
Paris Show Report: Europeans ... British producing ME comput­
form alliances in race to capture er ... French and Germans plan 
expanding microelectronics ICs for space and industry com­
markets-Ferranti-Marconi and puters ... ColorTV slows down as 
Westinghouse-Philips team up. system agreement lags (seep 17). 
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''SPECIAL'' 
CUSTOM BUILT 

POWER TRANSFORMERS 
&INDUCTORS 
TO YOUR 
SPECIFICATIONS 
Exceptional quality and reliability is provided in all UTC 
designs. Over 30 years of engineering knowledge and ex­
perience backed by complete environmental testing and 
life testing facilities assure the highest standard in the 
industry. Full analysis and evaluation of materials are 
conducted in UTC's Material and Chemical Laboratories. 
Rigid quality control measures coordinated with exhaustive 
statistical findings and latest production procedures results 
in the industry's highest degree of reliability. Range cov­
ered in Power Transformers is from milliwatts to 100 KVA. 
Some typical applications include: Current Limiting, Fila­
ment, Isolation, Plate, Transistor Inverter, Transistor Supply. 

MILITARY AND COMMERCIAL TYPES FOR 
EVERY PHASE OF THE ELECTRONICS ART 

• POWER TRANSFORMERS • AUDIO TRANS-
FORMERS • INDUCTORS • PULSE TRANS­
FORMERS • ELECTRIC WAVE FILTERS • 
LUMPED CONSTANT DELAY LINES • HIGH 
Q COILS • MAGNETIC AMPLIFIERS • SAT­
URABLE REACTORS • REFERENCE UNITS 

Write for catalog of over 
1,300 UTC TOP QUALITY 

STOCK ITEMS 
IMMEDIATELY AVAILABLE 

from your local distributor. 

low capacity current 
limiting filament trans­
former. Primary 118 
V. 60 cycles to 6.3 
V. at 3 A., 8 A. at short 
circuit. 25 MMFD ca­
pacity. 30 KV hipot 
and 200:1 capacity di· 
vider; 5 x 33/4 x 41/2", 
9 lbs. 

Mll·T-278 ultraminia· 
ture Scott connected 
power transformer, 
5/ 16 Dia. x 13/ 32" 
H., 1/ 10 Oz. Primary 
28 V. 400 - with taps 
@ 50% & 86.6% . 
Two units provide 28 
V two phase from 
three phase source. 

Molded Power Trans· 
former 3 P~ase . Input 
200V, 380-420 cps . 
Electrostatic Shield, 8 
output windings. 26 
terminals. Mll·T-278, 
Grade 2 Class S. Max. 
Alt. SOK Ft. Size 6 x 
21/2 x 5", 8 lbs. ------- +-------+------

Commercial type mold· 
ed power transformer. 
Primary 115/230 V., 
50/ 420 cycles to 680 
VCT.-.015 A., 6.3 VCT.-
1.2 A., 6.3 V.·.6A. 
Size: 21/2 x 3 x 2~a", 
weight: 1.6 lbs. 

Three phase high volt­
age power transform­
er. Primary jumper 
hardware for easy con­
version from delta to 
wye inputs. Made to 
Mll·T-278 specifica­
tions. Primary: 440 V 
60 cycles delta or wye 
3 phase input. Sec­
ondary: 2100 V line 
to line or 1215 V line 
to line @ 242 ma. 

High current filament 
transformer. Pr imary 
140 / 156 v. , 47 / 63 
cycles to 1.8 V.·1070 
A. Current lim i ting 
through separate pri · 
mary reactor, Mll·T· 
278; 10 x 10 x 111/2" , 
150 lbs. 

UNITED TRANSFORMER CORP. 
150 VARICK STREET, NEW YORK 13, N. Y. 

PACIFIC MFG. DIVISION: 3630 EASTHAM DRIVE, CULVER CITY, CALIF. 
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y. CABLE: " ARLAB" 
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Find 
Coax Cable 

Faults 
FAST~ 
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Quickly find and identify such problems as water in 
cables, crushed cables, damage caused by flex and 
bends in cables, transmission difficulties in buried or 
hard-to-reach cables, cables damaged by temperature 
extremes, and bad connectors joining cables. 

With the 140A/ 1415A combination, you can in­
stantly locate problems in cables upto600ft. (to3000 
ft. with Option 14), and you can identify their exact 
nature - opens, shorts, resistive or reactive discon­
tinuities. You can separate, on the scope crt, disconti­
nuities as close as one inch-making Time Domain 
Reflectometry (TOR) ideal for analyzing connectors 
and checking coax switches and attenuators. 

The 140A/ 1415A is calibrated directly in distance 
for air and polyethylene dielectric cables, and a spe­
cial slide-rule furnished permits quick conversion for 
other dielectrics. With the scope and TDR plug-in you 
can measure characteristic impedance and dielectric 
constant of unknown cables, and recorder outputs 
permit recordings on any x-y recorder, for applications 
such as studies of cable degredation with age. 

The 140A costs $575, the 1415A TDR Plug-in 
$1050. Besides accepting double-size special ­
purpose plug-ins, such as the 1415A, the 140A is 

e:-==;~~c------------!J 

Use the hp 
140A Oscilloscope 
and 1415A Time Domain 
Reflectometer Plug-in I 

useful as a general-purpose oscilloscope, accepting 
both vertical and horizontal plug-ins. Five vertical and 
two time base plug-ins provide maximum versatility. 
Performance includes sensitivities to 10 µVI cm, 
bandwidths to 20 MHz. 

Contact your Hewlett-Packard field engineer for 
more information on the versatile 140A General­
Purpose Scope .. . and especially on the 1415A Time 
Domain Reflectometer. A technical discussion of TDR 
techniques and their application is available, for the 
asking, in Application Note 67, "Cable Testing With 
Time Domain Reflectometry." 

You can get a copy from your hp field engineer or 
by writing Hewlett-Packard, Palo Alto, California 
94304, Telephone (415) 326-7000; Europe: 54 Route 
des Acacias, Geneva . Prices f.o.b. factory. 

See theni al IEEE, 3rd floor New York Coliseum, March 21-24 

HEWLETT PACKARD 
An extra measure of quality 
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Simulated enemies are available in 
a compact package labeled the 
RUTHERFORD Sl Dynamic Range 
Simulator. It is the most accurate, 
reliable, stable video target simulator 
ever developed. With it you can eval ­
uate, check, and calibrate range , 
range rate, target tracking, and track­
ing memory of the most sophisticated 
weapons control and tracking sys­
tems. Forget the limitations and 
problems built into old -fashioned 
analog simulators. 
Check these parameters: Target 
Range in one-foot increments from 
0 to 1 million feet . Target Velocity 

from 0 to 100,000 ft/'sec in 0.1 ft/ 
sec increments. Target Acceleration 
from 0 to 10,000 ft/sec/sec with 
0.01 ft/sec/sec resolution . Check all 
the specs. They meet or exceed the 
rigid performance requirements of 
any known weapons control system 
or tracking system used for air traffic 
control, satellite surveillance , etc. 
The Rutherford Sl is an example of 

the advanced design that has estab­
lished Rutherford as the leader in 
pulse and time delay instrumenta­
tion . Other sophisticated instruments 
will soon be developed by the new 
CMC / Rutherford team. Our intent is 
to give you a wide range of instru ­
ments that are always the best 
quality and best buy. 
So join the Rutherford Rampage 
(a division of the CMC Crusade)and 
write today for the complete specs 
on the Sl. Learn how you can earn 
your own glorious Crusading Engin­
eers medal with special Rutherford 
stripe. You'll look so handsome! 

12973 Bradley - San Fernando,California · Phone (213) 772·6321 · TWX 213-647-5 170 

THE RUTHERFORD DIVISION OF CMC IS A LEADING DESIGNER AND MANUFACTURER OF PULSE GENERATORS, TIME DELAY GENERATORS, AND DYNAMIC RANGE SIMULATORS. 
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NEWS 

13 News Report 
17. Paris Electronics Show dominated by ICs 

European firms team up against U.S in effort to compete in the fast-moving mi ­
croelectronics market. 

21 Solutions sought for deep-space link problems 
Communications systems for interplanetary missions will require improved micro­
wave and optical components and techniques. 

19 Practical heat pipe developed 
26 Cheap tools for budding physicists 
29 Washington Report 
32 Letters 
35 Editorial: Is electronics doing enough for puzzled astronomers? 

TECHNOLOGY 

38 Amplifier has 85% efficiency while providing up to 10 watts power over a 
wide frequency band. A switching transistor is the key in the design. 

46 Show off your display system to advantage by using magnetic deflection. It offers 
superior quality, small size, high reliability and design freedom. 

52 Why use IC gate-ring counters? Because they often use less power than other 
counter types, and at the same time require no more wafer area . 

60 The ABC of dummy loads: A variety of choices are open to the designer, depend­
ing on the power, vswr and the availability of auxiliary equipment. 

66 Committee meetings waste time-unless strict standards to control them are en­
forced. Score your performance against this frank checklist . 

78 Ideas for Design 

PRODUCTS 

84 Components: Chopper-stabilized amp has superior price/specs ratio 
88 Semiconductors: Germanium planar transistor outdoes TWTs 
92 Test Equipment: Null -detecting digital voltmeter adjusts itself 
96 Microelectronics: Half-a-Meg resistance on a chip 
98 Systems: Amplifier remembers an input after it's gone 

Departments 

101 Advertisers Index 
100 Application Notes 
104 Designer's Datebook 

ELECTRONIC DESIGN is published bi-weekly by Hayd en Publ ishi ng Company , Inc., 850 Third Avenue, New York, N. Y. , 
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Inc., Chicago, Ill. Controlled-ci rculation postag e paid at Ch icago, Ill ., and New York, N. Y. Copyright © 1966, Hayden 
Publish ing Company, Inc., 58,062 copies this issue. 
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14 in-stock answers to your relay needs. 

Fast delivery of relays and stepping switches direct from the 
manufacturer-yo11rs at no extra charge, thanks to the AE 
Stock Program. 

Under this growing program we keep more than 200 
kinds of relays, switches and accessories on hand at all 
times, in sufficient quantities to fill your ordinary require­
ments within 7 days. These include many of the hottest types 
from AE's broad line: EIN (integral socket) relays with power 

contacts; rotary stepping switches with Gold Levels for low­
level circuits; ERM (magnetic latching) relays; Class E relays 
equipped with Taper Tab Terminals for easy adaptation to 
EIN; and many more. 

Send for your free copy of AE's "Stock Letter," which is 
the latest complete listing of AE relays and switches in 
stock for quick delivery. Write to the Director, Control Equip­
ment Sales, Automatic Electric. Northlake, Illinois 60164. 

ELECTRONIC DESIGN 



Get 191 more here. 

AUTOMATIC ELECTRIC 
SUBSIDIARY OF am E 
GENERAL TELEPHONE & ELECTRONICS . .t& ,1 
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SILVER OR 
DUMET LEADS 

DOUBLE 
NAILHEAD LEAD-
NO FRAGILE WHISKER 
WIRE 

IRC Poly-Sil Zeners 
Production quantities at production prices 

BETTER HEAT 
DISSIPATION THAN 
GLASS, CERAMIC OR 
METAL 

With the addition of new production facilities, IRC Poly-Sil zeners are now 
immediately available from stock to meet your volume requirements. And 
with prices lower than ever you can use them for all your low-power zener 
applications with considerable cost savings. 

CAPSULE SPECIFICATIONS 

Poly-Sil zener diodes are space savers too. They are up to 30% smaller than 
comparable units. Wattage dissipation is as much as 2% times higher than 
glass packages of the same physical size. 

Extremely tough and durable, Poly-Sil completely surrounds all internal parts. 
This solid construction provides greater thermal and mechanical strength and 
more dependable performance. Poly-Sil zeners are available in over 400 
different JEDEC types. Write for samples, literature and quantity prices to: 

IRC, Inc., Semiconductor Division (formerly North American Electronics, Inc.), 
71 Linden Street, West Lynn, Massachusetts 01905. 

6 
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MIL: 

WATTAGES: 

VOLTAGES: 

DIMENSIONS: 

TOLERANCES: 

LEADS: 

--actual size 

Designed to meet 
MIL-S-19500 

Up to 1 watt @70°C 

6.8 to 200 volts 

D0-7 (.265" long x 
.10" dia.) 

±5%. ±10%. ±20% 

Silver or Dumet 

ELECTRONIC DESIGN 
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The Hoffman HCD-4 microminiature planar epitaxial passivated 
diode is designed for computer memory core driver and similar 
switching applications under 6 nanoseconds. 

It features controlled forward conductance, with s~ecified maxi­
mum limits on junction capacity and stored charge, to provide 
devices of uniform reproducible performance. 

The conventional method of characterizing the switching speed of 
a diode by the measurement of the reverse recovery time is not 
used for fast switching diodes. 

MAXIMUM RATINGS 

35 )7 I 30 Y 
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- + - + • •• • •• 
Hoffman uses a direct measurement of stored charge of the diode 
by integrating the reverse current of the diode. The stored charge 
represents an inherent characteristic of the diode and provides a 
single, unambiguous figure of merit which has minimal depend­
ence on test conditions or jigs. 

Repeatability of storage value measurement to within 5% can be 
made on direct reading low cost equipment. 

For additional information regarding this product write Hoffman 
Electronics, Dept. A, El Monte, California. 

i , I ..I 
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Power Dissipation : 500 Milliwatts (Oerate 3.3mW/°C above 25°Cl 
Operat ing Temperature Range: -65°C to + 175°C 
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2 4 & a ro 12 14 1& lB 
FORWARD CURR ENT - 1, - MILLIAMPERES 

flCUllE 1 TYPICAL VARIATION Of STORED CHARGE WITH FORWARD CURRENT 

Storage Temperature Range: -65°C to + 200°C 

Electrical Specifications: 25°C unless otherwise specified 

Parameter Symbol Min. Max. Units 

Forward Current !Note ll 
11 :::::: 100 uA v .. 430 550 mV 
I, = I mA v .. 540 660 mV 
I, = 10 mA v .. 650 BOO mV 
l,::::::IOOmA v .. 790 990 mV 
h::::SOO mA v .. 960 1350 mV 

Breakdown Voltage 
1, :::::: IOOuA B., 75 Volts 

Reverse Current 
v.:::::: SO Volts, 1. 100 nA 
v. =so Volts l .. = 1oo·c 1. 20 uA 

Stored Charge !Note 2) 
h :::::: IOmA a, 60 P Coul 

Capacitance 
v, :::::: I Volt , f :::::: l me 2.0 pf 

Note 1- Test time at each forward test current 30-40 milliseconds. 
Note 2- Measured on B·line Electronics Model OS·3 Stored Charge Meter. 
Conditions : Pulse Amplitude = 5 Volts 

Pulse Width = 50 nSec. 
Rise Time = .4 nSec. 
Source Impedance= 10 Ohms 
Stored charge measurement accuracy ±4% of full scale. 

!ii / 
~ 31--+-+-~-l--+--l---I-~-

~ / 
~ z t--+--V--+--1--+--l---I-~-
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IO 20 30 40 50 60 70 80 90 
STORED CHARGE-Cb- PICO COULOMBS 
I .. @ I, == !OMA 1., = !OMA I,. = IMA 

TYPICAL CORRELATION BETWEEN STORED CHARGE AND REVERSE 
RECOV£RY TI ME 

FU:URE 2 ((4 MEASURED IN 8-LINE ELECTRONICS 
QS-3 STORED CHARGE METER AT lo = 10 MA, I., MEASURED IN 
TEXTRONIX 291 DIODE TEST FIXTURE AT CONDITIONS INDICATEDJ 

SEMICONDUCTORS 
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March 1, 1966 7 



Don't let 
the high cost 
of spaghetti 

choke you 

Try Flexprint® 
Circuitry 

·wiring up equipment is more economical with Sanders 
FLEXPRINT Flexible Printed Circuitry. 
Whether you're producing components, instruments, 
computers or complete systems, FLEXPRINT circuitry 
provides superior reliability at lower installed cost! 
The Leeds & Northrup's Modular Controller uses 
FLEXPRINT circuits for these benefits: 
No rework - FLEXPRINT circuits keyed for fast 
fool-proof assembly. 
Compact, self-storing accordion FLEXPRINT circuits 

allow control to operate during module replacement. 
FLEXPRINT circuits saved 15 to 20% over in-plant 
assembly with conventional "Spaghetti" wire. 
Want help? 
Tap the broadest application knowledge and capability 
in the business by contacting your local FLEXPRINT 
representative or the marketing manager, FLEXPRINT 
Products Division, Sanders Associates, Inc., 
95 Canal Street, Nashua, New Hampshire 03060. 

*T.M., Sanders Associates, Inc. 

Sanders Associates, Inc. a 
Flexprint Products Division = 
CREATING NEW DIRECTIONS IN ELECTRON/CS 

ON READER-SERVICE CARD CIRCLE 7 
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And it should be. We make, stock, and 
can deliver right now more different 
materials than any other manufacturer. 
Sixteen at last count. Including some 
nobody else makes. 

They're all production items, not just 
laboratory samples. Whether you're 
ordering an old faithful like Alnico 5 or 
an exotic new one like Alnico 8, we've 
got both the know-how and the facilities 
to live up to our production promises. 

Magnet shapes don't give us any 
trouble, either. We can often ship what you 
want right off the shelf. We catalog some 
105 standard shapes and sizes in Alnico 
2 and Alnico 5 alone. If you want some­
thing that's not in the catalog, or need 
design assistance, we have the country's 
leading magnetic engineers ready to 
consult with you. 

If you're looking for prompt delivery 
of any type or shape of Alnico, turn to 

the world's largest manufacturer of mag­
netic materials. That's us. You can get 
our catalogs by writing Mr. C.H. Repenn, 
Manager of Sales, the Indiana General 
Corporation, Magnet Division, Valpa­
raiso, Indiana. In Canada write Indiana 
Steel Products of Canada, Ltd., 
Kitchener, Ontario. 

INDIANA GENERAL r:'iJ 

Shipping any type and shape 
of Alnico on time is duck soup for 

Indiana General 



New from Sprague I 

Dependable enough for industrial equipment, yet 
priced for high-volume commercial applications 
Here's good news for designers of appliances; lighting 
controls; air-conditioning and heating controls; indus­
trial controls. You can actually cut costs while up­
grading your present method of SCR triggering! 

This breakdown· diode/ transformer tri11erln1 circuit is a 
typical application for Type 11Zl2 Trieate Pulse Transformers. 

Type l IZ Trigate* Pulse Transformers offer these 
unique features: 

I. Balanced pulse characteristics and energy transfer 
from primary to secondary and tertiary windings. 

2. Minimum saturation effect to allow operation 
where increased pulse widths are required. 

3. Fast pulse rise time and increased current capa­
bility to prevent SCR di/ dt failure. 

4. Increased energy transfer efficiency. 

Designed for operation over the temperature range of 
-10 C to + 70 C, Trigate Pulse Transformers are 
available in 2-winding and 3-winding configurations 
for half-wave and full-wave applications. Both designs 
are rated for use with line voltages up to 240 V AC. 

This unijunction-transistor/transformer trigerine circuit is a 
typical application for Type 11Zl3 Trieate Pulse Transformers. 

For complete information, write for Engineering Bulletin 
40,003 to the Technical Literature Service, Sprague 
Electric Co., 347Marshall St., North Adams, Mass. 01247. 

*trademark 

SPRAGUE COMPONENTS 

PULSE TRANSFORMERS 

CAPACITORS 

TRANSISTORS 

THIN-FILM MICROCIRCUITS 

INTEGRATED CIRCUITS 
4 SSC · 5t76 

10 

RESISTORS 

INTERFERENCE FILTERS 

PULSE-FORMING NETWORKS 

TOROIDAL INDUCTORS 

ELECTRIC WAVE FILTERS 

CE RAM IC-BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES 

BOBBIN and TAPE WOUND MAGNETIC CORES 

SILICON RECTIFIER GATE CONTROLS l~~~~~~~~~~~~~~~~ 
FUNCTIONAL DIGITAL CIRCUITS 

'Sprague' and'@' are registered trademarks of the Sprague Electric Co. 
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Practical heat pipe is developed PAGc: la 
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Cheap tools for budding physicists PAGE 26 

All roads lead to Paris Electronics Show. 17 

Laser communications. 21 Glow little "heat pipe. " 18 
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New from Sprague I 

This Resistor has S Times the 
Resistance of a Conventional 

Metal-Film Resistor of Equal Size! 

Type Wattage 
Size Maximum 

Rating Resistance 
Extended-Range . 095 II D. Filmistor 1/10 . 250 II L. 1.S Mn 

Resistor 
Conventional . 095 II D. Metal-Film 1/10 . 250 II L. 

Resistor 

This Resistor is 21 Times Smaller than 
a Conventional Metal-Film Resistor 

with Equal Resistance Value! 

Type Maximum Wattage Size Resistance Rating 
Extended-Range .095" D . Filmistor 1.S Mn 1/10 .250 11 L . Resistor 

Conventional .250 " D . Metal-Film 1.5 Mn 1/2 .750 II L . 
Resistor 

Both Resistors are one and the same ... they're Sprague's new 
EXTENDED-RANGE FILMISTOR® METAL-FILM RESISTORS 

Substantial saving of space in all 
wattage ratings-1 / 20, 1 /1 0, 1 /8, 1 / 4, 
1 /2, and 1 watt-with absolutely 

NO SACRIFICE IN STABILITY! 

New manufacturing techniques at Sprague Eler.tric 
have made possible a major breakthrough in resis­
tance limits for metal-film resistors. Extended-Range 
Fimistor Resistors now offer, in addition to accuracy 
. . . stability . .. reliability ... extended resistance 
values in size reductions which were previously 
unobtainable. Size and weight advantages of Filmistor 
Resistors now make them the ideal selection for 

. applications in high-impedance circuits, field-effect 

SPRAGUE COMPONEN TS 

transistor circuits, etc., where space is at a premium. 
Many designs which previously had to settle for the 
higher temperature coefficients of carbon-film resistors 
in order to obtain required resistance values can now 
utilize the low and controlled temperature coefficients 
of Filmistor Metal-Film Resistors. 

Other key features are ± 1 % standard resistance toler­
ance, low inherent noise level, negligible voltage 
coefficient of resistance, and tough molded case for 
protection against mechanical damage and humidity . 

For complete technical data, write for Engineering 
Buffetin 7025C to Technical Literature Service, 
Sprague Electric Company, 3-f7 Marshall Street, 
North Adams, Massachusetts 01248. 

RESI STORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES SPRAGUE® CAPACITORS INTERFERENCE FILTERS 

TRANSISTORS PULSE-FORMING NETWORKS 

THIN -FILM MICROCIRCUITS TOROIDAL INDUCTORS 

lrtTEGRATED MICROCIRCUITS ELECT~IC WAVE FILTERS 

12 

BOBBIN and TAPE WOUND MAGNETIC CORES 

SILICON RECTIFIER GATE CONTROLS 

FUNCTIONAL DIGITAL CIRCUITS 

ON READER-SERVICE CARD CIRCLE 9 

THE MARK OF RELIABILITY 

' Spraaue' and ·@· are registered trti demarks of the Sprague Electric Co. 
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IC mosaics 

Ceramic insulation isolates IC elements 

100 times greater voltage isolation between 
microcircuit elements results when they are 
embedded in a ceramic wafer, according to 
Arthur I. Stoller, of RCA Laboratories, 
Princeton, N. J., designer of the experimental 
process which accomplished this feat. 

In this new mounting method the ceramic walls 
insulate the elements far better than the present 
method. Until now the rectangular elements 
had to be either " back biased"-adjacent 
element voltages matched so that no current 
flows between elements-or a large area of 
silicon dioxide was used as a separator. The 
former method hamstrings the IC designer 
while the latter method wastes much space. 

The majority of communications circuits 
require higher voltages than precent IC 
arrays can handle. This new mounting method 
should eliminate these voltage restrictions 
that have prevented IC arrays from achieving 
widespread use in the communications field, 
according to C. Price Smith, director of 
the research project that developed this process. 

The new process uses the same diffusion and 
interconnection techniques as previous IC 
arrays. And ·the ceramic mosaic is far more 
rugged than present IC array bases, according 
to Smith. 

Apollo/Saturn IB to test hardware 

The flight of the unmanned Apollo/ Saturn 
IB, scheduled for late in February, is the 
first test in space of the craft that will send 
Americans to explore the moon. 

Although this is not an orbital flight, the 
Apollo spacecraft is programmed to verify 
the performance of the launch vehicle and 
most of the major spacecraft systems during 
the approximately 39-minute flight. 
Almost 2000 measurements will be taken by 
the telemetry systems, making it the most 
highly instrumented space vehicle ever 
launched by NASA. 

The launch will also result in other firsts 
for NASA. At 45,900 pounds, the Apollo 
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spacecraft is the heaviest payload launched 
so far by the agency. And the combined 
Apollo/ Saturn vehicle, standing 224 feet 
high and weighing more than 1,300,000 
pounds at liftoff, is the largest space vehicle 
ever mated at Cape Kennedy. 

As impressive as the Saturn IB launch vehicle 
is, it pales in comparison with the Saturn V, 
which will eventually hurl three men toward 
the moon. The Saturn V, with its 7.5 million 
pounds of thrust, will stand about twice the 
height of the Saturn IB. 

IC prices cut by Signetics 

Price reductions in some of its integrated 
circuit lines was announced recently by 
Signetics Corp. Cuts of 20 to 40 percent 
have been made in the SElOOJ MIL-range DTL 
series, the SE400J MIL-range low-power 
aerospace series and the SE500 MIL-range 
series of linear circuits, according to the 
company. In addition, reductions of from 
33 to 50 percent have been made in the 
NElOOJ series. 

In announcing the price cuts, Signetic 
officials said that they can be attributed 
to a rise in the production volume of these 
lines, most of which were introduced at 
WESCON, 1965. Said a company spokesman, 
"High production volume in MIL-range IC 
products not only makes it possible to reduce 
prices of the premium lines, but makes 
available a sufficient volume of narrower 
temperature range products to make the 
marketing of these devices feasible." 

Consumer electronics soared in 1965 

The output of consumer products by the 
electronics industry reached new peaks in 
1965 with further gains forecast through 
1970, according to the Electronic Industries 
Association's Marketing Services Department. 

Color TV sets paced the field with a record 
number of 2.7 million sets sold, practically 
double the sales recorded in 1964. Sales of 
black-and-white TV continued strong, rising 
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News 
Report CONTINUED 

to 8.9 million sets during 1965. A heavy 
accent on portables and small-screen sizes 
in the black-and-white sales figures points 
up the trend toward families owning two 
or more TV sets. 

In spite of the soaring popularity of 
television, the public demand for radios 
reached an all-time high of 41 million sets 
in 1965, with one out of every four radios 
produced being for automobile use. Tape 
recorder and phonograph sales were also UP, 
sharply over the 1964 figures. 

The dollar volume of consumer electronic 
products also reached new heights in 1965. 
Factory sales totaled $3.3 billion, a 
whopping increase over the $1.5 billion 
recorded only ten years ago in 1955. The 
record dollar volume is even more remarkable 
in view of the steady decline in the prices 
of black-and-white TV sets and transistor 
radios. It is estimated that by 1970 the 
dqllar volume will rise to $4.5 billion. 

While TVs, radios and phonographs will 
account for the lion's share of the electronics 
consumer products market for the foreseeabl~ 
future, manufacturers anticipate a steady 
rise in sales of both sound and video tape 
recorders and electronic organs. 

Metric system coming closer? 

A federal study on the feasibility of 
switching to the metric system of weights 
and measures may not be too far off. The 
House Committee on Science and Astronautics 
has approved, with amendments, legislation 
to authorize such a study. 

Passed by the Senate last year, the 
legislation would direct the Secretary of 
Commerce to conduct a three-year program 
to appraise the desirability, practicability 
and cost of a general conversion to the 
metric system in the United States. The 
House version would authorize $500,000 for 
the first year of the study, with no 
budget limitations established for the 
final two years. Specifically, the Department 
of Commerce would: 
• Conduct extensive comparative studies of 
the standards of weights and measures used 
in engineering, manufacturing, commercial 
and scientific areas and in educational 
institutions. 
• Cooperate with other governmental 
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agencies and private organizations in 
determining the advantages and disadvantages 
of a general conversion to the metric system. 
• Cooperate with foreign governments in 
determining the advantages to the United 
States in international trade and commerce, 
and in military and other areas of international 
relations to be derived from such a conversion. 

British version of our IEEE International 
Convention will open in London on March 23 
and run through March 30. An all-time 
record number of over 600 manufacturers will 
be displaying products at the exhibition, 
which is sponsored by the Association of 
Supervising Electrical Engineers. 

The world's most powerful circular electron 
synchrotron moved another step closer to 
completion with the awarding by Cornell 
University of a contract for the construction 
of a 55,000 square foot laboratory building 
to house the synchrotron's support equipment. 
The 10 BEV synchrotron is being built at 
a cost of $11,298,000 with National 
Science Foundation funds. 

Price reductions on its entire line of 
solid-state low-noise preamplifiers have 
been announced by Applied Technology, Inc. 
of Palo Alto, Calif. The cuts range as 
high as 34 percent. 

Dr. Edward M. Davis, Jr. has been named 
"1965's Outstanding Young Electrical 
Engineer" by Eta Kappa Nu, the national 
electrical engineering society. Dr. Davis, 
33, is the assistant to the president of the 
IBM Data Processing Division in White 
Plains, N. Y. 

The Foxboro Company has been awarded a 
contract for instrumentation to control what 
is reportedly the world's largest cement 
kiln at Dundee Cement Company's new $55 
million plant in Clarksville, Mo. Foxboro 
will furnish electronic transmitting, 
recording and controlling instruments for 
the plant. 

A conversion of its contract with Grumman 
Aircraft Engineering Corp. for development 
of the Lunar Excursion Module (LEM) has 
been announced by NASA. Under the new 
contract, Grumman will deliver 15 flight 
articles, 10 test articles and two mission 
simulators. This adds four flight articles to 
the contract. Total cost of the new contract, 
ending Dec. 1969, is $1.019 billion. 
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If you felt like this the last time your subminiature relay order was rescheduled, 
next time call Leach 

ACH '"::f','.':;... We've got over 7,000 
l 26. S VDC 100 0 

C·A<A 
subminiature relays in 
stock at key locations 
throughout the country. 

Ready for immediate delivery. Relays 
like our SERIES E., a half-size unit 
rated for top performance in dry circuit 
to 2 amp switthing. 
Designed for printed circuit and high 
environmental applications, this 

subminiature relay offers space and 
weight economies of better than 50 % 
over full size crystal can types . Available 
in voltages from 6 to 26.5 voe, the 
SERIES E has an operate and release time 
of less than 4 milliseconds maximum, 
including bounce. It will withstand 
1oog shock, 3og vibration and operating 
temperatures from-65 to + 125 °C. 
Rated life is 1,000,000 cycles, dry circuit. 

ON READER- SERV ICE CARD CIRCLE 214 

Need one tomorrow? A dozen, a 
hundred? Then call us today. You'll 
have them. Right on time. 

Leach Corporation, Relay Division; 
5915 Avalon Blvd., Los Angeles, 
California; Phone: (213) 232-8221; 
Export: LEACH INTERNATIONAL s. A. 

LEACH CORPORATION 
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NEWS 

ICs dominate Paris electronics show 
Eur~pean manufacturers are teaming up to compete 
against U.S. concerns in the growing microelectron­
ics market. Ferranti unveils an IC computer. 
Howard Bierman 
Editor 

PARIS 
With European integrated-cir­

cuit ( IC ) sales expected to soar 
from several million dollars last 
year t~ over $100 million by 1970, 
electronics manufacturers in Eu­
rope are banding together in a 
race to control the market. They 
want to av.oid a repetition of the 
pattern established several years 
ago with transistors, when United 
States.concerns captured the bulk 
of the· sales. 

In Britain, Marconi and Ferranti 
announced a license agreement 
permitting Marconi to manufac­
ture and sell Ferranti's Micronor 
sificon IC line. In France, two ma­
jor semiconductor manufacturers 
Cosem and Sesco, are completing a~ 
arrangement whereby each would 
concentrate on specific research 
efforts and then exchange technol­
ogy. Finally the Molecular Elec­
tronics Div. of Westinghouse, 
through Westinghouse Electric 
International, has agreed to inter­
change licenses, patents and tech­
nological details with N. V. Phil-

ips Gloeilampfabrieken and North 
American Philips, Inc. These an­
nouncements were the main topic 
of discussion at the annual Salon 
International des Composants 
Electroniques, held here February 
3-8. 

European countries are faced 
with a difficult choice. Although 
not anxious to concentrate their 
purchases with U.S.-based elec­
tronics companies, they neverthe­
less want for their military and 
space programs the sophisticated 
devices that the Americans manu­
facture. European concerns are 
therefore rushing to set up pro­
duction lines that can deliver com­
parable devices for prototype 
equipment. 

At last year's components show, 
systems engineers showed consid­
erable interest in microelectronic 
(ME) devices and were optimistic 
that hardware would soon be 
available. At this year's show, it 
was reported that the two major 
French computer manufacturers 
IBM-France and GE-Ball, are rely~ 
ing heavily on ICs in their new de­
signs. Although prototypes are 

l" More. than 9,000 ICs are used in Argus 400, a Ferranti, Ltd, general·purpose 
m1cromm1ature computer. The processor, storage and input-output units are 
interconnected by a flexible printed-circuit assembly to facilitate servicing. 
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being assembled with U. S. types, 
French companies reported they 
would be in a position to deliver 
quantity supplies of simila~ de­
vices at competitive cost within 
the year. 

German concerns, such as Sie­
mens & Telefunken, are counting 
heavily on using ICs in industrial­
control systems. Telefunken has 
been giving customers samples of 
its DTZL ( diode-transistor-zener 
diode-logic line) ; the zener-protec­
tion feature is said to insure relia­
ble performance despite sharp 
line-voltage surges, common in 
European factories. Telefunken is 
also seeking sales in military and 
space computer designs with a mi­
cropower DCTL line; however, a 
spokesman at its booth added wry­
ly that sales of ICs seemed way off. 
Siemen's spokesman said that the 
company planned to offer a line of 
TTL devices for the industrial-con­
trol market within the next few 
months. 

British reaction to the coming 
IC revolution appeared the most 
volatile. Current estimates by com­
panies in Britain see a $50-~illion 
ME market by 1970. Marconi and 
Ferranti are determined to cap­
ture much of this. Ferranti has 
just invested more than $3 million 
in new production facilities to fab­
ricate its Micronor line; Marconi 
is completing a 100,000-square­
foot plant as a second source for 
the Micronor line. 

Ferranti's Argus 400 ME Computer 
Details of -Ferranti's recently 

completed Argus 400 microminia­
ture computer, using Micronor 
ICs, were described at the show. 
The high-speed, general-purpose 
computer, slated for June delivery, 
uses approximately 8000 ICs in the 
central processor and more than 
1000 in the remaining sections of 
the system. 

In the central processor, the T0-
5 packaged ME devices are sol­
dered through six-layer printed­
circuit boards, which are then con­
nected to a multi-interconnection 
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(Paris show, continued) 

circuit by miniature wrapped 
joints (see Fig. 1). The completed 
processor is housed in a 7-1 / 4-in.­
by-12-in.-by-2-1/ 2-in. assembly. 

The core-storage section in­
cludes six printed-circuit panels 
that contain 4096 storage cores; 
three panels of resistor-diode net­
works, and an interconnection 
board that includes timing cir­
cuits, driving circuits (ICs and 
conventional transistors), and 
thin-film sensing amplifiers. The 
complete storage section forms a 
4096-word, 24-bit package in the 
same configuration as the central 
processor. 

The processor, storage sections 
and input-output units are inter­
connected by wrapped joints to a 
flexible printed circuit, so that in­
dividual units are accessible when 
the outer case is removed. Ground 
planes formed on the printed-cir­
cuit boards, together with high op­
erating threshold, offer a high de­
gree of protection against induced 
transients. 

The weight of the combined proc­
essor and storage section is only 
16 pounds; the associated power 
unit weighs 13 pounds. The proces­
sor requires 20 watts; the first 
4096-word core storage unit needs 
30 watts (only 4 watts for each ad­
ditional 4096-word storage unit), 
and 100 watts are required to de­
liver 80 watts output from the pow-

RCA 'pipes' heat 
into electricity 

A highly efficient "heat pipe" 
for transferring energy from a 
heat source to a thermionic con­
verter for direct conversion into 
electricity was unveiled recently 
by RCA. 

The device is essentially a metal 
tube that conducts heat from one 
of its ends to the other with negli­
gible loss. When used in conjunc­
tion with a · thermionic converter, 
the heat pipe is expected to find 
application in space-vehicle power 
systems that employ nuclear reac­
tors as the primary energy source. 

Until now it has been necessary 
to design a thermionic converter 
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2. CGE's 280-watt cw laser is demon­
strated by staff engineer M. Frappart. 
Laser demonstrations drew heavy at­
tendance at the Paris Show. 

er section. 
Marconi revealed that close to 

50,000 ICs would be used in 22 
Myriad computers currently in 
production. Additional ICs will be 
used in the company's System 4 
computer, similar in design to the 
RCA Spectra 70 line. 

An attention-getting ME analog 
device, a VHF cascode circuit, was 
also announced by Marconi. The 
silicon device operates from de to 
200 MHz, with 17 dB gain and a 5-
dB noise figure at· 100 MHz. Mar­
coni engineers say the T0-5 pack­
aged device eliminates the time­
consuming and costly neutraliza­
tion techniques presently required 
in VHF wideband amplifiers. 

Laser Activity Draws Crowds 
Laser demonstrations at the 

show drew heavy attendance. The 
show management, in the interest 
of public safety, refused to allow 
exhibitors to set up operating las­
ers at the front of the booths. 

Crowds jammed the rear quar­
ters of E. Bradley, Ltd., and CGE 
(Campagnie Generale d'Electric­
ite ) to inspect the lasers. CGE 
showed a 280-watt cw type with an 
efficiency of 10 per cent (see Fig. 
2). The active material was a mix­
ture of carbon dioxide, helium and 
nitrogen. Emission, at a wave­
length of 10.59 microns, was pro­
duced by exciting helium ions, 
which then excited the carbon 
dioxide. CGE reports it has sold 
close to 100 lasers this year for re­
search and commercial use. 

Color TV fades from show 
A disappointing note at this 

year's show was the absence of 
color TV displays. At last year's 
show a number of companies ex­
hibited color picture tubes, 
deflection components and even 
prototype receivers. There was op­
timism then that agreement on a 
color broadcasting scheme would 
be reached in Europe before the 
end of 1965. 

This year, with agreement 
among the countries even further 
away than before, there was con­
siderable gloom among consumer­
goods suppliers about color-TV 
prospects for the next few years. 

1. Heat pipe (left) and thermionic converter (right) team up to convert thermal 
energy directly to electricity. 

as an integral part of the reactor. 
But with a heat pipe, the converter 
can be placed outside the reactor 
with no loss in efficiency. 

Lithium carries the heat 
The heat pipe consists of a mo-

lybdenum tube containing molten 
lithium. When one end of the pipe 
is heated, the lithium at that end 
vaporizes, and in doing so, it ab­
sorbs a great amount of thermal 
energy. 

The vapor is then transferred by 
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PERMANENT MAGNETS: Cast Alnico, 
Sintered Alnico and Ceramic Magnets (Arnox). 
MAGNETIC CORES: Silectron-C Cores and 
Distributed Gap Cores. Tape Wound Cores of 
Deltmax, Supermalloy, Permalloy, Supermendur 
and Silectron. POWDER CORES: MO-Permalloy 
Powder Cores, Iron Powder Cores and MSS Iron 
Powder Cores. TRANSFORMER LAMINATIONS 
AND HARDWARE: Nickel-Iron, Silicon-Steel 
Laminations, Transformer Cans and Hardware, Tube 
Shields. SPECIAL MAGNETIC MATERIALS: 
Vicalloy, Permendur and Vibralloy. 

And they are all precision engineered. The Arnold 
engineering facilities are among the world's largest 
and most complete, devoted exclusively to helping solve 
your magnetic device problems. 

In addition, Arnold is a prime source for precision 
metal rolling ... ferrous and non-ferrous strip, close 
tolerances and ultra-thin gauges ... 

