












































































































































































































































































































































































































































































































are no line sync pulses present at 
its output. On the other hand, the 
much longer vertical sync pulses 
are passed through. 

Transistor Q2 changes the nega­
tive input pulses into positive ones 
and applies them to the "storage­
time" transistor (Q3). The negative 
pulses at its output have a period 
twice as long as the input pulses. 
The resistor network R1 /R2 adds 
the outputs from Q2 and Q3 to ob­
tain the separated horizontal output 
pulses. 

Great Britain 

Cooling with gas 
When it comes to their receivers, 
operators of communications satel­
lite ground stations have to play 
it very cool. Most use paramelTic­
amplifier stages that work only 
when kept in liquid helium, which 
boils at 4.2°K. 

There's some defrosting in sight, 
however, for the deep freeze at 
ground stations. Researchers at 
Mullard Ltd. have put together a 
parametric amplifier whose gain, 
bandwidth and noise characteris­
tics stand up to temperatures as 
high as 20°K. Thus, the muss and 
fuss of liquid helium can be elim­
inated by cooling the amplifier to 
15°K with a mechanical refriger­
ator. 

Colin Aitchison and Ted Hunt­
ley, who spearheaded the amplifier 
development, described their work 
at a late-May seminar on ground 
station planning and operation or­
ganized by the British Post Office, 
which runs the country's nonmil­
itary communications network. 
Mullard, a subsidiary of Philips' 
Gloeilampenfabrieken of the Neth­
erlands, first built a three-stage 
amplifier-with two liquid-helium­
cooled stages followed by a stage 
at room temperature-to meet post 
office specifications of 26-decibel 
gain over a frequency band of 3.7 
to 4.2 gigahertz. But because of the 
way the first two stages overlap in 
frequency, Aitchison ancl Huntley 
had little trouble suiting them for 
operation at 15°K temperature. 
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Staggered. In conventional par­
ametric amplifiers, the energy util­
ized comes from the narrow fre­
quency band where the gain tops 
a specified limit. Energy at fre­
quencies outside this band (for ex­
ample, outside the 3-db half-power 
bandwidth) ordinarily doesn't come 
into play. Some of this wasted 
energy, though, is recouped when 
two amplifiers are cascaded with 
their peak operating frequencies 
properly staggered. Instead of 
doubling the gain-bandwidth per­
formance, the staggered cascading 
triples it. 

Performance is further bettered, 
say the Mullard researchers, by 
adding a stage of reactance com­
pensation to each amplifier. The 
compensation, resonant circuits 
added to the signal and idler cir­
cuits, increases the constant-gain 
bandwidth nearly four times. 

High and wide. All told, the two 
liquid-helium-cooled stages show 
a gain of 20 db over a bandwidth 
slightly higher than 500 Mhz. The 
room-temperature stage boosts the 
gain another 10 db with no sacri­
fice of bandwidth. 

At 15°K operating temperature, 
too, there's no loss in available 
bandwidth within the specified 
limit for gain. In fact, Huntley 
points out that there's a slight im­
provement. This is because the 
component layout for mechanical 
cooling is more efficient than for 
immersion cooling. 

Behind the Gunn 
So bright are the prospects for 
Gunn-effect diodes that a shadow of 
sorts has been cast upon other de­
vices based on the bulk properties 
of semiconductors. 

But you can't keep a potentially 
good device down, especially when 
the Royal Radar Establishment de­
cides to give it a lift. And RRE, 
after helping Mullard Ltd. get the 
first successful commercial Gunn 
oscillator on the market, now has a 
program under way aimed at prac­
tical devices based on the electro­
acoustic properties of piezoelectric 
semiconductors like cadmium sul­
fide and zinc oxide. 

American researchers have been 
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Getting warmer. Frequency staggered 
parametric amplifier stages need only 
mechanical refrigeration to 15°K 
rather than 4°K liquid-helium cooling. 

working with electroacoustic ampli­
fiers and oscillators since the early 
1960's, but RRE nonetheless seems 
closest to practical devices. At the 
mid-May Instruments, Electronics, 
and Automation Show in London, 
the Establishment turned up with 
a small transmitter based on a cad­
mium-sulphide oscillator. The trans­
mitter has an output power of only 
a few microwatts, limiting its range 
to about 100 yards. Carrier fre­
quency is 100 megahertz and the 
transmission is frequency-modu­
lated. Ted Paige and Dennis Maines 
led the team that developed the 
transmitter. 

