all year.

Need a FREE copy of this directory? Circle number 255.
VTVM index starts on page T82.

AC and DC VTVM Notes

b. Battery operated

f. Solid state

k. Also works off 400 Hz power lines
q. Amplifier output
'r. Battery and line operated
s . Responds to average meter
t . Responds to dc meter

u. Responds to rms meter

w. Responds to p/t meter

x. Responds to true rms meter
y- Responds to phase meter
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There are
two kinds

of spectrum
analyzers

This kind has a swept first LO and high
frequency first IF to permit viewing of
wide (2 GHz) spectra, free from images,
spurious and residual responses; cali-
brated 60 dB display range for accurate
comparison of signals widely different in
amplitude; RF attenuator for detecting
overdriven input and for setting level; just
one wideband (0.01-12 GHz), sensitive
(—100 to —85 dBm) mixer with extremely
flat response (*1 dB on fundamental
mixing, < *3 dB for harmonics) over full
2 GHz sweeps. These and other unique
features come to almost $10,000.

The other kind of spectrum analyzer
does not offer any of these performance
features. That's why it costs half as much.

To find out more about 1967-style spec-
trum analysis, call your Hewlett-Packard
field engineer for complete data on the
8551B/851B, or write Hewlett-Packard,
Palo Alto, California 94304; Europe:
54 Route des Acacias, Geneva.