THI ARNOLD ENGINHAING COMPANY, Main Offic• : MARENGO, Ill. 
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Now from Sprague I 

DIFFERENTIAL 
AMPLIFIERS 

IN FLAT PACKS I 

2N3046 
2N3051 

2N3524 

2N3043 2N3044 
2N3047 2N3049 2N3050 

2N3052 2N3520 

PNP or NPN • BETA MATCHING to 103 
VaE MATCHING to 3mV 

VOLTAGE CAPABILITY to 60 VOLTS 
TEMPERATURE COEFFICIENTS to SµV /°C 

ALSO AVAILABLE IN 6-LEAD T0-5 OUTLINE PACKAGES! 

For complete information, write to Technical 
Literature Service, Sprague Electric Company, 
347 Marshall Street, North Aclams, Mass. 01248 

SPRAGUE COMPONENTS 

SPRAGUE® TRANSISTORS PACKAGED COMPONENT ASSEMBLIES 

CAPACITORS FUNCTIONAL DIGITAL CIRCUITS 
RESISTORS MAGNETIC COMeONENTS 

THE MARK OF RELIABILITY THIN-FILM MICROCIRC,UITS PULSE TRANSFORMERS 
INTEGRATED CIRCUITS CERAMIC-BASE PRINTED NETWORKS 

INTERFERENCE FILTERS PULSE-FORMING NETWORKS 
' Spra1ue' and ·@• 1r1 reaistered trademarks of the Sp111u1 Electric Co. 
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(heat pipe, continued) 

2. Heat pipe glows white hot during 
test with thermionic converter. 

thermodynamic action to the oppo­
site end of the pipe, where it con­
denses and releases this energy 
with a negligible temperature 
drop. A capillary structure on the 
inner wall of the pipe, similar to a 
wick, returns the condensate to 
the other end of the tube, where 
the continuous cycle is repeated. 

Initial work on the heat pipe 
principle was carried out by scien­
tists at the Los Alamos Scientific 
Laboratory. RCA has continued 
this work at its Direct Energy 
Conversion Department under 
contract to the Air Force Systems 
Command. 

Put a head on it 

Ultrasonic transducers are replacing 
the physical jarring formerly em­
ployed to foam beer, driving off the 
unwanted air before the bottles are 
capped. The Electronic Assistance 
Corp.'s device is made of nickel due 
to the moist environment. 
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Far-out improvements sought in data links 
Aerospace convention told of need for better compo­
nents and techniques to achieve high-rate microwave 
and optical communications on deep-space missions. 

by 1970. They noted that efficien­
cies as high as 57 % have already 
been demonstrated in the laborato­
ry. Current space-qualified TWTs 
deliver about 50 watts at about 2 
GHz, with 40 % efficiency. Ralph Dobriner 

West Coast Editor 
LOS ANGELES 

In the next decade communica­
tions equipment aboard deep-space 
probes may be required to transmit 
information back to earth at rates 
of 106 bits per second and higher. 
This compares with the 8-bit-per­
second performance of the Mariner 
IV mission to Mars. 

Several technical papers at the 
recent Winter Convention on Aer­
ospace and Electronic Systems held 
here revealed that considerable com­
ponent development in microwave 
and optical communications is still 
needed . before the high data rates 
can be achieved. 

Microwave needs outlined 
Research goals for future micro­

wave deep-space communication 
systems were described in a paper 
by Drs. W. T. Patton and A. B. 
Glenn of RCA, Inc., Moorestown, 
N. J. Assuming a 106 bits-per-sec­
ond requirement for future space­
craft-to-earth data links, the au­
thors cited the need for improve­
ments in the following microwave 
areas: 

• Phase and frequency stability 
- Stability of better than 1 part 
in 1012 and phase-locked loop 
bandwidths of less than 1 Hz are 
needed. State-of-the-art frequency 
stability is adequate for high-data­
rate noncoherent systems. Howev­
er, .for low-data-rate coherent sys­
tems, improved frequency stability 
is important to reduce both fre­
quency acquisition time and ·dop­
pler noise for orbit tracking. At 
the same time very low values of 
phase jitter (less than 15 deg rms) 
are required for a high .probability 
of maintaining phase lock over 
long periods of time. 

• Transmitter power-The qual­
ity rather than the quantity of RF 
power needs improvement. Th~ 

frequency stability and phase c<i-

March 1, 1966 

herence of the transmitters must 
be better, particularly for relative­
ly low-data-rate missions to the 
outer planets. Tube efficiencies 
must also be increased. 

Techniques, such as beam focus­
ing and the use of tapered helixes 
and multiple collectors should be 
considered, the RCA authors said. 
Solid-state amplifiers should be 
integrated with the solar cells, an­
tenna and cooling structures to 
improve the over-all efficiency of 
the system and minimize the 
weight of these components. 

According to the authors, a 
space-qualified traveling wave 
tube that can deliver 100 watts at 
50 % effic iency should be available 

• Low-noise receivers--Im­
proved maser materials and fabri­
cation techniques, as well as bet­
ter techniques for thermal isola­
tion between components of the 
system, are needed. 

More efficient and lighter 
closed-cycle cryogenic equipment 
and more efficient RF pump 
sources are also required. Multi­
aperture receiving arrays will re­
quire many low-noise receivers at 
each station. 

• Transmitting antenna gain­
A very lightweight spacecraft an­
tenna that takes advantage of the 
relatively large surface tolerance 
compared with the ground receiv-

Table 1: Microwave Performance, Past and Future 

Index p t Gt A,. T" Freq. 
PROGRAM M (dB) (watts) (dB) (dB) (m2) (dB) (°K) (dB) (MHz) 

1959 Pioneer IV - 10.2 0 .27 -5.7 2.5 290 24.6 1450 31.6 960 

1962 Mariner II + 24 3 4.8 19 290 24.6 25C 24 960 

1965 Mariner IV 42 10 10 24 290 24.6 55 17.4 2290 

1971 Voyager 70 50 17 34 1,770 32.5 25 14 2290 

Future 90 10 10 45 63,000 48 20 13 

Future 90 100 20 40 20,000 43 20 13 

Table 2: Comparative Component Performance 

Component Type Characteristic ··com pa red Value 

Lasers Ar3+ (0.488µ) Photons/ Mode-Sec (nT) 1018 
Nd 3+ (1.06µ) 1019 
co~ (I0.6µ) 1021 

Modulatorst Nitrobenzene Max Trans/Mode ,..,,, 1 
KDP ,..,,,10-1 
KTN ,..,,, 1/4 to 1/2 

Optics 10 cm Transmission Mode ,..,,, 1 
100 cm <l 

1000 cm ,..,,,lQ-2 

Detectors Si (0.488µ) Quantum Efficiency ,..,,,% 
PbS (1.06µ) ,..,,,l/2 
(?) (10.6µ) * 

Notes 
t Adequate modulation bandwidth and modulation depth is assumed 
*Heterodyne detection not yet demonstrated 
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Gaussian or Chebyshev Crystal Filters 

Solid State Electronic Commutation 

Uniform Frequency Response 

Damon's Multifilter Spectrum Analyzer$ 
are adaptive to signal rate, filter time 
constant or display response. A unique 
frequency-sharing principle permits opti­
mum utilization of filters for maximum 
economy. In analysis bands from 100 cps to 
10 Mc, multipole crystal filters with band. 
widths from 5 cycles to 1 00 Kc resolve 
closely spaced signals having large amp­
litude ratios. 

These state-of-the-a rt Analyzers are 
illustrative of Damon's capabilities in 
frequency information retrieval and anal­
ysis. Other significant examples include 
the Telstar Comb Filter and the SPASUR 
Detection Preselector. 

Write for Real Time Multiple filter 
Spectrum Analyzer Brochure. 

Spectrum Analyzer 
Model 5187A 

DAMON ENGINEERING. INC. 
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(data links, continued ) 

ing antenna is a primary goa l. 
Also, RF-sensing and antenna 
beam-positioning techniques must 
be developed to handle beam­
widths on the order of one degree 
or less. Single-cha nne l RF error­
sensing techniques should be de­
ve loped to eliminate t he cost and 
complexity of add it ional receiver 
channels for t he sensing f unction, 
t he a ut hors noted. I n a ddition 
t here is a need for deve loping 
t echn iques for integrating t he 
tran smitting antenna, RF power 
sou rce, prime power source and 
cooling structure, to improve t he 
over-all reliabil ity and r educe the 
combined weight of t hese compo­
nents. 

• Ground antenna system-A 
large time-delay, collimated multi­
aperture a n t e n n a system · is 
sought, with noise contribution 
from t he gr oun d and low elevation 
angles on t he or der of 4° K. Ac­
cording to the a ut h or s, t he tech­
niques developed for t hi s a pplica­
tion must provide an average side­
lobe level of about 80 db, with 
peak s idelobes or gr ating lobes on 
the order of 40 dB below t he main 
beam. A 210-foot reflector, now 
being installed, r epresents nearly 
a n order of magnit ude increase in 
receiver aperture over t he 85-foot 
r efl ector useq for t he Mariner IV 
mission . Fut ure missions, t he a u­
thors not ed, will r equire a n in-

Optical telescope, being adjusted by 
Dr. George Clark of Electro-Optical 
Systems, is used in experiments to 
measure the effect of atmospheric at· 
tenuation on laser beams. A pulsed 
neodymium laser output is beamed at 
mountain in background and signal 
attenuation is measured. 

ELECTRONIC DESIGN 



crease m effective receiver aper­
ture of at least another order of 
magnitude. Envisioned is develop­
ment of multi-aperture antenna 
systems that are 700 feet in diame­
ter. 

Performance index indicated 
The microwave performance of 

three completed deep-space mis­
sions and the expected perform­
ance on future missions are sum­
marized in Table 1, which was pre­
pared by the RCA scientists. 

The performance index, M, is 
considered to be the product of the 
effective radiated power in watts 
at the transmitter and the ratio of 
the receiver aperture area to the 
system noise temperature. The de­
cibel values of M are the sum of 
the transmitter power, P t• the 
spacecraft antenna gain, Gt, and 
the area of the receiving aper­
ture, A,., minus the receiving noise 
temperature, Te· The performance 
index listed for future missions 
represents a data rate of 106 bits 
per second on a Mars mission. This 
is about five orders of magnitude 
above the performance of Mariner 
IV. 

According to Dr. Patton, the im­
provements recommended above 
are expected to be achieved after five 
years of R&D and will probably 
take another five years to put into 
operation. 

For high bps, go optical 
For the very-high-data rates-10 7 

to 109 bits-per-second-and espe­
cially for deep-space missions, it is 
generally accepted that optical 
communication systems, using the 
laser, will have to be considered. 
However, as discussed in a paper 
by George L. Clark, D. D. Erway, 
P. C. Fletcher and G. R. White 
of Electro-Optical Systems, Inc., 
Pasadena, Calif., many improve­
m'ents in components and tech­
niques are required before these 
systems can become practical. 

According to Dr. Clark, a high­
.data-rate optical link will certain­
ly be feasible between earth and 
the moon. He referred to the many 
favorable technical factors attrib­
utable to the fixed locations of 
both stations, though he expects 
the atmosphere to present a prob­
lem. Dr. Clark considers it far 
more difficult to set up a communi­
cation link between the earth and 
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hp 331A, 332A 
Solid-State Distortion Analyzers 
Harmonic distortion measurements, 5 Hz (cps) to 600 kHz (kc) 
0.1 % full-scale distortion sensitivity 
Input sensitivity 0.3 V rms for 100% set level reference 
Low-distortion output for scope or true rms VM monitoring 
300 µv full-scale voltmeter sensitivity (residual noise < 25 µv) 
Floating input, output 

Use it to: 
Measure total broadband distortion 
Measure voltage, 5 Hz to 3 MHz (me) 
Measure noise and hum level as small as 50 µV 
Measure envelope distortion of AM rf carriers 
Amplify signals (high gain, wideband) 

Both analyzers consist of a broadband lyzers are value-priced , too: 331A, $590; 
amplifier, a tunable frequency-selective 332A, $620. 
rejection circuit and a high-impedance Call your Hewlett-Packard field engi­
voltmeter. The rejection circuit provides neer for a demonstration of the distortion 
fundamental rejection > 80 db. The volt- analyzer most useful for your application. 
meter measures 300 µv to 300 v rms full Or write for full specifications to Hewlett­
scale, using the same terminals, attenu- Packard, Palo Alto , California 94304, 
ated in 10 db steps. The two instruments Tel. (415) 326-7000; Europe: 54 Route 
are identical except that the 332A adds des Acacias, Geneva. 
an amplitude modulation detector, 500 Data subject to change without notice. 
kHz to greater than 65 MHz. The ana- Prices t .o.b. factory . 
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Problems switrhing Low-Level 
Signals in Pro~ess Control? 

LOOK TO JAMBS 
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More in use in D. D. C. process 
control systems than any other 
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PRUCESS CONTROL 

Operationally, they are the fastest and most re· 
liable answer to low-level instrumentation .•• 
with numerous combinations available up to 
3 PDT. You get a high on-to-off switching ratio 
not found in solid state devices. MICRO-SCAN 
relays are compactly built to meet the most 
exacting applications of industry and the mili­
tary. Highly reliable in switching transducer 
inputs for reading strain, pressure, flow and 
temperature in process control systems. Here's 
why: 

• LOW THERMAL CIRCUITS 
Less than .5 microvolt offset for remote 
transducer switching. 

• HIGH SHIELDING 
Less than 1 pf. open circuit. Less than 10 
pf. circuit to ground. 

• HIGH OPERATING SPEEDS 
As low as 650 microseconds. 

Write direct for full specifications. 

df!JJEi!~/;3® 
ELECTRONICS INC. 

4050 North Rockwell ·Chicago, Illinois 60618 ·312-463-6500·TWX 312-222-0745 

Visit us in Booth 2A01 l.E.E.E. Show 
ON READER-SERVICE CARD CIRCLE 15 
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(data linkf continued) 

a deep-spa, probe at interplane­
tary distances. He observed that 
the earth station has all the bad 
effects of earth atmosphere, and 
the other station has all the 
difficulties of accurate tracking 
requirements plus limited size, 
weight and access. 

A comparison of state-of-the-art 
lasers and components that make 
up optical communication systems 
is shown in Table 2, prepared by 
the authors. 

The table shows that hi i h-power 
gas lasers have the highest figure 
of merit, followed by solid-state 
crystal lasers and injection lasers. 
Although not as highly developed 
as sources, coherent optical detec­
tors are nevertheless relatively far 
advanced. 

Better materials and techniques 
to extend their capabilities to long 
wavelengths were forecast within 
the decade by Dr. Clark. 

Modulators and optics lag 

The third area of critical impor­
tance, that of propagation, modu­
lation and control, is far behind in 
development, according to Dr. 
Clark. 

The optical elements between the 
coherent source and coherent detec­
tor-including lenses, mirrors, mod­
ulators, phase shifters and turbulent 
atmosphere-must deliver the dif­
fraction-limited output of the laser 
to the detector with the least possi­
ble loss of coherence. 

Dr. Clark observed that at 
present these elements degrade 
communication systems by many 
orders of magnitude. 

In Table 2 the concept of trans­
mission per mode is used. The 
number of optical propagation 
modes in a beam is the ratio of the 
actual solid angle occupied by the 
beam to the diffraction limit. 

Dr.,Clark considers advances in 
pointing and beamwidth to be 
more important than increases in 
source power. In particular, he 
cited two functions in which 
diffraction limits are not even ap­
proached: modulation and pene­
tration of the earth's atmosphere. 

He pointed to the following are­
as in which coherence in optical 
communication systems is lost : 

ELECTRONIC DESIGN 
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• Electro-optical modulators­
A t present all solid-state modula­
tors introduce far more phase er­
ror, due to Jack of optical quality, 
than phase control, in terms of the 
electrically variable phase induced 
in the wave. This means that the 
beams must, be severely degraded 
to place the coded information on 
them. 

• Earth's atmosphere-A means 
of circumventing atmospheric fluc­
tuations, through the use of low-fre­
quency optical compensators in an 
adaptive array antenna, is needed 
to improve the data rate and char­
acteristics of optical communication 
systems in which one station is 
earth-based. 

In addition Dr. Clark cited the 
need for advances in detector ma­
terials and techniques for Jong wave­
lengths, for example, 10.6 microns. 

He predicted that by 1975 a las­
er transmitter, operating in the 1-
10 micron range, should be avail­
able. It would deliver up to 10 
watts' output in a single mode. 
With suitable development, the 
unit would be able to meet the 
size, weight and reliability needs 
of space p-robes. Dr. Clark said 
that pointing accuracies of 0.2 sec­
ond should be feasible corre­
sponding to aperture diameters on 
the order of one meter at one micron. 
With an assumed detector quantum . 
efficiency of 0.9 and an over-all 
transmission in the system of 0.4, 
the data rate would be about 90 
million bits per second. 

Accuracy is our policy 
The path to international stand­

ards is tricky at times. We stumbled 
twice in our Feb. 15 issue. 

On p. 17 the power-handling capa­
bility of Microwave Associates' all­
diode duplexer should have been 
stated as 2 MW and 1 MW, instead 
of 2mW and 1 mW, respectively. 

On p. 114 Fairchild's new micro­
wave transistor was erroneously de­
scribed as giving 200 MW output 
at 2 GHz. The correct figure should 
have been 200 mW. 

March 1, 1966 

MOL Resistors 

PROMPT 
DELIVERY 
.. .is one reason why all major TV manufacturers 

use Mallory MOL film resistors. 

Other reasons? Temperature coefficient only 

250 PPMJ°C; proved flame resistance; high 

stability in humidity; less than 5% resistance 

change after 10,000-hour load-life test. Write 

for data and quotation. Mallory Controls 

Company, a division of P. R. Mallory & Co. 

Inc., Frankfort, Indiana 46041. 

MALLORY 
ANNIVERSARY 
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NEWS 

New physics gives new physicists new tools. 
Roger Kenneth Field 
News Ed itor 

The new physics sweeps in to the 
high schools of the country this 
year, and following the new broom 
is a whole new style of laboratory 
apparatus. 

The new physics, like the new 
math, is a wholly coordinated and 
refreshingly intellectual approach 
to the teaching of a subject that has 
bamboozled students since Lucretius 
told his disciples about "The Na­
t ure of the Universe." 

The apparatus is now so inexpen­
sive that the budding young Nobel 
laureate can afford to own much of 
it himself. The emphasis of the new 
physics is to have the student du­
plicate famous experiments. 

To keep production costs to 
a bar e minimum, manufacturers 
must resort to using t he cheapest 
possible materials. A list of "com­
ponents" in this field includes such 
amusing entries as r ubber bands, 
paper clips, drinking straws, coffee 
cans (see Fig. 2), colored water, 
balsa wood, fish tank pumps and 
strips of adhesive tape. It would 
also include, however, integrated 
flatpack arrays (Fig. 3) and klys­
tron tubes ( Fig. 1) . 

These electronic devices were dis­
played at the American Association 
of Science Teacher's Show in New 
York late last month. 

1. Microwave experiment: $190, by Macalaster Scientific Corp., Watertow.n, 
Mass., includes polarizing grid, and deflector. 

2. $3 electroscope made from 
a Maxwell House coffee 
can, by Macalaster, uses an 
aluminized drinking straw 
for the pointer. 

3. "Log log lab"-a digital logic patchboard system for classrooms: uses 
integrated circuits, from Linear Alpha , Inc. , Evanston, Ill. 
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When you look at electronic components 
are you seeing only half the picture? 

We're the last people to argue with component purchasers who 
put performance, price and delivery first - meeting these three 
basic requirements is what keeps us in business. But most en­
gineers are also on the lookout for something more, and many 
of them find it at Mullard. 
Take research and development for instance. Out of Mullard 
R&D have come outstanding devices such as the travelling wave 
tubes for the New York- San Francisco and Montreal­
Vancouver microwave links. Production resources? Mullard 

DIODES · TRANSISTORS · PHOTO-DEVICES AND RADIATION DETECTORS · 

RECTIFIER DIODES AND STACKS · THYRISTORS AND STACKS · INTEGRATED 

CIRCUITS · CATHODE RAY TUBES · RECEIVING TUBES · ELECTRON OPTICAL 

DEVICES · PHOTOSENSITIVE DEVICES · COLD CATHODE DEVICES · POWER 

DEVICES · TRANSMITTING TUBES · MICROWAVE DEVICES · CAPACITORS · 

FERRITE MATERIALS AND ASSEMBLIES · COMPUTER COMPONENTS AND 

ASSEMBLIES · MAGNETIC MATERIALS· SPECIAL PURPOSE MAGNETS· VACUUM 

DEVICES · WOUND COMPONENTS. 

plants are among the most efficient anywhere, with a reputation 
for the production of tight-tolerance devices to proved standards 
of reliability. As for circuit know-how, Mullard has the best 
equipped applications laboratories in Britain. And when it comes 
to technical services, you will find that Mullard provides the 
kind of comprehensive performance specs, survey documents 
and application reports that are just that much more useful. 
If you want to get the whole picture, why not ask us to help you 
with some of your component problems ? 

ON READER-SERVICE CARD CIRCLE 213 

Mui lard 
where the product is only part of the deal 
MULLARD LIMITED · TORRINGTON PLACE • LONDON WCI · ENGLAND 



• ATTENTION: PHOTO­
DEVELOPER DESIGNERS! 
HERE'S A LOW-COST 
CONTROLLER THAT 
KEEPS BATH 
TEMPERATURES CONSTANT. 

The secret lies in the low-cost G-E 
C106B SCR. Here's how the circuit 
works: 

The earlier the SCR turns on during 
each cycle of the a-c supply voltage, 
the greater is the voltage applied to the 
load. Conversely, the later the SCR 
"firing angle," the less the voltage 
applied. 

Result: the low-cost SCR steplessly 
adjusts the voltage applied to the 
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GE 
Clllli 
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heater so that the heat supplied the 
liquid bath load balances, exactly, the 
heat losses to the outside. Presto: the 
bath temperature must remain con­
stant. Learn more about this profita­
ble controller by circling Number 812 
on the magazine Reader's Service Card. 

• NEW DESIGN TIPS-GET 'EM 
WHILE THEY'RE HOT! 
AT G-E !EEE SEMINARS! 

Join us at the Barbizon Plaza on 
March 22nd for two vitally important 
G-E seminars. We've scheduled two 
excellent programs for you. On tap in 
the morning: Innovations in Industrial 
SemU:onductor Circuits. And in the 
afternoon: Semiconductor Control and 
Power Conversion Applications. 

Morning discussions will feature 
Rick Spofford on "Applications of the 
New Silicon Bilateral Switch and Sili­
con Unilateral Switch"; Bob Muth on 
!'Digital Circuits with Visual Read-
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IN SEMICONDUCTOR PRODUCTS 

What do you do when 
conventional transistors won't fit? 

Try substituting G.E.'s new microtab MICROTAB TRANSISTOR TYPES AVAILABLE 
transistors. They're even smaller 
than they appear in this picture­
a mere 0.07 by 0.07 by 0.085 inches. 
Yet you'll find they deliver exactly 
the same performance their larger, 
conventional-sized counterparts give 
you. 

Think of the advantages they offer 
equipments such as hearing aids, 
miniature operational amplifiers, 
and very small instrumentation prod­
ucts. Try them in your latest hybrid 
circuit developments, or in your 
linear and analog circuits. 

outs"; and Dwight Jones on "Semi­
conductor Timers and Low Frequency 
Oscillators." 

And the afternoon agenda will in­
clude presentations on "Ingredients for 
Today's Power Semiconductor" by Ed 
VonZastrow; "Economy Semiconduc­
tors for the Light Industrial, Appliance 
and Housewares Industry" by Denis 
Grafham; "Using Triacs and Light­
resistive Leads" by Jim Galloway; 
"7500-volt 2-ma Power Supply" by 
Andy Adem; and "Low-cost Ultra­
sonic Inverter Using an SCR" by 
Neville Mapham. 

Series Description 

D26E a high gain, low noise ampli· 
fier type similar to 2N930, 
2N2484 

D26G high frequency amplifier 
types similar to 2N918 

And don't worry. Plenty more types 
are on the way. Cost: types less than 
$1.00 in quantities. Circle Number 
811 on the Reader's Service Card 
and find out all the facts. 

Try to attend both if you can. Or if 
you'd like more information on either, 
circle Reader's Service Card Number 
813 for details on the morning session 
and Number 814 the afternoon pro­
gram story. 

More information an all G-E semicon­
ductor products can be obtained by calling 

your G-E engineer/salesman or distributor. 

Or write to Section 220-27, General Electric 

Company, Schenectady, N. Y. In Canada: 

Canadian General Electric, 189 Dufferin St., 
Toronto, Ont. Export: Electronic Component 
Sales, IGE Export Division, 159 Madison 

Ave., New York, N. Y. 

GENERAL. ELECTRIC 
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U. S. to test its electronic defense 
How effective are anti-radiation missiles? 
Can they really home on protective radar and 
knock it out in a war? The Army plans to 
find out. It is setting up a program to study 
U. S. electronic detection and identification 
systems and radar-controlled defensive 
weapons. How vulnerable would they be to 
enemy anti-radiation missiles, the weapons 
that modern war doctrine says will be launched 
~s a first wave to activate the defensive radar, 
home on it and destroy it? 

Most details of the Army program are classified. 
It is known that it will be supervised from 
Fort Monmouth, N. J. An Army-industry team 
will have until sometime next January to 
complete the first phase of the program-the 
development of a master plan and a computer 
program for conducting the study. 

R&D slated for linear-induction motor 

A commerce Department R&D official says that 
research funds will be provided for the linear­
induction motor, viewed by some as a science­
fiction approach to high-speed rail transporta­
tion. The research will be conducted under the 
High Speed Ground Transportation Research 
and Development Act of 1965. Exactly what 
route of several the researchers will follow has 
not been decided yet, because, as the official 
put it, "We aren't in the specifications stage yet 
on this project." 

Among the directions in which the Commerce 
Department is known to be looking are those 
followed by Westinghouse Electric in its 
"electropult" idea, dating to its 1946 concept 
for electric launching of aircraft. Another 
direction is being pursued by General Motors' 
Santa Monica laboratory in California; it is 
looking at linear-induction motors for powering 
GM's Hovair vehicles. 
The Teletrans Corporation, a Detroit firm, is 
building a test track with vehicles propelled 
by linear induction motors. A prototype has· 
been in use over a year. 

Commerce officials also indicate that the 
present "formative status" of the engineering 
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Washington 
Report S.DAVIDPURSGLOVE, 

WASHINGTON EDITOR 

research program for high-speed ground 
transportation holds significance for electronic 
designers. Feasible projects still are being 
sought for inclusion in the program, they said, 
and almost any probable proposal will be given 
a hearing. On this count, Dr. Robert A. Nelson, 
director of the Office of High Speed Ground 
Transportation, has said often that he tries to 
listen to all comers. He hopes somebody can 
weed out the pure crackpots, but he cannot 
afford to refuse an audience to the rational 
proponent of even a "way-out" idea. "This kind 
of idea may contain the kernel of an approach 
we need,'' he says. 

Senators urge nuclear-transport program 
Senators Warren G. Magnuson (Dem., Wash.) 
and John 0. Pastore (Dem., R.I.) want tQ 
see the many Federal projects in nuclear 
propulsion for transportation systems brought 
together in a coordinated program. They have 
introduced a resolution that, ultimately, would 
have that effect. It provides for a study to 
determine the best way to encourage the use 
of nuclear transportation on land and sea and 
in the air. 

Both Senators have long expressed annoyance 
at the initiation and cancellation of nuclear­
propulsion programs in aircraft, ship and 
other fields, without regard by officials in one 
field for the state-of-the-art or the implications 
of their actions in another field. Some observers 
anticipate a push for a new "bureau of 
transportation energy" in the Atomic Energy 
Commission to coordinate and later manage 
ship and aircraft reactors and any railroad 
and highway-vehicle reactors that might be 
developed. 

Civilian role for military R&D? 

The White House is expected to call on 
military and space R&D companies by early 
summer to apply their systems approach to 
solve big non-technical problems. Administra­
tion science and technology advisers are said 
to be planning to point to a forthcoming 
report study by the National Institute of 
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Public Affairs. The study is evaluating 
"possible new technological approaches to 
problems of crime and delinquency, government 
information, transportation and waste 
management." The institute is examining the 
results of a California experiment in which 
aerospace companies applied the military 
R&D systems approach to define and partly 
solve major statewide problems. If the 
California results are found promising and 
point to applicability in other non-technical 
areas, the Administration is prepared to call 
in dozens of military and space R&D companies 
to combat everything from pollution control 
and transportation to poverty and foreign aid. 

Most observers expect the institute report tQ 
be positive. Carl F. Stover, director of. the 
institute, said before the study began: 
"The defense and space programs demonstrate 
that we can govern modern technology and 
employ it to execute gigantic tasks. They have 
given us better tools for analyzing complex 
problems ... they have shown that industry's 
talents can be soundly used in carrying out 
public programs." 

The California experiment, set up by Gov. Pat 
Brown, involved five aerospace concerns. 
Aerojet-General studied waste management. 
The Lockheed Missiles and Space Company 
analyzed state government information needs 
and proposed the beginnings of an automated 
information system. North American Aviation 
examined the state's future transportation 
needs and proposed several preliminary 
approaches to solutions of the problems it 
foresaw. The Space General Corporation 
utilized specially adapted computers to examine 
California's crime and delinquency problem, 
and it turned up several unforeseen factors. 
The System Development Corporation provided 
technical advice to the state on all of the studies. 

The results of the California experiment 
already have been highly praised by state 
officials and by many Federal officials. There 
also have been skeptics who have cried, "Boon­
doggle!" 

Federal highway bills pushed 

The provision for a traffic safety researcn 
center in the National Traffic Safety Bill in­
troduced by Sen. Vance Hartke (Dem., Ind.)' 
has been spelled out. As Hartke sees it, the 
research center will have all the facilities 
necessary to study every aspect of traffic 
accidents; to determine causes and to design, 
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develop and test systems and devices that sug­
gest solutions. He wants to see the center 
equipped with the best possible library, 
laboratory and testing facilities. 
Whether the Hartke bill will become part of 
..President Johnson's over-all highway-safety 
program remains to be seen. The President's 
program calls for an outlay of $3 million in 
fiscal 1967 for research on the possible estab­
lishment of safety standards. The program 
envisions spending $20 million in fiscal 1968 
to help states set up their own highway pro­
grams. And it includes $10 million more in the 
same year for federal R&D on all aspects of 
highway system safety. 

Common grave for dying programs? 

NASA and the Defense Department, largely 
at the urging of Congressmen who don't 
want to see the two agencies duplicate each 
other's manned space programs, have set up 
a joint group to coordinate NASA's post­
Apollo applications program and the Air 
Force's manned orbiting laboratory (MOL). 
As reported in this column (E/ D, Jan. 18), 
both programs are in trouble. MOL funds 
were supposed to soar in the new budget; the 
program got no increase, supporting a wide­
spread belief that it will never get off the 
ground. The post-Apollo applications program, 
which would use man-on-the-moon techniques 
and hardware for unmanned scientific missions 
beyond the lunar landing, received only half 
the budget that NASA had asked the White 
House for. In fact, the post-Apollo program 
has never been officially authorized by congress. 

The new agreement signed by NASA and DOD 
calls for the "expeditious coordination of 
their manned space flight programs." The 
agreement establishes a joint committee, 
known as the Manned Space Flight Policy 
Committee. 

Within guidelines to be provided by the 
Secretary of Defense and the Administrator 
of NASA, the committee will "determine top­
level policy for the manned space flight pro­
grams, ensure the coordinated planning of 
the two agencies' programs in this area, and 
resolve matters concerning the mutual par­
ticipation in and support of the manned 
space flight programs which cannot be resolved 
at a lower level." 

Following announcement of the NASA-DOD 
coordinating group, the coffee-talk at both 
agencies was somewhat as follows: "Does 
this mean the White House is going to 
save a little more money by picking a common 
funeral director to handle both corpses ?" 
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GU DEB RD D LACI NG TAPE 
SAVE YOU MONEY-

CAN 

0 SPECIAL 
FINISHES 

• BETTER 
HARNESSES 

• WORKER 
SAFETY 

.GUDEBROD 
CABLE-LACER 

SPEED HARNESSING -FEWER REJECTS APPRECIATED another money saver 
Gudebrod has Lacing Tape Gudebrod Lacing Tape Gudebrod Lacing Tape is Handle holds bobbin of 
that almost laces itself- makes proper ties that do easy on the hands, feels lacing tape, feeds tape as 
the worker guides it in- not slip. Saves money on good to work with ... so needed, grips it for knot-

stead of having to fight it. assembly! Saves costly the work goes better, is ting. Speeds harnessing. 
Work goes fast! rejects! faster. Saves money on Has paid for itself in a day. 

harnessing time! Another money saver. 

Gudebrod Lacing Tape is engineered for the job it has to do-saves money where it counts-in the 
harness room. More than 200 different tapes in the Gudebrod Line-Write for our Product Data Book! 