Back and forth. In the cadmium­
sulfide oscillator, electrons drifting 
through the crystal at supersonic 
speeds amplify the lattice waves as 
they bounce back and forth be­
tween the ends of the crystal. At 
the right combination of applied 
voltage and crystal size, spontane­
ous oscillation starts and continues 
at a high .harmonic of the funda­
mental acoustic frequency. 

Happily, the oscillations develop 
in relatively thick crystal chips. 
RRE slices its crystals 200 microns 
thick and from them can get con­
tinuous-wave emissions up to 800 
Mhz. 

Tuned. The 200-micron crystal 
slab used in the transmitter meas-
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Electroacoustic. Cadmium-sulfide oscillator is frequency-modulated 
by transformer in low-power vhf transmitter. 

ures 1.5 millimeters on a side. It is 
polished to a flatness of one-quar­
ter wavelength of sodium light with 
the faces parallel to within 1 min­
ute of arc. 

RRE holds the slab in place on a 
copper heat sink with a spring­
loaded plunger. The housing also 
includes a small lamp. \Vith it, the 
output frequency can be fine-tuned 
over a range of about 1/z % since 
the conductivity of cadmium sulflde 
varies with the incident light. 

Roughly 40 volts is applied across 
the crystal and an antenna is con­
nected directly to it to transmit 
the signal. The audio modulation 
is applied onto the d-c bias through 
a matching transformer. The fre­
quency shift is about 10 kilohertz 
per volt. 

International 

Aerospace tutorial 
The North Atlantic Treaty Organ­
ization is best known for the heav­
ily armed military forces it keeps 
stationed on the perimeter of the 
Western Alliance. But there's more 
to NATO than just muskets and men 
to shoulder them; one of its lesser 
known efforts is an annual sortie 
of electronics experts to keep en­
gineers in Europe posted on ad­
vances in aerospace technology. 

NATO's Advisory Group for Aero­
space Research and Development 
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(Agard) has been sending out its 
electronics patrols for six years 
now, each time with Edward Keon­
jian of the Grumman Aircraft En~ 
gineering Corp. as platoon leader. 
This year, Keonjian's crew-seven 
Americans, two Frenchmen, and a 
Briton-will hit Amsterdam, Farn­
borough, and Bologna during early 
June with a lecture series on com­
puters. Keonjian expects about 800 
engineers altogether will sit in on 
the lectures to get an idea of what's 
ahead in airborne computers. 

Look ahead. One insight as to 
what's coming will be bared by 
Earl Kanter, vice president for ad­
vanced systems at Teledyne Inc. 
Large-scale integration, in Kanter's 
opinion, points the way to a com­
puter that does its ovm trouble­
shooting, carries its own spares, 
and needs no special tools to main­
tain. 

Kanter envisions LSI packages of 
about 0.05 cubic-inch for computa­
tional operators-parallel adders, 
multipliers , dividers and the like. 
These tiny packages would be 
combined to make modules and the 
modules interconnected to form 
computers. Logic switching gates 
distributed throughout the modules 
would function as a sort of auto­
matic patch panel for the operators. 
With triple redundant loops and 
majority voting within each triplet, 
faulty modules would be cut out 
automatically. Teledyne's Inte­
grated Helicopter Avionics System 
already puts into practice some of 
the ideas Kanter will expound. 

Controversy. The Agard lectur­
ers also will review all existing 
types of memories for aerospace 
applications. L.M. Spandorfer of 
Sperry Rand Corp.'s Univac divi­
sion, for example, will plump for 
LSI as the optimum answer to the 
tradeoffs among cost-per-bit, size, 
speed, and power consumption that 
memory designers must make. In 
his talk on tradeoffs, however, J. 
Chinal of France's Ecole Nationale 
Superieure de I' Aeronautique is ex­
pected to discount the advantages 
of LSI because of its high cost. 