HEWLETT (h

| PACKARD

ON READER-SERVICE CARD CIRCLE 108

2599



T82

VTVM Cross Index

TABLE | READER TABLE |READER
LOCA- [SERVICE LOCA- [ SERVICE
CODE COMPANY MODEL NO. | TION NO. || CODE COMPANY MODEL NO. | TION NO.
ACTON Acton Labs 365-A V15 367 DYTRON | Dytronies Co. Inc. 211 15 375
Sub Bowmar Instr. Corp. 5566 North High Street 240 V 14
533 Main Street Columbus, Ohio 43214 241 V 14
Acton, Massachusetts 01720 242 A
APPLIED  |Applied Research Associates |70 Viil 368 FLUKE John Fluke Mfg. Co. Inc. | 8018 V4 376
of Texas Inc. Box 7428 8038 V11
Box 9406 Seattle, Washington 8038 V.12
Austin, Texas 803D V16
821A V4
AVO-LTD |Avo Ltd. Electronic Test| V 20 369 823A V16
Amacoil Instrument Division | Meter 825A V4
750 Saint Anns Avenue 871A V8
Bronx, New York 10456 871AB V8
873A VAV
B&K INST |B & K Instruments Inc. 2409 V17 370 873AB V2
5111 West 164th Street 2410 V12 881A V8
Cleveland, Ohio 44124 2416 V17 881AB Ve
2417 Va2 883A V1l
2603A V13 883AB AR
26038 VALK 885A V9
2603C V13 885AB Ve
2604A V17 887A v
26048 AT 887AB b8
2604C V17 895A WF
910A V23
BALLANT |[Ballantine Labs Inc. 300E V17 L 371 931A Vv 20
Box 97 300E-S/2 8 g 931AB V 20
Boonton, New Jersey 300G V18
300G-5/2 V18 GR General Radio Co. 1230-A vV 10 377
300H V19 22 Baker Avenue 1806-A V27
300H-S/2 V19 West Concord, Mass.01781
300M V18
302C V16 GERTSCH | Gertsch Products Inc. PAV-1A Vil
302C-S/2 V17 Singer Co., Metrics Div. PAV-1AR VIl
303 Vv 10 3211 S.LaCienega Blvd. PAV-2A V11
305A V19 Los Angeles 16, California [ PAV-2AR Vi
305A-5/2 Vv 19 PAV-3AR V12
i A HEATH | Heath Co. TM-13 V19 | 266
310B-5/2 V23
Sub Daystrom Inc. 1M=-21 V18
slie Yz Benton Harb Michi. IMW-11 V19
314A-5/2 v 23 enton Harbor, Michigan
o A s H-P Hewlett-Packard Co. 400D v21 | Contact
317 vV 24 1501 Page Mill Road 400DR V21 Local
Palo Alto, California 400H V21 Rep.
317-5/2 V 24
400HR V21
320A Vv 22
400L V21
320-S/2 Vv 22
400LR Vv 22
321 V22
403A V20
321-5/2 vV 22
4038 V 20
323 vV 10
4108 \E25
340 V 26
410BR V 25
340-5/2 V 26
410C V25
345 V 26
411A V 26
345-5/2 V 26
411AR V 26
350 VA2
412A V8
i el 412AR V8
365-5/2 V9
393 vV 24 S W3
413AR V8
BOONTON|Boonton Electronics Corp. 91C Vv 27 372 jégﬁk \\; }
Route 287 at Smith Road 91DA V 26
s 7408 V8
Parsippany, New Jersey 91DAR V 26
7418 LA I
2 M 3400A v 24
95A Ve
HICKOK | Hickok Elec. Instr. Co. 209C V25 379
BURR-BR  |Burr-Brown Research Corp. 300 V19 373 10555 DuPont Avenue 470A V 20
Box 6444 Cleveland, Ohio 44108
Tucson 16, Arizona
HOUSTON| Houston Instrument Corp. HLVC-150 V14 380
DYNAMICS [Dynamics Instrumentation Co. | 501 V16 374 4930 Terminal Avenue HLVC-150B V15
383 Monterey Pass Road 501R V 16 Bellaire, Texas 77401 HLVC-150R 15
Monterey Park, California 502 V5
502R V5 1B IB Instruments Inc. 300 V2 381
503 V5 7016 Euclid Avenue 600 V8
503R V5 Cleveland, Ohio
504 Vs
504R V5 IND-TEST | Industrial TestEquip. Co. 300A Vi 382
505 V5 20 Beechwood Avenue 3008 V13
505R V5 Port Washington, N.Y.11050| 300P8 Vi
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TABLE |READER TABLE |READER
LOCA- |SERVICE LOCA- |SERVICE
CODE COMPANY MODEL NO. | TION NO. ||CODE COMPANY MODEL NO. [ TION NO.
INFRARED |[Infrared Industries Inc. 600 V12 383 MOTOR-  |Motorola Communications | SH51C Vi 19 396
Box 989 601 vV 10 OLA & Electronics Inc. S1053C V19