March 1, 1966 

Area Code 215, WA 2-1122 

UDEBRDD BROS. SILK C0.1 INC. 

~~~ 
12 SOUTH 12th STREET. PHILADELPHIA.PENNSYLVANIA 19107 

See us at the IEEE Show - Booth 4A24 
ON READER-SERVICE CARD CIRCLE 18 

31 



Leners 
Federal action for highway 
safety irks some ·readers 
Sir: 

The editorial "Leiralized Murder 
on the Highways" (E ID, Dec. 20, 
1965, p 23) asserb; that the automo­
bile manufacturers are guilty of 
murder and implies that the Feder­
al Government should regulate or 
punish them. 

This type of argument is at the 
center of nearly all the legislative 
activities of all the countries of the 
world. It should not be made or con­
sidered lightly. 

The argument in its essential 
form is that the industrialist, the 
capitalist, is coercing (in your case 
murdering) his customers through 
his abilit.v to produce and trade. 
But the Government, with its mo­
nopoly on compulsion and coercion, 
is canable of creating some vague 
societal excellence through its ever­
increasing legislation, fines, taxes 
and jail sentences. 

A cursory knowledge of political 
philosophy will tell you that the 
purpose of a rrovernment in a free 
society is to prevent the initiation 
of force. When government itself 
begins to use force on the citizenry 
-as in dictatorships and incipient 
dictatorships- it creates a living 
horror that no gang of murderers is 
capable of. 

How much we dislike our unsat­
isfactory neighbors, steel prices, 
wheat prices, cars, medical costs, 
rent. etc .. is trivial to the argument 
of whether or not the Government 
should "play a part"- which means 
whether or not the Government 
should initiate force for us against 
our neighbors. 

The argument that capitalists 
and traders value the dollar sign, 
not human lives, is the stock-in­
trade of every dictatorship on the 
globe. The dollar is a product of 
trade and capitalism. The results of 
dollars and capitalism vs. guns and 
statism on human lives is too ob­
vious to be honestly disputed. 

EDWARD S. DONN 

Electrical Engineer 
Phoenix, Ariz. 

• We did not intend to imply in 
our editorial that the Government 
should "punish" the automobile in­
dustry for deaths on the highways . 
But we certainly did suggest that 
regulation, such as that applied to 
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airline operations, is in order. Be­
cause of the auto industry's long 
apathy, and the Federal Gov­
ernment' s passive role, individual 
states are starting to take needed 
action. This is a poor situation, 
since rules will probably vary from 
state to state, causing much greater 
expense to the auto industry and its 
customers. The alternative is an in­
telligent and vigorous Federal pro­
gram. 

We dishke losing freedom, loo, 
but we're glad the Federal A viation 
Agency makes our air travel saf er. 
And we don't f eel less free because 
of it. W e'd be even gladder if 
carf! were available with collapsible 
steering wheels, padded dash 
boards, low-glare surfaces, front 
and rear seat belts and other safety 
f eatures . 

Also, the use of electronic sys­
tems to aid tra..ffic control is, with a 
f ew exceptions, rudimentary or non­
existent. Y et several techniques 
have proved useful in tests. A well­
run f ederally sponsored R&D '[YrO­

gram could lead to greatly improved 
systems for state and local traffic 
authorities. Again, we believe in 
fr eedom, but we do stop for red 
lights and stop signs. We also pay 
taxes, and we like to see the money 
well spent. 

Editor 

Sir: 
Re the editorial on highway safe­

ty: 
You also fall for the holiday 

week-end syndrome of the National 
Safety Council. If you divide the 
total traffic deaths per year by 365, 
to obtain a figure of 120 per day, 
and multiply this by the number of 
days in the holiday (plus a little ex­
tra because NSC picks the worst 
parts of the first and last days), you 
will arrive at within 10 to 20 % of 
the people killed during that holi­
day. Since this figure is so easily 
arrived at, one wonders about the 
sincerity of NSC in their mislead­
ing emphasis of the danger of holi­
day driving. 

JOHN DARROW 
Union Switch & Signal 
Pittsburgh, Pa. 

Sir: 
While I am willing to concede the 

good intentions of the editorial "Le­
galized Murder on the Highway," 
among those contributing to the 
problem are the members of the 
public media who, on the basis of 
the opinion of one special pleader or 
accident, become experts on high­
way safety. 

May I suggest that you secure 
some facts concerning it from 
sources other than lawyers or legis­
lators. The National Safety Council, 
Cornell's Crash Injury Research, 
Harvard's Fatal Accident Investi­
gations and Northwestern's Traffic 
Institute are only a few of those 
who have spent years researching 
the problem. 

I doubt that you would pay much 
attention to a lawyer explaining the 
problems of electronics for space 
vehicles, and those of highway safe­
ty are just as complex. 

It will avail little to point out 
how both your and Mr. Nader's 
statements are in complete variance 
with the facts of highway safety. 
The information is available, if ei­
ther of you has any actual interest 
in this problem. 

Ross C. MERRITT 
18 Great Hill Rd. 
Ridgefield, Conn. 

Sir: 
Regarding your editorial in 

the December 20 issue of ELEC­
TRONIC DESIGN (p 23) on "le­
galized murder," may I offer a few 
suggestions? Perhaps New Jersey 
needs to outlaw certain tires as 
being- suicidally unsafe in the wet. 
Maybe Nevada could prohibit oth­
ers for use at high speed and high 
temperatures. Certainly you can't 
drive across Baltimore in a snow 
alert without snow tires. 

What makes you think that some 
F ederal program of compulsory 
"safety devices" would be more 
effective in reducing highway 
slaurrhter than the mealy, creeping 
predictions and idiotic slogans of 
the National Safety Council? 

Consider the car-and-driver sys­
tem from the view of reliability, be­
fore you seriously suggest the in­
sertion of any complex electronic 
gadgetry, in series or parallel, be­
tween me and my highly reliable 
four-wheeled black box. Let me 
point out some of our more out­
standing electronic successes in the 
automotive/ traffic field. 

How does your headlight dimmer 
work? Did you have one of the early 
alternator/rectifier systems ? The 
microwave traffic light actuator, 
which used to look at the tops of 
our cars (without seeing) at US 
Highway 441, had to be ripped out 

ON READER-SERVICE CARD CIRCLE 248 :lo-
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LAB-LINE 
TECHNICAL DATA 

ACCURATE 

DIGITAL VOLTMETER 
model 111 

0.1 % of reading (See specifications) 

WIDE RANGE 
Reads from .001 to 999. volts DC (same 
AC voltages with Model 115 Converter) 

FAST 
Less than one second per reading 

DECISIVE 
Digital display eliminates reading errors 

RELIABLE 
Solid state circuitry means minimum 
maintenance 

EASY READING 
Unique, high-intensity, wide-angle display 

BINARY OUTPUT 
Available as an optional feature 

TYPICAL APPLICATIONS 
The Model 111 DVM is ideal for production test­
ing applications because its use saves time and 
eliminates errors. An operator having no special­
ized training can obtain accurate readings right 
from the start and continue doing so, day after day. 
The digital display reduces operator fatigue since 
it requires no interpretation. 

The Simpson Model 111 is also ideal for incom­
ing inspection and quality control applications. 
In the laboratory-in educational and other 
applications where added accuracy would be of 
no advantage-the instrument provides all the 
benefits of digital readout at a substantial cost­
saving, with respect to comparable equipment. 

Model 111 can be used as an analog-to-digital 
converter. An optional binary output is available 
to operate digital printing equipment or remote 
displays. The Model 111 DVM is frequently used 
in conjunction with transducers as a readout 
system for widely-varied electrical, mechanical. 
environmental and chemical parameters. 

DESCRIPTION 
The Model 111 DVM is basically a null seeking­
balancing system. It samples a portion of the 
unknown input voltage and compares it to an 
opposing voltage which is developed internally from 
a zener reference standard. 

The internal reference voltage is divided into 1000 
equal increments through a digital-to-analog con­
verter. A 1 -kc/s clock then increases the output of 
the converter in 1000 discreet steps (producing a 
staircase waveform). Simultaneously, a 7-bar incan­
descent readout display connected to the 1-2-4-2 
bed logic counter-decades counts each progressive 
step. 

When the staircase voltage attains a level equal 
.and opposite to the sampled portion of the unknown 
input voltage, a null is produced at a summing 
point. A photo-electric chopper converts the sum­
ming point voltage to AC for precise and stable 
null-detection. Detection of the null stops counting. 
The unknown voltage can then be read on the display. 

Should the input voltage exceed the selected 
range, a null cannot be reached. In such case, the 
counters will continuously re-cycle, indicating that 
a higher range must be selected. 

If the polarity switch is not correctly set. the 
internal reference voltage will not oppose the input 
signal. This is sensed by a diode network which 
triggers a "change-polarity" sign and causes the 
readout to indicate zero. 



DIGITAL VOLTMETER, model 111 

SPECIFICATIONS 

ACCURACY: 0.1 % of reading ±1 digit on upper ranges. On 
lowest range, 0.1 % of full scale ±1 digit 

REFERENCE SOURCE: High stability, temperature-com­
pensated zener diode 

RANGES: 0 to 0.999, 9.99, 99.9, and 999. volts DC 

RANGING: Manual 

OVER-VOLTAGE: If voltage is beyond capability of selected 
range, display will continuously re-cycle until proper 
range is selected 

DECIMAL POINT: Tracks with range switch. May also 
be remotely programmed 

POLARITY INDICATOR: If input polarity is incorrect, a 
" change polarity" sign automatically appears on readout 

MAXIMUM TIME FOR READOUT: One second (propor­
tional to voltage) 

READOUT: Incorporates Model RLA High Intensity Readout, 
described elsewhere on this page 

NUMBER OF DIGITS : Three 

READOUT LAMPS: 1764-D 28-volt type, operated at 20 
volts; rated average half-life is 100,000 hours 

AUTOMATIC DISPLAY TIME: Adjustable from 200 milli­
seconds to 10 seconds. There is also a "hold" position 

MANUAL READING: When display time is set on "hold," 
additional readings may be taken by depressing manual 
reset button 

REMOTE READ COMMAND: Accessible on rear panel 

INPUT IMPEDANCE: 11 .1 megohms except on lowest 
range, which is 1.1 megohms 

STABILITY: Rated accuracy is attained after 15-minute 
warm-up at ambient temperature of 25°C (77 °F) 

ACTIVE DEVICES: 99 transistors, 1 Nuvistor, 49 diodes 
(No relays) 

AMBIENT TEMPERATURE RANGE: Internal cooling fan 
with air filter permits operation between 32° and 110°F 
at 0-90% relative humidity 

PRO BE: Contains 100,000-ohm isolating resistor. Connects 
to front panel-type BNC connector 

POWER REQUIREMENT: 117/230 volts, 50-60 cps AC, 
30 watts 

SIZE AND WEIGHT: 5%" high x 12%" wide x 10%" deep-
16 lbs. 

PRICE: Model No. 111 (Cat. No. 12591) $500 

OPTIONAL EQUIPMENT 

DVM WITH 
BINARY OUTPUT CAPABILITY: 
Provides 1 -2-4-2 bed information for use 
with printing or data processing equip­
ment or with remote displays. 

Model No.111-PR Catalog No.12593 
Price: $550 

AC INPUT CONVERTER: (Available 
May, 1966) Adds AC capability through­
out entire voltage range when used in 
conjunction with Model 111 or Model 
111- PR. Overall accuracy is .25% from 
20 to 20,000 cps. All-solid state circuitry. 

Model No. 115 Catalog No. 12592 
Price : $250 

RACK MOUNT ADAPTER: For use 
with Models 111, 111-PR, or 115. Pro­
vides for mounting in standard 19%" relay 
rack. Occupies 5%" panel space. 

Model No. R R-11 Catalog No. 01374 
Price : $15 

MODEL 111 COMPONENTS AVAILABLE FOR OTHER APPLICATIONS 
These assemblies can be used in numerous applications to provide convenient and inexpensive digital readout or counting capabilities. 

100,000-HOUR READOUT ASSEMBLY 
High brightness 7-bar numerical display with wide­
angle visibility can be read from as far as 20 feet 
under high ambient lighting. Each digit assembly has 
eight incandescent lamps (seven for the numerals, 
one for the decimal). The lamps are mounted on a 
rugged printed circuit board with Malco contacts. 
Lamps are type 1764-D, intended for operation at 
20 volts at 33 MA per lamp for 1 00,000 hours rated 
average half- life. 
Model No. RLA Catalog No. 01379 Price : $12.50 

DECADE-COUNTER BOARD 
40-kc counter board for in-line applica­
tions. Incorporates 1 5 transistors, 1 0 
diodes, and the Model RLA Readout 
Assembly. Requires only +11 volts and 
-20 volts. Sixteen-volt output pulse 
will drive next DC-3 decade. Board 
plugs into Amphenol #143-018-01 
connector. 
Model No. DC-3 Catalog No. 01378 

Price: $50 

QUANTITY PRICES UPON REQUEST 

SIMPSON ELECTRIC COMPANY • 
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MULTI-RANGE DC SECONDARY STANDARDS 

LAB-LINE 1700 series 
TECHNICAL DATA 

FIVE MODELS MEET EVERY NEED 
Volts - Model 1700; Amperes - Model 
1701; Milliamperes- Model 1702; Micro­
amperes-Model 1703; Millivolts-Model 
1704 

MULTI-RANGE SIMPLICITY 
Each meter has several ranges-does the 
work of several instruments. 

ACCURACY 
±0.5% of full scale 

TYPICAL APPLICATIONS 
These improved multi-range secondary standards 
are ideal for such applications as : 

General laboratory testing 
Production line testing 
Incoming inspection 
College, high school and trade school labs 

SIMPLE RANGE-CHANGE 
Rotary switch provides five to ten ranges 
(except on Model 1701) 

LOW COST PER RANGE 
Exceptional economy due to innovations 
made possible by Simpson's extensive 
experience in the meter industry 

EASY READOUT 
Mirrored. 5 %", hand-drawn scales pro­
vide superb readability, free from parallax 
errors 



MULTI-RANGE DC SECONDARY STANDARDS, 1700 series 

DESCRIPTION 

These standards are designed for long-term accuracy under 
maximum usage. Spring-loaded sapphire jewels and hardened 
pivots insure high shock resistance and minimum friction. 
A high damping factor, added to high torque, provides rapid 
response to input level variations and minimizes overshoot. 

The combination of a self-shielded, deep-core movement 
and a steel case makes these instruments impervious to most 
external magnetic fields found in industry. 

These standards use a knife-edge pointer, painted black on 
the side toward the user. The other sides are a natural aluminum 
color. This Simpson feature positively eliminates parallax (see 
Figure 1). 

A large-diameter, ceramic rotary switch with solid silver 
contacts provides range-change in Models 1700, 1702, 1703 
and 1704 so that only two binding posts are necessary. On 
the Model 1701 Ammeter a separate set of 3-way binding 
posts is provided for each range. 

All 1700-series standards are temperature-compensated for 
operation from 1 5°C to 35°C. 

SPECIFICATIONS 

DC DC 
FUNCTION VOLTS AMPS 

Fig. 1 : When the aluminum underside of the pointer is visible 
(left), parallax is present because user is not looking at meter 
from correct angle. From the correct angle only the black 
topside of the pointer is visible (right) and user knows that 
parallax has been eliminated. 

DC DC DC 
MILLIAMPS MIC ROAM PS MILLIVOLTS 

0-1.5, 3, 7.5, 15, 0-0.75, 1.5, 3.0, 0-1.5, 3, 7.5, 15, 0-75, 150, 300, 0-30, 75, 150, 
RANGES 30, 75, 150, 300, 7.5, 15, 30, 75 30, 75, 150, 300, 750, 1500 

750, 1500 750, 1500 
MODEL NUMBER 1700 1701 1702 1703 
ACCURACY at 25°Ctt(") 0.5% fs 0.5% fs 0.5% fs 0.5% fs 
MAXIMUM LOSS* milliampere 45 mv 50 to 150 mv .16 to .58 v 
SENSITIVITY 10000/v 
SCALE LENGTH(") 5.5" 5.5" 5.5" 5.5" 
ENCLOSURE Steel case with etched aluminum panel, 11 %" x 7%" x 3~" deept 
NET WEIGHT 5% lbs. 
CATALOG NUMBER 13300 
PRICE $175 

tModel 1704 includes special 0.026-ohm test leads ( •i 

ttlnfluence of external temperature change is 0.25% per 1 o•c ( 0 ) 

8 lbs. 
13305 

$170 

iAll units above have case -to-circuit dielectric breakdown of at least 3 kv. RMS ( 0
) 

5% lbs. 5% lbs. 
13310 13315 

$150 $155 

( 
0 )Characteristics so marked are the key ones required by American Standards Association Electrical Indicating Instrument 

Specification C-39.1--1959. The 1700 series conforms to this specification. 

Eveready leather carrying case : Catalog No. 9808, $19.95 

300, 750,1500 

1704t 
0.5% fs 

5 ma 
2000/v 

5.5" 

5% lbs. 

13316 

$165 

SIMPSON ELECTRIC COMPANY • 
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LOW COST SECONDARY STANDARDS 

LAB-LINE models 9, 10, 880 • For AC, DC Voltage, Current, Power 
TECHNICAL DATA 

PORTABILITY 
Convenient handle permits easy carrying. 
Rugged phenolic case withstands rough 
usage. 

LOW COST 
Simpson's extensive experience achieves 
significant economy while keeping quality 
high. 

VERSATILITY 
Available with the following ranges: 

50 microamperes to 50 amperes, DC 
50 milliamperes to 50 amperes, AC 
50 volts to 600 volts, AC and DC 
100 watts to 10 KW. AC and DC 

MULTIPLE RANGES 
Most-often-used range combinations are 
available in single instruments. 

ACCURACY 
0.5% of full scale on DC 
1 % of full scale on AC and AC/DC models 
.25% when used as transfer standard at 
60 cycles 

TYPICAL APPLICATIONS 
As general-purpose, economically priced secon­
dary standards for the laboratory, production line, 
incoming inspection, quality control and field 
engineering. Also suitable for other applications 
which require precise measurement of electrical 
parameters. 

DESCRIPTION 
These portable precision instruments are available 
in a wide variety of ranges to suit almost any require­
ment.• Scales are hand drawn, individually calibrated, 
and easy to read. Parallax errors are eliminated by 
knife-edge pointers, painted black on one side and 
read against a mirror. All units are temperature­
compensated. They have hand-polished, hardened 
steel pivots and spring-backed, jewelled bearings. 

DC Instruments (Model 9) 
Annular, self-shielded movements offer excellent 
linearity and freedom from errors caused by nearby 
magnetic fields. Shunts are milled from a single 
section of manganin for wide-range temperature 
stability. Multiple-range units have a binding post 
for selection of each range. 

AC Instruments (Model 10) 
All Model 10 portables use the Simpson mag­
netically damped repulsion-attraction iron vane 
movement. The movement, designed to provide 
essentially linear deflection through the upper 80% 
of the scale, has excellent damping and an extremely 
rapid response time. These characteristics make 
possible rapid, accurate readings. Model 10 portables 
are RMS-reading. They are within rated accuracy 
over the frequency range of 25-125 cps (except 
for the milliammeters and ammeter models which 
are 25-500 cps). 

AC/DC Instruments (Model 880) 
Dynamometer movements operate on both DC and 
low audio frequency AC with no loss in accuracy, 
permitting the use of Model 880 instruments as 
exceptionally low cost transfer standards. Wattmeter 
models of the 880 have separate binding posts for 
voltage and current. These units measure true 
wattage, compensated for power factor, and not 
simply volt-amperes. If the power being measured 
approaches full-scale wattage, either the voltage or 
the current can be limited so that their product 
will not exceed the specified maximum. Range is 
selected by a front panel switch. 

"Special ranges can be provided to meet unusual requirements. 
Send us your specifications for a quotation. 
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s PECIFICATIONS MODEL 9 MODEL 10 MODEL 880 

PARAMETERS 
DC Voltage AC Voltage AC/DC Power 
DC Current AC Current AC/DC Voltage 

ACCURACY" 0.5% 1% 1% 

MOVEMENT Self-shielded Annular Iron Vane Dynamometer 

SCALE 4.03"; arc length, 100° 3.63"; arc length, 90° 3.63"; arc length, 90° 

VOLTMETER SENSITIVITY 1000 f'J./V 100 f'J./V 52.5 f'J./V 

SIZE. WEIGHT 5~" x 3~" x 7"-approximately 2Y.z pounds 

•1n horizontal position; temperature compensation per ASA Spec. C39.1 -1964. 

ORDER DATA SINGLE RANGE UNITS 

VOLTMETERS 

MICROAMMETERS 

MILLIAMMETERS 

AMMETERS 

VOLTMETERS 
AC/DC 

VOLTMETERS 

MILLIAMMETERS 

AMMETERS 

VOLTMETERS 
AC/DC 

WATTMETERS 
AC/DC 

Single Phase 

RANGE DC MODEL 9 CAT. NO. 

50 v $55.00 12900 
100 v 55.00 12910 
150 v 55.00 12920 
300V 60.00 12930 
50µA 77.00 12800 

100 µA 73.00 12810 
200µA 70.00 12820 

1 MA 63.00 12830 
50 MA 55.00 12840 

100 MA 55.00 12850 
500 MA 55.00 12860 

5A 55.00 12740 
15 A 55.00 12750 
30A 55.00 12760 
50A 55.00 12770 

100 A 58.00 12780 
AC/DC MODEL 880 

150 v $65.00 13130 

MULTI-RANGE UNITS 

RANGE DC MODEL 9 CAT. NO. 
15-150 v $60.00 12940 

150-300 v 65.00 12950 
300-750 v 70.00 12960 

15-150-300V 70.00 12970 
150-300-600 v 70.00 12980 

10-100 MA 60.00 12870 
25-250 MA 60.00 12880 

100-500 MA 60.00 12890 
2.5-5 A 60.00 12720 
5-10 A 60.00 12710 

2.5-10-25 A 65.00 12730 
5-20-50 A 65.00 12792 

AC/DC MODEL 880 
150-300 v $75.00 13140 

75-150-300 v 80.00 13150 
1 50-300-600 v 80.00 13160 

POWER RANGES Single Current Range 
MAXIMUM MAXIMUM MAXIMUM 

VOLTAGE" 150 V VOLTAGE" 300 V CURRENT" 
100 Watts 200 Watts 1.5 A 
200 Watts 400 Watts 3.0 A 
500 Watts 1000 Watts 7.5 A 

1000 Watts 2000 Watts 15 A 
2000 Watts 4000 Watts 30 A 
5000 Watts 10000 Watts 75 A 

POWER RANGES Double Current Range 

AC MODEL 10 

AC 

$50.00 
50.00 
50.00 
55.00 

50.00 
50.00 
50.00 
50.00 
50.00 
50.00 
50.00 

MODEL 10 

$65.00 
65.00 

65.00 

AC/DC 
MODEL 880 

$65.00 
65.00 
65.00 
65.00 
70.00 
70.00 

MAXIMUM MAXIMUM MAXIMUM CURRENT* 

/ VOLTAGE" VOLTAGE" LOW HIGH AC/DC 
150 v 300 v SCALE SCALE MODEL 880 

250-500 Watts 500-1 000 Watts 3.75 A 7.5 A $80.00 
500-1000 Watts 1000-2000 Watts 7.5 A 15.0 A 80.00 

•Maximum current and maximum voltage cannot be used simultaneously. Do not allow their product to exceed full scale of power range in use. 

ACCESSORIES Roll-Top Safety Case for any model above-Catalog No. 6192-$9.95. 

CAT. NO. 

13060 
13070 
13080 
13090 

13030 
13040 
13050 
12990 
13000 
13010 
13020 

CAT. NO. 

13100 
13110 

13120 

CAT. NO. 
13170 
13180 
13190 
13200 
13210 
13220 

CAT. NO. 
13230 
13240 

SIMPSON ELECTRIC COMPANY 
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MULTI-RANGE PRECISION MILLIOHMMETER 

LAB-LINE model 1699 
TECHNICA L DATA 

FULL-SCALE RANGES 
.05 to 50 ohms 

SENSITIVITY 
0.001 ohms 

ACCURACY 
:1:: 1 % of full scale on all ranges. Unaffected 
by contact or lead resistance 

TYPICAL APPLICATIONS 
The 1699 has many applications, all of which 
involve precision measurement of low resistance 
values. Among them are: 

Switches and relays: Checking contact resist­
ance rapidly during inspection and production. 
Model 1699 usually eliminates the need for a 
Kelvin bridge or other complicated laboratory 
equipment. 
Printed circuits : Checking contact resistance of 
connectors and resistance of soldered con­
nections. 
Motor commutators, slip rings, coils (espe­
cially, the larger sizes) . Current measurements 
on these items are easily made, but measure­
ment of actual resistance is often important. 
Model 1699 offers an exceptionally convenient 
means of making this me.asurement. 
Automotive cables, connectors, and starting 
motor leads. 

PORTABILITY 
Self-powered. Completely self-contained, 
including resistance comparison standards 

DISSIPATION IN SAMPLE 
Less than 7.95 milliwatts 

Cable and wire: Checking resistance forquality­
control purposes or to determine length of wire 
or cable. 
Instruments: Measurement of shunt resistances 
and calibration of instruments. 
Welding and other high-current equipment: 
Model 1699 simplifies heretofore-complicated 
resistance measurements. 
Transformers, yokes, coils : For accurate DC 
resistance measurements. 
Fuses: For non-destructive quality control 
testing. 
Metallurgical studies concerned with electrical 
conductivity. 
Computers : Checking resistance of grounding 
and bonding connections when installing 
equipment. 
Physical science laboratory experiments. 



MULTI-RANGE PRECISION 
MILLIOHMMETER, model 1699 

POSSIBLE CONTACT 
RESISTANCE 
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SPECIFICATIONS 

RESISTANCE RANGES 

CLIP 

HIGH 
IMPEDANCE 

OHMS 

HIGH 
IMPEDANCE 

DIFFERENTIAL 
AMPLIFIER 

Ohms: 0.05 1 0.1 I 0.25 j 0.5 11.0 I 5.0 I 1 o.o 150.0 

MAXIMUM OUTPUT CURRENT 

Milliamperes: 460 j231 I 97 I 47 126.5 I 5.0 I 2.7 I 0.5 

MAXIMUM POWER DISSIPATION IN SAMPLE 

Milliwatts: 7.95 15.1612.1511.1010.69410.12110.069 j0.012 

SENSITIVITY 

0.001 ohms (Smallest scale division) 

ACCURACY 

:1: 1 % of full scale on all ranges 

WARM- UP TIME 
None 

DESCRIPTION 

This instrument was designed to measure low values of 
resistance accurately, rapidly, and at low cost. It compensates 
for the shortcomings of the conventional ohmmeter in the 
area of low-resistance measurement, while retaining the 
ohmmeter's simplicity of operation. 

The Model 1699 Milliohmmeter determines the value of an 
unknown resistance by comparing it with a known standard 
internal resistance. 

In low resistance measurements, the contact resistance of 
the meter probes and the resistance of the test leads become 
significant sources of error. However, these errors can be 
avoided by using test leads terminating in Kelvin Cl ips. (In the 
Kelvin Clip the jaws are electrically insulated from each other 
so that half of each jaw becomes a separate electrical contact.) 
In the model 1699 these special cl ips function as part of a 
unique circuit which is divided into two distinct paths-the 
Current Path (shown in color in Fig. 1 ), and the Voltage Path 
(shown in black) . 

The unknown resistance is connected between the Kelvin 
Clips, thus completing the Current Path. The calibration 
control is then adjusted until the voltage drop being measured 
across an internal standard resistance causes the meter to 
indicate full scale. Since the unknown resistance and the 
internal resistance are in series, the current flow through each 
of them is equal. As expressed in Ohm's Law, the voltage drop 
across these resistances will be directly proportional to their 
respective ohmic values. 

Therefore, (See Fig . 2) , by measuring the voltage drop 
across the unknown resistance we can read its value in ohms, 
directly from the linearly-calibrated scale on the meter. For 
example, if the unknown resistance and the internal standard 
are of the same value, the meter will indicate full scale because 
its scale is calibrated with the standard. If the unknown 
resistance is half the value of the standard, the meter will 
indicate half scale. 

The 1699 is calibrated by measuring voltage drop across 
a standard resistance. This adjustment is made with contact 
and lead resistance as integral parts of a series circuit referred 
to as the Current Path; therefore, contact and lead resistance 
are automatically compensated for during calibration. They 
will not affect the rated accuracy of the instrument. 

Inasmuch as the input resistance of Model 1699's transistor­
ized differential voltmeter circu it is very high, normal lead and 
contact resistance in the Voltage Path will represent less than 
.05% of the total resistance of the circuit. Accordingly, these 
factors will not affect the rated accuracy of the instrument. 

READOUT 
Seven inch analog meter, single arc, 90° dial; mir­
rored, 100-division linear scale, knife-edge pointer 

POWER REQUIREMENTS 
Self-contained batteries only : one NEDA #11 , life 
700 hours; one NEDA #1604. min. life, 160 hrs. 

TRANSISTOR COMPLEMENT 
Two 2N2716 (matched pair) 

ACCESSORIES FURNISHED 
Wired-in, Kelvin-type clip leads; instruction manual; 
batteries 

SIZE AND WEIGHT 

11%" x7%" x 3%"- 5 lbs .. 10 ozs. 

PRICES 
Model 1699 (Cat. No. 13299) $160.00 
Spare set of Kelvin Leads (Cat. No. 0140) $5.50 

SIMPSON ELECTRIC COMPANY • 
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INSTRUMENT CALIBRATOR 

LAB-LINE model 2600 
TECHNICAL DATA 

VERSATILITY 
This calibrator can produce a variety of 
electrical parameters, most of which can 
be varied in amplitude continuously. The 
amplitude of the selected parameter is 
accurately indicated by front panel meters. 

RANGES 
AC/DC voltage, continuously variable 
from 0-1 600 volts. Smallest voltage scale 
division: .01 volt 

DC current, continuously variable: 0-16 
amperes. Smallest current scale division: 
.01 microampere 

Resistance: 1 ohm to 100 megohms, in 
steps, by powers of ten 

TYPICAL APPLICATIONS 
Trouble-shooting, incoming inspection, establish­
ing or checking calibration and linearity of meter 
movements, meters and other measuring instru­
ments by meter manufacturers, meter repair firms, 
and modification and calibration facilities. Instru­
ments that can be calibrated with Model 2600 

DEPENDABILITY 
Extraordinarily heavy electrical and 
mechanical construction assure stable 
operation during long, continuous use. 

EASY READING 
Two rugged 7-inch meters with easy-to­
read, mirrored linear scales are mounted 
on the front panel, which inclines 30° for 
additional reading convenience. 

RAPID OPERATION 
All output ranges are available at one set 
of terminals. 

include DC analyzers, current shunts, galvano­
meters, microammeters, milliameters, millivolt­
meters, VOM's, recorders, voltmeters and watt ­
meters; also, AC voltmeters and AC voltmeters 
having a potential transformer. 



INSTRUMENT CALIBRATOR, model 2600 
DESCRIPTION 

The Model 2600 Instrument Calibrator is a unit of extremely 
rugged construction, designed for continuous commercial 
service in the laboratory or in industry. Its sturdiness and 
simplicity of operation permit its use where highly skilled 
operators are not readily available. 

Model 2600 is enclosed in a strong steel cabinet. All control 
functions are engraved in a satin silver-finished aluminum 
overlay on the front panel. The panel is inclined 30° to the 
rear for ease in taking readings and the meters are calibrated 
at this angle for greater accuracy. Easy access to the interior 
of the unit is obtained by tilting the front panel forward on 
its hinges. 

Front panel knobs control the following : output level, 
coarse; output level, fine; parameter; range; output polarity, 
short, open; resistance value. 

All power for the calibrator can be supplied by the AC 
power line. No batteries or other accessories are required. 

Factory calibration of Model 2600 is based on primary 
standards traceable to the National Bureau of Standards. 

SPECIFICATIONS 

RANGES (continuously variable) 
DC Microamperes: 

0 -1.6/4.0/8.0/16/40/80/160/400/800/1600 
DC Milliamperes: 

0-1.6/4.0/8.0/16/40/80/160/400/800/1600 
Maximum output voltage = 6.0 

DC Amperes: 0-16 
Maximum out put voltage = 5.0 

DC Volts: 
0-1.6/4.0/8.0/16/40/80/160/400/800/1600 
Maximum output current = 8 ma. 

AC Volts: 
0-1 .6/4.0/8.0/16/40/80/160/400/800/1600 
Maximum output current increases from 100 to 
250 milliamperes as range increases 

Ohms: 1/10/100/1 k/1 Ok/1 OOk/1 M/1OM/100 Meg. 
(fixed values) 

Maximum power dissipation = 1 watt 

ACCURACIES 
DC Ranges: ± 0.50% of full scale/@ 77°F 
AC Ranges: ± 0.75% of full scale @ 77°F 
Resistors : ± 1 %, one ohm through 10 megohms. 

± 2% at 100 megohms 

CALIBRATION STANDARD 
Each Model 2600 calibrated to primary standards 
traceable to National Bureau of Standards 

AMBIENT TEMPERATURE 
Instrument calibrated at 77°F.; correction chart sup­
plied for range between 45°F. and 105°F. 

The meters of the Simpson Model 2600 Instrument Calibrator 
have 160 divisions for extra ease in reading. 

DC OUTPUT RIPPLE 
When operating from 60-cy. power line at maximum 
rated load: voltage and microamp. ranges, less than 
0.25%; milliamp. ranges, less than1 %. 

POWER REQUIREMENTS 
During Use of AC Ranges: 

105-125 volts, 25-2000 cps (maximum), approx. 
50 watts (Designed to permit instrument calibra­
tion at frequencies other than 60 cycles) 

During Use of DC Ranges: 
11 0-125 volts, 50-60 cps, approx. 50 watts. 
16-amp. range requires 150 watts. When using 
220-v., 50-60 cps power source, use external 
220-v. to 117-volt transformer 

READOUT 
Method : Two 7-in. meters, one for AC ranges, one 

for DC ranges 
Movement: Deep core, self-shielded, temperature­

compensated 
Scale: Mirrored, 5.9" long, linear, individually cali­

brated at 160 points 
Arc: 0-400/800/1600 full scale 

SIZE AND WEIGHT 
15" x 31" x 15" -132 lbs. 

OUTPUT TERMINATION 

PRICE 

One pair of terminals for all ranges and one ground 
terminal 

Model 2600 (Cat. No. 13250) $1700.00 

SIMPSON ELECTRIC COMPANY 
11 
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t• PAUL R. STURGEON CO., 
INC. 
1330 Boylston Street 
Chestnut Hiii, Massachusetts 
(617) 734·7710 
PAUL R. STURGEON CO., 
INC. 
117 Broad Street 
Milford, Connecticut 
(203) 874-6080 

2• LEONARD D. ALLEN INC. 
115 Luther Avenue 
Liverpool, New York 
(315) 471-3108 

2 LEONARD D. ALLEN INC. 
232 DeKalb Street 
Tonawanda, New York 
(716) 694-2130 

3• SIMPSON INSTRUMENT 
SALES & SERVICE INC. 
130 Cutter Miii Road 
Great Neck, LI ., New York 
(516) 482-3103/(212) 683-0674 

3 SIMPSON INSTRUMENT 
SALES & SERVICE INC. 
521 Third Street 
Palisades Park, New Jersey 
(201) 944-TI33 

4• SAMUEL K. MACDONALD 
INC. 
1531 Spruce Street 
Philadelphia, Pennsylvania 
(215) 545-1205 

4 SAMUEL K. MACDONALD 
INC. 
3303-14th Street, N.W. 
Washington, D.C. 
(202) 265-3933 

4 SAMUEL K. MACDONALD 
INC. 
5500 Harford Road 
Baltimore, Maryland 
(301) 254-3380 

s• MURPHY & COTA 
2110 Peachtree Rd., N.W. 
Atlanta, Georgia 
(404) 355-0472 

S MURPHY & COTA 
P.O. Box 6365 
Greensboro, N.C. 
(919) 288-1923 

S MURPHY & COTA 
712 W. Vassar Street 
Orlando, Florida 
(305) 424-2167 

"Indicates main office 
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S MURPHY & COTA 
904 Bob Wallace Ave., S.W. 
Huntsville, Alabama 
(205) 536-9121 

S MURPHY & COTA 
1106 Burke Street 
Winston-Salem, North Carolina 
(919) 723-1001 

1• R.C.MERCHANT & CO.,INC. 
18411 W. McNlchols Road 
Detroit, Michigan 
(313) 535-6000 

I R.C.MERCHANT & CO.,INC. 
98 Water St., Rm. No. 6 
Benton Harbor, Michigan 
(616) 925-4211 

7• BAEHR, GREENLEAF & 
ASSOCIATES 
14700 Detroit Avenue 
Cleveland, Ohio 
(216) 221-9030 

7 BAEHR, GREENLEAF & 
ASSOCIATES 
9505 Montgomery Road 
Cincinnati, Ohio 
(513) 891-3827 

7 BAEHR, GREENLEAF & 
ASSOCIATES 
3350 Maplewood Drive 
Xenia, Ohio 
(513) 426-5485 

7 BAEHR, GREENLEAF & 
ASSOCIATES 
Upper Arlington 
Columbus, Ohio 
(614) 486-4046 

a• THOMAS & SUKUP INC. 
2060 East 54th Street 
Indianapolis, Indiana 
(317) 251-4574 

t• E. A. DICKINSON & 
ASSOCIATES INC. 
3612 North Green Bay Avenue 
Milwaukee, Wisconsin 
(414) 264-1080 

to• SIMPSON ELECTRIC CO. 
5200 West Kinzle Street 
Chicago, Illinois 
(312) 379-1121 

tt• NORMAN W. KATHRINUS 
&CO. 
2427 Brentwood Boulevard 
St. Louis, Missouri 
(314) 962-5627 
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tt NORMAN W. KATHRINUS 
&CO. 
2336 South Boeke 
Kansas City, Kansas 
(913) 236-4108 

tt NORMAN W. KATHRINUS 
&CO. 
549 Ottumwa Street 
Ottumwa, Iowa 
(515) 684-6110 

tz• CARTWRIGHT & BEAN 
560 S. Cooper Street 
Memphis, Tennessee 
(901) 276-4442 

tz CARTWRIGHT & BEAN 
3223 Cain's Hiii Place, N.W. 
Atlanta, Georgia 
(404) 237-2273 

t2 CARTWRIGHT & BEAN 
1812 Bullard Avenue 
Metalrle, Louisiana 
(504) 834-8312 

t3• MEL FOSTER COMPANY, 
INC. 
228 South Cedar Lake Road 
Minneapolis, Minnesota 
(612) 374-2612 

t4• J. Y. SCHOONMAKER CO., 
INC. 
5328 Redfield Avenue 
Dallas, Texas 
(214) 631-8480 

t4 J. Y. SCHOONMAKER CO., 
INC. 
107 Winnetka 
San Antonio, Texas 
(512) 342-0251 

t4 J. Y. SCHOONMAKER CO., 
INC. 
6001 Gulf Freeway 
Houston, Texas 
(713) 926-9510 

ts• R. G. BOWEN CO., INC. 
721 S. Broadway 
Denver, Colorado 
(303) 722-4641 

tS R. G. BOWEN CO., INC. 
31 South 3rd East 
Salt Lake City, Utah 
(801) 364-4632 

t&• C. T. CARLBERG & 
ASSOCIATES 
2611 Quincy, N.E. 
Albuquerque, New Mexico 
(505) 265-1579 

n• DON H. BURCHAM CO. 
510 N.W. 19th Avenue 
Portland, Oregon 
(503) 226-4148 

t7 DON H. BURCHAM CO. 
422 First Avenue West 
Seattle, Washington 
(206) 284-1121 

ta• WILLIAM J. PURDY 
ASSOCIATES 
312 Seventh Street 
San Francisco, California 
( 415) 863-3300 

ti WILLIAM J. PURDY 
ASSOCIATES 
6527 Westbrook Drive 
Citrus Heights, California 
(916) 725-4065 

ts• SIMPSON SALES 
205 Pasadena Avenue 
South Pasadena, California 
(213) 254-5136 

zo• EARL ASSOCIATES 
156 Mokauea 
Honolulu, Hawaii 
815-649 

For: 8111111 Olllc11 
Instrument Repair Department 
Parts Sales Department 
Lab-Line Marketing Dep1rtment 

Co1t1ct: SIMPSON ELECTRIC COMPANY 
5200 West Kinzie Street 
Chicago, Illinois 
Telephone (312) 379-1121 
TWX (312) 896-5391 
WU Telex 02 -53343 

For: C1udl11 Slits 11d Serwlco 
Co•t1ct: •BACH-SIMPSON LIMITED 

1255 Brydees Street 
London, Ontario 
(519) 451-9490 
IACH -SI M PSON LI Ml TED 
1 Thornclitfe Park Drive 
Toronto, Ontario 
(416) 421-7511 

For: 51111 ud Sonlco 11 lod l1 
Co1t1ct: RUTTONSHA-SIMPSO M PRIVATE LTD. 

Bombay-Agra Road 
Vikhroli, Bombay, India 
Telephone 581688 

For : All Other E1,ort 51111 1 1d Sonlco 
Contact: SIMPSON ELECTRIC co. 

EXPORT DEPT. 
400 W. Madison St.-Suite 2119 
Chicago, Illinois 
(312) 332-0646 
Cable : SIMELCO 
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and replaced by a treadle switch. 
How many of your friends had to 
reconnect hastily their conventional 
ignition when the collector junction 
turned to germanium vapor? 

Ask your dealer how many turn­
signal blinkers, radios, printed-cir­
cuit dash wires, and so on, he has to 
replace under warranty, in spite of 
the lack of sophistication in them. 

When we come down from our 
lovely solid-state circuits to the 
grim penny-pinching world of the 
showroom, the customer simply 
won't pay the high price of elec­
tronic reliability; so to compel him 
borders on the ridiculous. Rather 
than wasting money on electronic 
"innovations in safety," the owner 
is far ahead to buy some 125-mph­
rated tires, heavy duty or racing 
brakes, heavy duty or export sus­
pension (off-the-shelf) safety belts 
and/or harness. If we could just 
make roll bars and big hairy door 
latches appeal to the ladies, they 
might not get flung and squashed 
with such appalling frequency. 

Rather than wave the magic edi­
torial wand for the Federal Wizard, 
you interested editors could be 
plunking for a Federal rating sys­
tem, similar to the "truth in pack­
aging" measures, on tires, brakes, 
etc. Brake fluid already has Federal 
minimum specs. 

JON P. RAMER 
Orlando, Fla. 

Down with standards 
that are earth-bound! 
Sir: 

If we are to adopt a new system 
of units, let's do the job right. The 
only advantage of the metric system 
over the English system is that 
units are in convenient multiples of 
10. However, it is just as arbitrary 
in its concept as the English system 
is- that is, it is based on arbitrary 
conditions on an arbitrary plan.et 
(earth). 

Let's use a system that is not 
only consistently decimal (or bi­
nary, or octal) but one that is based 
on some universal standard. 

Let's not use a system whose 
length dimension is es sent i a 11 y 
based on the length of an arc of this 
arbitrary planet. Let's not use one 
whose standard of mass is based on 
a sample of an arbitrary fluid. Let's 
not use a system whose temperature 
unit is based on the freezing and 
boiling points of that . arbitrary 
fluid under arbitrarily chosen pres­
sure conditions. Let's not use one 
whose time unit is based on the 
time of revolution of this arbitrary 
planet. 
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Let's look at some universal con­
stants, such as hydrogen atoms (or 
protons), and the speed of light and 
derive some basic units from these: 

A mass unit could be equal to the 
mass of a proton (at relative rest). 

The frequency unit (and, inverse­
ly, the time unit) could be that of 
the frequency of the emission line 
resulting from the transition of a 
hydrogen atom from the energy 
state 2 to state 1 (ground state). 

The length unit could be the dis­
tance that light would travel (in 
vacuum) during the time of the 
time unit suggested above. 

Temperature is· a derived unit, 
but could be based on the energy 
given up by a liydrogen atom in the 
transition mentioned above. 

Many of these units would likely 
be too small or large for convenient 
engineering usage. Therefore they 
could be called the "abunits," and 
engineering units might be derived 
from them by multiplication with 
convenient powers of 10 (or 2, 8, 
etc.). 

If we are going to take our place 
in galactic society, we are going to 
have to conform to facilitate com­
munication and trade. The adoption 
of a universal set of units will help 
alleviate many future problems. 

DAVID A. BEAN 
Earth Rep for 
APC (Aliens for Progress iri 
Communications) 
P. 0. Box 4823 
Chicago 

... Early to rise keeps 
reader healthy and wise 
Sir: 

I was most interested to read the 
article "18 Ways to Save Time" in 
your issue of Nov. 8, 1965 (p 48 ) , 
particularly item 17: "Get an early 
start." My personal experience 
shows that it pays handsome divi­
dends. 

Nothing is more exasperating 
and time-wasting than waiting for 
others; so why keep others waiting ?1 
This principle led me to start 30 to 
45 minutes earlier each morning,. 
and subsequently to walk to work, 
taking 30 minutes or so. This gives 
me such a feeling of mental and 
physical alertness that I can reallYj 
get going as soon as I arrive, unin­