Additional trans-Atlantic horn­
locking should come during the 
panel discussion-with audience 
participation-that will wind up the 
series at each stop. The topic is 
computer choice-special-purpose 
or universal , one big central com­
puter or a batch of smaller ones. 
The U.S. panelists lean toward 
general-purpose units. Most Eu­
ropeans, though, favor special­
purpose computers, even analog 
types. 

France 

Keeping up 
The cries of alarm raised off and 
on in Europe about the technology 
gap tend to obscure the fact that 
in some sectors of advanced elec­
tronics British and Continental 
companies are abreast-if not ahead 
-of their U.S. competitors. 

Gallium arsenide Gunn-effect os­
cillators are an example. Two Brit­
ish companies-Mullard Ltd. and 
the Plessey Co.-have X-band units 
in their catalogs. And now RTC-La 
Radiotechnique-Compelec is offer­
ing a Gunn oscillator off-the-shelf 
for $220. A few U.S. companies 
sell Gunn oscillators as specials, 
but none so far has put them into 
its standard product line. 

Slow seller. RTC, controlled like 
Mullard by Philips' Gloeilampen­
fabrieken of the Netherlands, 
doesn't expect its oscillator to find 
much of a market. Laboratories, 
rather than hardware producers, 
seem the most likely customers at 
the moment. ''"We're selling it now 
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just to familiarize people with the 
technology," says Maurice Drou­
gard, one of the team of 20 engi­
neers RTC has set up to develop 
Gunn-effect devices. "People will 
buy it now only to play with it, 
he says, "not to put it in equip­
ment." 

Later, Drougard figures , there'll 
be a military market-mainly 
phased-array radars and low-power 
transmitters. The French Post Of­
fice, which nms the country's com­
munications network, also might 
turn into an interesting customer­
if it ever switches from its em­
phasis from underground cables 
to microwave links. 

Headed up. RTC's off-the-shelf 
unit operates over the range from 
8 to 12 gigahertz with a continuous 
wave output of 7 milliwatts. It 
comes in a varactor-pill package 
and operates at 2% efficiancy when 
it draws 100 milliamperes. RTC 
guarantees it for 1,000 hours. 

Later this year, the company 
expects to put a 30-mw X-band os­
cillator on the market. The effi­
ciency will run between 1.5% and 
2%. Meanwhile, laboratory work 
points to even higher output pow­
ers. Drougard says RTC research­
ers have achieved oscillations at an 
output of 80 mw and an efficiency 
of 3%. 

Around the world 

West Germany. Grundig Werke 
GmbH has developed a system that 
transmits still images over standard 
telephone lines. The equipment 
uses a television camera with a stor­
age vidicon at the sending station 
and a monitor plus a Polaroid cam­
era at the receiving end. 

Transmission of the image picked 
up by the camera takes about 60 
seconds and is initiated by dialing 
the number of the telephone at the 
sending station. Bandwidth of the 
video signal, transmitted as ves­
tigial sidebands, is 2.2 kilohertz. 

Italy. A newly formed company, 
Ergon S.p.A., will be the first manu­
facturer of color television picture 
tubes in Italy. The company, formed 
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by Italian businessmen, will spend 
$11.8 million for a plant with ulti­
mate annual capacity of about 200,-
000 tubes. First h1bes are scheduled 
to come off the production line in 
1969. 

Ergon has taken a license for its 
h1be-making know-how from the 
Admiral Corp. Philips' Gloeilam­
penfabrieken of the Netherlands 
and RCA also have color-h1be­
plant plans for Italy but neither is 
expected to break ground until the 
Italian government sets a date for 
starting color broadcasts. 

Spain. The government-run tele­
phone network will extend direct 
dialing to European countries next 
year. The calls will be routed via 
the Intelsat 2 Atlantic communica­
tions satellite through a recently 
completed ground station 55 miles 
north of Madrid. The $4 million 
station has an 85-foot antenna and 
can handle 300 telephone circuits. 
It is linked to Madrid by microwave 
relay. 