Santa Barbara, California Precision Frequency Prods.
4501 Augusta Boulevard
INSTR-EL [Instrument Electronics Corp. |247 384 Chicago, Illinois 60651
Box 830 2478
Port Washington, N.Y.11050 [253-S1 V18 MUIRHEAD [Muirhead Instruments Inc. | D-930-C V16 397
253-54 V12 1101 Bristol Road
253-S5 V12 Mountainside, N. J. 07092
INSTR-LAB |Instrument Labs Corp. TR2 Vv 20 385 RCA Radio Corp. of America WV-76A V 20 398
315 West Walton Place TR4 V21 Electronic Components & WV-77E V23
Chicago, Illinois 60610 Devices Wy-98C V 20
Harrison, N.J. 07029
SO S = oy v %86 |[raD10-  [Rodiometer RV13 V25 399
Mountain View, California MR IheitondoniCo. hvas 24
z 811 Sharon Drive RV31 V 23
Westlake, Ohio RV33 Vv 21
JACKSON |Jackson Elect. Instr. Co. 806 V21 387 RV34 V18
124 McDonough Street
Dayton, Ohio 45402 ROBERTS |Robertson Instrument Co. 614 V21 400
1760 West First
JENNINGS |Jennings Radio Mfg. Corp. J-1003 V 24 388 Azusa, Colifornia
Sieg e Grin i R-S Rohde & Schwarz SalesCo. | URIB1050 |V 24 401
% 111 Lexington Avenue URU BN 1080 V 25
KEITHLEY [Keithley Instruments Inc. 148 Vi 389 Egssaicew dotsey 170,03 |SUR VERREIDGIDE ks
12415 Euclid Avenue 149 Vi VRSS! e =
Cleveland, Ohio 44106 1508 Vi UoRN e e
‘ 2008 v USWV BN15221|V 25
500A Vi UVF BN 12015 |V 23
6108 V2 UVG BN 12061 |V 2
621 v 2 UVM BN12011 |V 19
630 V4 UVN BN1200 |V 20
660A V4 SENCORE [Sencore SM112 V22 402
662 V3 42 South Westgate Drive
662 V4 Addison, Illinois
MARCON!I |Marconi Instruments 2604 Vv 27 390 SIMPSON |Simpson Electric Co. 303 V10 403
Div. English Electric Corp. | TF2600 V23 5200 West Kinzie Street 311 V15
111 Cedar Lane Chicago, Illinois 60644 312 V15
Englewood, New Jersey 07631 715 V18
MEAS'MTS |Measurements 162 Vv 25 391 SWEENEY |B K Sweeney Mfg. Co. 1170ETVM V9 404
McGraw-Edison Division 162-R V25 6300 East 44th Avenue
Box 180 Monaca Boulevard
Boonton, New Jersey 07005 Denver 16, Colorado
MEDISTOR |Medistor Instrument Co. A-60C Vi, 392 TRIO Trio Labs Inc. 102-1 bl 1<) 405
1443 N. North Lake Way A-61 V9 80 DuPont Street 103-1 V13
Seattle, Washington A-61RB V7 Plainview, New York 104-1 V 14
A-71B V7 105-1 V2
A-71C V8 105-2 V2
A-75 V7 105-3 V2
105-4 V3
METRONIX|Metronix Div. PM-301A Vé 393 106-1 V'3
Millivac Instrument, Inc. PM-301A-C Vé 106-2 Ve
75 Wilson Mills Road PM-311A V17 106-3 V3
Chesterland, Ohio PM-311A-1 V17 106-4 V3
PM-502A V5 107-1 V3
PM-502A-C V5 109-1 V15
PM-503A Vé 110-1 V3
PM-503A-C Vé 141-1 V10
PM-504A Vé 143-1 Vv 10
PM-504A-C Vé 144-1 V10
PM-502A Vv 27 149-1 Vv 10
301-1 V18
MICRO-IN |Micro Instrument Co. 52018 V 24 394 302-1 V10
13100 Crenshaw Boulevard 5202 V 24 305-1 V3
Gardena, California 305-2 V3
308-1 V18
MILLIVAC [Millivac Instruments Inc. MV-07C V7 395 g?g:: x ‘13
1100 Altamount Avenue MV-17C V7
Box 997 MV -288 v 27 TRIPLETT [Triplett Elect. Instr. Co. 631 V2 406
Schenectady, N. Y. 12301 MV -38B V26 286 Harmon Road 850 V21
MV -45A V15 Bluffton, Ohio 45817
MV-45AS V16
MV-127BL Vé WAVE- Waveforms Inc. 520A Vv 22 407
MV-127BL V7 FORM 333 6th Avenue 520L V22
MV-127BM Vé New York 14, New York
MV-127BM V7
MV-828A 27
MV-852A Vé WILK Wilk Instruments L-6 Vi 408
MV-928A v 27 3700 South Broadway
MV-952A Vé Los Angeles 7, California
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Frequency Meters