terrupted by day-to-day queries or 
telephone calls. In addition the time 
credit in the bank every day is in­
valuable. 

V . 0. STOKES 
The Marconi Co., Ltd. 
Marconi House 
Chelmsford, Essex 
England 

---

DID 
SOMEONE 
ALREADY 
TAKE 
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LAB-LINE 
CATALOG 
BOUND IN 
AT LEFT? 
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llEW UHF POWER TRAllllmR 
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The new TRW 10W/400Mc (2N4040) UHF 
Power Transistor provides full rated performance In 

conventional clrcults ... no need to resort to emitter tuning 
or other techniques which contribute to circuit lnstablllty. 

I s •k-~-+~~~~--+~~-t-~~~-'-'---i 
0 

Iii 
f •t--~~~t----ir----""'~---ir----i 

TRW 2N4040 Is available now at competitive prices. 

For detailed technical information phone, write or wire: 

200 

TRW Semiconductors, Transistor Plant, 14520 Aviation 
Blvd., Lawndale, Calif. 90260. Phone: (213) 679-4561, Ext. 477 
TWX: 213 647-5113 

TRW designs and manufactures high performance transistors for the communications Industry and specialized 
types for mllltary and Industrial applications. · 

TRW SEMICONDUCTORS 
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Is electronics doing enough 
for puzzled astronomers? 

Astronomers are grappling with a grand mystery that tops the 
best thriller yet to hit the best-seller list. Until recently they 
thought they had the universe pretty well figured out. Then, with 
shocking swiftness, their theories fell apart. 

The upsetting data were provided by a combination of radio 
a1"tronomy and spectrographic measurements of light-frequency 
shifts. Some radio sources that had been matched with visible 
objects, thought to be "stars" in our own Milky Way, turned out 
to have tremendous spectral shifts toward the red. These red 
shifts must be, according to accepted theory, doppler shifts 
caused by the fact that the universe is expanding and that ob­
jects far away from the earth are flying away from us at great 
speed. In 1929 Hubble postulated that the amount of red shift 
was proportional to the distance of an object from us. 

The red shifts of these strange quasi-steller radio sources, or 
quasars, made them the farthest objects ever located! At such 
great distances as the Hubble theory suggested, they had to be 
huge galaxies rather than stars. · 

But some curious data have been obtained from measurements 
of these radio sources. Their energy output has to be at least 40 
times greater than that of any known galaxies, if our distance 
estimates are correct. No process described by our present knowl­
edge of physics could explain such tremendous energy emission. 
In addition the quasars seem to be "flickering." Measurements 
over a number of weeks show surprisingly large variations in 
energy output. If we consider the assumed size, and assume that 
no process could be transmitted throughout these galaxies faster 
than the speed of light, such variations are impossible. 

Most theories of the universe have been patched up to fit the 
new data, but without firm conviction. Astronomers are frankly 
puzzled. The question is: Is electronics doing enough to help ? 

The most vital data are optical, involving telescopes and spec­
trograph ic film recording. Our best telescope, at Mount Palomar, 
is over 20 years old. The best method available now for obtaining 
the long integration time needed for red-shift measurements of 
low-level light sources is photographic recording. Image intensi­
fier tubes have only recently been improved enough to be used 
for astronomy. Monitoring of absorption paths to eliminate the 
background noise problem of city light reflections is just being 
explored. 

The astronomers need better techniques for these measure­
ments. They would like to figure out better ways to measure blue 
shifts, if any exist. They would like to have long-integration-time 
detectors for the infrared and far infrared. 

The modern physics laboratory is loaded with useful electronic 
instrumentation. The optical astronomical observatory has vir­
tually none. Can't we do better? 

Robert Haavind 
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DUAL FET's 

CHECK THE SPECS! 

SPECIFICATIONS 

2N3954 2N3955 2N3956 2N3957 2N3958 Units 

Breakdown Voltage (min.) 50 50 50 50 50 v 
Leakage Current (max.) 100 100 100 100 100 pA 

Saturation Current (min ./ max.) 0.5 /5.0 0.5/5.0 0.5/5.0 0.5/ 5.0 0.5 /5.0 mA 

Transconductance (min ./ max.) 1000/3000 1000/3000 1000/3000 1000/3000 1000/3000 µmhos 

Pinch-off Voltage (min. / max .) 1.0/ 4.5 1.0/ 4.5 1.0/ 4.5 1.0/ 4.5 1.0/ 4.5 v 
.:lVGs1-VGsi (max.) 10 25 50 75 100 µV/°C 

Why wait for Dual FET's ! Place your order 

with your UNION CARBIDE ELECTRONICS Distributor today. • ELECTRONICS 

UNION CARBIDE CORPORATION 365 Middlefield Road , Mountain View, California 94041 TWX: 415-969-9166; Telephone: (415) 961-3300 
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Speed Inquiry to Advertiser via Collect Night letter 
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ED Techno1ouv 
Switching transistor gives high power in amplifiers PAGE 38 

How to stay on the beam with deflection amplifiers PAGE 46 

Reduce power drain by using IC gate-ring counters PAGE 52 

How to select the right dummy load PAGE 60 

Are your committee meetings worthwhile? PAGE 66 

Squeeze your high-power amplifier into a small package 38 

Pick the right dummy load 60 Orderly meetings are best 66 
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Amplifier has 85% efficiency while providing 
up to 10 watts power over a wide frequency band. 
A switching transistor is the key in the design. 

The efficiency of transistorized power amplifiers 
for cw operations can go as high as 85 % , if the 
design is right. What's more, the amplifier can 
maintain its broadband characteristic. 

The design approach centers on a transistor, 
used in a switching mode, that gives very high 
collector efficiencies. 

To illustrate the advantages of this design, con­
sider the output power stages of conventional vhf 
communication equipment. The output powers are 
usually around 50 watts. If the efficiency of the 
cw power amplifiers is 60 %, a bulky heat sink is 
needed to handle the dissipated power. If the ef­
ficiency is increased up to 80 %, the dissipated pow­
er is halved. 

A common requirement of communication 
systems, that the second harmonic be suppressed 
at the output, also helps achieve the high efficien­
cy, since it lowers the bandwidth demands on the 
amplifier. The output circuit of the power am-

Dieter R. Lohrmann, Development Engineer, USAECOM, 
Ft. Monmouth, N. J. 

lo Ve - -
Lo 

Co 

.. J= j, l 
R 

c LOAD 

1. Simplified equivalent circuit of transistor's collector 
circuit. The ideal switch represents the transistor. It is 
operated by the signal fed to its base·emitter circuit by 
the de current I". When the voltage across C crosses zero, 
the switch will be closed. The collector-emitter capaci ­
tance, C, is assumed to be independent of voltage. C0 , the 
de blocking capacitor, charges to the battery voltage, VB. 
The switch opens without any current. 
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plifier has to cover a frequency range of less than 
1 :2 for each position of the range-selecting switch. 
This assumption is valid because the low-pass or 
bandpass filters used to suppress the second har­
monic cover a frequency range of 1 :1.8 to 1:1.5. 

The criterion for achieving high collector 
efficiency is this: The impedance, seen from the 
base and looking into the matched circuit, should 
not be a short-circuit for the second harmonic 
over the whole frequency band. 

The simplified equivalent circuit of the collector 
shows the transistor as a switch, being opened and 
closed periodically (Fig. 1). The choke Lo feeds a 
current to the collector of the transistor. The 
collector-emitter capacity is C, which, for simplic­
ity, is assumed to be independent of voltage. 

The de blocking capacitor, Co, charges to the 
battery voltage. For simplicity, an inductor L, in 
series with the load resistor R, has seen substitut­
ed for a low-pass filter. 

To understand the operation of the circuit, let 
us assume that the switch has just been closed. 
After a sufficient amount of de current I 0 has 

COLLECTOR 
CURRENT 

COLLECTOR 
TO 

EMITTER 
VOLTAGE 

0 x y 

-wt 

75V 

-wt 

2. Traces of the collector voltage and collector current 
indicate the open and closed periods. During the interval 
OX, the switch is open; during XV, it is closed. The collec­
tor current does not go to zero during the OFF period, be­
cause the collector capacitance is parallel to the switch . 
The transistor in the experiments is a type 2N3632, op­
erated at 69 MHz. 10 = 0.45 A, VB= 25 V. The output RF 
power is 9 watts with an input of 1 watt. 
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built up in L 0 , the switch is opened. If the circuit 
of C. L and R is underdamped, the voltage across 
C will be a damped oscillation. 

After the first half cycle, when the voltage 
crosses zero again, the switch is closed. This 
collector voltage, v, is traced in Fig. 2. During the 
interval OX the switch is open; during XY it is 
closed. The collector current, recorded in proper 
phase, is not zero during the switch-off cycle, 
because the collector's capacity is parallel to the 
switch. (Fig. 2) 

It seems reasonable to assume that one of the 
reasons why this circuit yields high collector 
efficiencies is this one : 

At the end of the OFF cycle the collector-emit­
ter voltage returns to zero by itself, due to the 
transient. Hence the voltage will go down to zero, 
switching in the transistor, without need for any 
current. Thus only a little power will be dissipated 
in the switching slopes. 

Linear equations described actions 

Switching actions are usually described by a set 
of nonlinear differential equations. However, we 
can linearize them by using one set of linear 
equations for the ON interval and another for the 
OFF state. 

The boundary conditions are provided by volt­
ages and currents that must fit at the end of the 
preceding interval to those at the beginning of the 
next one. The equations for the open position 
(Fig. 3) are: 

C dv . I -a;r- + '/, = 0> (1) 

di T,. 
v = VB + Ri + L dt' 0 :5 t :5 2' (2) 

A 

-------- ....,. -

0 x y 

I· 2- ·I 
2 ·I I· T 

3. The basic switching action results in a simplified math· 
ematical model. One s~t of linear equations describes the 
OFF condition, another is used for the ON state. Voltages 
and currents are used as boundary conditions, to match 
the two intervals. The time between zero crossings of the 
collector voltage during the OFF period, Tk, is about 
equal ·to the period time of the transient in the collector 
voltage. 
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and for the switch closed : 

v = 0, 

L di R. 0 Tk t < T VB + dt + t = ' 2 :5 - . 

-(3) 

(4) 

These differential equations have very simple 
and well-known solutions. However, the equations 
for solving the boundary conditions become un­
wielding and nonlinear. Therefore we may use an 
approximate solution. The exact solution during 
the interval OA would be: 

v = V 8 + RI0 + Ae-~t sin (w 0 t + </>). (5) 

For this, the approximate form is : 

v = A' sin wk t, (6) 

with wk = 27T / Tk. Using Fourier analysis, we can 
show that the peak value of the fundamental volt­
age in the waveform is: 

v = A' · Sa [~ (i ~ _!_)]. (7) 
1 + k 2 k 

Herek = T / Tk and Sax = sin x / x. Tk is the time 
between the points of zero crossings of the col­
lector voltage during the OFF period. It is approxi­
mately equal to the period time of a transient in 
the collector voltage--that is, in the case of Fig. 1 
it is: 

2 
. . T.,. = -.=====-

) L
1
C - ~~2 (8) 

The output power at fundamental frequency is: 

v2 
pout = 2 G w ' ( 9 ) 

where Gw is the real part of parallel admittance 
that the load circuit exhibits to the collector at the 
fundamental frequency. 

Thus, in the case of Fig. 1: 

Gw =Re( R +ljwL) = R2 +Rw2u . (10) 

Now A' is still unkown, but it can be found from 
de considerations. The choke in Fig. 1 cannot have . 
a de drop. Therefore the de component of the 
waveform in Fig. 3 must be equal to the battery 
voltage, V 8 • In other words: 

' 1 IT 1 f Tk/2 ' . v B = T v dt = T A sm wkt dt · 
0 0 

(11) 

This yields 

A' = 'TT VB (I_) ' 
Tk 

(12) 

which is the peak collector voltage. If we put 
everything together, we have: 

P _'TT2 vB2k2 i2 [~( _ _!_)]' 03 > 
out - 2 ( 1 + k ) 2 G w S 2 1 k 

where: 
Pout = RF output power. 
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V11 battery voltage. 
T 1/ (signal frequency). 
T 1, twice the length of cutoff interval-that 

is, twice the time between the zero crossings of the 
collector voltage. It is about equal to the cycle­
time of a transient in the collector circuit. In our 
example: 

T = ==-=2=7r=== 
k { 1 R 2 

y -LC 4U 

k = T / Tk. 
Gw = the real part of the load circuit's aomit­

tance exhibited toward the collector at the funda­
mental frequency. The collector's capacity is part 
of the circuit. 

A'= the peak voltage at the collector. 
If we let T = Tk, we get: 

7T2 

p 0111 = 8 v B 
2 G w ' (14) 

and 
A' = 7TV,,. (15) 

As can be seen from these formulas, A' tends to 
increase as the frequency decreases. 

For all these calculations we assumed that the 
output circuit is less than critically damped. This 
means, in the case of Fig. 1, that: 

1 R 
LC > > 4U . (1 6 ) 

This condition is linked to the bandwidth of the 
load circuit, as shown in Fig. 4. The graph of the 
output power, P 0 ,. ,, over V,/ Gw vs (signal fre­
quency) (Tk), indicates a nonlinear dependence. 

A filter (low pass) in the collector circuit slight­
ly modifies the above equations. In principle, the 
same formulas apply. Gw can be computed from 
the filter parameters. If Z"'/ R = 0.85, then the 
eigenvalue of v will be p, = ( - 0.168 + .f0.895) 
(27Tf9 ), where fu is the limiting frequency of the 
filter section-that is, the frequency at which the 
characteristic impedance turns imagina_ry. Hence 
T 1, = 0.895 f u· 

Practice modifies theories 

Special requirements in an FM communication 
system demanded a power amplifier having about 
10 watts output with a 10-dB amplification figure. 
It h::i.d to cover the frequency range of from 48 to 
70 MHz with collector efficiencies up to 85 % . 

In the calculations thus far we neglected the 
following facts : 

• The collector capacity of the transistor is 
dependent on voltage. 

• There is strong coupling between the input 
and output circuits via the base-to-collector capac­
ity, which is nonlineaJ'l. As a matter of fact, part 
of the input power might go directly to the output 
over this path. 

• The switching will not happen instantaneous­
ly, and, most likely, not at exactly zero collector 
voltage. 

• There are losses in the collector junction, 
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4. The normalized output power is a nonlinear function 
of the normalized frequency. The ordinate is V2Gw. and 
the abscissa is the signal frequency times Tk. 

which must be represented by a nonlinear resistor. 
• In the practical circuit we have a low-pass 

filter section in the collector circuit and not as 
simple a circuit as the one assumed in Fig. 1 for 
the calculation. 

We got more accurate results by replacing V11 
with V11 - VcB "''' in Eqs. 13 and 14. The latter 
factor is the collector-emitter saturation voltage. 
This voltage is normally given by the manufac­
turer only for de. For RF it seems to be on the 
order of 2 to 5 volts for a good transistor. So Jet us 
assume 3 volts, since a good guess is better than 
none. 

The constant factor in Eq. 13 has been found to 
be 0.85, rather than ,.2 / 8, in the practical circuit. 
Thus Eq. 14 becomes: 

G = ___!__ = POI 
w Rw 0.85 (vii - vet: SUI) 2 

If P0" ' should be 10 watts at V11 = 25 V bat­
tery voltage, then Gw = 24 mmho ~ 42 ohm is the 
load admittance the collector will have to see at 
the signal frequency. Once this Rw is known, the 
first low-pass filter section can be designed. For 
the required amplifier, the frequency range de­
sired was 50 to 75 MHz. Of course, the limiting 
frequency of the low-pass filter section must not 
be set to f,, = 75 MHz, since the mismatch is 
much too large at the limiting frequency. 

It works well if one arranges : 
f u = limiting frequency of low pass section 
1.5 f ,, = 1.5 x 75 MHz. 

The characteristic impedance of the low pass 
filter section is chosen as: 

Z"' = l.lRw = 1.1 x 42 n = 46 u. 

ELECTRONIC DESIGN 



NOTE : T1 = 50-T0-12.5 OHM LINE 
TRANSFORMER 
CAPACITOR VALUES IN pF 

5. Broadband power amplifier covers the frequency range 
from 48 to 70 MHz and has about 10 watts output power 
with 10-dB gain even if the de path in the base circuit is 

6. Breadboard model of the circuit in Fig. 5 illustrates 
construction gimmicks. The inductance of 17 nH, in the 
input matching circuit, is made of a piece of metal strip 

The input capacity of the section is known from 
filter theory: 

C = l = 31 pF. 
27T'J;, z1T 

On the collector side, one has to deduct the 
collector's capacity from the value. 

Again from filter theory: 

z L = _1T_ = 130 nH. 
r.f g 

The peak voltage between the collector and the 
emitter is expected to be in the midband: 
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--- v8 = 25 Voe 

118nH 130nH 

eliminated. (The calorimeter monitors the output power.) 
To lessen the danger of parametric oscillation, feeding 
chokes should have the lowest possible values. 

folded like a hairpin. It can be adjusted very conveniently 
with a slug, soldered across the two legs. Mica capacitors 
satisfy the need for very low series lead inductances. 

A' = 7rV11 = 7r25 V = 78 V, 

which roughly agrees with measurements. 
The pi filter section is followed by another one, 

to give additional harmonic suppression. It has an 
attenuation pole at a frequency that is twice that 
of the midband value. 

Match input with transformers 

To match the input, a broadband transmission 
line transformer T, is used (Fig. 5). It trans­
forms from 50 down to 12.5 ohms, covering the 
entire range from 30 to 75 MHz. It is followed by 
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TEKTRONIX 555 
PLUG-IN TYPE L 

+IOV 

'~ 
1500pF 

118nH 

25pF 

25pF 

118nH 

130nH 

27pF 

27pF 

130nH 

7. Broadband push-pull amplifier will brake out in para­
metric oscillations, even with its emitter and base leads 
grounded. (The oscilloscope picks up the parametric oscil­
lations.) This proves the assumption that parametric os-

a matching section made up of a 224-pF capacitor 
and an inductor of 17 nH. The capacitor must 
have very low series lead inductance. Therefore a 
mica capacitor of the button type was used. The 
inductor was made of a piece of metal strip folded 
like a hairpin. It can be adjusted very convenient­
iy by soldering a slug across it (Fig. 6). 

Under operational conditions, the equivalent 
input circuit for the transistor has been found to 
be a series resistor of about 5 ohms in the base 
lead, followed by a 1000-pF capacitor to ground. 

Parallel to the 1000 pF capacitor is a resistor of 
about 10 ohms. About 200 pF of these 1000 are 
believed to be exhibited by the base-to-emitter 
junction. The remaining 800 pF is due to the 
Miller effect, caused by the collector's capacity. 
The circuit is valid between about 30 and 70 MHz. 

The 224-pF capacitor, the 17-nH inductor and 
the equivalent input circuit of the transistor (5 
ohms in series with about 1000 pF) form a broad­
band transformation network. It transforms the 5 
ohms to 10 ohms and compensates for the 1000 pF. 

The base is zero-biased. The biasing resistor is 
set to 100 ohms. At a 1-watt input driving power, 
the peak base-to-emitter reverse voltage is exceed­
ed during the cutoff cycle, and reverse current is 
flowing. This reduces the de current in the exter-
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cillations are caused by a voltage-dependent capacitance 
in the collector and base circuit of the transistor, which 
gives rise to an undampening action. The capacitance 
acts like a varactor diode in a parametric amplifier. 

nal base circuit. As a matter of fact, the transistor 
still gives 10 watts of output power if the de path 
in the base circuit is eliminated. According to the 
manufacturer, the transistor is not damaged, 
provided that less than 25 % of the permissible de 
power for the base junction is dissipated by back 
conduction. The back conduction effect seems to 
increase the steepness of the switching slopes, 
thus improving the collector's efficiency. 

The resistance in the base circuit was chosen as 
100 ohms. for de stability. 

A 3.3-µ.H choke supplies the de current to the 
collector. The collector circuit is formed by two 
low-pass pi filter sections that use the collector's 
capacity as part of the filter's input capacity. The 
trimmer in the collector line adjusts this output 
capacity. The second pi filter section has a pole at 
141 MHz, to keep residual second harmonic power 
from being dissipated in the load. 

A laboratory model, designed for 40 watts out­
put power, is already being tested. The unit is 
similar to the one described below. It has the same 
high efficiency and a power gain of 10 dB. 

Parametric oscillation is common problem 

The tendency to break out in parametric oscilla-

ELECTRONIC DESIGN 



t10rts seems to be a common problem to all high­
efficiency switched power-amplifier stages. 

It is caused by the voltage-dependent capaci­
tance in the collector and base circuits of the 
transistor. This capacitance is periodically varied 
by the signal itself. Therefore it acts like the 
varactor diode in a parametric· amplifier (also 
called reactance amplifier). It is well known that 
such an amplifier may exhibit negative resistance 
under certain conditions, undampening the cir­
cuits. The circuit starts oscillating at some other 
frequency if this undamping action becomes too 
large. Therefore care must be taken to prevent the 
collector from sensing circuit resonances outside 
the passband, presumably at lower frequencies, 
down to de. As a consequence, feeding chokes 
should have values as low as possible. On the 
power supply line, there must not be any resonant 
circuits at low frequencies. They can be eliminated 
by a resistor in series with a capacitor across the 
line. 

The largest change of capacity of the collector 
junction occurs near zero collector voltage. There­
fore linear stages, which do not use that portion of 
the characteristic, are much Jess likely to oscillate 
because of this effect; switched stages should be 
more troublesome. 

A small collector capacity is more favorable 
than a large one for a given power output. Switch­
ing transistors with low losses-that is, with high 
efficiency-are more sensitive than those having 
higher losses. A small series resistor in the collec­
tor line helps, but it reduces the collector efficien­
cy. 

To prove this hypothesis of parametric oscilla­
tions, we took a broadband push-pull amplifier and 
grounded all emitter and base leads with short, 
broad-ribbon leads (Fig. 7). Then we fed signal 
power into the output terminals of the amplifier. 
Fig. 8 shows the voltage waveforms at the collec­
tor. At a 0.4-watt input (the normal output power 
of the amplifier in normal operation is 25 watts) 
we still had a sine voltage at the collector (Fig. 8, 
top). But at 1.7-watts input, an oscillation of lower 
frequency suddenly appeared (Fig. 8, middle). 
At 2.7 watts the oscillation became noise-like (Fig. 
8, bottom). Since these oscillations tend to kill the 
transistors, the experiment was made with a 10-
volt battery. The de current in the transistors was 
zero until the oscillations started; then it jumped 
up to about 0.5 A, though the bases were grounded. 

The differential equations describing these effects 
are basically of the Mathieu and Hill types, and the 
solutions have stable and unstable regions. • • 
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8. Collector waveforms show effects of increased input 
and the creation of parametric oscillation. At an input of 
0.4 watt (top) the output is a sine voltage; at 1. 7 watts 
(middle) a lower frequency oscillation appears, which be­
comes noise-like at a 2.7-watt input (bottom) . The de 
current jumped to 0.5 A from zero as oscillations started, 
despite the grounded bases. 
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Now-a wide choice or 
ror industrial and consumer 

Germanium 
Planar Transistor 

Figure 1. Tl offers many economy semiconductors for industrial and commercial applications. 

CHASSIS MOUNTIN~., .• 
FLAT MOUNT 

HOLE MOUNT 

~ JI::::D. 
!l' 

i STAND-OFF 
MOUNT 

Mounts with self.tapping 
screw from one side of chassis 

Figure 2. TAB-PAC silicon power transistors 
offer mounting flexibility as well as economy. 

Figure 4. New plug-in flat packages for Tl 
integrated circuits are easily handled and 
inserted into industrial-type PC boards. 
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Figure 3. Note ruggedness of TIXM01·08 plastic 
encapsulated germanium planar transistors. 

Figure 5. SI LECT transistors and FET's are 
available with snap-on shield. Matched pairs 
may be factory-assembled with double clamps. 

Reduce costs, simplify assembly 
with new plastic-encapsulated 
power transistors from Tl 
You save on both assembly and component costs 
when you use the new TAB-PAC™ silicon power 
transistor from Tl. This new NPN planar device, 
typed TIP 14, is designed especially for cost-cri­
tical industrial and consumer applications. 

The low-profile, double-ended plastic package 
incorporates a mounting tab for simplified as­
sembly. The transistor can be mounted on chassis 
or heat sink with a single self-tapping screw as 
shown in Figure 2. 

Low saturation voltage (V CE<s.il = 0.1 volt typ­
ical at 200 mA) provides high circuit efficiency 
with minimum internal losses. 

High power dissipation ( 15 watts at 25 °C case) 
and gain linearity over a wide current range 
(hFE typically 35 at 50 mA and 30 at I amp) 
make the TIP 14 ideal for use in amplifier appli­
cations. For more information circle 125 on the 
Reader Service Card. 

Economy germanium planar transistors 
reduce costs and improve performance 
of TV, FM and industrial circuits 

TIXMOl-08 PNP epitaxial planar germanium 
economy transistors are designed for RF, 
oscillator, mixer and IF application in tele­
vision and FM broadcast receivers and in 
industrial applications requiring low-noise, 
high-frequency amplifier devices. 

Low noise (2.8 dB typical at 200 MHz), high 
gain (28 dB at I 00 MHz), excellent forward 
AGC (> 20.5 dB gain reduction through hre fall­
off alone), low feedback capacitance ( < I pF) , 
and low-cost plastic-and-glass package (shown in 
Figure 3) make these devices first choice for 
many applications. 

TIXMOl-04 transistors are for AM/ FM, 
while TIXM05-08 are for TV. Circle 126 on 
Reader Service Card for data sheets. 

Plug-in flat package for Tl 
industrial integrated circuits 
reduces handling and assembly costs. 

Tl's new 16-pin plug-in flat package (shown in 
Figure 4) has been developed to reduce han­
dling and assembly costs for industrial applica­
tions. The two rows of sturdy plug-in pins with 
100-mil spacing facilitate automatic handling, 
assembly, and flow soldering to industrial-type 
PC boards. The hermetic package is designed for 
excellent reliability as well as for handling con­
venience and economy. 
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economy semiconductors 
solid-state designs 

The new package is available at no additional 
cost for Series 74, 74 930, 1580, and most units 
in Series 73. Standard package for all series is 
the five-year-proved 1/.i " x 1/s " flat pack. Circle 
127 on Reader Service Card for data sheets. 

Broad line of SILECT™ silicon 
plastic-encapsulated transistors 
offers economy, reliability 
For proven reliability in economy silicon tran­
sistors, look to Tl's broad line of SILECT plastic­
encapsulated devices. 

Documented results of recent tests show de­
monstrable reliability advantages over alternative 
plastic silicon types. In the areas most critical 
in plastic transistors - moisture resistance and 
encapsulant stability - SILECT transistors ex­
celled. Copies of this data are available. 

PNP types offer the added advantage of TRI­
REL™ redundant stabilization- an exclusive TI 
process insuring NPN reliability in PNP devices. 

The table at right summarizes the characteris­
tics presently available in SILECT transistors. 
With current capabilities ranging from 1 µA to 
500 mA and frequency from 30 to 600 MHz, 
SILECT devices are well suited for a wide variety 
of industrial and consumer applications. Circle 
128 on Reader Service Card for data sheets. 

Get high performance at low cost 
with SILECT FET's from Tl 

Now you can improve sensitivity, reduce cross­
modulation , reduce noise, and generally improve 
performance of much consumer and industrial 
equipment with SILECT field-effect transistors. 

These low-cost, plastic-encapsulated, silicon 
junction units are available as N-channel 
(2N3819 and TIS34) and P-channel (2N3820) 
devices. Optional grounded or ungrounded snap­
on clamps (shown in Figure 5) provide RF 
shielding and improved dissipation. 

Applications include AM/ FM tuners; mixers; 
low-, medium- and high-frequency amplifiers; 
and digital applications. Low-cost matched pairs 
for FET complementary circuits or differential 
amplifiers can be obtained by clamping matched 
units together as shown in Figure 5. 

Electrical characteristics include extremely 
low leakage, high-frequency capability, superior 
cross-modulation, high transconductance, and 
low capacitance. Electrical characteristics of the 
three standard types available are shown in the 
lower table of Figure 6. Circle 129 on Reader 
Service card for data sheets. 
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SILECT SILICON TRANSISTORS 

Application Polarity Device le Range hFE BVceo fr 
Min MIN MIN 

Low Level NPN 2N3707 001-30 mA 100 30 v 30 MHz 
High Gain 2N3708 001 -30 mA 45 30 v 30 MHz 
Small Signal 2N3709 001 -30 mA 45 30 v 30 MHz 
Amplifier 2N3710 001-30 mA 90 30 v 30 MHz 

2N3711 001 -30 mA 180 30 v 30 MHz 
Medium Power NPN 2N3704 100 µA 100 30 v 100 MHz 

2N3705 to 50 30 v 100 MHz 
2N3706 500 mA 30 20 v 100 MHz 

Medium Power PNP 2N3702 100 µA 60 25 v 100 MHz 
2N3703 to 30 30 v 100 MHz 

200 mA 
High Frequency NPN 2N3825 1 µA to 20 15 v 200 MHz 
Low Noise AM RF 100 mA 
High Frequency NPN 2N3826 1 µA to 40 45 v 200 MHz 
AM-FM IF 2N3827 30 mA 100 45 v 200 MHz 
High Frequency NPN T1407 1 µA to 20 12 v 450 MHz 
FM RF, IF Tl408 30 mA 15 12 v 300 MHz 
UHF OSC Tl409 15 12 v 300 MHz 

TIS18 20 13 v 600 MHz 
High Frequency NPN 2N3828 100 µA 30 40 v 360 MHz 
TV last IF to 
Citizens Band 100 mA 

SILECT FIELD-EFFECT TRANSISTORS 

Application Polarity Type BVGSS 1v,,1 C1ss 
VGS!offl Min Max 

Industrial, N 2N3819 25 v 2000 8 pF .5 to 7.5 V 
Consumer, to 
Small-Signal 6500 
Low Noise, High µmho 
Input Impedance 
VHF Amplifier and N TIS34 30 v 3500 6 pf 1 to 8 V 
Mixer Applications to 

6500 
µmho 

Industrial, p 2N3820 20 v 800 32 pf .3 to 7.9 V 
Consumer, to 
Small· Signal 5000 
Low Noise, High µmho 
In put Impedance 

Figure 6. SILECT silicon transistors and FET's meet a wide range of industrial and consumer needs. 

TEXAS INSTRUMENTS 
INCORPORATED 
13500 N . CENTRAL EXPRESSWAY 
P 0 . BOX 5012 •DALLAS 22 . TEXAS 

SEMICONDUCTOR PLANTS IN BEDFORD , ENGLAND • NICE, FRANCE • DALLAS, TEXAS 21568 
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Show off your display system to advantage by 
using magnetic deflection. It offers superior quality, 
small size, high reliability and design freedom. 

Part 1 of a ·two-part article. 
Should electrostatic or magnetic deflection be 

used in display systems? 
When faced with this choice, don't automatical­

ly select electrostatic deflection for the more 
sophisticated systems. Magnetic designs may not 
be quite as good from the standpoint of speed and 
bandwidth, but they possess a number of other 
redeeming qualities. These make them strongly 
competitive with electrostatic deflection, even in 
complex display systems. 

The more sophisticated displays, such as radar, 
sonar or computer editing, often require rapid­
access symbol presentations, occasionally mixed 
with real-time data (such as radar video). The 
displays frequently employ large tubes with large 
deflection angles. These characteristics are well 
met by magnetic deflection, in several ways. 

Magnetic-deflection is attractive 

In the first place, the quality of the dis­
play itself is superior to that obtained with 
electrostatic deflection, because the magnetic field 
does not interfere with the beam-forming process. 
This yields brighter displays and clearer, more 
controllable spot sizes. 

Magnetic deflection also permits considerable 
design freedom: 

• Easier reference to ground of tube element 
potentials within the display are achieved, because 
of the nature of the magnetic-deflection field. This 
is particularly important when wideband intensi­
ty modulation is required. 

• Power-supply requirements like ripple and 
regulation are less stringent-again, because t~e 
beam-forming field is independent of the magnetic­
deflection field. 

• Packaging advantages accrue. The length of 
the tube is relatively small, because larger 
deflection angles are inherent. This also simplifies 
the size and complexity of its electron-gun. 

• A lower voltage power supply is needed to 
form the magnetic-deflection field than is required 

A. E. Popodi and R. M. Williams, Design Engineers, Wes~­
inghouse Electric Corp., Defense and Space Center, Balt1· 
more, Md. (Mr. Williams is now affiliated with Sanders 
Associates, Inc., Nashua, N. H.) 
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for electrostatic deflection. This permits the direct 
use of solid-state amplifiers, thus increasing the 
reliability and reducing the attendant power­
dissipation requirements. Safety to personnel is 
also improved because of the lower voltages. 

But magnetic deflection is not a panacea for 
display-system needs. One major drawback is the 
nonlinear relationship between the deflection 
current and the deflection of the spot (trace). If 
the cathode ray tube (CRT) had a spherical 
screen and a center of curvature that coincided 
exactly with the center of deflection, this would 
not be a problem. In practice, however, this is not 
the case, and a phenomenon called "pin-cushion 
distortion" results. However, it can be corrected.' 

Finally, the speed and bandwidth characteris­
tics of magnetic-deflection designs can be made to 
approach and even equal (when large tubes are 
involved) those obtained with the electrostatic 
method. The design methods for achieving this are 
comparatively esoteric. 

Let us then examine the design criteria and the 
interrelationships between the deflection coil and 
amplifying elements. 

Tracing CRT deflection needs 

One of the most important parameters of a 

The case for magnetic deflection: design problems are 
ironed out. Co-author Popodi checks the performance of 
his push-pull magnetic amplifier design. Used in display 
systems, it is much smaller than an electrostatic counter· 
part and offers considerably more design freedom. The 
attendant power needs are also less stringent. 
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deflection design is its bandwidth. Bandwidth has 
a major influence on the two important deflection 
criteria-settling time and ramp delay. In mag­
netic deflection the response is limited primarily 
by the output driver-deflection yoke combinati?n. 
In general high bandwidth requires both high 
power-sup~ly voltages and small yoke ind~ct­
ances. These, in turn, demand large deflection 
currents which must be provided by the output 
stage. These stages usually consist of hig~-~re­
quency power transistors. The ~ey t? att~mmg 
high bandwidths and small settlmg times is .the 
transistor and, to a larger extent, the deflection-
coil design. . . . 

For a display tube with a given deflect10n sensi­
tivity, the engineer must select and optimi~e j.u­
diciously a number of circuit parameters. His aim 
is to fulfill specifications and maintain maximum 
reliability. These main design parameters are: 

• Supply voltage of the output stage. 
• Deflection current. 
• Amplifier bandwidth and gain. 
• Degree of negative feedback. 
• Circuit configuration (single-ended or push­

pull, grounded-emitter or grounded-collector) 
of the output stage. 

These requirements are generally specified as a 
given settling time and .ramp d~lay . of the 
deflection current. In addition specificat10ns for 
the de-stability, resolution and linearity must also 
be satisfied. 

Deflection amplifiers for modern display ap­
plications must be capable of two pr.imary ~odes 
of operation. The first (Mode 1) i~ the lmear 
deflection of the CRT beam (scannmg) over a 
wide range of frequencies, generally coupled with 
small retrace times and minimum ramp delay or 
time lag. The second requirement (Mode 2) is the 
presentation of alphanumeric symbols that r~­
quire the fast displacement of the ~RT be'.11? m 
any direction, with no accompanymg po~itional 
correlation from one step to the next. In this case, 

No longer on display . . . 
Electrostatic deflection systems (such as the one shown 
above) are being hard-pressed by magnetic types in 
many display systems. Electrostatic types are larger, less­
reliable more complex and require higher power. More­
over, the frequency response of the '!lagnetic types now 
approximate those of the electrostatic. 
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minimum rise and settling times (amplifier recov­
ery) are of prime importance. A figure of 10 µ.s 
settling time to within 0.1 % of the final value, 
when proceeding across the full CRT screen 
diameter, is representative. 

Spot the significant error 

The changeover between the two modes occurs 
in most cases on a random basis. Depending on the 
particular display application, one of two am­
plifier parameters-accuracy or recovery time­
will be more important. In general, absolute 
accuracy plays a lesser role than the relative error 
between the data presented in Modes 1 and 2. In 
radar language, a target should appear at the 
same screen location as its computer-positioned 
target symbol. There should be no significant 
difference in results when a given spot on the 
screen is reached by either of the two following 
methods: starting at the center of the tube (PPI­
sweep) and approaching the spot with constant 
velocity (linear ramp), or starting at any screen 
location and reaching the spot by instantaneous 
displacement. In the latter case ramp delay, a 
function of amplifier bandwidth, is of prime 
importance. 

The total settling time of the CRT-spot depends 
on three factors: the deflection yoke inductance 
(L), the amplifier bandwidth and gain, an~ degra­
dation effects. The yoke inductance determrnes the 
maximum obtainable current rise time, which is 
governed by the relationship di/ dt = E ,/L, where 
E . is the operating voltage of the output stage. 
The degradation of yoke characteristics is attrib­
uted to surrounding magnetic bodies, such as the 
magnetic shielding, armatures and the focus coil~. 
Since it is not coil current but the actual magnetic 
flux that deflects the electron beam, great atten­
tion must be paid to maintaining a simple rela­
tionship between yoke current and flux. 

The first design task is to choose the coil induc­
tance on the basis of minimum power dissipation 
of the output stage. The next part of the design 
relates to the amplifier and its relationship with 
the deflection coil. Rise time and ramp delay for a 
single-pole feedback amplifier .<second order · 
system) will be calculated for si~gle-ended a~d 
push-pull deflection systems, to illustra~e this 
dependency. Finally a procedure to dete_rmrne tl1:e 
total settling-time under actual overdrive condi­
tions will be presented to demonstrate system 
performance. . 

To ease the analytical treatment, lrnear opera­
tion of the amplifier-yoke complex is assumed. 
Note that constant-frequency systems that fea­
ture a recovery of energy (such as television) do 
not apply to this discussion. 

Deflection coil establishes di/dt 

The deflection coil is part of the feedback loop, 
and as such its effect on amplifier performance is 
maj

1

or. To determine the shortest obtainable r~se 
and fall times of the deflection current, the eqmv-
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1. Deflection coil is a key part of the magnetic-deflection 
display system. Equivalent circuit (a) is used to determine 
coil current versus time relationships. In general, di/dt 
effects should be maximized, thus requiring that E. be 

alent circuit of Fig. la is analyzed. The coil ele­
ment consists of coil inductance L, winding resist­
ance R e and coil capacitance C. 

If the switch S is in the charging position ( 1), 
coil current increases exponentially toward its 
final value, as given by supply voltage E , and 
charging resistor RL (resistor R e is small and can 
be neglected). Charging resistor R,, is also small, 
thus permitting coil capacitance to be neglected. 