Great Britain. The Post Office 
will rebuild its original satellite 
communications ground station at 
Goonhilly Downs when its second 
facility there goes into operation 
this fall [Electronics, March 6. 1967, 
p. 357]. The reworking will cost 
about $1 million and will include 
new transmitting, . receiving, and 
amplification equipment with 500-
megahertz bandwidth to work with 
the Indian Ocean Intelsat 3. 

Japan. A catheter-type semicon­
ductor radiation detector for diag­
nosis of cancer in the stomach and 
the esonhagus has been developed 
by the Tokyo Shibaura Electric Co. 
in a joint effort with the University 
of Tokyo. The instrument is based 
on a p-n silicon junction radiation 
detector. 

Italy. The Ministry of Defense 
has ordered nearly $1 million worth 
of instrument landing systems from 
Standard Telephones & Cables 
Ltd., a British subsidiary of ITT. 
The equipment is destined for the 
airports of Rome, Turin, Milan, 
Genoa, Venice, and Naples. ITT 
says the order is the largest ever for 
export of British ILS equipment. 
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Raytheon Computer Co. 49 
Martin Wolfson Advertising 

Raytheon Semiconductor 174 
Botsford, Constantine & McCarty, Inc. 

Rohde & Schwarz 139 
Fletcher-Walker-Gessell, Inc. 

Semtech Corp. 9 
Burress Advertising 

Signetics Corp. 
Sub Corning Glass Works 133 
Cunningham & Walsh, Inc. 

• Siliconix, Inc. 7 
Graphics West 

Sinclair Radio Labs, Inc. 216 
J,ohn E. Hayes Co., Inc. 

Singer Co., The, Metrics Division 78 
The Stanley Schwartz Co. 

Solitron D!!vices, Inc., 
Transistor Div. 107 
Haselmire Pearson Adv ., Inc. 

Sorensen Operation, Raytheon Company 75 
Urrutia & Hayes, Inc. 

Sperry Rand Corp., 
Sperry Microwave Electronics Div 72 
Neals & Hickok, Inc. 

Sprague Electric Co., The 5, 8 
Harry P. Bridge Co. 

Stackpole Carbon Co., 
Electronic Components Div. 163 
Meek & Thomas, Inc. 

Struthers-Dunn, Inc. 136 
Harry P. Bridge Co. 

Sylvania Electric Products, Inc., 
Parts Div. 41 
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Systron-Donner Corp. 
Bonfield Assoc., Inc. 
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TDK Electronics Co., Ltd. 220 
Fuji Agency 

•Tektronix, Inc. 47 
Hugh Dwight Adv., Inc. 

Teleproducts, Inc. 14 
James Lees Advertising 

Telonic Instruments 207, 252 
Jansen Assoc., Inc. 
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Allen, Dorward and Scroggin, Inc. 

Tempress Research Co., Inc. 31 
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Test Equipment Corp. 206 
Dean & Bain Adv., Inc. 
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• Tracor, Inc. 
Weekley & Valenti, Inc. 
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• Unitrode Corp. 59 
Silton Brothers, Inc. 

Varian Data Machines 
Dure! Advertising 

• Wang Laboratories 
Impact Adv., Inc. 
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Fishman, Philip Co. 233 
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"fine line" etcher 
for prototypes-limited runs 

Model No. 201 (illus.), etches two 
11' x 14" one-sided $795 
boards or one 11"x14" 
two-sided board: Pat. applied for 

------------ I 

\ 

\ 
\----E-TCH--YOUR OWN 
\ p C BOARDS 
\ A uroMA TICA LL y 
' 5 • utes) I 

I 

--' \ lin 1ess than mm _____ _ 
\ ------------- ----------

from this~ 
to 11" x 14" 
Shown Actual Size 

• No cooling or venting required! 
• Etches as fine as .001 "I 
• Cuts costs in half-saves time! 
• Complete photo processing instructions! 
• Work is illuminated while etching! 
• No patterning , •• minimum undercutting! 