Type
Erequeacy Power C-Cab Price
Minimum| Maximum | Bands | Accuracy Sensitivity | Required to Circuit | R-Rack | Approx.
Manufacturer Model MHz MHz No. % mV Operate Type | P-Port $
R-S FZN BN47092 50Hz 50Hz 2 +0.0025Hz | ina 115/230Vac | ina G 1765
R-S FZN BN47092/60 60Hz 60Hz 2 +0.003Hz | ina 115/230Vac | ina & 1765
Weston 339 20Hz 900Hz 9 0.14-4 ina line LC C 850
H-P 500C 3Hz 0.1 9 2 200 115/230Vac | COC C,R 345
H-P 5008 3Hz 0.1 9 2 200 115/230Vac | COC C,R 335
Ti
EL-RES Freq Meter 10Hz 0.2 6 £] ina line ina (6 ina
R-S FKM BN47051 10Hz 0.5 9 1.5 100 line coc C 1765
Sell=Trn 401A 10Hz 1 9 2 100 line ina & 249
GR 1142-A 3Hz 1.5 5 £0.2 20 line cocC € 595
Measurements 59LF 0. 100 4.5 4 £2 ina line b (e 168
GR 1142-A/1156-A 30Hz 15 5 +0.2 20 line cocC [of 1085
R-S WEN BN435 0.01 30 7 0.5 5 line m € 500
Measurements 700 25 50 1 +20Hz 100 line d 2C 1500
Lampkin 105-8 MFM 0. 100 175 1 0.02 ina line d C 295
Lampkin 103-8 MFM 0. 100 175 1 0.02 ina line d & 240
T2
Radiomtr GDO1 2 220 5 +2 ina 115/230Vac | be P 114
Barker & W 600 178 260 5 ina ina line b P 55
Millen 90651 1.7 300 7 2 ina line be P 69
Millen 90661 1.7 300 7 0.5 ina line be P 100
Millen 90662 0.225 300 11 0.5 ina line be P 155
Millen 90662-A 0.225 300 11 0.5 ina line bep P 195
Measurements 59 2.2 420 i £2 ina line b c 168
Radar D828-1 400 450 1 ina none i COAX 245
Radar D828-10 400 450 1 5 ina none m COAX 285
Fairchild 5890-B 25 470 1 ina 250 e d (& 435
T3
Measurements 760 25 475 3 0. 0004 TmW line d C 980
Motorola T-1021A 25 475 3 +100Hz 25 line d (3 983
Gertsch FM-9U 150 486 2 +0.0001 ina 115/230Vac | RC C 1645
Gertsch FM-9 150 486 2 +0.000 ina 115/230Vac | RC C 1495
Narda 804 200 500 1 0.5MHz 0.5mW ina i (o 400
R-S WAM BN4312/2 30 500 8 0.5 10 e m C 500
Fairchild Mark 111-A 0.005 500 1 +0.0002 ina line k C 436
Measurements 59UFH 420 940 1 £2 ina line b c 198
FEL WC-510-1N 500 1000 1 £0,01 20pA/mW none h COAX | 920
FEL WCF510-4N 500 1000 1 0.01 3pA/mW none ina (& 960
T4
R-S XUC BN44467 470 1000 2 |0-9 1 line ei C 7705
PRD 587-A 250 1000 1 +0,2 ina none h COAX [ 350
Gertsch FM-6 20 1000 1 0.0001 0%5 line d @ 2140
Gertsch FM-6R 20 1000 1 0.0001 10 line d R 2100
Gertsch FM-3A 20 1000 1 0.001 ina e d (@ 1260
Gertsch FM-7 20 1000 1 0.0002 0.5 line d C 1625
Gertsch FM-3 20 1000 1 0.001 ina e d (o 850
Gertsch FM-3R 20 1000 1 0.00 ina line d R 900
Certsch SSG-1 0.010 1000 12 1/10 ina 115/230Vac | d (& 12, 500
FEL WC912-1N 900 1200 1 +0.01 20pA/mW none h COAX | 560
TS5
FEL WC912-3N 900 1200 1 £0.01 20pA/mW none i COAX | 560
FEL WCF912-4N 900 1200 1 0.01 20pA/mW none ina G 525
Doug-MW 440L 1100 1400 1 2MHz ina none hi COAX 350
Diamond 2090 900 1450 1 1 ina none i COAX 275
Narda 805 500 1500 1 1MHz 0.5mwW ina i {a 400
FEL WC-1217-1N 1200 1700 1 +0.01 20pA/mW | none h COAX | 560
FEL WC1217-3N 1200 1700 1 +0.01 20pA/mW | none i COAX | 560
Té
FEL WCF1217-4N 1200 1700 1 0.01 20pA/mW none ina Cc 525
FEL WDS1020-1N 1000 2000 1 +0.05 ina none h COAX 395
Gen -MW N687 950 2000 1 0.1 ina none hi COAX | 325
Diamond 2091 1400 2300 1 1 ina none h COAX 490
Narda 806 1500 2400 1 2MHz 0.5mwW ina i c 400