Current build-up in the coil is then described by: 

E "R L di (1) s = 'l L+ dt; 

this may be rewritten as: 
di _ E ,-iR,, 
dt - L (2) 

To maximize di/ dt, E., must be large and both L 
and R1, small. For solid-state drivers, the practi­
cal limit for E s is the maximum collector-to­
emitter breakdown voltage of the output transis­
tor. Minimum values for R,, depend on both the 
ratio of feedback voltage to noise in the system 
and the requirement that it be non-inductive (or 
that its inductance be small when compared to L). 
Typical values for R 1, in high-bandwidth applica­
tions (settling times of 10 o 20 ,us) are from 0.1 
to 10 ohms. Finally a practical limitation for the 
lowest coil inductance is the number of turns 
necessary to insure a uniform field distribution, 
especially in push-pull yokes. As the inductance 
decreases, the deflection current rises, and output 
transistor capabilities determine the minimum 
inductance. In high-bandwidth applications, 
coil inductances of 10 ,uh may be encountered. 

If Sis in the discharge position (2), the coil ca­
pacitance C cannot be neglected, and a coil damp­
ing resistor Rv must be added to avoid excessive 
ringing. The value of R 0 must be near or possibly 
slightly larger than a critical value given by Rev 
= 1/ 2 V L / C. This is because a small amount of 
overshoot produces faster settling time. Figure lb 
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large and L and RL small. Normalized plot of coil current 
as a function of damping resistor value demonstrates the 
current-time relationship for one critically damped and 
two overdamped conditions (b). 

shows the current decay for a critically damped 
case and for two overdamped cases. 

The fastest possible current decay without 
overshoot is obtained if Rn = R ev- At time 
t = t 0 , where f o = l / t 0 = 1/ 27ryr:A; (the resonance 
frequency of the yoke), the current is approxi­
mately 1 % of its final value. For this reason, L 
and C must be small for high bandwidth. The 
damping resistor in a practical circuit is estab­
lished by the source impedance of the output. Thus 
it can be very low in the case of emitter-driven coil 
or relatively high with a collector configuration. 

Easing the burden of yoke selection 

In selecting a deflection yoke, it is assumed 
that the CRT has already been selected and that 
the fastest required spot displacement from center 
to edge is known. The type of yoke used depends 
on the particular display application. Several lines 
of yokes are available, depending on what aspect 
of performance is paramount. This can be the 
sensitivity, the linearity or the resolution. 

To ease output-stage design, the engineer gener­
ally chooses the largest yoke inductance that, in 
conjunction with the amplifier, permits the attain­
ment of a specified settling time. To find this 
inductance, the sensitivity constant of the particu­
lar yoke line must be determined. This 1s usually 
done by consulting data-sheet values for a sampl.:; 
yoke and sample tube, neither of which has to be 
final design values. 

The energy required to magnetically deflect the 
electron beam of a CRT is given by 

I L I W _ E"1 x sin2 81 
1 2 1 ,

2 = 1 - k (3) 

Combining and solving for k yields: 

k = 2E,,, sin2 8, (4a) 
L, / 1

2 
' 

where L, is the yoke inductance of the sample 
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yoke (obtained from the data sheet), Ea1 is the 
CRT anode voltage listed for the sample yoke, 11 
is the center-to-edge deflection current of the 
sample yoke, (} 1 is the center to edge deflection 
angle of the sample yoke and k is the sensitivity 
constant of the selected yoke line. 

Because k depends only on the yoke geometry 
and construction, Eq. 4a can be rewritten: 

k = 2Easin2 
(} 

L 12 ' 
(4b) 

where Ea is the actual CRT anode voltage in the 
particular application, I is the actual required 
deflection current for center-to-edge deflection, (} 
is the actual center-to-edge deflection angle, and L 
is the actual yoke inductance. 

Voltage sets speed of spot shift 

This equation describes the static relationship 
between inductance, deflection current, deflection 
angle and anode voltage. Under dynamic condi­
tions, the fastest possible spot displacement is 
obtained when the full supply voltage (E,) of the 
output stage is applied to the yoke. Neglecting coil 
series resistance, the current rises as per : 

E = L di = LI 
8 dt t 

(5) 

where E s is the supply voltage of the output stage, 
L is the yoke inductance, I is the deflection current 
at the tube edge and t is the time allowed for spot 
displacement from center to edge. Substituting 
and solving for L, we get: 

L - -3_ (~) 2 
- 2Ea sin(} · 

(6a) 

In practice the coil current does not rise linear­
ly, because the coil resistance Re is not zero and 
there is a voltage loss in the feedback resistor RL. 
Moreover the deflection amplifier is not ideal. 
Depending on amplifier design and damping 
conditions, overshoot may occur and therefore 
additional time is needed until a given settling 
level is reached. With good amplifier design (less 
than 5 % overshoot) , the total settling time is 
about twice the value used in Eq. 6a, if a settling 
to within 0.1 % is desired. Therefore, 

k ( E .t )
2 

L cpracticazi = 2Ea 2 sin o (6b) 

is a more realistic inductance expression. 
The yoke inductance calculated from Eq. 6b is 

only a rough estimate of the final design value. 
The next step is to match the yoke to the amplifier 
and to determine the amplifier bandwidth re­
quired to obtain the specified settling time. 

The deflection yoke is always the load of a lim­
ited-bandwidth deflection amplifier that often fea­
tures a negative feedback arrangement. Basically 
there are two ways to connect the deflection yoke 
to the output stage. These are identified as the 
emitter and collector configurations. 
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Single-ended deflection used 

In the emitter-follower configuration (Fig. 2), 
coil voltage is controlled by the output stage. 
Because large voltage excursions in both polarities 
( +Es and - E . ) are necessary for fast current 
rises, the preamplifier must be capable of supply­
ing rather high base current drives. The pream­
plifier response, rather than the output stage 
response, is usually the bandwidth-limiting factor, 
because the former is more overtaxed. However, 
this does not present a great problem, because it is 
relatively easy to obtain high bandwidth at low­
current levels with medium-power high-frequency 
transistors. One advantage of this connection is 
that the coil capacitance can be charged and 
discharged by the low-impedance emitter-follow­
ers; thus no darriping resistor is required. 

In a collector configuration, coil current is the 
controlled parameter. Here the preamplifier does 
not require large output voltage swings, because 
only the base of the output transistor must be 
driven. However, the large-power-transistor used 
has a high output capacitance (up to several 
hundred picofarads). This lies in parallel with the 
deflection coil and deteriorates the circuit time 
constant. Therefore, the gain-bandwidth product 
of the output stage becomes the limiting factor. 

This is further complicated because the collec­
tor capacitance is not constant; it is voltage de­
pendent. The damping resistor must therefore be 
selected for the largest possible capacitance-this 
entails an overdamping condition at all other 
values of C. In other words, a loss in current rise­
time must be accepted. 

The design characteristics and performance 
capabilities of a number of actual magnetic-deflec­
tion systems will appear in Part 2 of this article, 
in the next issue. • • 

Reference: 
A. E. Popodi, "Linearity Correction of Magnetically­

Deflected Cathode Ray Tubes," Electrical Design N ews, 
January, 1964. 
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2. Single-ended and push-pull deflection stages often use 
an emitter-follower configuration to connect the deflec­
tion yoke as an amplifier load. Note that a damping re­
sistor (in shunt with the coil) is not required. This is be­
cause the emitter-follower stages both charge and dis­
charge the coil capacitance directly. 
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If we at Amperex could develop a transistor 
that wouldn't have to be neutralized .... 
we'd all have something to smile abouH 
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We've solved the circuit designer's problem 
of how to utilize the maximum available 
gain of his system and still maintain good 
stability. We've made this possible with the 
introduction of the first two of a series of 
extremely low-feedback-capacity silicon 
planar transistors in hermetically sealed 
T0-18 envelopes. With these transistors, 
types A467 and A473, the need for neutral­
ization within their operating frequency 
ranges has been completely eliminated. 

Type A467 is designed for forward gain 
controlled stages and features a typical 
feedback capacity of 150 mpf. Type A473 
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is designed for output stages where power 
handling capability is of paramount impor­
tance. Typical feedback capacity of type 
A473 is 230 mpf. 

Typical applications include Television 
IF amplifiers, Wideband Radar IF ampli­
fiers and premium performance FM-IF and 
RF service. 

Types A467 and A473 combined with the 
new Amperex high performance general 
purpose silicon planar type A415 provides 
the design engineer with a range of silicon 
planar small signal transistors unequaled 
in the industry on price and performance. 

ON READER-SERVICE CARD CIRCLE 21 

For complete data on these and other 
Amperex silicon planar epitaxial RF am­
plifier tran!iistors, write: Amperex Elec­
tronic Corporation, Semiconductor and 
Receiving Tube Division, Dept. 371, 
Slatersville, Rhode Island 02876. 

45Mc 10.7Mc 
AGC Useable Useable 

Type fT Cre · Range Gain Gai·n 

A467 330 Mc 150 mp£ 55 db 33 db 
A473 550 Mc 230 mpf 34 db 36 db 
A415 200 Mc 0.7 pf 30 db 

Ampere~ 
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Why use IC gate-ring counters? Because they 
often use less power than other counter types do 
and at the same time require no more wafer area. 

Part 2 of a two-part article. Part 1 (E ID, Feb. 
15, 1966) described the types of gate-ring counters 
that can be built in integrated-circuit form. 

The power dissipation of gate-ring counters is 
often less than that of other types. Moreover 
integrated-circuit gate-ring counters require no 
more wafer area than other commonly used types. 

In deriving power-dissipation expressions, the 
engineer can ignore the dissipation in the pulse 
steering networks. This is because it is generally 
small, in comparison with the dissipation in the 
rest of the counter circuitry, to be of significance. 

Power expressions for NANO counters 

As Part I of this article has shown, N AND 
gate-ring counters can be built in integrated-cir­
cuit form using DTL gates. In such a counter the 
fan-out per gate varies with the number of gates 
in the counter. So for each gate (Fig. 1), the value 
of the fan-out parameter K (where K = R11 Rd 
varies with the number of gates, for a given value 
of transistor (3. This is because R 11 must supply 
enough base current to the inverter transistor for 
it to sink all the available current from the fan­
out stages. Therefore, as the number of gates in 
the counter increases, the fan-out per gate must 
increase and Rn must decrease. This in turn 
increases the static power dissipation per gate. 
Since the total power dissipation is dependent on 
the fan-out-and therefore K-the value of K for 
a given counter size can be determined and theri 
used to derive a simple formula for the total static 
power dissipation of the counter. 

If G is the number of gates in the counter, then 
G- 1 is the fan-out required to satisfy the basic 
counter interconnection. Add to this the external 
fan-out requirements, N, and the total fan-out of 
each gate is N + G- 1. Therefore, referring to Fig. 
1, we see that the condition for static stability is: 

(
Vee - VnE - VD) _ (Vee - VsAT) 

R /3- R + 
. n L 

(N + G - 1) (Vee - ~-- V:~,1T)2 

where: V BE = ·base emitter voltage of the transis­
tor. 

G. J. Veth, Applied Physics Laboratory, Johns Hopkins 
University, Silver Springs, Md. 
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VsAr =collector emitter voltage of the 
transistor when the transistor is 
ON, or conducting. 

Vo = voltage drop of a forward biased 
diode. 

So, since K = KB/ RL, 

K= 
(Vee - VBE - VD)/3- (G + N - l)(Vcc - VD - VsAT) 

Vee~ VsAT 

In deriving a simple expression for the power 
dissipation, Pd, we find that the power dissipated 
in RP of the DTL gate and the power dissipated in 
the ON transistor from external fan-out are small 
-and are consequently ignored. Therefore, 

p ==(Vee - VD - VBE) V (Vee - VsAr) V 
d R cc+ R cc 

B L 

+ (G- 1) (Vee - VD - V:~Ar) V 
RB cc 

which is the same as, 

AB------N 
A ....._ _______ __ 

Bo-........... 

N 0 ~ 

1. DTL NANO-gate can be used for integrated gate·ring 
counters. 

A+B+ ... N 

RTL NOR-gate is also realizable in integrated-circuit 
m. 
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3. Static power dissipation vs counter length is shown for various types of counters. 
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4. Static power dissipation vs counter length is shown for various types of counters when the value of K is fixed. 
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Power expressions for NOR counters 

As shown in Part I , integrated-circuit NOR 
gate-ring counters can be built using RTL gates. 
As with the NAND gate-ring counter, the re­
quired fan-out per gate for this type of counter 
varies with counter size. The total fan-out is the 
same as in a N AND gate-ring counter, being (N + 
G - 1), where N is the external required fan-out 
and G - 1 is the fan-out required by the intercon­
nection of the gates. 

To find first the value of K to satisfy the fan­
out requirements (Fig. 2) : 

(G - l)l8 + N l 8 = required fan-out current 

where V oPP is the output voltage of the OFF gate 
that is supplying the fan-out current. 

V opp =Vee - [(G - 1) l a+ Nin] R ,, 
= IBRa + V aE 

v - v I - {31 - cc SAT 
~ - a - R 

L 

Combining these two equations, we find K to be: 

K = R11 =(Vee - VBE ) - (N + G - 1) 
R,, V ee - V SA T 

In deriving a simple expression, we ignore the 
power dissipated by the load resistor of the OFF 
gate as it supplies current for external fan-out. 
Thus: 

P = (V ee - V.w.) V (G _ l) + (Vee - V nE ) V 
d R,, cc R1, + R a/ G - l cc 

or, 

Power expressions for binary-type counters 

Serial dividers employing binary-counter stages 
and ring dividers using shift-register stages can 
be considered together, inasmuch as both can be 
built from the same basic circuit through proper 
interconnection. The circuit is essentially a shift 
register and is identical to the two-gate ring 
counter. Thus we can determine the static-power 
dissipation per stage for RTL and DTL imple­
mentation from the formulas just derived, by 
letting G = 2. 

It should be noted that K does not vary with the 
counter length, as G is now a constant. However, 
K still varies with the external fan-out demands. 
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Performance Proves: 

P' 1--~~ - 1-- ~-
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Fastest Switching Diode 
With High Forward Current 

Test waveforms show that International Diode 
Corp.'s ID3-050T alloy junction diode has a 

reverse recovery time (left) in the picosecond range, 
with a 200-to-400 milliampere forward conductance 
(right) . IDC can provide more than 100 types to 
solve yo ur design problems, including Q6-100, 
QS-100, ID3-050, 1 3146. Price as low as 45 . cents 
in quantities; delivery mostly from stock. Wnte or 
phone for details. 

INTERNATIONAL DIODE CORP. 
90 Forrest Street, Jersey City, N. J. 07304 

201 - 432-7151 

ON READER-SERVICE CARD CIRCLE 22 

PHOTO MASKS 

High resolution photo emulsion. 

EVAPORATION MASKS 

Electroformed nickel. 

Etched molybdenum and stainless steel. 

Bi metal (electroformed nickel and copper). 

y 
Prompt quotations and deliveries. 

TOWNE LABORATORIES, INC. 
Somerville, N . J. •Tel. 201 - 722-9500 

See us at IEEE, Booth 4A37 
ON READER-SERVICE CARD CIRCLE 23 
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5. Fan-out vs counter length is shown for the fixed values of K used for Fig. 4; namely, K = 1 and K = 4. 
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Required area for integrated counters 

Required Area 

Counter Length Gate Ring Shift Ring Binary Cascade 

2 1 1 1 
-

3 1.5 
1--

4 2 2 2 - 1- ----
5 2.5 

-
6 3 3 ,_ - --1 -- - ---
7 3.5 -
8 4 
9 4.5 

I---
10 5 

Therefore, from the previous formulas, we have: 

K(/JTL) = 

and: 

(Vee - VD - VBE) - (N + l)(Vec - VD - VSAT) 

V ee- VsAr 

K(RTL) = f3 (Vee - VBE) - (N + 1) 
V ee - VSAT 

V ee [ Vee - VBEJ P d/Stage(RTL) = R L (V cc - VsAr) + K + 1 

To determine the power of a cascade binary 
ring counter employing shift register stages, it is 
necessary to know only the relationship between 
the number of counter stages and the count cycle, 
or division ratio. The relationships for the simple 
cascade binary is: 

Count cycle = 2M, 

where M is the number of binary stages. The 
relationship for the ring counter is: 

Count cycle = 2M 

where M is the number of shift register stages. 
These formulas have been solved for V ee = 4 V, 
RL = lk, VBE = vb = 0.7 v, v. AT = 0.3 V, and 
N = 3, and are prese~ted in Fig. 3 for B = 10 
and 20, respectively. 

In obtaining these curves, we determined first 
the ratio K = R8 / RL. which satisfied the static 
fan-out requirements. Then the power dissipation 
was calculated for this value of K. It can be seen 
from the curves that the NAND gate-ring counter 
allows division by any whole number and can have 
a lower power dissipation than the other counters. 
To obtain this lower power dissipation, though, 
the NAND gate-ring counter requires higher 
transistor betas than other counters do, especially 
as the length of the counter increases. 

It is also interesting to compare the various 
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counters discussed when the value of K is fixea. 
This has been done in Figs. 4 and 5. Figure 4 
shows the static power dissipation vs counter 
length for two values of K, and Fig. 5 shows the 
available static fan-out for these same K values. 
To gain a power dissipation advantage with the 
use of a N AND gate-ring counter, K should be 
large, as can be seen, but if a large fan-out is 
required, K should be small or f3 large. 

Size is no problem 

Gate-ring counters should pose no fabrication 
problems in integrated-circuit form. The basic 
gates are already being realized in this form, and 
gate-ring counters with the required steering 
network components have also actually been 
realized, since flip-flop counters can be considered 
two-stage gate-ring counters. 

The possibility of building entire gate-ring 
counters of reasonable lengths on a single chip is 
attractive. A comparison of the approximate 
wafer area required to build gate-ring, shift-ring 
and binary-cascade counters of given lengths in 
integrated form is given in the accompanying 
table. Since the gate-ring, shift-ring and two­
stage binary-cascade counters are the same cir­
cuit, this circuit is assumed to require 1 unit of 
area. The lengths for the other counters are then 
given in multiples of this arbitrary unit of area. 

To summarize: 
Gate-ring counters can have important advan­

tages over shift-ring and simple binary cascade 
counters. They are capable of counting by any 
whole number, they consume less power in many 
applications, and they require no more (or less) 
area in monolithic form. In addition they are 
quickly realized with the use of available integrat­
ed logic gates if conventional components are used 
in the steering networks, and, with minor 
modifications of available semiconductor gates, 
they can be constructed in fully integrated form. 

Gate-ring counters have the disadvantage of 
requiring higher transistor betas for a given fan­
out, or having lower available fan-out for a given 
beta. And, though not discussed here, gate-ring 
counters are subject to self-oscillations for certain 
combinations of circuit parameter values, espe­
cially as the length of the counter increases. • • 
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Philbrick has always produced a wide variety of cool, reliable, solid 
state operational amplifiers for measurement, computing, control, 
data processing and testing. They provide premium performance 
and are priced accordingly. Their specified operating temperature 
exceeds -25° to +85°C. Now Philbrick also offers economical equiv­
alents of many of the most popular types in a utility grade, at sub­
stantially reduced prices. Savings generally exceed 50 %. Yet, these 
utility grade amplifiers have identical performance with their prem­
ium grade equivalents within a limited temperature range, usually 
0° to 60°C, but operate over the full range. And they too carry a two­
year warranty. For a chart giving detailed comparative specifica­
tions of more than 60 Philbrick Operational Amplifier types write, 
wire or phone: Philbrick Researches, 46-H Allied Drive at Route 
128, Dedham, Massachusetts. Telephone ( 617) 329-1600. 

Engineering Representatives 
Ala. : Huntsville (205) 536·8393, Mobile (205) 954-9298; Ariz.: 
Phoenix (602) 265-3629; Cal. : Los Angeles (213) 937-0780, 
Palo Alto (415) 326-9800, San Diego (714) 222·1121; Colo .: 
Denver (303) 733·3701; Conn.: West Hartford (203) 233-5503, 
Greenwich (203) 661-5140; Fla .: Ft. Lauderdale (305) 564-
8000, Orlando (305) 425-5505; Ill .: Chicago (312) 676-1100, 
(312) 676-1101; Ind.: Indianapolis (317) 356-4249; La.: New 
Orleans (504) 242-5575; Md.: Baltimore (301) 727-1999; 
Mass.: Wakefield (617) 245-5100; Mich.: Detroit (313) 838-
7324; Minn.: Minneapolis (612) 545-4481; Mo.: St. Louis (314) 
741-3779; N. M.: Albuquerque (505) 268-3941; N. Y.: Bi.ffalo 
(716) 835-6186, DeWitt (315) 446-0220, Valley Stream (516) 
561-7791; N. C.: Winston-Salem (919) 725-5384, (919) 725-
5385; Ohio: Dayton (513) 298·9964, Westlake (216) 871-8000; 
Okla.: Tulsa (918) 627-6199; Pa.: Philadelphia (215) 277-0559, 
Pittsburgh (412) 371-1231; Tex. : Dallas (214) 526·8316, 
Houston (713) 781·1441; Utah: Salt Lake City (801) 466-4924; 
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The ABC of dummy loads: A variety of choices 
are open to the designer, depending on the power, vswr 
and the availability of auxiliary equipment. 

Before you select a coaxial termination, check 
these important parameters for dummy loads: 

• Vswr. 
• Power dissipation capability. 
• Input connector. 
Then examine the types that are available for 

your application. They can be conveniently grouped 
according to the way in which they dissipat~ heat: 

• Dry terminations. 
• Dielectric-cooled terminations. 
• Water-cooled terminations. 
In checking parameters, don't lose sight of your 

application. For example, vswr is a prime consid­
eration in a directional-coupler application. In 
transmitter terminations, power dissipation is 
important. Jn high-power or peak-power applica­
tions, the choi ce of RF connectors should be care­
fully considered. 

Let's examine these parameters one by one. 
Theoretically a coaxial termination, or dummy 

load, should absorb all of the incident power on a 
transmission system without any reflection. The 
ability of a termination to perform this function is 

Goro R. Tahara, Development Engineer, Sierra Electron· 
ic Div. , Philco, Menlo Park, Calif. 

Facts and comments about connectors 

Peak Equiv. peak 
Connector voltage power 

types rating, volts rating, kW Comments 

BNC 500 2.5 *Although rated to 
10 GHz, Type TNC 
is not preferred 
above 3.0 GHz. 

TNC 500 2.5 Rated to 10 GHz 

UHF 500 2.5 Not recommended 
above 200 MHz 

N 1000 10 Rated to 10 GHz 

c 1000 10 *Although rated to 
10 GHz, Type C 
is not preferred 
above 4.0 GHz 

HN 5000 250 Rated to 4.0 GHz 

LC 5000 250 Rated to 1 GHz 

•since the connectors are not rigidly mated in these bayonet type 
connectors, instability in vswr is observed at higher frequencies. 
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usually expressed either as its vswr or its 
reflection coefficient. (The reflection coefficient is 
the ratio of the reflected voltage to the incident 
voltage and, therefore, is always less than unity.) 
The vswr is the ratio of the maximum voltage to 
the minimum voltage appearing along the trans­
mission line, and it is always greater than one. At 
frequencies approximately 400 MHz and above, 
the vswr is easily measured on a slotted line and is 
generally specified. At lower frequencies the 
reflection coefficient is often used. 

The vswr is related to the reflection coefficient, p: 

- 1 + lpl vswr - 1 _
1

P
1

. (1) 

The reflection coefficient is related to the load 
impedance: 

(2) 

where z/, = load impedance, 
Zo = characteristic impedance of the co­

axial system. 
The reflection coefficient always has a phase 

angle, except when the load impedance is resistive. 
This time angle is ignored, and only the absolute 
value of reflection coefficient is used in the deter-
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1. Altitude-derating curve indicates the drop in the power 
rating as the air pressure decreases with altitude and the 
temperature remains constant. If, on the other hand, the 
temperature decreases at about the same rate as the air 
pressure, the power-rating remains practically unchanged. 
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2. Cross-section of dielectric-loaded termination (Narda 
Model 375) shows how the dielectric is tapered for good 
match and maximum power dissipation. These dummy 

mination of vswr. Therefore the load impedance 
cannot be calculated from the vswr information, 
except in a purely resistive case {zero phase 
angle). In a resistive case, where ZL = RL: 

RL Zo vswr= - or - , 
Zo RL 

depending on which one of Zo and RL is greater 
than unity. 

Environment changes power rating 

The maximum power rating of a coaxial termi­
nation is based on several criteria. In some cases 
complete failure of the termination is used as the 
limit for the. full power rating. A more conserva­
tive rating would be based on a change in vswr 
characteristics or change in the power resistor. 

When coaxial terminations are used in environ­
ments other than that of the laboratory, a power 
derating factor should be considered. Most manu­
facturers specify the maximum ambient tempera­
ture at which the termination can dissipate the 
full-rated power ( +40°C is commonly used). The 
derating factor to be used above this temperature 
should be available from the manufacturer. 

The most often neglected or misused considera­
tion in power rating is the change due to altitude 
above sea level. The density of air decreases with 
altitude, causing a reduction of cooling efficiency. 
The change in viscosity tends to increase the 
convection of air, but it is insufficient to make up 
for the loss of density, if the temperature remains 
constant (Fig. 1). On the other hand, if the stand­
ard atmospheric temperature-as defined by 
international civil aviation organizations-is 
considered, the decrease in temperature with 
altitude effectively nullifies the derating caused by 
the decreasing density. The drop in temperature 
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loads offer higher power ratings at higher frequencies 
than the resistor types. However, at low frequencies, di­
electric materials usually have lower losses than resistors. 

usually makes altitude derating negligible. 

Find the right input connector 

The input connector is an important part of the 
dummy load, since it has its own limitations of 
vswr, peak voltage rating and ·average power-· 
handling capability. Some manufacturers are now 
offering medium and medium-large terminations, 
with interchangeable input connectors to accom­
modate various requirements. (For example, 
Sierra Twist-Off and Bird Electronic QC connec­
tors). The characteristics of some of the more 
common connectors are listed in the table. 

Information on the average power-handling 
capabilities of connectors is generally not avail­
able. In general, the coaxial cable's power rating is 
the limiting factor. The power ratings of coaxial 
cables vary with different manufacturers of cables 
and connectors. 

Now let's take a look at the three major types 
of dummy loads: dry, dielectric-filled and water­
cooled. 

Structures to get rid of heat 

Low-power terminations are usually dry and 
have a resistor as the dissipating elements. The 
usual means of cooling is the free convection of 
air. The power resistor is cooled by convection air 
currents and by direct radiation to the outer 
conductor, which is also the body. The heat is 
conducted to the external wall of the body and fins 
and is dissipated by the free convection of air 
around the termination. Many companies manu­
facture these terminations for maximum power 
levels- from 1 watt to 20 watts. Dry terminations 
up to 100 watts are now available that operate up 
to 4 to 5 GHz. 
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3. Air-chamber, cast as a part of a one-piece body, is 
large enough to handle expansion of dielectric coolant 
with temperature in this Sierra Model 1608-600. The 
tapered cone that surrounds the resistor matches the RF 
impedance. 

IN 

t 

OUT-

4. The power resistor inside this dummy load (a film de­
posited on ceramic substrate) is cooled directly with water 
at a rate of about 8 gallons per minute. This termination 
(Bird TERMALINE® Model 8762) is rated 50 kW. 
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These are the advantages of dry terminations: 
• They are reliable and rugged. 
• They do not deteriorate in storage. 
• The mounting position is usually not critical. 
• They cover a wide frequency range-from de 

into the gigacycle range. 
The chief disadvantage of the dry termination 

is that it is available only in lower power units. 
Instead of the resistor, a lossy dielectric may be 

used to dissipate the heat. The space between· the 
center conductor and the outer wall is filled with a 
specially shaped dielectric material, which is lossy 
at high frequencies. Frequency coverage can be as 
low as 700 MHz and as high as 12.4 GHz. Power 
ratings extend to about 175 watts. The crossection 
of such a device is shown in Fig. 2. Low-power 
units do not offer any particular advantage over a 
termination that uses resistors. At higher power 
levels, they have these advantages, when com­
pared with the resistor types: 

• They off er better performance in the upper 
gigacycle frequency range, especially in the high­
er powered units. 

• There is no air between the heat source 
(lossy dielectric) and the outer body. Therefore 
the efficiency of the heat transfer ·· is greatly in­
creased. 

The disadvantages of dielectric units are as 
follows: 

• They are not usable below 700 MHz. 
• At lower frequencies they are physically long 

in comparison with resistor-based terminations. 
Available lossy dielectric materials exhibit less 

loss per unit lengtli at lower frequencies than at 
higher frequencies. Therefore, to obtain a given 
amount of attenuation at lower frequencies, a 
longer load is required. In actual practice the 
length of the load is primarily determined by the 
lowest frequency for which the termination is 
designed, since any higher frequency will encoun­
ter higher attenuation. 

In the resistive type of termination, the loss is 
constant for all frequencies within the design 
limit. Since the physical size is not a function of 
frequency, a small unit can be made for low fre­
quencies as well as for higher frequencies. 

There is no direct relationship between frequen­
cy, length, power, and dielectric constant. They 
are factors that must be adjusted empirically to 
find the best combination for the design require­
ment. 

Dielectric-filled terminations: how to keep fluid in 

Dielectric coolants that transfer heat from the 
resistor to the body greatly improve heat-transfer 
efficiency. In this type of termination, the heat 
energy is removed from the resistor by the free 
convection of the coolant encased in the termina­
tion body. The heat absorbed by the coolant is 
transferred to the inner wall of the body. It is 
then conducted to the fins and dissipated into the 
air by free convection. The dielectric-filled termi­
nations are generally available in the middle 
power ranges of 100 to 2500 watts. 
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The use of a dielectric coolant in a termination 
is not without disadvantages. There is the problem 
of keeping the coolant in and of providing for its 
expansion with rising temperatures. 

A small flaw on the unit results in the loss of the 
dielectric coolant and in subsequent failure. A 
termination made of cast aluminum (Sierra 
Models 160-150 and 160-500) circumvents the 
problem. However, it also increase~ the manuf~c­
turing cost and results in a relatively expensive 
unit. 

Some types use an air vent to release the inter­
nal pressure. This has the disadvantage of coolant 
spillage in transit or storage. Also, the exposure to 
air tends to contaminate the dielectric coolant. 

Metal bellows are used in some terminations to 
permit coolant expansion. If properly designed 
and assembled they permit the termination to be ' . mounted in any position. A word of warnmg: 
Forced-air cooling should be used if the cooling 
fins are placed in a horizontal position, since 
natural free convection of air will be cut off. 
However, the bellows do increase the probability 
of dielectric leakage. 

In dielectric-filled terminations the outer con­
ductor is a tapered cone, surrounding the resist­
tor, for RF impedance matching. Although holes 
are provided for the coolant flow to the body, the 
cone impedes the · circulation of the dielectric 
coolant and reduces the heat-transfer efficiency. 

The most recent dielectric-filled termination 
design (Fig. 3) incorporates cast-aluminum 
construction, in which the fins, body and internal 
RF matching cones are all in one piece. This con­
struction assures reliability, ruggedness, high 
heat transfer efficiency and low manufacturing 
cost. The cost of this type of unit is generally less 
than that of a fabricated termination. 

The air chamber may be cast as part of the one­
piece body, and its size may accommodate all 
anticipated pressure changes. These terminations 
must be operated in a horizontal position, with the 
feet down. 

Cooling fluids: three choices 

One final consideration is the quality of the 
dielectric coolant. Different types of dielectric 
coolant are used in terminations. 

Transformer oil is very economical, but it has a 
limited life, since oil tends to carbonize at the high 
operating temperatures of the power resistors. 
Carbon deposits on the resistive film gradually 
build up and cause hot spots, which eventually 
lead to resistor failure. The length of service of 
this coolant depends upon the operating tempera­
ture of the resistor. Some oils have an inhibitor to 
reduce the carbonization. ·This increases the life of 
the oil, but not significantly. 

Silicone fluid has ideal properties for dielectric 
coolant, since it does not carbonize and can with­
stand high temperatures. This fluid is only used in 
high-quality terminations, since it is very expen­
sive. 

Synthetic fluids of fluorocarbon base are also 
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used in some coaxial terminations. These fluids 
are generaily not as expensive as silicone. 

In general, the frequency ranges of dry termi­
nations and dielectric-cooled ones are the same. 
The basis for comparison is usually the power 
rating. 

Ways to increase power transfer 

The power dissipation of a coaxial termination 
can be increased by a blower or fan to increase the 
flow of air through the fins. In general, forced air 
cooling on dry terminations is not very effective, 
since the large temperature drop occurs between 
the resistor and the body. The possible exception 
is in the lossy dielectric type of termination where 
material is in contact with the body. 

The .power rating of dielectric cooled termina­
tions can be increased as much as two times, 
depending upon the termination operating tem­
perature, the internal heat-transfer design, and 
the quantity and direction of the air flow. Some 
manufacturers off er a blower designed to fit their 
terminations. (For example, Sierra Model 160-
1600AC and Bird Electronic Corp. JV(odel BA-88). 

The power dissipation can be further increased 
by cooling with water. Water-cooled loads are 
generally available in power ratings from 1 to 50 
kW. There are two basic types of waterloads: 
indirectly cooled and directly cooled variations. 

In the indirectly water-cooled loads, the termi­
nation resistor is cooled by a dielectric coolant 
(usually oil), which is circulated with a pump. The 
heat is transferred from the coolant to water by a 
heat exchanger. (An example is the Bird Model 
502). In the direct-cooled termination the power 
resistor is cooled directly by the water. This 
method has higher heat transfer efficiency and 
results in a much smaller unit. For example, the 
Bird Electronic Model 8762 in Fig. 4 requires 
eight gallons of water per minute at 30° C. It 
operates up to 500 MHz, with a vswr of 1.1. 

Water loads are also used in calorimetric ap­
plications where the rise in cooling water tempera­
ture is used to measure the input RF power accu­
rately. In this application the heat loss to the 
environment must be kept at a minimum. 

A look at the future 

What will the future bring? There will be an in­
crease in the variety of coaxial terminations of spe­
cial design to meet the requirements of new appli­
cations. Small, lightweight dry terminations, han­
dling power up to 100 watts, are already in the 
final stages of development. These are designed 
for missile and airborne equipment, where size, 
weight and reliability are prime factors . 

Vswr performance is constantly being improved 
to meet more demanding applications, such as 
improved hybrids, couplers, etc. The power capa­
bilities of dry terminations will continue to in­
crease and the size of dielectric-filled termina­
tions will shrink. Smaller loads are already being 
produced for use in miniaturized microwaYe 
systems. • • 
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Complete Line of High Performance 
Electro-Magnetic Counters 
Hecon counters do more than count. They are highly reliable control 
devices that exercise control by counting. Our exclusive building block 
design permits many system variations and applications. Used as 
an individual control instrument, or as part of a control system, 
Hecon counters can solve your control problems. 

For reliable, low cost digital control systems, only Hecon offers 
a complete line of high performance electro-magnetic counters featuring 
closed loop design. 

F 043 Totalizing Counter - Modular 6 digit plug-in unit, with either 
manual or electrical reset - speeds up to 60 counts per second - life 
in excess of 200 million operations. 

FA 043 Predetermining Counter - Modular 6 digit plug-in unit, with 
manual, electrical or automatic reset, for speeds up to 35 counts per 
second - life in excess of 200 million operations. 

FR 967 Single Decade Counter - Features electrical readout, transfer 
and reset, (optional push button preset avai I able). Unique system 
of rolling ball contacts on flush rhodium plated circuit boards -
escapement operation for fast and accurate pick-up - speeds up to 50 
counts per second - life in excess of 200 million operations. 

Hecon engineers can help you solve your counting and control 
problems with Hecon high performance counters - reliably and 
economically. Write or call today for full information on these and 
other Hecon counters. 

HECON 

HECON 
QUALITY 
COUNTS 

FA 043 

FR 967 

HENGSTLER NUMERICS, INC., 318-320 Bergen Boulevard, Palisades Park, H.J. 07650 
ON READER-SERVICE CARD CIRCLE 25 

64 ELECTRONIC DESIGN 



One simple, rugged design adds reliability 
to all three rectilinear Mil wirewound styles 
RT-10, RT-11, RT-12 -Dale meets all three with a 
single design. You benefit from this simplifica­
tion through increased reliability, faster delivery, 
better price. Call us today! 

CD ALL-MOLDED HOUSING design eliminates seal problems. 
Meets MIL-STD-202 and MIL-R-27208A. 

{:)\ RUGGED COLLECTOR SYSTEM assures you of noise levels 
\!;) well below mil requirements. 

(';;\ FULL LENGTH WINDING allows increased power hand­
\:!.} ling capability. Permits use of large diameter ther-

moconductive mandrel which eliminates "hot spots" 
by acting as high mass heat sink. 

© 1-PIECE WIPER ASSEMBLY of precious metal insures 
setting stability under all environmental conditions. 

® STAINLESS STEEL ADJUSTMENT SCREW has metal-to­
metal clutching - prevents over-travel damage. 

® CONSTANT LEAD SCREW SEAL is assured by shaft­
retaining spring which maintains unvarying pressure 
against high temperature silicone rubber "O" ring. 