NOW IN USE BY: 
AMP, Inc. 
Ampex Corp. 
Atomic Energy Com. 
Bendix 
Charles Bruning 
Esso Research 
General Dynamics 
General Electric 
IBM 
ITT 
Lear Siegler 
Magnavox 
Micro Switch 
NASA 
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Sprague Electric 
Union Carbid~ 
U.S. Air Force 
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3858 N. CICERO - CHICAGO, ILL 60641 

TELEPHONE: (312)-282-6141 

Circle 251 on reader service card 251 



Airco TemescalS 
new, compact 6 kw 
electron-beam 
power supply 

Airco Temescal, the pioneer in electron beam technol­
ogy, introduces a new, compact 6 KW power supply. It 
is a logical addition to the 3 and 10 KW supplies which 
have established new reliability records for electron 
beam equipment. The ES-6 offers features and a degree 
of sophistication available only from Airco Temescal. 

• 6 KW rating: 10 KV DC, 0.6 
amperes; 100% overload pro­
tected. 

• Single or dual gun operation. 

• Closed loop emission con­
trol and metering for each 
source. 

• Designed for any Airco 
Temescal 180° or 270° source. 

• Individual controls for emis­
sion, focus, beam sweep. 

• Triode control insures instan­
taneous arc-down recovery. 

• Air-cooled with built-in over­
temperature protection. 

• Can be controlled by exter­
nal monitor. 

• Low frequency sweep and 
compensating wave form dis­
tributes energy. 

• Designed for rack mounting, 
12% inches high. 

/NRGO Temescal 
A DIVISION OF AIR REDUCTION COMPANY, INCORPORATED 
2850 Seventh Street, Berkeley, California 94710 Telephone 415 841-5720 

252 Circle 252 on reader service card 
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Eastern Advertising Sales Manager 

Atlanta, Ga. 30309: Michael H. Miller, 1375 
Peactitree"sC N.E. 
[404] 892-2868 
Boston, Mass. 02116: William S. Hodgkinson 
McGraw-Hill Building, Copley Square 
[617] co 2-1160 
Cleveland, Ohio 44113: William J. Boyle, 55 
Public Square, [216] SU 1-7000 
New York, N.Y. 10036 
500 Fifth Avenue 
Donald R. Furth [212] 971 -3615 
James R. Pierce [212] 971-3616 
John A. Garland [212] 971-3617 
Philadelphia, Pa. 19103: 
Jeffrey M. Preston 
Warren H. Gardner, 
6 Penn Center Plaza, 
[215] LO 8-6161 
Pittsburgh, Pa. 15222: Warren H. Gardner, 
4 Gateway Center, [412] 391-1314 
Rochester, N.Y. 14534: William J. Boyle, 
9 Greylock Ridge, Pittsford, N.Y. 
[716] 586-5040 

J. Bradley MacKimm [312] MO 4-5800 
Midwest Advertising Sales Manager 

Chicago, Ill. 60611: Robert M . Denmead, 
J . Bradley MacKimm, Ralph Hanning, 
645 North Michigan Avenue, 
[312] MO 4-5800 
Dallas, Texas 75201: Richard P. Poole, 1800 
Republic National Bank Tower, 
[214] RI 7-9721 
Houston, Texas 77002: Kenneth George, 
2270 Humble Bldg., [713] CA 4-8381 
Detroit, Michigan 48226: Ralph' Hanning 
856 Penobscot Building 
[313] 962-1793 
Minneapolis, Minn. 55402: J. Bradley 
MacKimm, 1104 Northstar Center 
[612] 332-7425 
St. Louis, Mo. 63105: Robert M. Denmead 
The Clayton Tower, 7751 ·Carondelet Ave. 
(314] PA 5-7285 

James T.1-!auptli [41_5] DO ~-4600 
Western Advertising Sales Manager 

Denver, Colo. 80202: Joseph C. Page, David 
M. Watson, Tower Bldg., 1700 Broadway 
[303] 255-5484 
Los Angeles, Calif. 90017: Ian C. Hill, 
John G. Zisch, 1125 W. 6th St., 
[213] HU 2-5450 
Portland, Ore. 97204: James T. Hauptli, 
218 Mohawk Building, 222 S.W. Morrison 
Street, Phone (503] 223-5118 
San Francisco, Calif. 94111: 
James T. Hauptli, 255 California Street, 
(415] DO 2-4600 