See reader-service card for valuable FREE reprints.
Reader-service cards are good all year.

Get detailed data: use the reader-service card.

Need a FREE copy of this directory? Circle number 255.
Frequency meter index starts on page T86.:
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Frequency Meters (continuea)

Type
fr&quency Power C-Cab Price
Minimum | Maximum | Bands | Accuracy Sensitivity | Required to Circuit [ R-Rack | Approx.
Manufacturer Model MHz MHz No. % MV(fs) Operate Type | P-Port S
R-S WAL BN4321/2/50 | 500 2500 1 +0.08 3V e m COAX 900
FEL WC-1628-1N 1600 2800 1 +0.01 20pA/mW none h COAX 560
FEL WC-1628-3N 1600 2800 1 +0.01 20pA/mW none i COAX 560
FEL WCF1628-4N 1600 2800 1 0.01 20pA/mW none ina G 525
Narda 12L1 600 3000 1 0.1 5mW ina i c 975
17
PRD 560 2400 3400 1 +0.3MHz 5mW none h, i (o] ina
Doug-MW 440S 2400 3400 1 2MHz ina none h, i COAX 285
FEL WC-2335-1N 2300 3500 1 0,01 20pA/mW | none h COAX 560
FEL WCF2335-4N 2300 3500 1 0.01 20pA/mW none ina (& 600
PRD 560-S1 2700 3700 1 +0.3MHz 5mW line m c ina
PRD 583-D 2400 3700 1 0.3 ina none h C ina
FEL WDB2040-1N 2000 4000 1 +0.05 ina none h COAX 395
FXR/MLAB N410A 1000 4000 1 0.1 ina none h COAX 475
Gen-MW N604 1900 4000 1 0.1 ina none h,i COAX 300
Radar D719-1 2000 4000 1 0.1 ina none i COAX 250
T8
Radar D719-2 2000 4000 1 0.1 ina none m COAX 275
Radar D959-0 2000 4000 1 0.1 ina none h,o COAX 345
Radar D959 2000 4000 1 0.1 ina none h COAX 320
R-S WAT BN4322/50 1200 4200 2 £0. 1 500 none m COAX 895
H-P 536A 960 4200 1 TON78 N/A none m COAX 550
FEL WDS-3645-1N 3600 4300 1 +0.01 ina none h COAX 1200
Diamond 2092 2200 4300 1 1 ina none i COAX 200
FEL WC-3545-1N 3500 4500 1 0,01 20pA/mW none h COAX 575
FEL WC-3545-3N 3500 4500 1 +0.01 20pA/mW none i COAX 575
FEL WCF3545-4N 3500 4500 1 0.01 20pA/mW none ina C 650
T9
Radar D 1048 2300 5000 1 0.1 ina none h COAX 475
Radar D1048-1 2300 5000 1 0.1 ina none h COAX 375
FEL WCF4458-4N 4400 5800 1 0.01 20pA/mW none ina C 650
Doug-MW 440C 4000 5850 1 2MHz ina none h,i COAX 350
Diamond 2093 3500 6500 1 1 ina none i COAX ina
Radar D819-2 4000 8000 1 0.1 ina none m COAX 290
Radar D945-0 4000 8000 1 0.1 ina none h COAX 345
Radar D945 4000 8000 1 0.1 ina none h COAX 320
Radar D819-1 4000 8000 1 0.1 ina none i COAX 275
FEL WDB4080-1N 4000 8000 1 +0.05 ina none h COAX 395
T10
FEL WCF5882-4N 5800 8100 1 0.01 20pA/mW none ina c 575
Gen -MW N&08A 3950 8200 1 0.1 ina none h, i COAX 350
PRD 504 100 10000 1 0.03 5dBm line d G 835
Narda 8028 2340 10500 1 0.2 5mW ina i [} 785
FEL WCF8211-4N 8200 11000 1 0.01 20pA/mW none ina (& 9/5
Radar D1047-1 7000 11000 1 0.1 ina none h COAX 385
Radar 01047 7000 11000 1 0.1 ina none h COAX 475
Gen-MW N610 7000 12400 1 0.1 ina none e, h,i COAX 365
FXR/MLAB N414A 3950 11000 1 0.1 7 ina none m COAX 475
H-P 5408 12400 1 0.1 1X10 ~20dBm line i C,R 1050
T
H-P 537A 3700 12,400 ina 0.1 ina Tna ina COAX 550

Frequency

Meter Notes

b. Grid-dip oscillator.

d. Crystal Master oscillator.
e. Battery operated.

h. Absorption type.

i. Transmission type.

i
ks
m.
0.

po

Transfer oscillator.
Heterodyne.

Absorption feedthru.
With crystal calibrator.

Transistor modulator and amplifier.
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Frequency Meter Cross Index