RT-12 

RT-22 

DALE MIL-R-27208A MODELS 

Model 691 P.C. Pin 
Model 697 Flex. Leads 

Model 1287 P.C. Pin 
Model 1288 Flex. Leads 

Model 1680 P.C. Pin 
Model 1697 Flex. Leads 

5000 Series-1/2" square­
trim models meet RT-22, 
made with same basic design 
considerations shown here. 

WRITE FOR CATALOG B-containing specifications on 
57 Dale T-Pots including many special models. 

~ DALE ELECTRONICS, INC. ~, .......... ~. 
~ 1328 28th Avenue, Columbus, Nebraska '• .. ~!..­

Speed Inquiry lo Advertiser via Collect Night Letter 
ON READER-SERVICE CARD CIRCLE 63 
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ROUGH \NITH A REASON 

Unique GVB finish cuts core winding costs 
GVB encased cores mean fewer production delays 
because GVB does much more than seal the core box 
against potting material. Its matte finish provides a 
resilient, non-slip base for winding, and the tough epoxy 
skin prevents the wire from cutting through to the core 
box. Guaranteed not to fail, even when wound with 
heavy #6 wire, GVB surface also eliminates abraded 
wire problems. No prior taping of the core is required, 
so another winding operation is wiped out. 

Magnetics doubles the normal guarantee on core box 
finishes by expressing it in this unique way: The guar­
anteed voltage breakdown (GVB) finish seals the box 

and is capable of withstanding at least 1,000 volts at 60 
cycles between a bare winding and the aluminum case. 
Quality control monitors the application and curing 
of GVB to assure dimensional and voltage breakdown 
fidelity. Performance characteristics are maintained 
between -65 and 200 degrees C. 

To reduce production costs on your winding opera­
tions, try Magnetics' tape wound cores with GVB. 
Eight material types, in a wide range of sizes from 
0.375" to 4.0" inside diameter, are stocked for immedi­
ate delivery. More information? Write Magnetics Inc., 
Dept .ED-27, Butler, Pa. 

mRllRET/t:S Inc. 

64B 
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Speed Inquiry to Advertiser via Collect Night Letter 
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Bandolug reels off 
1,500 perfect 

terminations an hour . 

Do you insist on highest quality? Do you 
want highest speed? Burndy Bandolug 
satisfies the most demanding engineers on 
both counts. 

A change from one stud to another takes 
10 seconds. From one wire size to another 
no more than 90 seconds. And Bandolug 
crimps a wide range on wire sizes #10 
thru #26. 

The machine automatically rejects in· 
adequately stripped wires, delivers uni· 
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and it's a 
quick-change 

artist. 

formly perfect results-no sheared or 
unplated edges. You can count on depend· 
able performance year after year with 
noiseless operation and assured safety 
reducing operator fatigue to minimum. 

So go ahead-be demanding. Demand 
top quality, top speed and lowest instal· 
lation costs. Demand Bandolug®. 

BU ANDY 
Norwalk (!] Connecticut 
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OUTPUT CURRENT (Ade) 

Automatic crossover between constant voltage and constant current modes 

Power Supply Specs 
That Set 

The Standard. 
The Sorensen QRC series-wide range, transistorized power 

supplies-provide constant voltage/ constant current regulation 

so sharp the units operate without ever leaving the specified 

regulation band. Voltage regulation is -+- .005% for line and 

load combined. The QRC's are provided with front panel dial 

set adjustment of voltage and current limits, as well as voltage/ 

current mode indicator lights. Other design features include: 

Low ripple .. . 1 mV rms • No turn-on / turn-off overshoots • Re-

mote sensing and programming • Series/ parallel operation 

• Input voltage 105-125 or 201-239 Vac, 50-400 c/ s •Easily 

replaceable plug-in control boards • High efficiency and com­

pact packaging. All Sorensen power supplies conform to pro­

posed NEMA standards. For QRC details, or other standard/ 

custom power supplies, AC line regulators or frequency 

changers, contact your local Sorensen rep, or write: Sorensen, A 

Unit of Raytheon Company, South Norwalk, Connecticut 06856. 

------------------ ELECTRICAL & MECHANICAL SPECIFICATIONS -------------------, 

OUTPUT CURRENT VOLTAGE 
VOLTAGE OUTPUT REGULATION 

MODEL RANGE RANGE (LINE & LOAD 
NUMBER (Vdc) (Ade) COMBINED) 

QRC20·08 0-20 0-8 ± .005% or ± l mv 
QRC20-15 0-20 0-15 ± .005% or ± 1 mv 
QRC20-30 0-20 0-30 ± .005% or ± 1 mv 
QRC40-4 0-40 0-4 ± .005% or ± 1 mv 
QRC40·8 0·40 0-8 ± .005% or ± 1 mv 
QRC40-15 0-40 0-15 ± .005% or ± 1 mv 
QRC40·30 0-40 0-30 ± .005% or ± 1 mv 

tHalf rack 
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RIPPLE 
VOLTAGE 

(rms) 

1 mv 
1 mv 
1 mv 
1 mv 
1 mv 
1 mv 
l mv 

A UNIT OF RAYTHEON COMPANY 

RIPPLE RACK 
CURRENT CURRENT HEIGHT 

REGULATION (rms) (INCHES) PRICE 

± .05% or± 4 ma 2 ma 3Y2 $410.00 
± .05% or± 8 ma 4 ma 5'A 525.00 
± .05% or± 16 ma 8 ma 7 700.00 
± .05% or± 2 ma 1 ma 5'A t 315.00 

± .05% or± 4 ma 2 ma 3Y2 450 .00 
± .05% or± 8 ma 4 ma 5'A 575.00 
± .05% or± 16 ma 8 ma 7 775.00 

Sorensen represented in California by Ward- Davis 
Assoc., 770 S. Arroyo Parkway, Pasadena, Phone 
213-684-2840; 1020 Corporation Way, Palo Alto, 
Phone 415·968· 7116 ; 3492 Pickett Street, San 
Diego, Phone 714-297-4619. 



10-DAV FREE BOOK APPROVAL 
HAYDEN BOOK COMPANY, INC., 

116 WEST 14th STREET, NEW YORK, N. Y. 10011 
Please send me the books marked below on a 10-day examination 
basis. If I decide to keep them, I will remit payment. Otherwise I 
will return the books within 10 days and owe you nothing. 

Cat.# title 

Name & Title: _________ _________ _ 

Firm: _______________________ ~ 

Address: _ _________ ___________ _ 

City: _ _________ .State: ____ Zip: ____ _ 

.O Payment enclosed and publisher pays postage. Same return privilege. 

Save time and effort ... 
by examining these 

career-oriented books 

at your desk. .. or in the 

leisure of your home. 

Here are recent Hayden titles you may want to review without cost or obligation! 
400 IDEAS FOR DESIGN SELECTED FROM ELECTRONIC DESIGN 

Here are 400 tested ideas written by engineers and 
selected from the popular "Ideas for Design" column 
of Electronic Design magazine. #55.37, 232 pp ., 
cloth, $8.50. 
CONTENTS: Amplifiers. Calculation Short Cuts. Communica­
tions and Telemetry. Computer and Pulse Circuits. Control 
Circuits. Design and Laboratory Aids. Filters. Measurement 
and Test. Microwave Techniques. Oscillators and Modula­
tors. Power Sources. Switching and Relay Circuits. 

ELECTRICAL INTERFERENCE Rocco Ficchi 

Written to give the design and field engineer, pro­
gram manager, and technician a broad view of the 
importance of interference in modern electronics 
systems. #5512, 256 pp., cloth, $8.75. 

CONTENTS: Introduction. Interference Reduction as a Sys­
tem Problem. The Fundamental equipment Problem. Shield­
ing. Filtering. lnterferennce Reduction in Cables. Grounding. 
Interference Reduction in Equipment. Grounding of Struc­
tures and Buildings. Grounding Equipment. Grounding of 
Power Systems. Appendices. 

DIODES AND TRANSISTORS Guy Fontaine 

Written to translate the language of semiconductors 
for their use in all kinds of circuits. The first section 
gives a comprehensive review of the princ iples under­
lying all semiconductor devices; section two covers 
diodes, the fundamental properties of point contact 
and PN junction diodes1 plus an analysis of their 
performance characteristics; the balance of the book 
1s devoted to transistors, and gives a detailed presen­
tation of all the parameters of transistors that could 
interest engineers and methods of designing circuits 
with transistors. #5500, 480 pp., cloth, $9.50. 

TRANSISTOR CIRCUITS IN ELECTRONICS 
S. S. Hakim and R. Barrett 

For working engineers and students, this lucid book 
introduces the working principles of transistors in 
both amplifiers and oscillators and linear and switch­
ing circuits. #5034, 341 pp., cloth, $10.95. 

CONTENTS: Transistor Characteristics. Graphical Ana lysis. 
Small Signal Equivalent Circuits and Parameters. Amplifier 
Circuits. Feedback Amplifier and Oscillator Circuits. Switch­
ing Circuits. Regenerative Switching Circuits. Logic Circuits. 
Modulator and Demodulator Circuits: Appendix: Superposi­
tion Theorem ; Thevenin's Theorem; Norton's Theorem. 

DESIGN OF LOW-NOISE TRANSISTOR INPUT CIRCUITS 
William A. Rheinfelder 

For circuit design engineers and students interested 
in low-noise circuit design, this practical book con-
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transistor 
circuits in 
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tains a mult itude of time-saving graphs and design 
curves. #5014, 128 pp., cloth, $5.50. 

CONTENTS: The Noise Figure Concept. The Measurement of 
Noise Figure. Noise of Spectral Discontinuity, Tube and 
Transistor Noise. Design of Practical Circu its Above Ap­
proximately 100 Mc. The Design of Front Ends of Receivers 
to Approximately 100 Mc. Low Noise Audio Design. Typical 
Low-Noise Circuits. Appendices. 

PRINCIPLES OF FEEDBACK DESIGN 
G. Edwin and Thomas Roddam 

A practical guide for the designer of feedback ampli­
f iers and similar systems, this book brings together 
fundamental and advanced considerations. #5533, 
220 pp. , cloth, $8.75. 

CONTENTS: The Concept of Feedback Stability. Simple 
Response Characteristics. Combinations of First-Order Net­
works. Amp I ifier-Response Construction. The Responses of 
a Transformer. Loop Design and the Stability Margin. The 
Overall Response: The Mu-Beta Calculator. Amplifier Termi­
nal Impedances. Distortion. Positive Feedback. Signal-Flow 
Diagrams. The Analytical Approach. Feedback Amplifiers as 
Filters. A Broader View. Index. 

PRINCIPLES OF TRANSISTOR CIRCUITS Revised 3rd Edition 
S. W. Amos 

Keeping up with the rapid advance in transistor tech­
nology, this updated revision contains half again as 
much information as the successful second edition. 
#5649, 293 pp., cloth, $7.95. 

CHAPTERS: Semiconductors and junction diodes. Basic 
princ iples of junction transistors. Common-base amplifiers. 
Common-emitter amplifiers. Common-collector amplifiers. 
Bias stabil ization. Small-signal a.f. amplifiers. l.F. ampli­
f iers. Pulse amplifiers. Large-signal a.I. amplifiers. Sinu­
soidal oscillators. A.M. and F.M. sound receivers. Pulse 
jlenerators. Sawtooth generators. Further applications of 
Junct ion diodes and transistors. Further semiconductor de­
vices. Appendices. Index. 

THE ELECTRON IN ELECTRONICS 
Modern Scientific Concepts For Electronic Engineers 
M. G. Scroggie 

This volume deals with the revolutionary physical 
concepts of the twentieth century from the point of 
view of the electronic engineer, whose approach to 
the subject is somewhat different from the mathema­
t !cal physicists who develor:>ed the concepts. The en­
~1re development of these vita.I ~oncepts is expressed 
m terms and symbols familiar to the engineer. 
#5707, 275 pp., cloth, $9.95. 

CHAPTE.RS: Electronics and Physics. Class ical Science. Dis­
crepancies., The Q~antum Theory. Waves and Particles. 
At?')'lS. Solids. !lem1conductors. More About the Atom. Rel­
at1v1ty. Appendices. Index. 

Hayden Book Company, Inc., N. Y. • a division of Hayden Publishing Company, Inc. 
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CAREERS AND MANAGEMENT 

Committee meetings waste time-unless 
strict standards to control them are enforced. Here's 
some advice on how to make them useful. 

As an engineer or manager, how much of your 
time do you spend at committee meetings? These 
meetings may be within your company, in profes­
sional societies, or in your everyday life. Most 
people spend more time this way than they would 
like to. Much of it is wasted time. What can you do 
about it? 

Committee meetings can't be eliminated entire­
ly; some are useful. But their number should be 
slashed drastically. Here's why: 

One man working alone gets things done. Two 
M'Orking together may have an argument. But 
three or more make up a committee, and commit­
tees don't get things done; they should be used 
~mly for coordination and communication. 

Here are some of the reasons why committee 
meetings are held, even though they shouldn't be. 
How many of them do you recognize? 

1. To delay action or postpone decisions. 

A manager may establish a committee to recon­
sider an idea. The objective, which may be hidden 
from the committee members, is to delay action or 
postpone the decision until a later date. But the 
pros and cons can be weighed only so many times. 
A decision must be made eventually. Why not now? 
The very nature of committees makes them slow 
and inept when speed is important. 

2. To avoid or spread responsibility. 

Instead of making a clear-cut decision, a person 
may establish a committee to make the decision 
for him. If the decision is wrong, nobody can pin 
the blame on any one person, especially if the 
committee members are all on the same level. 

3. To mask individual incompetence. 

A person assigned to a task, and lacking the 
ability to do it, often calls a committee meeting 
under the guise of seeking advice. He is really 
attempting to have the people on the committee do 
his job for him. 

4. To provide an audience for the boss. 

Many mangers like to have their egos bolstered 
by calling a meeting. With the spotlight on them, 

W. D. Rowe, Consultant, Sudbury, Mass. 
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they then begin a monologue that is designed to 
prove they are managers. 

5. To get together for a bull session. 

Committee meetings that are scheduled on a 
regular basis can end up as bull sessions if the 
meetings are called simply to fulfill the schedule. 
Often there really is nothing to discuss. 

6. To make unimportant decisions. 

Committees sometimes meet to decide matters 
that are not worth a group decision in the first 
place. Like: decisions relating to the execution of 
different tasks, orders or plans. 

7. To provide a "rubber stamp." 

A committee meeting may be held to approve a 
decision after it has already been made and it is 
too late to do anything else about it. 

8. To ease the pain of decisions. 

Committee meetings off er opportunity for a 
compromise decision when such a decision is un­
warranted. When a clear-cut decision is required, a 
committee involves a multiplicity of people, a 
diffusion of ideas and, ultimately, a compromise­
which may be considerably less suitable than the 
decision sought. 

Committee meetings that are scheduled on a regular 
basis can end up as bull sessions .... 

Committees can be useful 
But let's look at the other side of the coin. 

Committees are valuable in specific areas, but 
where their very structure makes them useful. 
Here are some valid reasons for calling committee 
meetings: 

ELECTRONIC DESIGN 



1. To provide integrated group judgment. 

In matters of extreme importance, a committee 
can provide broad depth of background and expe­
rience in evaluating decisions-for example, a 
properly run design review. 

2. To promote coordination of inter-related efforts. 

When a project extends beyond the responsibil­
ity of two or more people, it often is necessary to 
call meetings of the people involved to coordinate 
their efforts and understand the entire problem­
for example, coordination among marketing, 
engineering and production personnel. 

3. To obtain cross-fertilization of ideas. 

When attempting to find new approaches to a 
problem, brainstorming can be a useful device. 
However, it must be used properly-for example, 
in R&D planning sessions. 

4. To enlist cooperation. 

To secure action outside of your area of respon­
sibility, it may be necessary to call a number of 
people together, so that you can explain what you 
are doing and invite their cooperation-for exam­
ple, functional management action. 

5. To communicate in parallel. 

A meeting is useful when information must be 
imparted to a large number of people at the same 
time. This is more a seminar or lecture than a 
committee meeting. Its advantage over written 
communication is that feedback is instantaneous. 

I 
,j .. 

To secure action •.. it may be necessary to call a num­
ber of people together, so that you can explain what you 
are doing and invite their cooperation .... 

How to hold a good meeting 
Since you undoubtedly have to spend some time 

at commitee meetings, make sure that they are 
held properly: that they conserve time and man­
power and accomplish the objectives in a reasona­
ble manner. Here are essential steps: 

• Determine explicitly the purpose and the 
objectives of the committee meeting. Are the 
objectives legitimate? Are they things that can be 
properly treated in a committee meeting? Or are 
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they best accomplished by individuals working 
alone? 

• Organize the committee properly. Define the 
duties and authority of the committee and its 
participants. Make sure everybody knows these 
objectives and is properly informed prior to the 
meeting. Limit the invitations to the meeting to 
those necessary to reach objectives. 

• Staff the committee properly. Make sure the 
members are qualified people who give you the 
representation you require. Be certain they have 
accompanying decision-making authority. Sup­
port the committee with necessary staff assistants. 

• Establish committee procedures. Set up the 
procedures in a way that insures bold and effec­
tive action. Formal procedures can be used when 
necessary. 

• Appoint the right chairman. This is, perhaps, 
one of the most important considerations, since a 
good chairman can make a meeting run efficiently, 
can stir participation by the rest of the committee. 

• Know the participants. Committees are made 
up of people with a variety of individual personal­
ities. The action will result from the interplay of 
these personalities. Desirable traits must be 
encouraged; negative ones must be suppressed. 
Know the strong and weak points of the partici­
pants and play them accordingly. 

• Indoctrinate the members properly. Make 
sure they know the rules (and why not give them 
a reprint of this article to read prior to getting 
down to business?). 

• Be prepared for the subject. Too much com­
mittee time is taken up by detailed explanations of 
the subject. Be sure that all committee members 
are told in advance both what the subject is 
and what references are available--for example, 
memos, specifications or reports. A void restless 
waiting while one man-who has pleaded, "Too 
busy"-is brought up to date. 

Commitee personalities 
To help you recognize and control the personali­

ty types that committee meetings attract, check 
this list: 

1. The loud one-Likes to hear himself talk and 
is most reluctant to quit. A chronic time waster, 
he should be squelched. It takes either a strong 
chairman with a formal set of rules, or a gag, to 
keep this type quiet. 

2. The detached observer-Is secretly amused 
by the proceedings and the people participating in 
them. Since he doesn't really consider himself a 
participant, he doesn't help. So get rid of him by 
not inviting him. 

3. The wallflower-Afraid to open his mouth or 
commit himself. He may have something to con­
tribute, but nobody ever knows it. An adept com­
mittee chairman will encourage him to partici­
pate. Once given a little confidence, he may have 
something important to say. 

4. The take-charge guy-Has to have his way 
or else. He's apt to think he'd make a better chair-
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Von Karman Center 
of 

AEROJET 
(25 miles east of Los Angeles) 

Has an immediate opening on the staff of its 
rapidly expanding Microelectronic Resear.ch De­
partment for an experienced ... 

MICROELECTRONIC PACKAGING ENGINEER 
Individual will have Senior responsibility over all packaging 
aspects of the microelectronic product line; therefore, he must 
possess 

• A complete grasp of all major state-of-the-art packaging 
techniqt1es t1sed in advanced thin film and monolithic 
circuitry. 

• Ability to design custom packaging for microelectronic 
circuitry. 

• A knowledge of encapsulation and hermetic sealing tech­
niques, interconnection schemes and electrical shielding 
methods. 

u.s. citizenship required 

Applicants meeting the above qualifications are invited to send 
their resume to: 

R. C. SMITH 

~,.. 
_ P.O.Box303p.e. Azusa,Calif.91702 

AEROJET - A subsidiary of the 
11i...GENERAL°7 General Tire & Rubber Company 

an eqt1al opportunity employer 

ON CAREER-INQUIRY FORM CIRCLE 901 ... -----------------------------. 
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ELECTRONIC ENGINEERS 
and 

PHYSICISTS 
Investigate this immediate requirement at ..• 

VoN KARMAN CENTER 
of 

AEROJET 
(25 miles east of Los Angeles) 

Specialists in Applied 

INFORMATION THEORY 
and 

STOCHASTIC PROCESSES 
Advanced work in adaptive passive pattern recognition systems 
has created immediate openings for Physicists, Mathematicians 
and Engineers with ·backgrounds and interest in Information 
Theory, Circuit Theory and Stochastic Processes. Stimulating 
work combines advanced theory and concepts of electro-optical 
signal processing, linear and non-linear filtering/spatial and 
spectral discrimination, pattern detection and correlation. 

For your personal interview, direct your resume to: 

~ ,.. AER.OJE_T' 

• ..._GENERAL"J 

Mr. R. S. Lawrence 
P.O. Box 303 sp, Azusa, California 

A subsidiary of the 
General Tire & Rubber Co. 

An equal opportunit;• employer 

ON CAREER-INQUIRY FORM CIRCLE 908 

The detached observer is secretly amused by the pro­
ceedings and the people participating in them, since he 
doesn't really consider himself a participant .... 

man than the appointed one, regardless of who the 
chairman is. He aims to dominate the meeting, 
regardless of the results or the wishes of others. 
Send him off with the "loud one" to a subcommit­
tee, away from the rest of the members. 

5. The antagonist-Against any idea, good or 
bad. He sometimes tries to sell himself as a "dev­
il's advocate." He thinks he's a necessary adjunct 
to the committee. Nothing wrong with criticism, 
but let's make it constructive. 

6. The hedger-Always wants to back off to 
some extent. Although no decision can satisfy 
everybody, this fellow always wants to try to 
modify it-in case it isn't right. Don't let him 
wreck the proceedings. 

7. The yes man-Never disagrees. Since he 
never stands on his own, don't have him at the 
meeting, unless · you are trying to pack it for a 
vote. 

8. The mediator or peacemaker-Often serves a 
useful purpose when a stalemate is reached, but he 
may also dilute the impact of any decision that has 
to be made. He bears watching. 

9. The climber-Talks to make an impression, 
even if his offering is worthless and he knows it. 
He'll usually delay proceedings by asking ques­
tions for which he already knows the answers, 
simply to impress everybody with how much he 
knows. Insult him by insinuating that he's stupid 
if he really doesn't know the answer to his ques­
tion. 

10. The cynic-Thinks the whole effort is a 
waste of time anyhow, so why bother? He is 
negative in the beginning and will be the same at 
the end; so place him and the "antagonist" in a 
separate subcommittee, where they can be misera­
ble together-preferably in a remote location. 

11. The salesman-Tries to sell his idea to the 
group, to the point of beating it to death. He just 
doesn't know when to stop. He requires preventa­
tive action by the chairman to keep him from 
defeating his own idea. 

12. The fanatic-Has established his own 
doctrines and can't be budged from them, short of 
mayhem. When dealing with people, it helps to 
have an open mind. The fellow who doesn't is a 
real obstacle. The sole purpose of a committee 
meeting can often be to outvote or bring pressure 
to bear upon the fanatic. 

Whether you're an engineer or manager, these 
guidelines will help you cut down wasted time. I 
know, because I've applied them. And now, if you'll 
excuse me, I'll quit writing. I have to attend a 
committee meeting, and. . . • • 
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Today, Hughes is one of the nation's most 
active aerospace/e lectronics firms: Projects 
include: F-111 B PHO EN IX Guided Missile Sys­
tem, TOW Anti-Tank Missile, SURVEYOR 
Lunar Spacecraft, SYNCOM, POLARIS, 
VATE, Hard Point Defense and others. 
This vigor will assist the qualified engineers 
and scientists towards more and better oppor­
tunities for both professional and personal 
growth. 
Many immediate openings exist. The engi­
neers selected for these positions will be as­
signed to the following design tasks: the 
development of high power airborne radar 
transmitters, the design of which involves use 

of the most advanced components; the de­
sign of low noise radar receivers using para­
metric amplifiers; solid state masers and 
other advanced microwave components; ra­
dar data processing circuit design, including 
range and speed trackers, crystal filter cir­
cuitry and a variety of display circuits; high 
efficiency power supplies for airborne and 
space electronic systems; telemetering and 
command circuits for space vehicles, timing , 
control and display circuits for the Hughes 
COLIDAR (Coherent Li ght Detection and 
Ranging). 

If you are interested and believe that you can 
contribute, make your appointment today. 

For immediate consideration, 
please ai rmai l your resume to: 

Mr. Robert A. Martin 
Head of Employment 

Hughes Aerospace Divisions 
11940 W. Jefferson Blvd. 

Culver City 1, California 

Creating a new world with electronics 
r------------------ , 
I I 

: HUGHES : 
I I 

L------------------~ 
HUGHES AIRCRAFT COMPAN Y 

AEROSPACE DIVISIONS 

An eQual opportunity employer. 

U. S. CITIZENSHIP REQUIRED 



BSEE or BSME-Reliabililv-design review: 
Experienced with small electrical components and semiconductors. 
Prepare procurement, test and design specifications. 

BSEE-Reliabililv analvsis: 
Experienced in circuit design and analysis. Perform detailed 
reliability analyses of complex electronic parts and circuits and 
recommend improvements in design reliability. 

BSEE-Reliabililv test engineering : 
Prepare test procedures for electrical and electronic packages and 
coordinate procedures with ' test laboratories, conduct proofing of 
test procedures and test equipment. 

BSME-Reliabililv and insoection: 
· Perform mechanical and structural reliability analyses. Provide for 
inspection planning and review prints to determine inspection 
attributes. Experience in metallurgy and NDT helpful. 
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Non-destructive testing: 
Background in electronics and applied physics plus knowledge of 
instrumentation related to the use of X-rays, sound waves, electri ­
cal fields and optics. 

Write Mr. K. R. Kiddoo, Professional Placement Manager, Lockheed 
Missiles & Space Company, P.O. Box 504, Sunnyvale, California. 

LOCKHEED 
MISSILES & SPACE COMPANY 
A GROUP DIVISION OF LOCKHEED ~AIRCRAFT CORPORATION 

AN EQUAL.. OPPORTUNITY EMPLOYER 

ON CAREER-INQUIRY FORM CIRCLE 902 

NASA 
Tech Briel 
Simple oscillator for 
high power 

Problem: Develop a compact 
square-wave oscillator that will 
operate with high efficiency at 
relatively high power levels. 

Solution: A circuit that con­
tains only simple resistor-capac­
itor combinations · and solid-state 
devices. 

It is a symmetrical bridge 
with a transistor in each arm. 
The base of each transistor is 
connected to a parallel resistor­
capacitor combination. Each 
combination is connected to the 
collector of the diagonally oppo­
site transistor. 

The selection of transistors is 
the most impo-rtant design con­
sideration. 

A smooth, balanced operation 
is provided by using a matched 
pair of pnp transistors, Qi and 
Q2 , and a matched pair of npn 
transistors, Q3 and Q •. In addi­
tion, these pairs should be com­
plementary. 

This oscillator circuit is sim­
ple and compact. It operates 
with high efficiency at relatively 
high power levels. Since the cir­
cuit employs only simple resis­
tor-capacitor combinations and 
solid-state devices, its perform­
ance and reliability should be 
excellent. 

For fu1·ther informatwn, con­
tact: Technology Utilization 
Officer, Goddard Space Flight 
Center, Greenbelt, Maryland 
20771 (B63-105.54). 
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Most engineers are lucky 
to be in qn a handful of space missions 
during a lifetime. 

In the ~ext 5 years alone, 
you could help launch over 500 

like these: 
GEMINI 
APOLLO 
MOL 
VOYAGER 
DISCOVERER 
BIOSATELLITE 
MARINER 
EXPLORER 
OAO 
OGO 
oso 
PIONEER 
SERT 
SURVEYOR 
SMS 
SATURN 1-B & V 
TITAN Ill 
ATS 
MINUTEMAN 
PEGASUS 
IMP 
TIROS 
POSEIDON 
ETC. 
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Solvlns Instrumentation problems like these: 

COMMUNICATIONS Increase bandwidth and/or employ compactfon 
techniques for expanded real -time bioastronautic , telemetry, and 
color TV data transmission .. . wideband data link using communica­
tion satellites. 

CW & PULSE RADAR Improve sensitivity, reliability, and accuracy of 
GLOTRAC, MISTRAM and MIPIR ... add multiple-slant-range measure­
ment capability to down-range stations. 

TELEMETRY Extend frequency coverage at all stations to 2300 me 
. _. design a system which , upon command, will select the most im­
portant data from each station ... replace obsolete telemetry equip­
ment with modern receiving 'and recording stations .. . add automatic 
checkout and calibration. 

OPTICS Add new fixed metric and tracking metric systems to cover 
increased launch activity ... develop a new family of standard optical 
beacons for installation in missiles and space vehicles ... new auto­
matic optical calibration system ... develop airborne optical systems 
equal in capability to ground telescopes. 

INFRARED Add new high-resolution spectrometers for launch and 
re-entry coverage . .. new IR systems to extend mid-range coverage. 

RANGE SAFETY Study and develop areas of explosive hazard assess­
ment, including instrumentation to cover chemical fuel explosions 
and nuclear fuel excursions. 

INSTRUMENTATION & VEHICLE CONTROL Add a 64-man central 
control at the Cape to direct operation of the entire range . .. new 
real-time dual-system computer facility (including 2 CDC 3600's) for 
failure-proof high-speed data handling. 

CORRELATION Reduce time correlation uncertainty across the range 
to less than 10 microseconds .. . standardize the timing signal format 
on the Eastern Test Range to be compatible with other national · 
ranges . 

FREQUENCY CONTROL & ANALYSIS Monitor and control all electro· 
magnetic radiation within the missile test area with a Spectrum Sur· 
veillance System ... expand automatic interference control, spectrum 
signature collection, and quality analysis . 

METEOROLOGY Improve cloud height and growth indication instru­
mentation _ . . develop a system to measure atmospheric electrical 
potential and cloud movement. 

SHIP & AIRCRAFT INSTRUMENTATION Improve the instrumenta· 
tioh to meet more stringent telemetry, navigation, tracking, com­
munications, and data handling requirements .. _ phase into opera· 
tion new and/or modified tracking ships and aircraft. 

UNDERWATER SOUND Refine the techniques employed to establish 
impact location points of nosecones and instrumentation cassets. 

BIOASTRONAUTICS Provide equipment to monitor and display phy· 
siological and environmental data to Air Force bioastronautic of­
ficers. Hook up this equipment into range computers and telemetry 
receiving sites. 

GUIDED MISSILES 
RANGE DIVISION 

PAN AMERICAN WORLD AIRWAYS , INC . 
750 S. ORLANDO AVENUE, COCOA BEACH, FLORIDA 

·An Equal Opportunity Employer M / F 

ON CAREER-INQUIRY FORM CIRCLE 903 

In important technical and manase· 
rlal positions like these: 

Projecting program requirements 
and developing the advanced track­
ing system concepts required, in ­
cluding instrumentation , facilities, 
and logistic support. 

Developing specifications for range 
instrumentation systems, evaluating 
bids from industry, monitoring de­
velopment, fabrication, installation, 
and phasing of systems into opera­
tional status . 

Planning, evaluating, and providing 
range support for all launches, co­
ordinating all range support activi­
ties, providing data and command/ 
destruct for range safety, and man­
aging down-range island and ship 
stations. 

Experience required in one or more 
. of"these areas: Pulse & CW radar / 
telemetry I infrared I data handl ing 
I communications I closed circui t 
TV I frequency analysis / command 
control I underwater sound / timing 
I shipboard instrumentation/ 
meteorology. 

Write to Manager, Professional Em­
ployment, Dept. 30C-l 
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"George ... if we still 
lived back East1 

you'd be shoveling 
snow now instead 
of lazing in this 
gorgeous Arizona 
sunshine." 

"I'm not lazing 
-I'm working 
on my Masters." 

MOTOROLA in PHOENIX 
offers excellent career opportunities to qualified engineers. And when 
the pool and golf course get tiresome, nearby Arizona State University 
offers a full range of graduate engineering courses through the Ph. D. 
level. Specific opportunities are: 
Antennas & Propagation Equipment Reliability Analysis Guidance & Navigation 
Solid State R.F. Parts Reliability Command & Control 
Microwave Techniques Data Acquisition, Processing Space Communications 
Missile & Space Instrumentation & Display Signal Processing 
Operational Support CW Transponders ECM, CCM & Surveillance 
Integrated Circuitry Radar & Radar Transponders Tracking & Telemetry 

Fuzes 

Contact Phil Nienstedt, Manager of Recruitment, Department 622 

MOTOROLA• Military Electron/cs Division 
Western Center • P.O. Box 1417, Scottsdale, Arizona 

MOTOROLA ALSO OFFERS OPPORTUNITIES AT CHICAGO, ILLINOIS - AN EQUAL OPPORTUNITY EMPLOYER 

ON CAREER-INQUIRY FORM CIRCLE 904 

NASA TECH BRIEF 

TD improves 
monostable circuit 

Problem: Design a better mon­
ostable multi vibrator (MSMV). 

Solution: A monostable multi­
vibrator that incorporates a tun­
nel diode in the circuit has a rise 
time below 0.2 p.S, more constant 
quasi-stable time, and a 95 % 
duty cycle. 

In its stable state the tunnel 
diode conducts and the transis­
tor Qi is saturated. If a positive 
trigger pulse is fed into the in­
put, the tunnel diode switches 
OFF, which is a low-voltage 
state. This initiates a quasi-sta­
ble state. Its duration is con­
trolled by the variable resistor 
and the choice of capacitor. 

With D , back-biased and ex­
hibiting a high impedance to 
node A, C1 will begin to seek the 
steady-state voltage, where the 
low voltage resistance of the 

-9Vdc 

tunnel diode is approximately 50 
ohms. Node A can be considered 
a changing voltage source that 
supplies current to the tunnel 
diode--the current through R . 
is insufficient to switch the tun­
nel diode. When the sum of the 
two currents from node A and 
R . peaks, the tunnelling process 
is started and the tunnel diode 
switches to the ON state. The 
voltage across the diode causes 
Q1 to switch t o its saturated state, 
thus terminating the quasi-sta­
ble state of the multivibrator. 
Capacitor C1 will then discharge, 
through the low impedance of the 
now forward-biased diode D1 and 
saturated Q11 completing the 
transition back to the steady­
state condition. 

F01· further information, con­
tact: Technology Utilization Of­
ficer, Goddard Space Flight Cen­
ter, Greenbelt, Maryland 20771 
(B63-10603). 
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ENGINEERS 

Ever come up with an elegant solution 
only to discover that nobody appreciated 
the thorniness of the problem let alone 
the subtleties of your approach to it? 

It's not likely to happen at Sanders. 

ELECTROMECHANICAL DESIGN & 
DEVELOPMENT ENGINEERS 
To be responsible for D&D of state-of-the­
art inertial instruments. Requires BSME 
with 2 to 5 years experience in D&D of 
precision electromechanical inertial 
instruments, gyros or accelerometers, 
with knowledge of materials, bearings and 
assembly techniques, and ability to carry 
concept through to hardware stage. 

PRODUCT ENGINEER 
To be responsible for production process­
ing, production improvement, prepara­
tion of methods and process sheets, 
design tooling and test equipment, cost 
and schedule estimates, and preparation 
of technical reports on precision parts 
fabrication and assembly. Requires BSME 
with 3 to 5 years experience in electro­
mechanical instrumentation , hydraulic 
components or precision inertial instru­
mentation. 

SENIOR ECM STUDY ENGINEER 
To join a group engaged in the theoretical 
and practical evaluation of ECM systems 
problems. Will develop simple analytical 
models, bench and flight tests to verify 
models and study advanced radar and 
ECM systems and techniques. The most 
desirable background for ·this work would 
be 3-5 years in the development of radar 
hardware coupled with analytical experi­
ence in such phases as external param­
eters, system error, operations and use, 
or any aspect of system performance and 
trade-offs. ECM, Elint, or communications 
work will also be considered. Military 
experience highly desirable. BSEE or 
MSEE preferred. 

SENIOR CIRCUIT DESIGN ENGINEER 
Candidates should have 3 or more years 
in circuit design and analysis using 
vacuum tubes, transistors, and other solid 
state devices. Background should include 
extensive experience in the design and 
engineering of circuits of these types: 
digital and logic, video and pulse, RF and 
audio, power supplies and regulator cir­
cuits, etc., for military systems. Advanced 
degree desired. 

SENIOR RECEIVER DESIGN ENGINEER 
Require 5 or more years in the design and 
development of complex receivers for 
communications, radar and missile sys­
tems. These receivers are generally air­
borne, covering frequency ranges through 
UHF, and requiring the application of 
solid state devices. Must have specific 
experience designing sophisticated AFC, 
phase-lock loops, low noise front ends, 
stable local oscillators, IF strips, etc. Will 
supervise other engineers and techni­
cians. BSEE or Physics with 5 or more 
years experience. 

MECHANICAL ENGINEER-
Heat Transfer & Packaging. Desired back­
ground would include 5 or more years 
experience in military electronics involv­
ing high-density packaging of electronic 
equipment, design of components for 
severe shock and vibration, heat transfer 
as related to packaging, refrigerating and 
liquid coolants and applications of struc­
tural design. Assignment fields may 
include radar, missiles, ECM, ASW, com­
munications systems or others. BSME 
required. 

Write in confidence to Mr. Lloyd Ware, Staff Engineer. 

sanders associates, inc. 
An Equal Opportunity Employer (M&F) 

March 1, 1966 

A NEW DIRECTIONS IN ~ ELECTRONICS SYSTEMS 

NASHUA, NEW HAMPSHIRE 

ON CAREER-INQUIRY FORM CIRCLE 905 

73 



Painted by Gloria Velasco, a junior at Los Alamos High School. Sixth in the !ieries. 

The Road to Discovery 
Now in the design stage, the $55 million Los Alamos Meson Physics 
Facility (LAMPF) will serve as the world 's first linear proton acceler­
ator in the 800 MeV energy range. It will be capable of producing 
an average beam current of 1 milliampere, manifestly higher than that 
attained by any other machine of comparable output energy. 

This 2,600-foot-long " meson factory" will open important avenues 
of basic and applied research. Such a meson producer will have many 
applications for studies in medium energy physics, particle physics, 
nuclear structure, biology, solid-state physics, radiation chemistry, 
and for neutrino experiments. 

If you would like to join LASL scientists and engineers in this exciting 
venture, send your resume to Director of Personnel, Division 66-35, 
P.O. Box 1663, Los Alamos, New Mexico. 
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los alamos 
SCIENTIFIC LABORATORY 
OF THE UNIVERSITY OF CALIFORNIA 
LOS AlAMOS. NEW MEXICO 

An equal opportun ity employer. U.S. citizenship required. 
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Looking 
for a 

New Job? 
• Fill out one application ... 

• Check off the companies 

that interest you 

• We do the rest 

Contacting the job market takes only ten 
minutes with 'ELECTRONIC DESIGN'S Ca­
reer Inquiry Service. To put Career Inquiry 
Service to work for you, fill in the at­
tached resume. Study the employment op­
portunity ads in this section. Then circle 
the numbers at the bottom of .the form 
that correspond to the numbers of the ads 
that interest you. 
ELECTRONIC DESIGN will be your secre­
tary, type neat duplicates of your appli­
cation and send them to any number of 
companies you select-the same day the 
resume is received. 
Career Inquiry Service is a fast, efficient 
way to present your job qualifications to 
companies recruiting engineering person­
nel-as confidentially and discreetly as 
you would in person. This service is the 
first of its kind in the electronic field, and 
one that engineers have used effectively 
since its inception in 1959. 
We take the following precautions to en­
sure that your application receives com­
plete, confidential protection: 

• All forms are delivered unopened to 
one reliable specialist at ELECTRONIC 

DESIGN. 

• Your form is kept confidential and 