Pierre Braude Tel: 225 85 88: Paris 
European Director 
Paris: Ken Davey 
88-90 Avenue Des Champs-Elysees, Paris 8 
United Kingdom and Scandinavia 
Brian Bowes Tel. Hyde Park 1451 
34 Dover Street, 
London Wl 
Milan: Robert Saidel 
1 via Baracchini Phone: 86-90-656 
Brussels: F. l.H. Huntjens 
27 Rue Ducale Tel: 136503 
Frankfurt/Main: Hans Haller 
Elsa-Brandstroem Str. 2 
Phone: 72 01 81 
Geneva: Ken Davey 
1, rue du Temple Phone: 31 95 60 
Tokyo: George E. Olcott, l, Kotohiracho 
Shiba, Minato-Ku [502] 0656 
Osaka: Ryoji Kobayashi 163, Umegae-cho 
Kita-ku (362] 8771 

Business Department 
Wallace C. Carmichael, Manager 
[212] 971-3191 
Stephen R. Weiss, Production Manager 
[212] 971-2044 
Thomas M. Egan, 
Assistant Production Manager [212] 971-3140 
Dorothy Carmesin, Contracts and Billings 
[212] 971-2908 
Frances Vallone, Reader Service Manager 
[212] 971-2865 

Electronics I May 27, 1968 



r 

The computer: General Electric's versatile GE/PAC" 
4020 Process Control Computer ... shown at left. 

Resistor assignment: Establish line current values 
in the GE/PAC " 4020 core memory system. 

The part used: Dale's Type NS ... silicone coated, 
non-inductively wound. 

Reason: Low inductance (less than 1 µh) and unvarying 
stability (less than .5%/ 2000 hours). 

Dale wirewounds give you unequalled design freedom in 
tailoring resistance, power, size and stability to your exact 
needs. Industrial .... prec ision .... establi shed reliab ility .... 
standard or special .... there's always a Dale resistor that 
can do the job better. Call 402-564-3131 for fast action, 
or circle 181 for Catalog A. 

in lNirewound resistors 

DALE ELECTRONICS, INC. 1300 28th Avenue, Columbus, Nebraska 68601 
In Canada: Dale Electronics Canada, Ltd. 

Gard Testing is avai lable 
to meet Established Re· 
liability requirements at 
significant time/cost 
savings over typica l 100 
hr. burn in. Write for 
Test Report# 19590. 

Prin ted 1n U.S.A. 



RCA-4060 / 4061 RCA-6562/5794A 

Maybe nobody dreamed of the radio­
sonde cavity quite that way in 1949. 
That's the year RCA originated it­
primarily for use in weather balloons. 
Since then, the same basic design 
concept has been adapted for a 
number of products, most notably a 
matched pair of pencil tube cavities, 

RCA-4060/ 4061, for use in airborne 
transponder service. 

We've found that integrating the 
tube and circuit permits packages 
that are lightweight and low in cost. 
System efficiencies and economies 
result. And on-the-spot maintenance 
procedures are greatly simplified. 

You 've found that out, too. Mil­
lions of radiosonde cavities, such as 
RCA-6562/5794A, producing about 
500 mW at 1680 MHz, are in use in 
weather study. The RCA-4060/ 4061 
Master Oscillator Power Amplifier, 
operating at 1090 MHz with a mini­
mum peak pulse power output of 

Imagine ... 

500 W, meets all the FAA and AIMS 
requirements for use in new genera­
tion Air Traffic Control Transponders 
to be used in both military and pri­
vate aircraft. 

There's lots more to know about 
RCA pioneering in integral cavities 
for microwave applications. See 
your RCA Representative or write: 
Manager, Microwave Marketing, 
RCA Electronic Components, Harri­
son, N.J. 07029. For technical data 
on these and other pencil-tubes-and­
cavities, write: Commercial Engi­
neering, Sec. E19Q-4, RCA Electronic 
Components, Harrison, N.J. 07029. 

RCJI 

one design concept with applications 
that are worlds apart 