TABLE |[READER TABLE | READER
LOCA- | SERVICE LOCA- | SERVICE
CODE COMPANY MODEL NO. TION NO. ||CODE COMPANY MODEL NO. TION NO.
BARKER Barker & Williamson Inc. 600 F2 409 LAMPKIN |Lampkin Labs Inc. 103-8 MFM T2 419
& W Canal St. at Beaver Dam Rd. Perico Road 105-B MFM 2
Bristol, Pennsylvania 19007 Bradenton, Florida 33505
DIAMOND [Diamond Antenna & 2090 Té6 410 MEAS'MTS [ Measurements 59 18 420
Microwave Corp. 2091 Té6 McGraw-Edison Division 59LF v
35 River Street 2092 1 Box 180 59UFH T4
Winchester, Mass. 01890 2093 L9 Boonton, New Jersey 07005 |700 T2
760 3
DOUG- |Douglas Microwave Corp. 440C 19 411
MW 252 East Third Street 440L Té6 MILLEN James Millen Mfg. Co., Inc. 20651 152 421
Mount Vernon, N.Y. 10550 | 440S oz 150 Exchange Street 90661 a2
Malden, Mass. 02148 90662 T2
EL-RES Electronic Research Co. Freq Meter T 412 90662-A 13
Div. Textron Electronics Inc.
10, 000 West 75th MOTOR- |Motorola Communications |T-1021A T3 422
Overland Park, Kansas OLA & Electronics Inc.
Precision Frequency Prod.
FAIR- Fairchild Instrument Mark 111-A T4 413 4501 Augusta Boulevard
CHILD 475 Ellis Street 5890-8 T3 Chicago, Illinois 60651
Mountain View, California
NARDA Narda Microwave Corp. 12L1 W7 423
FEL Frequency Engineering Labs | WC-510-1N T4 414 Commercial Street 8028 T10
Div. Harvard Inds. WC-912-1N T-5 Plainview, N. Y. 11803 804 T3
Box 527 WC-912-3N T'5 805 T6
Farmingdale, New Jersey WC-1217-1N | T 6 806 T6
WC-1217-3N | T é
WC-1628-1N | T7 PRD PRD Electronics Inc. 504 T10 424
WC-1628-3N | T7 Sub Harris-Intertype Corp. |[560 17
WC-2335-1N | T7 202 Tillary Street 560-S1 1.7
WC-3545-1N [T ¢ Brooklyn, N.Y. 11201 583-D T8
WC-3545-3N | T 9 587-A T4
WCF-510-4N T4
WCF-912-4N | T 5 RADAR Radar Design Corp. D719-1 T8 425
WCF1217-4N | T 6 105 Pickard Drive D719-2 T8
WCF-1628-4N [T 7 Syracuse, N.Y. 13211 D819-1 T10
WCF-2335-4N | T 7 D819-2 T10
WCF-3545-4N | T 9 D828-1 13
WCF-4458-4N | T 9 D828-10 03
WCF-5882-4N | T 10 D945 T10
WCF-8211-4N | T 10 D945-0 T10
WDBI1020-1N | T 6 D959 T8
WDB2040-IN | T8 D959-0 T8
WDB4080-1N | T 10 D 1047 T 19
WDC-3645-1N | T 9 D1047-1 T1
D 1048 19
FXR/ FXR (Microlab/FXR) N410A T8 415 D1048-1 19
MLAB Div. Microlab N414A g
Livington, New Jersey RADIO- Radiometer GDO1 T2 426
MTR The London Co.
GEN- General Microwave Corp. N604 T8 416 811 Sharon Drive
MW 155 Marine Street N608A T10 Westlake, Ohio
Farmingdale, N.Y. 11735 Né610 Tl
Né87 T6 R-S Rohde & Schwarz Sales Co.  [FKM BN47051 [T 1 427
111 Lexington Avenue FZN BN47092 |T 1
GR General Radio Co. 1142-A T1 417 Passaic, N.J. 07056 FZN BN47092/ |T 1
22 Baker Avenue 1142-A/1156- |T 2 60
West Concord, Mass.01781 A WAL BN4321/ [T7
2/50
GERTSCH |Gertsch Products Inc. FM-3 T5 418 WAM BN4312/ |T 4
Singer Co., Metrics Div. FM-3A T4 2
3211 S.LaCienega Blvd. FM-3R T5 WAT BN4322/ |T8
Los Angeles, California FM-6 T4 50
FM-6R T4 WEN BN435 T2
FM-7 s XUC BN44467 [T 4
FM-9 T3
FM-9U T3 SELL- Sell-Tronic Products Co. 401A 1) 428
SSG-1 T5 TRN 1973 Hughes Avenue
Bronx, NewYork 10457
H-P Hewlett-Packard Cot 5008 114 Contact
1501 Page Mill Road 500C 11 Local WESTON [ Weston Instr. & Electronics  |339 15! 429
Palo Alto, California 536A T8 Rep. Div. Daystrom Inc.
537A T 614 Frelinghuysen Ave.
5408 T Newark, New Jersey
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At whatever stage of your project you need

a cabinet, your most reliable choice is EMCOR®

When you start designing your system,
it’s also the right time to think EMCOR
cabinetry. Think how beautiful and
precise the final package will look—
and plan ahead.

But if time becomes vital, let EMCOR
watch the clock for you. We've
stepped-up production facilities to the

EMCOR [ distinguished cabinetry

point where we can meet time dead-
lines head-on, and give you the same
superb cabinetry in very short order.