is processed only by this specialist. 

• The "circle number" portion of the 
form is detached before the applica­
tion is sent to an employer, so that 
no company will know how many 
numbers you circled. 

• All original applications are placed 
in confidential files at ELECTRONIC 

DESIGN and after a reasonable lapse 
of time they are destroyed. 

ELECTRONIC DESIGN 



ELECTRONIC DESIGN 

March 1, 1966 
CAREER INQUIRY SERVICE USE BEFORE APRIL 12, 1966 

After completing, staple, fold and mail career form to ELECTRONIC DESIGN, 850 Third Avenue, New 
York, N. Y. Our Reader Service Department will forward copies to the companies you select below. 

(Please print with a soft pencil or type.) 

Telephone -----------

Home Address------------- City -------- Zone __ _ State -------

Date of Birth ---------- Place of Birth----------- Citizenship --------

Position Desired __________________________________________ _ 

College Dates 

Educational History 
Degree Major Honors 

Recent Special Training -------------------------------------

Company City and State 

Employment History 
Dates Title Engineering Specialty 

Outstanding Engineering and Administrative Experience -----------------------

Professional Societies ---------------------------------------

Published Articles -------------------------------------

Minimum Salary Requirements (Optional)--------------------------­
Use section below instead of Reader Service Card. Do not write personal 
data below this lirie. This section will be detached before processing. 

Circle Career Inquiry numbers of companies that interest you 

900 901 902 903 904 905 906 907 908 909 910 911 912 913 914 915 916 917 918 919 920 921 922 923 924 



Fold here, staple and Mail . 

BUSINESS REPLY MAIL 
No Postage Stamp Necessary if Mailed in the United States 

POSTAGE WILL BE PAID BY 

ELECTRONIC DESIGN 
READER SERVICE 
850 THIRD AVENUE 
NEW YORK, NEW YORK 10022 

FIRST CLASS 
Permit No. 725 
New York, N. Y. 



NASA TECH BRIEFS 

Sensor detects 
eyeball movement 

Problem: Devise some means 
of extracting useful signals 
from the self-controlled move­
ments of the human eye. 

Solution: A small device com­
bining an infrared (IR) source 
and sensor that can be attached 
to eyeglass frames or a head­
band. Operation of the device 
depends on the difference in IR 
absorption between the iris and 
the eyeball. 

The device incorporates an IR 
source that consists of a battery­
powered 6-volt or 10-volt lamp 
and high-pass infrared filter (to 
filter out visible light from the 
lamp), and a cadmium selenide 
IR sensor. A filter is also placed 

CABLE TO BATTERY 
PACK AND CONTROL RELAY 

INFRARED LIGHT 
SOURCE AND 
AMPLIFIER 

in front of the IR sensor to ex­
clude all ambient visible light. 
When the eye is looking straight 
ahead, all of the IR radiation 
from the source is incident on 
the area of the eyeball lying- on 
one side of the iris and the radi­
ation on this area is reflected to 
the sensor. This is the normal, or 
OFF, condition of the device. 
When the iris is turned toward 
the IR source, a high percentage 
of the radiation is absorbed by 
the iris and the external control 
relay connected to the sensor is 
actuated. An amplifier is used to 
amplify the generated current. 
A sensitivity control adjusts 
the threshold value for proper 
switching action under different 
ambient lighting conditions. 

For further information, con­
tact: Technology Utilization 
Officer, Marshall Space Flight 
Center , Huntsville, Alabama 
35812 (B65-10079). 

March 1, 1966 

fj / CONSUMER ELECTRONIC OPPORTUNITIES 
TELEVISION RECEIVER DEPARTMENT 

TV/CRT ENGINEERS: 

Our latest Innova­
tion : 11" Porta-color 
set with new G. E. 
picture tube. 

Want to be part of our next innovation? 
We're going places. We can get you growing, too. 
• Innovation means growth in this busi­
ness. And our engineers-in circuit, set, 
CRT design and manufacturing engi­
neering work in a climate that's aimed 
at producing the new and different ap­
proach-right now. Successfu I designs 
like the 12" personal portable; the 9" 
battery set; and our sensational low­
cost Porta-color set are putting a steep 
pitch on our growth curve. Examples: 
expansion in our Electronics Park Head­
quarters operation; and a brand new 
facility now abuilding in Portsmouth, 
Va. We have other plans, too. You can 
figure in them-to your long-range per­
sonal profit. You can expect a full pack­
age of G.E. benefits, including our Sav­
ings and Security Plan; efficient work 
surroundings; a place in a diversified 
company with a history of 37 years in 
television research, design and pro­
duction; and excellent local living con­
ditions in Upstate New York or East­
ern Virginia. 

• Investigate this partial list of open­
ings now: 

SIGNAL CIRCUIT DESIGN: conceive, 
develop and apply signal processing cir­
cuits to development of monochrome 
and color TV. 

MECHANICAL PRODUCT DESIGN: re­
quires 2-4 years' experience in consum­
er electro-mechanical product design 
and packaging. 

DEFLECTION CIRCUIT DESIGN: devel­
op deflection and convergence circuits 
for TV receivers. Requires experience in 
design of deflection yokes and related 
magnetic deflection components. 

COMPONENT DESIGN AND/OR APPLI­
CATION: conceive, design and apply 
electronic components for monochrome 
and color TV receivers. Needs 2-4 years' 
component design or application experi­
ence. 

TV QC, PROCESS CONTROL AND MFG. 
ENGINEERING: establish, plan and at­
tain QC programs. Apply QC principles 
to engineering design; develop plan; de­
termine quality capabilities methods, 
testing, evaluating; analyze failure data; 
recommend action. BSEE plus QC or 
TV production. 

CRT DESIGN, MFG., PROCESS AND 
QUALITY CONTROL ENGINEERING: De­
sign and develop cathode ray tube prod­
ucts for both monochrome and color, 
including element, materials applica­
tion, mfg. techniques, and QC. 2-10 
years' related experience needed. 

For more information, or to arrange a 
personal interview, send a resume of 
your experience in confidence to M. H. 
Fi tzG i bbons, Manager, Professiona I 
Placement, Television Receiver Dept., 
Box 117, General Electric Co., Electronics 
Park, Syracuse, N. Y. 13201. rn-11 

GENERAL. ELECTRIC 
AN EQUAL OPPORTUNITY EMPLOYER (M/F) 

ON CAREER-INQUIRY FORM CIRCLE 907 
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IDEAS FOR DESIGN 

Dual MOS-FET simplifies 

FM multiplex decoder 
The use of a dual, p-channel MOS-FET instead 

of diodes or bipolars greatly simplifies the design 
of an FM decoder. Demodulation of stereo FM 
composite multiplex signals is thereby achieved 
with fewer components and without elaborate 
filter networks. 

Conventional multiplex decoders usually have a 
balanced demodulator network consisting of four 
diodes with a number of associated resistors and 
capacitors. Two diode (or two transistor) unbal­
anced demodulators are somewhat simpler, but 
they generate unwanted signals which feature 
large ampli1tudes. These signals require elaborate 
filters following the demodulators to "clean up" 
the detected waveforms. 

A much simpler demodulator (Fig. la) uses a 
device containing two MOS-FET's on a single 
monolithic chip. Six connections are brought out 
of the device: common source and substrate termi­
nals, and separate gate and drain terminals. Note 
that each device is symmetrical with respect to 
source and drain. 

The demodulator operates on a time-share basis. 
Both sides function as switches to extract left and 
right information samples from the composite 
signal. Each switches at a 38 kHz rate. The left 
sample is passed when the negative one-half cycle 

IDEAS FOR DESIGN : Submit your Idea for Design describing a 
new or important circuit or design technique, the clever use of a 
new component, or a cost-saving design tip to our Ideas for Design 
editor. If your idea is published, you will receive $20 and become 
eligi ble for an additional $30 (awarded for the Best of Issue Idea) 
and the grand prize of $1000 for the Idea of the Year. 

12V -
BIAS l 

1eon 

19kHz 
TRAP 

38kHz REFERENCE 

~60Vp-p 

Dual p-channel MOS-FET simplifies the design of FM mul· 
tiplex decoder (a). MOS device functions as a demodu­
lator. R·C de-emphasis networks (dotted) filter out switch· 
ing transients and produce left and right stereo signals. 
Key waveforms (b) illustrate demodulation process. 
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of the 38 kHz reference voltage gates on side "A". 
The right sample is taken from the other side, 
" B", during the next half cycle when the out-of­
phase 38 kHz reference signal supplies a negative 
voltage to its gate. 

For this configuration, optimum switching 
operation is obtained when the substrate is near 
the potential of the sources (and drains). This is 
accomplished by resistively connecting the source 
and substrate. A direct connection is prohibited, 
because it would allow the multiplex signal to be 
coupled to the output via the source-substrate and 
drain-substrate diodes. This would disrupt the 
normal demodulator action. 

Properly phased samples fed through the R-C 
de-emphasis networks produce left and right 
stereo signals. The de-emphasis network is ade­
quate for filtering out the 38 kHz switching tran­
sients, which in this case are small because no 
unbalance exists in the MOS-FET demodulation 
process. Note that no additional filtering is re­
~uired. 

The waveforms in Fig. lb illustrate the opera­
tion of the demodulator. The composite multiplex 
signal, less the trapped out 19 kHz pilot, is fed 
into the common-source terminal of the dual MOS­
FET. Sampling is controlled by the 38 kHz refer­
ence and produces left and right waveforms at the 
drain. These are de-emphasized and filtered by the 
R-C networks before the output. 

The demodulator is disabled by turning off the 
38 kHz reference signal. In this monophonic mode 

38kHZ REFERENCE 
(60V P-P) 

COMPOSITE MPX 
SIGNAL 

(3V P-P) 

LEFT SAMPLE 

RIGHT SAMPLE 

LEFT OUTPUT 

RIGHT OUTPUT .......::: ... ____ ;;;;;;;;ii"'_ 
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LPDTµL 9040 

LPDTIJL 9042 LPDT11L 9041 

FEATURES: 

Low Power drain . . .................. .. .... less than 1 mW/gate (typ.)@ 50% duty cycle 
less than 4mW/clocked flip-flop 

Single power supply requirement ............ 5V optimum, 4.5V to 5.5V range 
Guaranteed noise immunity ........ .. .. . .... 450mV min. at temperature extremes 
Logic propagation delays ............ ... .... 60nsec. typical 
Binary clock rate ... ... ... .. . . ... ... ....... 2.5Mc 
Full temperature range ..................... - 55°C to + 125°C 

LPDTIJL LOW POWER DIODE-TRANSISTOR MICROLOGIC™ CIRCUITS 

Fairchild LPDT,11.L integrated circuits offer high performance in the low milliwatt range. High 
resistance values and small chip geometry hold down power consumption. The flip-flop 
element operates either in the R-S or J-K mode, with maximum dissipation of 6mW at a 
2Mc toggle rate. Gates provide fan-out capability of 10 LPDT ,uL low power logic unit loads, 
or one standard Fairchild DT,,L diode-transistor logic unit load. (Standard Fairchild OT ,uL 
logic circuits can be used to extend the fan-out capability still further). The circuits come in 
Fairchild 's Cerpak flat package, and can be used in satellites, battery-operated field equip­
ment, or other instruments where reliability and high per- ••••••••••••••• 
formance must be achieved with limited power. Fairchild FA I 1"""""'11 C:: H I L CJ 
LPDT1,L low power integrated circuits are available in r"""ll. 
evaluation quantities from distributors. For complete •••••••••••••• 
information write to : SEMI C 0 ND U CTO R 

FAIRCHILD SEMICONDUCTOR/A Division o f Fairchild Camera and Instrument Corporation • 313 Fairchild Drive. Mountain View, California (415) 962-5011 • TWX: 910-379-6435 

Micrologic is Fairchild 's trademark for integrated circuits . 

ON READER-SERVICE CARD CIRCLE 26 
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IDEAS FOR DESIGN 

of operation both sides of the dual MOS-FET are 
on continuously, and the two de-emphasized out­
puts are identical. 

Any switching-type demodulator (including the 
one just described) must be compensated to obtain 
optimum separation. This compensation may be 
accomplished by pre-emphasis of the 38 kHz sub­
carrier information on the composite signal prior 
to demodulation. An alternative method involves 
adding an out-of-phase portion of each channel 
into the opposite channel in a matrix that follows 
the de-emphasis network. The requirement for 
compensating a switching type demodulator must 
not be overlooked in the over-all design of an FM 
multiplex decoder. For the sake of simplicity, and 
because the methods are fairly well known, the 
compensation networks are not shown here. 

Larry Blaser, Senior Engineer, Fairchild S emi­
conductor, Mountain View, Calif. 

VOTE FOR 110 

Four-layer diodes form 
'first one there' circuit 

A circuit able to tell which input of a given 
number of inputs occurred first can easily be 
designed with four-layer diodes. It is especially 
useful for low-voltage applications. 

Referring to the circuit (see diagram), we note 
that a negative pulse at any input energizes its 
respective indicator. At the same time it makes it 

INPUT 
NO. I 
5 VOLT 

TRIGGER 

+25V 

R, 
220 
B ....----------..... - - - - - ... - -·~ I , 

R2 
100 

N0.3>----4 

,-1, 
os 3 ,.:-1,os • 

....... 
I 

CR 3 ]_ CR 0 

I 

NO .n) - - .... 
I 

R4 {Rn 
100 1 100 

I • ..__ __________ - - - - - -- - ,'-" 

"First one there" circuit is easily designed with 4 layer 
diodes. Circuit tells which of "n" inputs occurred first. 

impossible for any of the other indicators to 
actuate. Note that the device must be reset with 
the reset button after each operation. 

Supply voltage V ee set below the firing voltage 
of the four-layer diodes. The negative trigger re­
quired is the difference between V ee and the firing 
voltage. R, is chosen so that the voltage drop at 
point B exceeds the trigger voltage when any 
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branch is actuated. Then the voltage at B plus the 
trigger in any other branch cannot cause their re­
spective diodes to conduct. 

B. McClaskey, Engineer, Bendix Corp., Balti-
more. 

VOTE FOR 111 

Circuit provides constant gain 
and variable de offset 

Up to 10 volts variable de shift for slow ac 
waveforms may easily be provided by a three­
stage transistor network. This property is espe­
cially useful in analog systems. 

Shifts in the de level of an analog signal are 
often required for de amplifiers, CRT displays and 
squaring and threshold circuits. The circuit (Fig. 
la) shifts the Q-point of a slow 5.0 Vac peak-to­
peak waveform and maintains unity gain. 

It is superior to other methods. For example, 
signal coupling with a zener diode is impractical 
when a variable de offset is required. In another 
technique where the conventional de resistor is 
used, problems arise when low-frequency wave­
forms are encountered. Still another, using float­
ing power supplies, is bulky and expensive and 
does not work well at high frequencies. 

Circuit operation is as follows: A constant 10-
volt potential is maintained across R s, by the 
constant-current generator Q2. Thus, the ampli-

o, 
2Nll32 

OUTPUT 
SIGNAL SHIFTED 
-I TO -10 Vdc 

OUTPUT 
SIGNAL SHIFTED 
+I TO +10 Vdc 

,___--------o -15V 

Unity gain with a variable de offset is provided by this 
three-stage network. Negative de shifts of up to 10 volts 
are produced by (a) and positive shifts by the circuit in 
(b). Constant-current generator Q2 keeps the ac ampli · 
tude at base of Q3 constant, independent of pot settings. 
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tude of the ac signal at the base of Q3 is constant, 
regardless of the potentiometer setting. This 
assumes negligible base current in Q3 and a low 
output impedance from Qi. The adjustment of 
potentiometer R s controls the de offset of the 
signal. 

Fig. lb shows the same circuit modified for de 
shifts that are positive with respect to the input 
de level. In both circuits, CR1 is used for tempera­
ture compensation. 

Richard Peterson, Jr., Engineer, GM Defense 
Research Labs., Santa Barbara, Calif. 

VOTE FOR 112 

FET replaces vacuum tube 
in 1.0 MHz Miller oscillator 

Because its typical input impedance is 1000 Mo 
or greater, the FET can directly replace the 
vacuum tube in the Miller oscillator circuit. The 
FET's high input impedance in parallel with the 
crystal does not reduce the effective high-Q of the 
tuned circuit. 

In this modified Miller circuit (see illustration), 
values of L and C are chosen to give resonance at 
a frequency slightly higher than the parallel 
resonant frequency of the crystal. The drain 
circuit must be inductive for oscillations to start, 
but since the amount of inductive reactance deter­
mines the amplitude of oscillations, care must be 
taken to prevent limiting. For this reason, and to 
allow some latitude for component tolerances, a 
variable inductor should be used in the drain. 

Gate Resistor R 1 is a critical component. Its 
value must be high enough so that it does not 
reduce the effective high Q of the tuned circuit, 
and low enough so that temperature variations of 
I ass do not alter the FET bias point. Source 
Resistor R2 determines the de quiescent operating 
point of the FET. With R 2 = 2.2k, this operat­
ing point is typically 1.2 volts. 

This circuit operates at a frequency of 1.0 MHz 
with an output voltage of 8 volts peak-to-peak. If 
a low output impedance is desired, a source-fol­
lower circuit is suggested for an output stage. 

Charles MacDonald, Applications Engineer, 
Siliconix, Inc., Sunnyvale, Calif. 

-22V 

2N2608 

Rz 
2.2k 

c 
300pF 

0.02µ.F 

VOTE FOR 113 

Miller oscillator uses a FET instead of a tube. High Z in of 
FET does not reduce effective high-Q of tuned circuit. 

March 1, 1966 
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EVERY DESCRIPTION 

11 
If you use eyelets send for Catalog 
No. 110-E - over 1300 eyelets are 
shown with dimensions. 

Automatic attaching machines. 

ON READER-SERVICE CARD CIRCLE 27 

INTRODUCING ff­
DEL TA BOND ~ 
152 THERMALLY 
CONDUCTIVE 
ADHESIVE 
... To be used: 
- For bonding th ermally . yet isolating e lectrically . 

semiconductors to anodized or hard-coated chass is 
h eat sinks. 

- As a general adhesive. i.e. fabricating th e rmal links. 

- For bonding when a thermally conducti ve int e rface 
is required. 

B eing 1003 solid adhesive. it is e ffective on poro us 
and non -porous surfaces. F ea tures ... hi gh th e rm a l 
conductivity. excell ent die lectric strengt h . a coeffi cienl 
of th e rmal ex pans ion s imilar to Al a nd Cu . a nd 
produces a rigid high s trengt h bond to most materials 
wh en cured. 

Availabl e in 4 oz. kits o r 15 lb. ca ns ... from a utho r­
ized WAKEFIELD Electronic Dis tribut o rs. 

Writ e for BULLETIN 152. 

WAKEFIELD 
ENGINEERING, INC . DIVISION 

139 FOUNDRY ST . I WAKEFIELD . MASS (617 ) 245 5900 •TWX 617 245 9213 

ON READER-SERVICE CARD CIRCLE 28 
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Wide-Sweep 

RF OUTPUT . .. Set 
0.5 volt rms into 50 ohms 
Flat: ± .25 db to BOD MHz 
± .5 db-to 1700 MHz 

.... 
FREQUENcv ... Set 

digital frequency dial; 
vernier control at all frequencies 

SWEE P WIDJH 

""'~""' """" 

swEEPWIDTH ... Set 
Kay 121-C 
500 KHz to 1700 MHz 

This solid-state instrument is an electronically swept VHF-UHF wide­
sweep and marker generator which accepts a variety of UHF plug-ins to 
provide extended frequency ranges and sweep widths. With its plug-ins, the 
121-C covers a range of 500 KHz to 1700 MHz, offers octave-wide sweeps 
at low UHF frequencies where most generators in this range are limited to 
narrow widths. Narrow sweep and wide sweep plug-ins cover special applica­
tions such as UHF-TV - full 440 to 920 MHz in a single wide sweep. A 
digital frequency dial provides smooth center frequency control and re­
markable vernier adjustment for narrow sweep operation. 

Performance characteristics include line-lock, cw, manual and variable 
sweep rates, and external input. 

External modulation from de up to more than 15 KHz, a built-in detector 
and switched attenuator are standard features. 

*P-121: 200 MHz to 1050 MHz 
Sweep: 35 KHz to 350 MHz @ BOO MHz 

5 KHz to 50 MHz @ 220 MHz 

*P-122: 900 to 1300 MHz 
Sweep: 200 KHz to 400 MHz 

*P-123: 100 to 1000 MHz 
Sweep: 5 KHz to any octave 

KAY ELECTRIC COMPANY 
Pine Brook, Morris County, New Jersey • (201) 227-2000 

5 KHz to 500 ·MHz 
VHF: 50 KHz to JOO MHz 
UHF: *P-121 - 124 Plug-ins 

Marker Generator 

harmonic (picket) birdie markers 

single-freq. type birdie markers 

*P-124: 1300 to 1700 MHz 
Sweep: 500 KHz to 400 MH7 

Visit Kay at the IEEE Show, Booths 3C11·3C11 
ON READER-SERVICE CARD CIRCLE 29 
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Chopper-stabilized amp at diff-op-amp prices PAGE 84 

Automatic adjusting digital voltmeter PAGE 92 

Germanium planar transistor beats TWT performance PAGE 88 

High resistance chips for logic gates PAGE 96 

Amplifier has an elephant's memory PAGE 98 

Germanium planars outdo TWTs 88 Half-Meg per chip resistance 96 

System of delay-line amps has 120 dB per channel isolation 99 
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COMPONENTS 

Low price-high gain, chopper 
stabilized amplifier 

A chopper-stabilized amplifier 
priced with premium differential 
op-amps gives orders of magnitude 
better performance. Pricing of the 
210 is below any comparable chop­
per-stabilized model. 
· Specs include 20 MHz small-sig­
nal bandwidth, 100 VI µ.s slewing 
rate, 108 open-loop gain (160 dB), 3 
µ. V peak-to-peak noise, 1 µ.VI ° C and 
2 pA/ ° C max drift, 50 µ. V and 50 pA 
maximum initial offset, and 10 µ. V 
and 10 pA equivalent offset for each 
1 % supply voltage change. Temper­
ature range is - 25 to +85°C. Input 
impedance is 500 K, output is ±10 
V, 20 mA. A saturation protection 
circuit re-enables the amplifier 0.2 
µ.s after overdriving, and the chop­
per-driver operates from the ±15 
Vdc supply, obviating the need for 
60 Hz excitation, a notorious noise 
source. The package is a 3-in3 ep­
oxy-encapsulated module which 
mounts directly onto printed cir­
cuits. Most competitive units are 
socket mounted, adding noise and 
insulation leakage. 

An inherent susceptibility of 
chopper-stabilized operational am­
plifiers is input overdrive. Once 
overcharged (usually by several or-

IOOk 

FROM 
BALANCE 
POT 

10 Meg 

RFEEDBACK 

ders of magnitude), internal filter 
and coupling capacitors may re­
quire minutes to discharge. In the 
210 a zener diode circuit "breaks 
do~n," paralleling the feedback im­
pedance with a low resistance, and 
preventing the amplifier from 
reaching saturation. The network 
returns the amplifier to full opera­
tion within 0.2 µ.s of overdrive. 

Initial offset specifications enable 
the user to dispense with the ex­
ternal offset potentiometer con­
trol in many applications. 

P&A: $157 (1-9), $128 (100-
249 ) ; 10 days (3 weeks for produc­
tion quantities ) . Analog Devices, 
221-5th St., Cambridge, Mass. 
Phone: ( 617) 491-1650. 

160 

~120 
z 
- BO 
z 
~ 40 

Circle No. 254 

:tlOV 
20mA 

Eour 

Model 210 chopper stabilized amplifier has feedback network paralleled by 
zener protection circuit (called out). ~er~ low offset levels make external 
balance pot unnecessary in many applications. 
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FET input op-amp 
The model 132 differential opera­

tional amplifier uses matched input 
FETs for improved thermal track­
ing. Input offset current is very low 
as a result, providing exceptionally 
high input impedance and low val­
ues of voltage drift. 

Specifications for the miniature 
unit include 200,000 typical voltage 
gain at de (100,000 minimum), 10 

·MHz typical gain bandwidth prod­
uct with 5 MHz specified as mini­
mum and a 6 dB/octave gain roll-off 
rate. 

Input characteristics are 10 Megs 
input impedance in both differential 
and common modes; 50 µ.v peak-to­
peak noise from de to 100 kHz; 
± 10 V peak common-mode voltage, 
and common-mode rejection of 5,-
000: 1 at de and 2,000: 1 at 400 Hz. 
Thei offset voltage can be externally 
adjusted to zero. Variations in 
offset voltage are according to a 
temperature coefficient of 20 µ.V I ° C 
specified, 10 µ.V I ° C typical. Input 
current is 0.1 nA at 25 ° C max, and 
doubles for every 10° C rise. Input 
difference current is 0.03 nA at 
25 ° C, typically, and also doubles 
each 10° C increase. 

The unit's output voltage swing 
is ± 10 V peak, minimum. Output 
current is 4 mA minimum and fre­
quency for maximum output is 150 
kHz typical and 75 kHz minimum. 
Slewing rate· is 5 V I µ.s minimum, 
with 10 V I µ.s being more typical. 

The model 182 is 1.125 x 1.125 x 
0.625-in. over-all, and requires a 
± 15 V de power source. 
· P&A: $95; 30 days for sizable 
orders. Zeltex Inc., 1000 Chalomar 
Rd., Concord, Calif. Phone: (415) 
686-6660. 

Circle No . 255 

10 000 Megs minimum input imped­
an~e for the 132 op-amp-only $95! 

ELECTRONIC DESIGN 



Model VAM 010 
Actual Size 

Model VAM OlOW 
Actual Size 

New JFDAirVariable Capacitors oller 
higher frequencies with negligible loss ol Q 

Plus 

•Ultra Stability 
•Highest Q 
•Small Size 
•Rugged 

Construction 

Now JFD air variable capacitors offer circuit designers the advantages of 
extremely high "Q" and greater capacitance values in a rugged miniature size 
unit. Offered in both a printed circuit (VAM OlOW) and a panel m'ounting model 
(VAM 010) , the new units operate at far higher frequencies with negligible 
loss of "Q" in comparison to other types. 

Internal air meshing shells are silver plated to provide good surface con­
ductivity and to prevent corrosive effects. Three internal contact springs assure 
positive electrical contact of rotor at all times. Leads on printed circuit model 
are tinned for ease in soldering. 

Th_e high density insulator between stator and rotor has excellent electrical 
properties and contributes to overall structural strength. Rubber gasketed 
threaded end caps effectively seal the units against dirt entrance or atmos­
pheric contamination after tuning. 

WRITE FOR JFD BULLETIN VAM-65 

J FD ELECTRONICS 
CORPORATION 

THE ;:¥AMERICA KNOWS BEST! 

JFD 120-A 

Components Division 
JFD ELECTRONICS CORPORATION , 15th Ave. at 62nd St .. Brooklyn. N. Y. 11219 

Tel : 212 DE 1-1000 
JFD NORTHEASTERN, Ruth Drive, P. 0 . Box 228, Marlboro, Mass. 07152 
JFD NEW YORK -NORTHERN , Damiano Pl. , P. 0 . Box 96, New Hartford, N. Y. 1350: 
JFD MID-ATLANTIC, P. 0 . Box 5055, Ph i ladelphia , Pa . 19111 
JFD MID·ATLANTIC·MARYLAND, P. 0 . Box 7676, Baltimore, Md. 21207 
JFD MIDWESTERN, 6330 W. Hermione St .. Ch icago, Ill. 6 ~645 
JFD MIDWESTERN-OHIO, P. 0 . Box 8086, Cincinnat i, C' ' . l 45208 
JFD WESTERN, 9 Morlan Place, Arcadia , Californ ia 91 : .. 
JFD ISRAEL LTD .. Industrial Area B. Bldg. 23, Azor, Israel 
JFD ELECTRONICS, EUROPE SA, 7 Rue de Rocroy, Paris, 10, France 

f>rec ision Pist on Tr immer Capac itors• Metalized Inductors •LC Tuners• Ceramic Fixed and Variable Capacitors• Fixed and Variable Distributed and Lumped Constant Delay Lines 

March 1, 1966 

Visit JFD at IEEE Booth 1El2 
Speed Inquiry to Advertiser via Collect Night Letter 
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Same day 
shipment 
ON 75 STOCK ITEMS 

Chemf:ron* 
REEC RELAYS 
OFFER YOU: 

FAST DELIVERY 
The large CHEMTRON line featu res prototype 
order shipment the SAME DAY on 75 STOCK 
ITEMS, plus an exclusive design flexibil ity 
that allows shipment the SAME WEEK on 
SPECIALS. Th is large stoCk and design flex· 
ibility also means fastest delivery on pro· 
duction quantities. 
VACUUM ENCAPSULATION 
A process developed specially for CHEMTRON 
relays insures maximum ruggedness and 
rel iabil ity. 

0.1" PIN SPACING FOR PC MOUNT 
Board layout for CHEMTRON reed relays is 
easier. 
MAGNETIC SHIELDING 
The attractive CHEMTRON outer case is a 
magnetic shie ld to prevent interacti on 
between closely spaced relays. 
HIGH SENSITIVITY COILS 
These coils allow CHEMTRON reed relays 
to be dri ven with low power transistors to 
minimize drive circuit problems. 

WRITE TODAY FOR 
YOUR FREE CATALOG ~ 

SELF-<>RGANIZING 8V8TEM8. INC. 
P.O. BOX 991 8 •DALLAS, TEX. 75214 • (214) 276-9487 

PLANT: 1910 N. FIRST ST .. GARLAND, TEX. 

*T M SELF- ORG A NIZING S Y STEMS , I NC . 

ON READER-SERVICE CARD CIRCLE 31 
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COMPONENTS 

Laminated bus bars 

High gain amplifier 

AN ALOG a 
Dl\' lctS 

Time delay relays 

Rigid-tube connector 

Conductors in thickness of 0.005 
to 0.045-in . are available in a line of 
laminated bus bars that are said to 
reduce noise in power and signal 
di stribution. Material and length 
and width of conductor levels and 
variable and ground levels and tabs 
can be incorporated to the custom­
er's specifications. Each unit is in­
capsulated in Amron plastic insula­
tion. 

E ldre Components Inc., 1239 Uni­
versity Ave., Rochester, N. Y. 
Phone: (716 ) 244-2570. 

Circle No . 256 

These de differential operational 
amplifiers have low-frequency ap­
plications where high de gain and 
good drift stability are primary re­
qui rements. 

Models A, B and C of the 103 
have 20 µ.V /° C, 10 µ.V /° C and 5 
µ. V /° C voltage drift, respectively. 
Current drift of 0.2 na/° C and sup­
ply voltage drift of 15 µ.V I% are 
the same for all three. 

P&A : $74, $84, $104-A,B ,&C re­
spectively; 3 weeks. Analog De­
vices, 221 Fifth St., Cambridge, 
Mass. P hone : ( 617 ) 491-1650. 

Circle No . 257 

Series 700 t ime-delay relays fea­
ture ± 5% accuracy in intervals as 
short as 0.050 seconds duration. Re­
peat accuracy is ± 2% , and the unit 
has a 100,000 cycle life expectancy. 

The relays contain solid-state 
timing networks. Available in fac­
tory pre-set or adj ustable units they 
offer delay t imes from 0.050 to 90 
seconds. Housings are avai lable 
with studs or fl ange and tabs for 
panel or chassis mounting. 

Master Specialt ies Co., 1640 Mon­
rovia, Costa Mesa, Calif. Phone: 
(714) 642-2427. 

Circle No. 258 

A new r igid-tube connector has 
been designed specifically for 
weight reduction and ease of instal­
lation. No tools are required for 
coupling. The connector can be used 
in such applications as hydraulic 
li nes, cable-carrying tubes, electron­
ic coolant transmission, and environ­
mental low-pressure applications. 

It is avai lable in stainless steel, 
a luminum, and t itan ium. Sizes 
range from 1/ 4 to 6-in. inner diame­
ter. 

E. B. Wiggins, Dept. 30, 3424 E. 
Olympic, Los Angeles, Calif. P hone: 
(213 ) 269-918. 

Circle No. 259 

ELECTRONIC DESIGN 



Power amplifier 

Press-fit terminals 

Catheter tip transducer 
r-

Miniature ignitron 

~ .. .,. 

March 1, 1966 

A microelectronic power amplifier 
delivers up to 5 watts for servo con­
trol. Gain of the 0.4 cubic inch am­
plifier can be adjusted from 100 to 
1000 by an appropriate external in­
put resistor. 

Power input for max output is 11 
watts; signal frequency is 400±20 
Hz. The unit is constructed with 
low (} silicon power resistors in a 
thin film resistor substrate. 

Solitron Devices, 256 Oak Tree 
Rd., Tappan, N. Y. Phone: (914) 
359-5050. 

Circle No. 260 

A new semi~assembled terminal 
is designated FT-2-SM-1163. A feed­
through terminal with 0.06-in. sol­
der posts, this unit is designed to 
mount on a 0.136-in. hole in a 0.047-
in. thick chassis. 

After installation in the chassis, 
a serrated shoulder expands the pro­
truding minor diameter to "lock" 
the terminal in place. Teft.on bush­
ings insure reliability. 

Sealectro Corp., 225 Hoyt St., 
Mamaroneck, N. Y. Phone: (914) 
698-5600 Circle No. 261 

The model CP-1 catheter tip pres­
sure physiological transducer is de­
signed for pressure measurement. 
Mounted at the tip of a 5F cardiac 
catheter, it can be used for long 
periods as flushing is not needed. 

Excellent dynamic response ena­
bles this unit to register all heart 
sounds. Any common method of 
sterilization, including autoclaving, 
is acceptable. 

P&A: $500; 60 days. Statham In­
struments, Inc., 12401 W. Olympic 
Blvd., Los Angeles, Calif. Phone: 
(213) 272-0371. Circle No. 262 

Miniaturized, size B ignitron NL-
1031 is designed for resistance 
welding control equipment. 

The unit is a water cooled, stain­
less steel jacketed, mercury pool 
ignitron with thermostat mounting 
plate. Two tubes connected in in­
verse parallel control 600 kV A in 
380-600 V, 25-60 Hz power systems. 

The photo compares the minia­
ture and standard ignitrons. 

Availability: stock. National Elec­
tronics, Geneva, Ill., Phone: (312) 
232-4300. 

Circle No. 263 

Life before 
thePVB 

Mr. Sy Rubin-Quality Assurance Manager of 
United Aero Test Laboratories, Deer Park, N. Y. 
-describes his working life before and after our 
Model 300 PVB (Portametric Voltmeter Bridge). 

"Before the PVB, the same 
measurement capabilities 

would have cost us thousands." 
"We're one of the largest testing lab8 
in the country with complete metrology 
labs on the East and West coasts. As we 
grow, our calibration work keeps in­
creasing. Invention of the PVB saved an 
outlay of many thousands of dollars. For 
$750, we answered many of our needs in 
this single portable instrument. 

"I use the PVB for all de calibrations 
on the order of a half percent. We cali­
brate our environmental chambers with 
it using a certified thermocouple. It's also 
handy for digital voltmeters, to assure 
one digit resolution, and for ac measure­
ment with thermal transfer equipment. 

"For anyone with calibration responsibil­
ities, I'd say the PVB has the all-round 
usefulness of an MD's little black bag." 
EST, 13900 NW Science Park Drive, 
Portland, Oregon (97229) 

In a single battery-operated unit, the PVB 
combines the functions of a potentiometric 
voltmeter, voltage source·, ammeter, guarded 
Kelvin double bridge, resistance comparison 
bridge, ratiometer and electronic null detector. 
Accuracy: ± 0.02 % of reading or 1 switch step 
on virtually all ranges. 

est, 
Electro Scientific Industries, Inc. 

See ESI at IEEE. 
Booth nos. 3A 48-49-50 
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SEMICONDUCTOR 
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Germanium planar transistor 
for MW has low noise figure 

A new Alloy Diffused Planar 
Transistor in the 1-4 GHz frequen­
cy range features low noise figures. 
The TIXM103 features a typical 
noise figure of 3.8 dB at 1.5 GHz 
and 5.5 dB at 3 GHz when adjusted 
for optimum noise figure. 

Planar construction techniques 
used on germanium material result 
in improvements similar to those 
seen in silicon planar transistors. A 
frequency limitation imposed on 
other Ge manufacturing techniques 
is that base and emitter must have 
large enough physical dimensions to 
allow connections for bonding wires 
to connect the stripes to the pack­
age terminals. Planarization, and 
the ability to use expanded con­
tacts, gives stripe-size independ­
ence, as the bonding is made to the 
expanded contact rather than the 
stripe. 

Some of the microwave features 
of the TIXM103 include: un-neu­
tralized, stable, common-emitter 
gain of 9 dB per stage at 1.3 GHz is 
readily attained ; insertion power 
gain of 5 dB into a 50 ohm line is 
practical; noise figure has been 
measured to deviate less than ±0.7 
dB from its 25 ° C value from -55 ° 
to + 85 ° C, and common emitter 
gain to deviate less than ±1 dB 
with the same temperature condi-
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tions. Other points include a readily 
attained system noise figure of 4.5 
dB at 1.3 GHz, and 6.5 dB at 3 GHz. 
Noise figure does not degrade with 
age, as in TWTs, nor is warm-up 
time required. No gain drift will 
be encountered, as in parametric 
amplifiers, and no circulator is 
needed, as with tunnel-diodes. 

The unit is produced in the TI­
Line package with common-emitter 
configuration. Matched 50 ohm out­
put and input impedances facilitate 
impedance matching. Leads are 
g_old-plated silver for low lead loss 
and parasitics. 

P&A: $82.50; stock. Texas In­
struments, Semiconductor Div., 
13500 N. Central Expway, Dallas, 
Texas. Phone: (214) 235-3111. 

Circle No. 264 

Planar stripline construction as seen 
without package cover . 

Flangeless rectifiers 
A series of flangeless silicon rec­

tifiers features hermetic glass-to­
metal seal and a maximum continu­
ous rating of 1.3 A at 50 ° C. Surge 
currents of 6 A and transient surges 
of 40 A can be sustained. 

Operating ranges for the series 
lOC are from 100 to 1000 V at tem­
peratures of - 65 ° to + 165 ° C. The 
printed-circuit design units are elec­
tro plated with tin. 

International Rectifier, 233 Kan­
sas, El Segundo, Calif. Phone: 
(213 ) 678-6281. 

Circle No. 265 

Fast recovery rectifiers 
Silicon rectifiers with fast recov­

ery and high current capability are 
offered in series 1N4942-1N4948. 

Typical reverse recovery is 100 ns 
to 600 V and 250 ns to 1000 PIV; 
current capability is 1-A rectified 
at 55 °C or 3-A with heat-sink per 
MIL-STD 750. Leakage current is 
0.1 mA at rated PIV, 25 ° C. Solid 

, silver leads have full area contacts, 
giving low thermal impedance. 

Immediate availability. Semtech, 
652 Mitchell Rd., Newbury Park, 
Calif. Phone: (213) 628-5392. 

Ci?"clc No. 266 

ELECTRONIC DESIGN 



fantastically 

• To maintain absolute uniformity, 
Allen-Bradley quality control engi­
neers continuously take samples of 
resistors from production and test 
them. The results of these tests, as 
shown by the charts on this page, are 
truly amazing. One chart, covering 
the results of tests on 1248 samples 
representing production of more than 
2Y2 billion resistors, shows a typical 
resistance change of only Y2 of 1 % 
after five cycles from -55°C to 85°C! 

March 1, 1966 

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

TYPE BB 1/B WATT MIL TYPE RC 05 

TYPE CB 1/4 WATT MIL TYPE RC 07 

TYPE EB 1/2 WATT MIL TYPE RC 20 

TYPE GB 1 WATT MIL TYPE RC 32 

TYPE HB 2 WATTS MIL TYPE RC 42 

... billion after billion! 

The other chart, plotting production sampling from more than 
175 million resistors in a humidity test at 95%, 55°C for 113 hours, 
shows only a slight deviation in resistance-and complete freedom 
from any wide deviations. 

So far as uniformity of electrical characteristics and physical 
properties are concerned, Allen-Bradley hot molded resistors have 
no equal. That's why they are so decidedly preferred by electronic 
engineers throughout the world. For complete specifications, 
please write for Technical Bulletin 5050: Allen-Bradley Co., 1344 
South Second Street, Milwaukee, Wisconsin 53204. Export Office: 
630 Third Avenue, New York, New York, U.S.A. 10017. 

ALLEN-BRADLEY 
QUALITY ELECTRONIC COMPONENTS 

9N READER-SERVICE CARD CIRCLE 33 
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Write or phone for literature ... 

automatic 
METAL PRODUCTS CORPORATION 
323 Berry Street, B'klyn 11, N. Y. Tel: (212) EV 8-6057 

AT THE IEEE SHOW • BOOTHS 2G02-4 

ON READER-SERVICE CARD CIRCLE 34 
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SEMICONDUCTORS 

Photon-coupled isolator 

Schottky-barrier mixers 

Silicon rectifiers 

HV power transistors 

A new solid-state photon-coupled 
isolator, the hpa-4310 incorporates 
a gallium arsenide diode injection 
luminescent photon source and a sil­
icon PIN diode photodetector. 

Photon coupling between input 
and output is 2 pF and 1011 ohms. 
Working voltage is 200 V peak, 
max. Current transfer ratio is on 
the order of 0.001, de to 10 MHz 
cutoff. Pulse rise is typically 50 ns. 

Price: $55. hp associates, 620 
Page Mill Rd., Palo Alto, Calif. 
Phone: ( 415) 321-8510. 

Circle No. 267 

High-reliability Schottky-barrier 
junction mixer diodes are intended 
for series mounting in strip trans­
mission-line circuits. 

Specifications for the units are 
shown by model Ma-4855. Noise fig­
ure for the 4855 is 6.5 dB in L and 
S bands, and 8.5 dB in X-band. Cw 
burnout rating is 0.5 W. 

These units meet the require­
ments of MIL-S-19500. 

Microwave Assocs., South St., 
Burlington, Mass. Phone: (617) 
272-3000. 

Circle No. 268 

A line of full-wave bridge silicon 
rectifier assembles has avalanche 
characteristics as protection against 
reverse voltage transients. 

These assemblies, S-6211, have 
PIVs of 200 to 800 volts. A 2 amp 
de current rating is common and 
neither voltage nor current derat­
ing is required to 75°C. Turret ter­
minals are silver plated brass. 

Sarkes Tarzian, Semiconductor 
Div., 415 North College Ave., 
Bloomington, Ind. Phone: (812) 
332-1435. TWX: (812) 332-5846. 

Circle No. 269 

A line of high-voltage power 
transistors, MHT 7801 through 
MHT 7805, features sustaining 
voltages from 200V to 325V. These 
10-amp planar npn transistors 
have a frequency response of 50 
MHz, and a common-base output 
capacity of 150 picofarads. They 
are packaged in an 11/16-in. hex 
stud. 

Price: $52.00 to $100.00 in 100 
quantity. Solitron Devices, Inc., 
1177 Blue Heron Rd., Riviera Beach, 
Fla. Phone: (305) 848-4311. 

Circle No. 270 
ELECTRONIC DESIGN 



Chart recorder 
Two series RD potent iometric 

strip chart-recorder s can be mount­
ed s ide-by-side in a 19-in. relay 
rack. A zener-diode constant-voltage 
reference power supply, and fu lly 
shielded measuring circui ts, con­
tribu te to r eliability. 

Char t transports a re interchange­
able within 15 seconds, and a lso 