If you have time to plan ahead and
order early, great. If you need quick
service, just ask us at EMCOR.
Or call your local EMCOR Sales and
Service Engineer listed on the right.

Albany: 436-9649; Albuquerque: 265-7766; Alex-
andria: 836-1800; Atlanta: 939-1674; Baltimore:
727-1999; Binghamton: 723-9661; Bridgeport:
368-4582; Chicago: 676-1100; Cleveland: 442-
8080; Dallas: 631-7450; Dayton: 298-7573; Del
Mar: 454-2191; Denver: 934-5505; Detroit: 357-
3700; Fort Lauderdale: 564-8000; Ft. Lee (No.
N.J.): 944-1600; Ft. Walton Beach: 243-6424;
Houston: 526-2959; Huntsville: 539-6884: Indian-
apolis: 356-4249; Kansas City: 444-9494; Los An-
geles: 938-2073 ; Minneapolis: 545-4481; New-
port News: 245-8272; N.Y.C. area: 695-0082; Or-
lando: 425-5505; Palo Alto: 968-8304; Philadel-
phia: 242-0150; Pittsburgh: 884-5515; Phoenix:
273-1673; Rochester, N. Y.: 473-2115; St. Louis:
647-4350; Seattle (Bellevue): 454-5224; Syracuse:
471-7274; Tulsa: 742-4657; Utica: 732-3775;
Valley Forge (So. N. J.): 265-5800; Wilming-
ton, Mass.: 944-3930; Winston-Salem: 725-5384.
EMCOR Reg. U. S. Pat. Off. Sisterats
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Waveguide Frequency Meters