can be set at a 45 ° angle to ser ve as 
a writ ing platen during operation. 

Ba rber -Colman, 1300 Rock, Rock­
ford , Ill. Phone : ( 815) 968-6833. 
TWX : (815 ) 398-0341. 

Circle No. 27.l 

Proximity detector 
The model 1000 magnetic field 

proximi ty system responds to a vec­
tor field rather t han to a rea and 
mass. A relay in t he control unit op­
erates when t he sensor detects a 
properly oriented magnetic field of 
about 2 oersteds. Operate distances 
r a nge from source t o 5 feet. The 
unit has continuously adj ustable 
oper ate-release differentials from 
hold down to 1 % of fie ld. 

Research Assocs., 555 E. Linden 
Ave., Linden, N. J . Phone : (201) 
486-1154 . 

Circle No . 272 

March 1, 1966 

high-voltage 
workhorse 
VICTOREEN 
DIODES 

Regulator 

Pulse Coupler 

High-Impedance 
Voltage Divider 

High-Volta9e 
Reference 

Victoreen GV1A Coro­
tron diode actual size; 
other types available. 

You probably think of Victoreen Corotron diodes as high­
performance thoroughbreds for exotic uses. And they are. But 
this is only part of the Corotron pedigree. They're also real 
workhorse diodes for everyday uses. As regulators and H-V 
references .. . H-V pulse couplers ... high-impedance voltage 
dividers. And still we haven't run out of Corotron applications. 
So put your imagination to work. Savings in cost, complexity 
and weight can put you on velvet. Right away, write away for 
latest dope on Corotron diodes - high -voltage workhorse. 
Address Applications Engineering Department. 

Write for free copy of illustrated 40-page catalog of Victoreen diodes. 

THE VICTOREEN INSTRUMENT COMPANY 
10101 WOODLAND AVENUE • CLEVELAND, OHIO 44104 
EU ROPEAN SALES OFFICE GROVE HO USE, LONDON ROM ISLEWORTH. MIDDLESEX . ENGLAN D 

Speed Inquiry lo Advertiser via Collect Night Letter 
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TEST EQUIPMENT 

Digital differential voltmeter has 
only two null-adjustments 

The model 353 digital voltmeter 
provides a faster approach to accu­
rate de voltage measurements. Lab­
oratory accuracy can be obtained 
without the customary knob-twid­
dling and null-seeking. In this sys­
tem the range knob is set to give an 
on-scale reading in the "normal" 
mode, then the first digit of the 
"normal" mode reading is manually 
dialed into the "expanded" mode­
whereupon the system takes over. 
The measurement is automatically 
expanded to 4 digits with ovcrrang­
ing to 5, and a further digit may be 
interpolated. 

The system submerges the inher­
ent electro-mechanical systems er­
ror by a factor of at least 10 to 1. A 
string of precision resistors in se­
ries with the potentiometer reduce 
that component's error producing 
importance. Not only does accuracy 
increase by at least 10 to 1, but so 
does the resolution. 

The all solid-state instrument re­
quires 115/ 230 V, 50-60 Hz. The in­
put resistance is 10 Megs for all 
ranges in either mode, and the ref­
erence voltage is derived from a 
temperature compensated Zener 
diode to ± 0.005 % over a tempera­
ture range of 22 ° C ± 10° C. The ex­
pandable voltage ranges are 1, 10, 
100, and 1000 volts full-scale. The 
0.1 volt full-scale range is not ex­
pandable, hence its accuracy is de­
creased by a factor of 10. 

92 

Features include a left-to-right 
readout, an automatic display of the 
terms "mV" or "V," and automatic 
placement of the decimal point. The 
motor is automatically disabled 
during the dial-setting for the "ex­
pand" mode, a red light indicates 
overrange or wrong polarity, and 
provision is made for a foot operat­
ed switch for "read" or "hold." 

P&A: $490; June. Ballantine 
Labs., Boonton, N. J. Phone: (201) 
334-1432. TWX: (510 ) 235-8329. 

Circle No. 273 

COMPARATOR 

CONTINUOUSLY 
VARIABLE 

ADJ DIVIDER 
NET 

REF 
SUPPLY 
ADJ IN 

DISCRETE 
STEPS 

SHAFT POS 
IND. l COUNTER) 

REF STEP 
DISPLAY 

MOTOR 

Input signal is range.selected and 
compared with the reference signal. 
Amplified error is fed to drive a po­
tentiometer to correct the reference. 
The pot's resultant shaft-position 
gives the reading. A manually adjust­
able reference supply has discrete 
steps for major divisions. It can be 
read out on a display. 

( - . . 
I. 

Digital voltmeter 
The 5100 Series continuous bal­

ance digital voltmeter combines the 
wirewound resistance ratio and 
precision voltage · reference methods 
of measurement. The special ratio 
bridge and proportional controlled 
reference minimize time and tem­
perature influences. Accuracy is 
± 0.002 % of reading ±0.002 % of 
full scale for de, ± 0.05 % of read­
ing ±0.05% of full scale from 50 
Hz to 20 kHz and ±0.25% of read­
ing ±0.05 % of full scale from 20-
100 kHz, for ac voltage. 

Ac voltages are converted to de 
by full wave averaging rectification 
with 100 µ. V per digit resolution. 
Resistance is measured by a true 
ohmmeter principle, independent of 
the reference voltage or voltage cal­
ibration. The 4-wire input convert­
er has the stability and accuracy of 
wire-wound resistors and provides 
1 milliohm per digit resolution and 
six automatic ranges. Resistance 
accuracy for most ranges is 
± 0.003 % of reading ±0.003% of 
full scale. Maximum dissipation in 
unknown resistance is 10 mW. An 
optional five-range converter has 1 
mW maximum dissipation in un­
known resistance. 

Input impedance is potentiometric 
on lower ranges. Resolution of 10 
µ. V per digit provides dynamic mea­
surement range to 1000 V. 

Internal plug-in modules provide 
auto-ranging multimeter and re­
corder output as well as other spe­
cial functions. Isolated output in 
decimal or BCD format is available 
for digital data recording. 

P&A: from $5295; 30 days. Auto 
Data, 4812 Kearny Mesa Rd., San 
Diego, Calif. Phone: ( 714) 279-
3020. TWX: ( 714) 279-0268. 

Circle No. 27 4 
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Rms reading meter 

A volt-amp-watt meter features 
true rms readings. A "Transquare" 
solid-state transducer network has 
an output current proportional to 
the square of the instantaneous val­
ue of input voltage. 

The ac, single-phase instrument 
has a current transformer to extend 
current and wattage ranges. Full­
scale ranges are from 2.5 to 100 A, 
25 W to 10 kW. Accuracy is ±0.5% 
to 1 % full scale 30 Hz-15 kHz, pow­
er factor from unity to 50 % lead 
and lag. 

P&A: $2250; 8-10 weeks. Grei­
bach, 315 North Ave., New Rochelle, 
N. Y. P hone : (914) 633-7900. 

Circle No. 277 

Power level/ratio meter 
A 60 dB measurement range is 

provided by the 8000/ 7051 system 
for the measurement of gain, loss, 
absolute or relative power levels, 
vswr, and impedance magnitude. 
The instrument uses crystal detec­
tors, compensated above the square­
law region by internal circuitry. 
Accuracy is ± 0.3 dB at + 20 dBm 
and ±0.6 dB at - 40 dBm. 

P&A: $1250; 30 days. Alfred 
E lectronics, 3176 Porter Drive, 
Palo Alto, Calif. Phone: ( 415) 326-
6496. 

Circle No. 275 
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Ballantine Model 440 Micropotentiometer 

Calibrate your ac Voltmeters,Signal 
Generators & 'Scopes to 900 MHz 
Ballantine's Model 440 Micropotentiometer provides a precisely determined 
voltage at its output terminal when 0 to 900 MHz current is fed into the 
input terminal. The input current flows through a UHF-type thermocouple 
to a radial resistor of known constant value. The voltage developed across 
this resistor becomes the standard which is used to calibrate electronic volt­
meters, oscilloscopes, and other voltage-sensing devices. 

USEFUL FEATURES: 

Is simplest and most accurate method known to -

1. measure relative frequency responses of ac voltmeters 
and oscilloscopes. 

2. measure absolute accuracy of ac voltmeters and oscillo­
scopes. 

3. measure absolute accuracy of output of signal generators. 

Model 440 units are available for use from 15 microvolts to 1.5 volts. 
Price: $175 per resistor, plus $75 per thermocouple housing assembly. 

OTHER USEFUL BALLANTINE REFERENCE STANDARDS 

Model 393 HF (High Frequency) Transfer Voltmeter 
Measures accurately ac voltages of 1 to 100 V at frequencies from 25 Hz to 
30 MHz. Accuracy is better than 0.1 % up to 10 MHz and better than 0.5% 
to 30 MHz even without application of calibration data. Price: $1270 with 
six probes. 

Model 390 A-T (Attenuator·Thermoelement) Voltmeter 
Laboratory standard device consisting of an adjustable waveguide-below­
cut-off attenuator feeding a UHF vacuum thermocouple for measuring volt­
ages from 0.5 V to 300 V (depending on frequency) from 1,000 MHz to 
10 MHz. Price: $ 2250 

I) - Since 1932 -~ ~ 
Write for brochures giving complete details 

~ BALLANTINE LABORATORIES INC. 
~ Boonton, New Jersey 

CHECK WITH BALLANTINE FIRST FOR CC ANO AC ELECTRONIC VOLTMETERS/ AMMETERS/OHMMETERS, REGAROLESS OF YOUR RE· 
QUIREMENTS. WE HAVE A LARGE LINE, WITH ADDITIONS EACH YEAR . ALSO AC / DC LINEAR CONVERTERS, AC / DC CALIBRATORS, WIDE 
BAND AMPLIFIERS , OIRECT·READINC CAPACITANCE METERS, AND A LINE OF LABORATORY VOLTAGE STANDARDS FOR 0 TO 1.000 MHz. 

Speed Inquiry lo Advertiser via Collect Night Letter 

ON READER-SERVICE CARD CIRCLE 36 
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Temperature 
Stable 

High ET 
Small Package 

STAT-TRAN 

Ferrite C-1 Core 
Low Insertion Loss 
Fast Recovery Time 
Large Bandwidth 
Electrostatic Shielding Available 

f . 
1.2 

.L 
25 W AVERAGE 
25 KW PEAK 
15 KV HI-POT 
3 IN3 

t 

M-10 

2.25 M-12 
__l_ 

75 W AVERAGE 
75 KW PEAK 
25 KV HI-POT 
12 IN3 

$END FOR • COMPLETE CATALOG - · . . . . 

560 Robert Avenue 
Santa Clara, California 
Phone (408) 248-6040 
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TEST EQUIPMENT 

Sweep generator 

Microwave power meter 

Solid-state vswr meter 

Rack-mount oscilloscope 

Model TH-200 wide-range sweep 
generator covers FM and VHF TV 
bands from 0.5 MHz to 230 MHz. 
The sweep width can be varied 
from 0.1 MHz to 230 MHz, and out­
put is greater than 0.25 V rms. The 
unit accepts four plug-in single fre 
quency or harmonic markers, has 
external marker input capability 
and an optional 0-70 dB turret at­
tenuator. 

P &A : $525 ; 3 wks. Texscan 
Corp., 51 S. Koweba Lane, Indianap­
olis, Ind. Phone: (317) 632-7351. 

Circle No. 276 

The model 431C microwave pow­
er meter gives direct readings. A 
knob automatically compensates the 
reading with a preset calibration. 
With the manufacturer's calibrated 
thermistor mounts and the 1 % spec­
ified instrumentation accuracy, er­
rors are considered in the readout, 
obviating calculations. All pertinent 
requirements of MIL-I-6181D are 
met. 

P&A: $475; 8 weeks. Hewlett 
Packard, 1501 Page Mill Rd., Palo 
Alto, Calif. Phone: ( 415 ) 326-7000. 

Circle No. 278 

The Model 813T measures vswr 
reflection coefficients or relative at­
tenuation as well as bolometer cur­
rent. It can also be used for audio 
frequency null measurements with 
the addition of an external bridge 
circuit. Sensitivity is 0.1 µ. V for 
full-scale at 40 Hz bandwidth and 
noise 5 dB below input. A selector 
switch allows operation at bands of 
20, 40 or 400 Hz. 

Price: $325. Microlab/FXR. Liv­
ingston, N. J. Phone: (201) 992-
7700. 

Circle No. 279 

The new Type R422 scope con­
sists of an ac-powered oscilloscope 
and the necessary mounting facili­
ties, including a hinged-door com­
partment for accP.ssories. Band­
width is de to 15 MHz with a dual­
trace sensitivity of 10 mV / division. 
The 4-in. rectangular CRT has 8.2-
in.2 display area with internal illu­
minated graticule. 

P&A: $1400; first quarter of 
1966. Tektronix, Inc., P. 0. Box 
500, Beaverton, Oregon. Phone: 
(503) 644-0161. 

Circle No. 280 
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$200 ac/dc VOM 
A new volt-ohmeter has solid­

state circuitry, battery-power with 
an ac option, and a price under 
$200. It is a de voltmeter, and an ac 
voltmeter for 10 Hz to 1 MHz with 
±2% full-scale accuracy. Ranges 
are ±100 mV-±1000 Vdc, 10 mV-
300 Vrms reading ac (1.11 times 
average), and 10 ohms center-scale 
to 10 Me gs center-scale ( ± 5 % ) . 

With 22.5V-dry cell power, "com­
mon" can be floated 500 Vdc off 
ground. 

P&A: $195, ac option adds $25; 
stock. Hewlett-Packard, 1501 Page 
Mill Rd., Palo Alto, Calif. Phone: 
(415) 326-7000. Circle No. 281 

Compact megohmmeter 
Weight of the Model 2000 Meg­

Chek is only 36 ounces. The instru­
ment is housed in a welded steel 
case that measures only 5-3/ 4 x 4 x 
2-3 / 4-in. Designed with push-button 
controls, it can measure resistances 
as high as 100 Meg at 500 Vdc. 
Power is taken from penlight cells 
housed within the unit and space is 
also provided for storage of two 
three-foot test leads. 

P&A: $95; stock. Associated Re­
search Inc., 3777 W. Belmont Ave. , 
Chicago, Ill. Phone: (312) 307-
4040 Circle No. 282 
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NOW, Micro-Miniature 

4700 4701 

Highest Q Air Capacitors 
• .140 in Diameter, W' length • Capacitance Range 0.35 pF to 3.5 pF 
• Q @ 250 me > 2000 

Q @ 100 me > 5000 
• Finest Materials 
• Finest Workmanship 

.,,.-12...~ Write for full data 

~IN(_) MANUFACTURING CORPORATION 
400 Rockaway Valley Road, Boonton, N. J. Phone (201) DEerfield 4·2676 

ON READER-SERVICE CARD CIRCLE 38 

• 80 Technical sessions, 300 papers 
- all at the New York Hilton 

• 4 floors of exhibits - all at the 
New York Coliseum. Four days 
only - Monday- Thursday 

• Gala IEEE Banquet-Wednesday, 
7:15 p.m., New York Hilton Grant! 
Ballroom - $15.00 

• Free shuttle busses between the 
Hilton and the Coliseum -
every few minutes 

• Registration - Members $2.00-
Non-members $5.00. Ladies $1.00. 
Good for all days - Technical 
Sessions and Exhibits. In and 
out privileges. 

. ' 

In 
Electrical 
Electronics 
Engineering 

EXHIBITS (4 days only) 
Monday through Thursday 

11:30 a.m. - 9:30 p.m. 

NEW YORK COLISEUM 

• 
"fECHNICAL SESSIONS 

Monday through Friday 

NEW YORK HILTON 

• 
MARCH 21-25, 1966 

Students (over 14) accompanied by adult will be admitted to 
Exhibits Thursday only. $2.00. (Not more than 3 per adult) 

ON READER-SERVICE CARD CIRCLE 54 
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MICROELECTRONICS 

Integrated logic chips feature 
high-value resistors 

This series of low-power logic 
chips includes a clocked flip-flop; a 
dual, 3 input N AND gate, and a 
dual, 3 input NAND gate with ex­
tender inputs (LPDTµ.L 9040 
through 9042, respectively). 

These circuits have typical power 
drains of less than 1 mW per gate 
(50 % duty cycle ) for the gate ele­
ments, and less than 4 mW for 
the flip-flop, over the full military 
temperature range of - 55° to 
+ 125 °C. These low values were at­
tained with typical values of resis­
tors as high as 56 k planar epitaxial 
silicon devices, more than half-a­
meg of resiRtance per chip. 

Propagation delays of 60 ns are 
average for the logic gates. Typical 
clock-rate for the flip-flop is 2.5 
MHz. The optimum single supply 
voltage for all units is + 5 V, range 
is +4.5 to +5.5 V. A fan-out of 10 
LPDTµ.L or 1 standard DTµ.L is 
specified over the entire temperature 
and supply voltage range, and noise 
immunity is guaranteed at a mini­
mum of 450 m V at the temperature 
extremes. Emitter-follower outputs 
provide good capacitive drive capa­
bilities. 

The 9040 is a direct-coupled, dual­
rank flip-flop which may be used in 
counters, shift-registers, and stor­
age applications. Direct set and clear 
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inputs are provided, which override 
all other data inputs. 

The 9041 and the 9042 are suit­
able for inverter applications and 
general logic-gate application. The 
9042 has an extra input, allowing 
the user to increase the gate fan-in 
by adding on diode elements such 
as the DTµ.L 9933, a 4-input extend­
er package. 

All of the devices are available in 
the flat-pack configuration, or a 
new dual in-line package. 

P&A: $24 (9040 ), $20 (9041 and 
9042 ) in 100 lots ; stock. Fairchild 
Semiconductor, 313 Fairchild Dr., 
Mountain View, Calif. Phone: 
(415) 962-5011. TWX: (910 ) 379-
6435. Circle No. 283 

This silicon chip has more than half­
a-Meg of resistance incorporated. 

IC test socket 
This integrated circuit test sock­

et is designated Series 8104. If con­
sists of a Mech-Pack connector sol­
dered to a polarized printed circuit 
board. This permits testing of flat­
packs in the T.I. Mech-Pack Carrier 
without the necessity of trimming 
the integrated circuit from the car­
rier. 

The unit is available without a 
polarized edge connector. 

P&A: $3.10 to $3.86, depending 
on quantity; 4-5 weeks. Augat Inc., 
33 Perry Ave., Attleboro, Mass. 
Phone: ( 617) 222-2202. 

Circle No. 284 

VHF cascode microcircuit 
A silicon planar integrated vhf 

cascode chip is available from Eng­
land. Amplifier operation is possi­
ble at frequencies as high as 200 
MHz with this circuit, type 316-04. 

A unique circuit configuration 
provides extremely low internal 
feedback characteristics, thus allow­
ing the elimination of neutraliza­
tion techniques often necessary with 
vhf wideband-amplifier circuits. 

Performance specifications for 
the microelectronic device include 
an operating frequency range of de 
to 200 MHz with power gains of 17 
dB at 100 MHz and 14 dB at 150 
MHz. The circuit has a noise-figure 
of 5 dB at 100 MHz. Operational 
temperatures cover the - 55° to 
+ 125° C military range, and maxi­
mum line-voltage is + 25 Vdc. The 
unit is enclosed in a T0-5 header 
with an eight-pin configuration. 

Available in production quan­
tities from: Marconi Co. Ltd., 
Chelmsford, Essex, England. 
Phone: Chelmsford 3221-night 
phone: Chelmsford 57506. 

Circle No. 285 
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Completely Automatic 

CAPACITANCE BRIDGE 

Just Insert a Capacitor . .. 

and Read the Answer 

Direct Reading .. . c and D (or G) in­
dicated with decimal point and correct unit 
of measurement. 

Fast ... measuring rates up to 2 per second 
. . . works with scanner-type inputs. 

Accurate .. . ±0.1% of reading for c and 
G; 1% ±0.001 of reading for D. 

Stable ... a true bridge whose accuracy 
depends only on passive standards and fixed 
transformer ratios and is independent of gen­
erator voltage variations and phase-sensitive­
detector errors. Three-terminal configuration 
p_ermits accurate remote measurements. 

BCD Output ... BCD (1-2-4-2 code) for 

data processing and recording. 

Wide Range--------. 
Frequency 120c/s 400c/s lkc/s 
Ca pacita nee O.OOOli<F to O.Olpf to O.Olpf to 

IOOOi<F IOOi<F IOOi<F 
4 ranges 7 ranges 7 ranges 

Conductance ii<ll to ill O.lnll to l!l O.lnll to ill 
4 ranges 7 ranges 7 ranges 

Dissipation Factor: 0 .0001 to 1.0 in one range 

Automatic Capacitance Bridge Assembly 

Type 1680-A ..• $4850 in U.S .A. 

If you think a 1680 Automatic Capacitance 
Bridge can save you time and money and im­
prove accuracy, why not write or call us for 
a demonstration? 

BOSTON • NEW YORK • CHICAGO • PHILADELPHIA • WASHINGTON . D.c. I 
SYRACUSE , DALLAS • SAN FRANCISCO • LOS ANGELES • ORLANDO 

CLEVELAND , TORONTO • MONTREAL 

GENERAL RADIO COMPANY (Overseas), ZUR ICH , SWITZERLAND 

GENERAL RADIO COMPANY (U.K.) Ltd., BOURNE END, ENGLAND 

RCA Aerospace Systems Division, Burlington, Massachusetts, has responded to 
the Department of Defense's challenge to industry to attain new levels of product 
quality by instituting a company-wide Zero Defects program. For example, in 

their Purchased Materials Inspection Department, new test equipment has been 
installed to upgrade measurement techniques and accuracy. A GR Type 1680 
Automatic Capacitance Bridge and Type 1137 Data Printer are now used for 
incoming inspection of capacitors, whereas a manually balanced bridge was pre­
viously used. Capacitance measurements were not only tedious and time-con­
suming, but were also subject to a considerable amount of human error. With 
the installation of the Type 1680 Automatic Bridge, a thirty-percent savitig in time 
has been realized ; accuracy has been increased ten times; and data is auto­
matically and permanently recorded. 

GENERAL RADIO 
WEST CONCORD, MASSACHUSETTS 

ON READER-SERVICE CARD CIRCLE 215 
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Now twice as many_· sYsTEMs 

and in many mounting styles 

We now offer a full line of SPOT relays, 

type 1 X, to match our DPDT, type 2X, 

relay line. Except for coil data, speci­

fications are identical for both types: 

2X 1X 

Size 0.2" x .4" x .5" same 
Terminal Spacln1 1/10" grid same 
Ralin1 0.5 amp @ 30 voe same 
Coil Operatin& Power 150 mw 70 mw 
Coil Resistance 60 to 4000 ohms 125 to 4000 ohms 
Temperature -65°C to + 125°<; same 
Vibration 20 G same 
Shock 75 G same 

Write for Data Sheets No. 9 and 10 

llUCCED llDTAllY 11£/AYS llllJ Dyn3mfc3/ly •nd S/lliCJHy 61/1nctd 

COUCH ORDNANCE INC. 
3 Arlington Street, North Quincy 71, Mass., Area Code 617 , 
r.Ypress 8·4147 A subsidiary of S. H. COUCH COMPANY, INC 

ON READER-SERVICE CARD CIRCLE 39 
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Sample-hold amplifier recalls 
analog inputs for hours. 

Sample and Hold amplifier 101 
memorizes its latest input values 
for hours after input is removed 
thus allowing manual control to be 
substituted without losing the orig­
inal reference point, or preventing 
loss of data during loss-of-service. 
The 101 has a capacitance feedback 
amplifier arrangement performing 
the memory function at a cost con­
siderably below competing devices. 

Two modes of operation are of­
fered: low-level, floating hold am­
plifier adjustable from 2.5 V down 
to 50 mV input full-scale using 
an optionally available adjustable 
preamp; and single-ended sample­
and-hold giving 2.5 V full-scale. 
Higher line voltages can be handled 
by using voltage divider networks. 
Provision is made for switching to 
manual from automatic with no dis­
continuity in signal level and re-

REMOTE ~ 
INDICATORS :::-i l __J 
~:u;LING l;u: 
COMMAND I 

I 
I 
I 
I 

INPUT }----Q._ 0 ol 
"' AUTOMATIC 

GROUND )>----.01 

OMANUAL 

turning to automatic with no dis­
continuity unless input signal has 
changed in the interim. Push-button 
switches and an output meter for 
the manual mode allow the signal 
level to be set to any point. 

Output-currents are 1-5 mA into 
3 kohm loads ( floating ) and 4-20 
mA into 750 ohm loads ( floating ). 
The stability of the 101 is ±0.5 % 
full-scale or 15 ° F temperature 
change up to 1 month, with power 
variations of ±10% , amplifier non­
linearity and hysteresis figured in. 

Eight plug-in units can be mount­
ed in a 3-1/2 x 19-in. rack. Compati­
ble power supplies and preamplifier 
are available as matching modules. 
Battery power can be specified. 

P&A: $300 ; stock. Pacific Data 
and Controls, 4606 Foster, Portland 
Ore. Phone: (503) 281-6401. 

Circle No. 286 

..---------< -15V 

OUTPUT METER 

OUTPUT 

----•GROUND 

.J. 
When input signal ceases, output remains at last level. Input restoration changes 
output only if signal has changed. Output meter and up/down controls are 
provided for the manual mode. 

ELECTRONIC DESIGN 



Delay-line amplifiers 
Types A and B delay-line systems 

amplifiers for IF frequencies meet 
needs for wide dynamic range in 
the presence of high insertion-loss 
elements. Each channel requires a 
driver (type A) and a post amplifier 
( B). These amps have a 60 MHz 
center frequency, 30 MHz bandpass, 
and 25 ns pulse-response. Other fre­
quencies can be ordered. 

The type A amp provides 1-watt 
output for an element such as a de­
lay-line. Type B maintains a low 
noise figure with a system dynamic 
range of 70 dB. Output for 1 dB 
compression is 250 mW and is vari­
able over 15 dB without degrading 
amplitude or phase stability ( ±0.25 
dB and 2 ° rms). Gated units provide 
60 dB min on/off ratio. 

Available singly or in multi-chan­
nel systems, they are on printed-cir­
cuit glass-epoxy boards, RF connec­
tors at the rear. A meter to show 
voltage and individual amplifier cur­
rents is in the systems package, as 
are blowers. Single units are con­
duction cooled. Isolation between 
channels is 120 dB min. 

Specs include 30 dB min gain to 
54 dB in type B, input Z of 50 ohms, 
and vswr of 1.25 :1. Ripple is 0.5 dB, 
pulse rise- and fall-time (10-90 % ) 
is 25 ns. Over- and under-shoot with 
0.1 µ.s pulse is under 10 % for A, 5% 
for B. Max power is 1 W and 250 
mW for A and B respectively. Dy­
namic ranges are 85 and 70 dB, 
noise-figure is 12 and 6 dB, and pow­
er requirements are 260 and 170 mA 
for A and B respectively. Linearity 
is within 0.5 dB. 

P&A: about $550; stock. Aero­
space Research, 130 Lincoln, Bos­
ton, Mass. 

Circle No. 287 

A 15-channel system (shown from 
rear) uses 15 'A' and 15 'B' amps. 

March 1, 1966 

. . . ... - - ' - - --- -
,. - ... - -- ~ 

Program boards 
These program boards protect 

pins from damage by recessing 
them in their relay-rack housing. 
Pin positions are variable from a 
maximum of three inches, down to 
flush with the rack. 

The boards are designed for 
mounting in a 19-in. rack, and are 
available for selective switching, or 
multiple but discrete spst or spdt in 
non-matrix form. 

Sealectro Corp., 225 Hoyt Ave., 
Mamaroneck, N. Y. Phone: (914) 
698-5600. TWX: (710) 566-1110. 

Circle No. 288 

Computing recorder 
Computing recorders B24X and 

B34X perform arithmetic calcula­
tion and integration. 

B24X two pen, and B34X three 
pen 10-inch graphic recorders can 
be associated with the XB arithme­
tic computer, the XD integrating 
computer, and the XA arithmetic 
and integrating computer unit. 

P&A: B24X-$2500, B34X-$3100, 
XB-$390, XD-$890, XA-$1250; 45 
days. Argonaut Assocs., P. 0. Box 
K, Beaverton, Ore. Phone: ( 503) 
292-3149. 

Circle No. 289 

Let 
Bulova 
solve 
your 
servo 
problems! 
You've 
got more 
important 
things 
to do. 
Bulova makes servo products faster, 
better, and at less cost than anyone! 
It's our business, 
Don't take your engineers off vital 
programs to home-brew! Developing 
your own electronic components to 
meet servo system requirements 
wastes time, money and key men, 
while chances are Bulova's group of 
engineering specialists have already 
tackled-and solved-a problem 
.similar to yours. 

Bulova offers a full line of solid-state 
electronic servo products-off-the-
shelf or custom designed: servo 
:amplifiers• resolver booster ampli­

fiers• modulators• 
demodulators •quadrature 
rejection amplifiers • 
pre-amplifiers • isolation 
amplifiers• variable-gain 
amplifiers• two-speed 
switching amplifiers• DC 
torquer amplifiers. 

What's more, you get prototypes as fast 
as you need them, and production 
units to your schedule! Wrrte for complete 
specifications. Address: Dept. ED-18 

Bu LOYA 
SERVO PRODUCTS 
ELECTRONICS DIVISION 
OF BULOVA WATCH COMPANY, INC. 

61-20 WOODSIDE AVENUE 
W.OODSIDE, N.Y. 1.1377. (212) DE 5-6000 
ON READER-SERVICE CARD CIRCLE 40 

99 



-... 1& • '"' ...... 

1 OOOvdc STANDARD* 
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COMPARE 
performance 
. . . . va I u e 

ELECTRONIC 
DEVELOPMENT 

CORPORATION 

EDC's High Voltage Reference Source 
Model VS-1000-NR, is the only all-solid­
state high precision printed circuit 6-dec­
ade de portable standard with ... 

• Absolute Accuracy .......... ±0.01 % or± 1 mv 
(NBS traceability) 

• Output Voltages .............. ± 1111.110 vdc 
(full scale) 

• Stablllty ........................... ± 0.001 % 
(short term - 8 hrs) 

• Output Current ............... .10 ma 
• Delivery .......................... from stock 
• Price ................................ $995 

Model VS-1000-NR has: automatic recovery .•• 
short-circuit and overload protection ... out-
put as well as measuring capability ... direct 
reading . .. ready to use within 30 sec (no 
balancing or zeroing). Designed for production 
line and laboratory applications - for use as 
a voltage source and a potentiometer measur­
ing device. Fits standard rack, weighs only 20 
pounds, guaranteed for one full year including 
calibration and stability. 

•Other models from 1 µ.volt. 

423 WEST BROADWAY • BOSTON 27, MASSACHUSETTS 

Tel: 617 268-9696 
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APPiication 
Notes 

Automation notes 
Problem solutions across a broad 

range of industries are discussed, 
illustrated, and diagrammed. Ex­
amples of variable freq uency power 
control of two-conveyol' synchroniza­
tion and material transfer are giv­
en. All systems application data are 
analyzed in the light of t he manu­
facturer's co-ordinated speed con­
trol motor drive accessories. U.S . 
E lectrical Motors. 

Circle No. 251 

Reliability design 
A 33-page book consists of a dis­

cussion of reliability. What is it and 
how is it measured, designed, and 
obtained. Terms are defined and ex~ 
tensive use is made of tables, 
graphs, and nomographs. Avco-Elec­
tronics Div. 

Circle No . 252 

Ultrasonic delay lines 
A 24-page reprint of a paper enti­

tled "A Survey of Ultrasonic Delay 
Lines Operating Below 100 Mc/s" 
is avai lable. 

Types of delay lines in use are de­
scribed, t heir limitations noted, and 
design considerations outlined. At­
tention is given to recently evolved 
dispersive lines sui table for radar 
pulse compression systems. 

Wave diagrams, graphs, oscillo­
scope patterns, schematics, illustra­
tive drawings, and photographs of 
devices assist the reader. Andersen 
Labs. 

Circle No. 253 
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EMR introduces 
Constant-Delay Filters 

for Precision Data Systems 

PERCENT Of BANDWIDTH 

(A) FOR PRECISION AM OR FM DATA COMMUNICATIONS. (B) DELAY 
VARIATION < ± 1° IN PASSBAND. (C) MINIATURE, <4 CU . INCHES. 
(D) HIGHEST SELECTIVITY, 40 DB ATTENUATION AT 2.67 TIMES 
BANDEDGE. 

SPECIFICATIONS 

Center Frequency: 400 Hz - 1.0 MHz 
at ± 2.5% - ± 45 % bandwidth. 
Rolloff: 3 db at bandedges; 40 db 
at 2.67 times bandedge. 
Time Delay (ms): 0.8/bandwidth (bw 
in kHz) . 

Time Delay Variation: ± 3.5% of 

nom. in passband . 

FM Harmonic Distortion: < 1 % at 

mod. index = 2. 

Send for free brochure 

WEST COAST PROOUC78 
ELECTRO-MECHANICAL RESEARCH. INC 

15551 Cabrito Road • Van Nuys, California 
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Design Data from Manufacturers 
Advertisements of booklets, brochures, catalogs and data sheets. To order use Reader-Service Card. 

(Advertisement) 

New Particle And Photon Detectors 
--Ill 

Bendix 
Magnetic Electron 

Multipliers ......___ ·------·--
. ~ -

·- ., .~r• ~I 
Model PS-304 
Power Supply 

New Bendix Catalog describing three magnetic 
electron multipliers and accompanying power 
supply is now available. Bendix electron multi­
pliers are rugged, miniature detectors with many 
applications in photon, ion, and neutral-particles 
radiation measurement. Three models . . . each 
with a different configuration to meet specific size 
and space requirements. Also featured is the com­
pact, convenient Power Supply that is designed 
specifically for the electron multipliers. 

The Bendix Corporation 
Cincinnati Division 171 3625 Hauck Rd., CincinnatL O. 45241 

~"""'" '" " ;;,,. , ,.,,,,, .. \ 
fi1t· illCTltOttlC DESIGN 

A guide for the engineer-author, "How to Write 
Articles for Electronic Design" shows how easY'it 
is to write for publication-once the engineer 
knows what to write and how to write it. The 
Author's Guide includes a complete run-down of 
the types of articles published by Electronic Design 
-plus detrJ:iled instructions on how to prepare 
technical articles and short special features. A 
MUST for every "would-be-writer" in the electron-
ics industry. Send for your complimentary copy by 
circling the number to the right. 

Electronic Design 
850 Third A venue 

New York. N.Y. 10022 

Test Equipment Reference Data 
ELECTRONIC DESIGN'S Test Equipment Refer­
ence Issue covers 12 important classes of test in­
struments. Included are complete up-to-date speci­
fications for approximately 2500 off-the-shelf test 
instruments, arranged for quick and easy refer­
ence and comparison, and cross indexed by 
product category and manufacturer's name. Tech­
nical data prepared from the Directory of Techni­
cal Specification/Electronic Test Instruments, by 
Technical Information Corporation. Twelve appli­
cation-oriented articles by industry experts com­
plete the package. Price $5; check or money 
order must accompany order. 

Hayden Publishing Company. Inc. 
850 Third Avenue 

New York, New York 10022 
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Reprints Available 
The following reprints are available 
free and in limited quantities. To 
obtain single copies, circle the num­
ber of the article you want on the 
Reader-Service Card. 

High Volume-Low Cost: 
Designers Challenge ( No. 740) 

Guidelines for Selecting Laser 
Materials (No. 741) 

First Aid for Ailing Speakers 
(No. 742) 

A Quick Way to Find Radar 
Range (No. 743) 

Which Device for High Power 
Switching Part 1 (No. 744) 

Which Device for High Power 
Switching Part 2 (No. 745) 

Improve Device Reliability with 
Physics of Failure Techniques ( No. 
746) 

Comparing the Three Most Pop­
ular Temperature Sensors (No. 747) 

A Design Approach to Transis­
torized Voltage Controlled Crystal 
Oscillators ( No. 748) 

A New Tool for Easier Network 
Synthesis (No. 749) 

Harmonic Generators: Is the Step 
Recovery Diode Best (No. 750) 

Simple IC Tester Handles Proto­
type Quantities (No. 751) 

Subscription Policy 
ELECTRONIC DESIGN is circulated 

free of charge to qualified design 
engineers in the U.S., Western free 
Europe and England. To establish 
your qualifications, send ELECTRON­
IC DESIGN the following informa­
tion on your company's letterhead: 
Your name, engineering title, de­
scription of your design duties and 
a list of your company's major 
products. The letter must be signed 
by you personally. 

Subscription rates for nonquali­
fied subscribers-$25.00 per year iN 
U.S.A., $35.00 in all other coun­
tries. Single copy, $1.50. 

Change of Address 
An address change for a subscriber 
requires a restatement of his quali­
fications. To expedite the change, 
and to avoid missing any issues, 
send along a label from a back copy. 

Microfilm copies of all 1961, 1962, 
1963 and 1964 issues of ELECTRONIC 
DESIGN are available through Uni­
versity Microfilms, Inc., 313 N. 
First Street, Ann Arbor, Mich. 

ELECTRONIC DESIGN 
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Representatives 
New York 10022 

Robert W. Gascoigne 
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(212) PLaza 1-5590 
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( 213) 757-01 83 
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Suite #301 
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( 415) 327-6596 
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( 214) EMerson 1-2911 

London W. 1 
Brayton C. Nichols 
44 Conduit Street 

Tokyo 
Yoshihiro Takemura 
International Planning 

Service, Inc. 
Room No. 512 Nikkoh 

Mita Building 
1, Nishidaimachi, Shiba­

T akanawa 
Minato-ku, Tokyo 

----~ AMERICAN BUSINESS PRESS, INC. 

March 1, 1966 

It) ..,. 
~ 
0 z 
.c -a 
a 
m 
I 

3: a 
.c 

"' ..... ..... ..... 
UI 
::I -'iii 
> 

You can depend on us! 
The above photograph shows Magnetic Circuit Breakers being 
calibrated to trip in less than 15 milliseconds at 120% of 
rated current. Other Magnetic types are adjusted to trip 
between 15 and 70 seconds at 125% and 150% of rated 
current. All Magnetic types will hold 100%. of rated current 
indefinitely and operate at calibrated trip settings regardless 
of ambient temperatures. 

There are other specs and other tests, lots of them, but 
they all have one purpose in common - to assure the most 
reliable performance in the industry. If it's by Wood Electric 
-you can depend on it! 

Wood Electric also manufactures a complete line of Thermal 
Circuit Breakers with trip times from 0.5 to 90 seconds. 
Choose from a wide variety of proven commercial and military 
type Circu it Breakers to meet the specific needs of your appl i­
cation. Models are available with ratings from 112 to 50 amps 
... AC or DC ... single pole, two pole and three pole. 

Write for Circuit Breaker Catalog CB-10-65 
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Specifying 
Miniature Low Frequency 

Oscillators 

TRACOR miniature and subminiature tuning fork 

oscillators allow cost savings by operating Jn the audio fre­

quency range from 360 cps to 20 kc/ s. They provide high 

frequency stability (from ±0.20/o to ±0.0010/o) without heat­

ers, are rugged mechanically (to 30 G's or more shock and 

vibration), and are as small as .5 cubic inches in size and as 

low as 2 ounces in weight. They fall within a temperature 

range of -60°c+100°C. For information telephone 

512-926-2800 or write TRACOR, Inc., 6500 Tracor Lane, 

Austin, Texas 78721. 

Visit Both TRACOR Exhibits 
IEEE SHOW 

Systems and Instruments, Booth 3K42 
Components, Booth 4A46 

_ __ c_o._!MPi __ o._'NE. __ 'NT. __ s __ n_!IVL __ s._~_o._w __ __, 
® 

REPRESENTATIVES IN PRINCIPAL CITIES 
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March 21-25 
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1 2 
3 4 5 6 7 8 9 

10 11 12 13 14 15 16 
17 18 19 20 21 22 23 
24 25 26 27 28 29 30 

IEEE International Convention 
(New York) Sponsor: IEEE; The 
IEEE, 345 East 47th St., New 
York, N. Y. 

April 12-15 
International Quantum Electronics 
Conference (Phoenix) Sponsors : 
AIP / IEEE; Dr. J. P. Gordon, Bell 
Telephone Laboratories, Murray 
Hill, N. J. -

April 17-20 
International Conference on Elec­
tron and Ion Beam Technology 
(New York) Sponsors: AIME and 
Electrochemical Society; Metal-
1 urgical Society of AIME, 345 
East 47th St., New York, N. Y. 

April 18-20 
Symposium on Process Automation 
(Newport Beach, Calif.) Sponsors: 
Beckman Instruments, Consoli­
dated Electrodynamics, Control 
Data, SDS Data Systems; Dr. Wil­
liam Biles, Shell Development Co., 
Houston, Tex. 

April 20-22 
1966 Intermag (International Con­
ference on Magnetics) (Stuttgart, 
Germany ) Sponsor: IEEE G-Mag; 
Dr. E. W. Pugh, IBM Corp., 1000 
Westchester Ave., White Plains, 
N. Y. 

April 25-28 
Audio Engineering Society Con­
vention (Los Angeles ) Sponsor: 
Audio Engineering Society; John 
C. Baumann, Ampex Corp., 8467 
Beverly Boulevard, Los Angeles, 
Calif. 

April 26-28 
Spring Joint Computer Confer­
ence (Boston ) Sponsors: AFIPS, 
IEEE, ACM; Dr. Harlan Ander­
son, Digital Equip. Corp ., May­
nard, Mass. 
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Another Brush Innovation in Recording: 

The Brush Mark 280. 
Once you've seen 

it work, 
the chain makes 

a lot of sense. 

People who use the Brush Mark 280 
can get pretty possessive. 

No wonder. 
True recti Ii near traces so crisp and 

clear you' II never miss the message. 
Dual recording channels a full 80 
millimeters wide. Resolution the 
likes of which you've never seen. 
A pressurized inking system . Metri­
site pen positioning. Low cost chart 

paper. Pushbutton choice of 12 chart 
speeds. Solid state electronics. Re­
sponse as high as 200 cps at usea­
ble amplitude and better than 30 cps 
full scale. System accuracy of 1/ 2%! 

And now get set for the big sur­
prise : the performance - packed 
Brush Mark 280 measures just lO W ' 
x 18%" x 11 1/2

11 ! 
Search no more for a full perform -

ance portable. No one but no one has 
anything to compa re with the amaz­
ing Mark 280. Ask your 
Brush representative 
for a demonstration. 
Or write today for our 
free booklet. Brush 
Instruments Division , 
Clevite Corporation, 37th and 
Perkins, Cleveland , Ohio 44114. 

CLEVITE 
---IE~rush IN s TR u MEN TS DIVISION 

Speed Inquiry to Advertiser via Collect Night Letter 
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NEW 
• audio output drivers 
• saturated switches 

RCA 
SILICON ... 
2N4036 
2N4031 

• complementary core driver circuitry 
• low-level complementary audio output 
• series regulator pass transistor drivers 

available in production quantities for under a dollar*· 

Now, meet your total circuit design needs with 2N4036 and 2N4037-new silicon 
p-n-p transistors from RCA in the popular T0-5 package. Geared toward applications 
requiring negative polarities, these two units are the first of a series of versatile 
p-n-p transistors designed to complement RCA's famous "universal" 2N2102 family. 

RCA's 2N4036 and 2N4037 are new p-n-p epitaxial planar silicon transistors for 
simplifying circuitry. In many designs, you can now replace two n-p-n types with one 
p-n-p, or eliminate an inverter, transformer, or phase transformer stage. 

Capable of delivering 1 watt free air, or 7 watts with heat sink at 25°C, these p-n-p 
transistors neatly fill the design gap for predriver I driver, medium power, and small 
signal applications with high heat dissipation capability. And for this performance, 
you can't beat the price- under a dollar in quantity. 

See your RCA Representative for details on 2N4036 and 2N4037. For technical 
data sheets, write : RCA Commercial Engineering, Section IG3-l, Harrison, N.J. 

MAXIMUM RATINGS 

2N4036 2N4037 

Vceo -90V -60V 

VCEo -65V -40V 

VEBO -7V -7V 

le -1.0A -1.0A 

eJ-C 25° C/W 25° C/W 

*$.98 and $.79 each for 2N4036 and 2N4037, 
respectively, in quantities of 1000 and up. 

Also Available from your RCA Distributor 

VISIT RCA AT IEEE. 
SEE WORLD PREMIERE OF 
"THE OVERLAY TRANSISTOR, 
THE CHALLENGE AND THE ANSWER." 
RCA BOOTHS 1F04-1Fl0, 1G03-1Gll. • • 

RCA Elect ronic Components and Devices 

The Most Trusted Name in Electronics 
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