frequency Q Minimum Price
Minimum | Maximum Accuracy | Circuit | Loaded Dip Resolution Connector Approx.
Manufacturer Model GHz GHz % Type K dB MHz Type S
Narda 1251 2.6 3.95 0.05 ina 18 ina ina ina 600
DE-MOR DBL-720-2 2.6 3.95 0.01 e 8 15 1 53 904
DE-MOR DBL-715-1 2.6 3595 0.01 g 13 ina 0.200 53 839
DE-MOR DBL-715-2 2.6 3:95 0.01 e 8 .S 0. 200 53 883
DE-MOR DBL-710-3 2.6 3.95 0.01 8 1.5 1 53 460
w1
DE-MOR DBL-715-3A 2.6 3.95 0.01 8 N/A Ref, Type 53 855
DE-MOR DBL-720-3 2.6 3:25 0.01 8 N/A 1 58 915
DE-MOR DBL-715-1A 2.6 3.95 0.01 g 13 N/A Ref, Type 53 800
DE-MOR DBL-720-1 2.6 3.95 0.01 g 13 N/A 1 53 860
DE-MOR DBL-710-1 2.6 3.95 0.01 g 13 N/A 1 53 425
DE-MOR DBL-715-2A 2.6 3.95 0.01 e 8 1.5 Ref, Type 53 844
DE-MOR DBL-710-2 2.6 3.95 0.01 e 8 1.5 1 53 455
DE-MOR DBL-715-3 2.6 3.95 0.01 8 N/A 0.200 53 894
FEL WDC-3645-1W | 3.6 4.3 £0.01 cg 3 1 ina ina 1200
FEL WC-3545-3W 3.5 4.5 +0.01 cf 3 N/A ina 149 575
w2
FEL WC-3545-1W 3.5 4.5 +0.01 cg 3 1.5 ina 149 575
Diamond 592-1 3.95 4.85 0.05 f ina N/A 0.02% ina 250
Diamond 590-1 3:25 4.85 0.05 9 ina 15% 0.02% ina 250
Diamond 591-1 3:.95 4.85 0.05 e ina 15% 0.02% ina 250
FEL WC-4458-3W 4.4 5.8 +0.01 cf 3 N/A ina 149 575
FEL WC-4458-1W 4.4 5.8 +0.01 cg 3 1.5 ina 149 575
Diamond 592-2 4.85 5585 0.05 |3 ina N/A 0.02% ina 240
Diamond 590-2 4.85 5.85 0.05 9 ina N/A 0.02% ina 240
Diamond 591-2 4.85 5.85 0.05 e ina 15% 0.02% ina 240
H-P G532A 3.95 5.85 0.065 e ina 1 1 407 400
w3
Waveline 398-DR 3.95 5.85 0.07 f ina N/A 1 149A ina
DE-MOR DBR-715-2A 3.95 5.85 0.01 e 6 15 Ref, Type 149A 630
DE-MOR DBR-720-1 3.95 5.85 0.01 9 7 N/A 1 149A 635
DE-MOR DBR-720-2 3.95 5.85 0.01 - ) 1.5 1 149A 668
DE-MOR DBR-715-3 3.95 5.85 0.01 5 N/A 1 149A 657
DE-MOR DBK-715-1 3.95 5.85 0.01 g 7 ina 1 149A 613
DE-MOR DBK-715-2 3.95 5.85 0.01 e 6 1.5 1 149A 646
DE-MOR DBK-720-3 3.95 5.85 0.01 g 5 N/A 1 149A 679
DE-MOR DBK-707-1 3.95 5.85 0.01 9 7 N/A 0. 400 149A 225
DE-MOR DBK-707-2 3.95 5.85 0.01 e 6 1.5 0. 400 149A 250
w4
DE-MOR DBK-710-2 3.95 5.85 0.01 e 6 125 1 149A 325
DE-MOR DBK-707-3 3.95 5.85 0.01 5 N/A 0. 400 149A 255
DE-MOR DBK-710-1 3.95 5.85 0.01 g 7 1.5 1 149A 300
DE-MOR DBK-710-3 3.95 5.85 0.01 3 N/A 1 149A 330
DE-MOR DBK-715-1A 3.95 5.85 0.01 g 7 N/A Ref, Type 149A 597
DE-MOR DBK-715-3A 3.95 5.85 0.01 5 N/A Ref, Type 149A 641
Microlab H4108 3.95 5.85 0.08 g 8 7 T8 ina 320
PRD 532 3.95 5.85 +0,08 g 6 N/A ina 149 399
Narda 12C1 3.95 5.85 0.06 ina 10 ina ina ina 320
Doug-MW E450C 3.95 5.85 +0.03 e ina 20% ina 149 165
W5
FEL WDC-5459-3W | 5.4 59 +0.01 cf 4 N/A ina 344 1200
FEL WDC-5459-1W | 5.4 5.9 £0.01 cg 74 1 ina 344 1100
PRD 590-A 541 5.9 0.08 g ina N/A 1 149 ina
FEL WC-5264-1W 5.2 6.4 +0,01 cg 4 1.5 ina 344 575
FEL WC-5264-3W 5.2 6.4 ’ +0,01 cf 4 N/A ina 344 575
FEL WDC-5965-1W | 5.85 6.5 £0.01 cg 74 1 ina 344 1100
FEL WDC-5965-3W | 5.85 6.5 £0,01 cf 7 N/A ina 344 1200
Wé PRD 555-AS3 5.4 6.5 0.015 g ina N/A 1 344 ina
FEL WDC-5465-1W | 5.4 6.5 +0,01 cg 7 1 ina 344 1200
FEL WDC-5465-3W | 5.4 6.5 +0.01 cf 7 N/A ina 344 1250

Get detailed data: use the reader-service card.
Circle as many numbers on the reader-service card as you like.

Need a FREE copy of this directory? Circle number 255.
Waveguide frequency meter index starts on page T96.
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Waveguide Frequency Meters (continueq)

Siequercy Q Minimum Price
Minimum | Maximum Accuracy | Circuit | Loaded Dip Resolution | Connector | Approx.
Manufacturer Model GHz GHz % Type K dB MHz Type S
PRD 588-A 5.3 6.7 0.08 e 6.5 40% 1 344 ina
W6 Diamond 690-1 5.85 7.05 0.05 g ina N/A 0.02% ina 235
Diamond 692-1 5.85 7.05 0.05 6 ina N/A 0.02% ina 235
" | Diamond 691-1 5.85 7.05 0.05 e ina 15% 0.02% ina 235
PRD 555-8 5.85 7.05 0.015 f ina N/A 1 344 ina
PRD 555-A 5.85 7.05 0.015 g ina N/A 1 344 ina
FEL WC-5882-1W 5.8 8.1 £0.01 cg 3 125 ina 344 575
FEL WC-5882-3W 5.8 8.1 £0.01 cf 3 N/A ina 344 575
Diamond 691-2 7.05 8.2 0.05 e ina 15% 0.02% ina 230
Diamond 792-1 7.05 8.2 0.05 f ina N/A 0.02% ina 215
w7
Diamond 791-1 7.05 8.2 0.05 e ina 15% 0.02% ina 215
Diamond 790-1 7.05 8.2 0.05 g ina N/A 0.0